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Penicillium expansum isolated from meat and apples produced both patulin
and citrinin. Toxin identity was confirmed by spectroscopic and physical meth-
ods. The mean lethal dose in chicken embryos was determined for toxins
administered both singly and in various ratios. Data from simultaneous admin-
istration of mycotoxin combinations plotted as isobolograms showed an additive
effect. Both toxins were teratogenic in chicken embryos.

Mycotoxicoses may represent a more complex
manifestation of interactions between suscepti-
ble hosts and etiological agents than was ini-
tially surmised. In addition to the physiological
variables inherent to the host, more than a
single toxin may be involved, resulting in po-
tential synergistic toxicity. Additionally, a syn-
ergistic response may result from interaction of
a mycotoxin with nontoxic substances, e.g., af-
latoxin with cyclopropenoid fatty acids (6). The
subject of mycotoxin synergism has recently
been reviewed in extenso (E. B. Lillehoj and
A. Ciegler, Microbiology-1975, p. 383-403,
American Society for Microbiology, 1975). Dur-
ing an analysis of the mycotoxin-producing po-
tential of molds isolated from mold-fermented
sausage (2), we isolated three strains ofPenicil-
lium expansum capable of producing the two
mycotoxins patulin and citrinin. Harwig et al.
(4) also isolated strains of P. expansum from
natural rots of apples capable of synthesizing
these two toxins; however, only patulin was
recovered and crystallized, citrinin being pres-
ent in only trace amounts.
As part of our program on studying second-

ary fungal metabolites that may effect myco-
toxicoses, we proved the capability ofP. expan-
sum to produce both patulin and citrinin and

TABLE 1. Citrinin and patulin production in YES
mediuma

Time Citrinin Patulin
(days) (mg/500 ml) (mg/500 ml)

5 15 10
7 35 33
9 50 55

17 63 3

Cultures incubated at 25°C, no agitation. YES:
yeast extract, 2%; sucrose, 15%; 500 ml of medium
per 2.8-liter flask.

then determined the action of these two toxins
upon simultaneous administration to 4-day-old
chicken embryos.
One of the isolates, P. expansum NRRL 6069,

was inoculated into YES broth (2% yeast ex-
tract, 15% sucrose) and incubated statically at
25°C for 14 days. Twenty-five liters of superna-
tant was concentrated to 1.5 liters, and the
concentrate was extracted twice, each succes-
sively, with chloroform and ethyl acetate. The
solvent extracts were combined and divided in
half for separate recovery of the two toxins.
Patulin was isolated and crystallized by the
method described by Harwig et al. (4) (m/e, 154;
mp, 109 to 110°C; literature value, 11100). Puri-
fied citrinin was obtained by column chroma-
tography on silica gel (elution with CHC13),
extraction of the eluate with 0.2 M NaHCO3,
acidification of the bicarbonate solution, and
several crystallizations of the precipitated yel-
low solids from absolute ethanol (m/e, 250; mp,
175 to 1760C; literature value, 1750C). Infrared
spectra were obtained from films on KRS-5
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FIG. 1. Isobologram of LD50 values in 4-day-old

chicken embryos injected with various ratios ofpatu-
lin plus citrinin.
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FIG. 2. Teratogenic effects in chicken embryos from citrinin administration. (a) Control; (b) citrinin (note
heads twisted to left).

FIG. 3. Teratogenic effects in chicken embryos from citrinin administration. (a) Control; (b-e) citrinin
treated.

plates and were superimposible on those ob-
tained from standards.

Nuclear magnetic resonance signals for citri-
nin in CDC13 matched those of an authentic
standard: 8 1.2 d (CH3CH), 1.35 d (CH3CH), 2.0
s (CPH-C=C), 3 q (CH5CH), 4.8 q (0H3-C-

H), 8.23 s (C=CH), 15.11 s (C=C-OH), 15.85 s
(C=C-COOH).
The nuclear magnetic resonance spectrum

taken in CDCl3 is consistent with the reported
data for patulin: 8 4.5(m), 6.0(m, AB portion of
an ABX system), 3.24 (d, J = 5.3 Hz) (7).
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TABLE 2. Teratogenicity in chicken embryos
surviving citrinin dosinga

No. of teratogenic chicks/sur- Terato-
Citrinin viving embryos genic
(gg/egg) (avg %)

Expt 1 Expt 2 Expt 3 ag%

10 1/22 1/23 2/22 6
50 3/6 10/16 4/15 46
100 6/12 7/13 3/8 48
150 4/5 5/7 2/3 73

a Twenty-five eggs were dosed at each toxin level.

Production of the two toxins was followed in
YES medium (500 ml/2.8-liter Fernbach flask)
incubated in static culture at 25°C (Table 1).
Flask contents were extracted twice with ethyl
acetate, the solvent extract was dried with an-
hydrous Na2SO4 and concentrated, and toxin
content was determined quantitatively by thin-
layer chromatography in comparison to a
graded series of standards (patulin: Silica Gel
60 F254 [Brinkmann, Des Plaines, Ill.], benzene-
acetic acid-methanol, 90:5:5; citrinin: Silica Gel
G, chloroform-methanol-acetic acid, 19:10:2).
Plates were observed under short-wave ultravi-
olet light (254 nm) for quantitation. The de-
crease in patulin concentration noted in Table 1
need not represent toxin degradation but may
involve adduct formation with other com-
pounds in the menstruum (1); this possibility,
as well as determining the toxicity of potential
adducts, is under investigation.
The mean lethal dose (LD50) for patulin and

for citrinin in the 4-day-old chicken embryo was
determined by the computer program of Daum
(3), based on three replicate experiments (five
dose levels per replicate, 25 eggs per dose level):
LD50 for citrinin -80.5 ,ug/egg, upper limit of
131 ,ug, lower limit of 54.3 ug; LD50 for patu-
lin-2.4 ,ug/egg, upper limit of 2.8 ,ug, lower
limit of 2.0 ug. Data obtained from simultane-
ous administration of varying ratios of the two
mycotoxins were plotted as an isobologram ac-
cording to the method of Hewlett (5). The
straight dashed line represents the expected
LD50 of toxin combinations based on a simple
additive response. Data from two experiments
fall along this line, indicating an additive effect
from patulin-plus-citrinin dosing (Fig. 1).
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Citrinin as well as patulin, which was previ-
ously noted to be teratogenic (1), caused terato-
genic effects in chicken embryos, with malfor-
mations primarily in the extremities; however,
exencephaly, exophthalmia, and crossed beaks
were also noted, with an occasional chick show-
ing the head and neck twisted to the left in-
stead of the right as normally occurs (Fig. 2 and
3). A dose response relationship was noted (Ta-
ble 2).

Additional strains of P. expansum as well as
taxonomically closely related cultures of P.
crustosum, isolated from various sources, were
examined for their ability to produce both tox-
ins. Patulin synthesis occurred with both spe-
cies, but only cultures of P. expansum isolated
from apples produced both patulin and citrinin.
However, we have noted that cultures isolated
from meat appear to be unstable with respect to
phenotypic and genotypic characteristics, but
the basis for this instability has not been inves-
tigated.
Data from the above experiments emphasize

the need to determine the complete toxin-pro-
ducing capabilities of cultures isolated from
foods and feeds and their potential interaction
before a proper evaluation can be made of the
role they play in mycotoxicoses.
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