TOXINS DERID FROM FUSARIUM SPOROTRICHIOIDES:
T-2 TOXIN
Fusarium sporotrichioides may occur in cereals, particularly in north temperate climates.
This species produces T-2 toxin and other metabolites, such as diacetoxyscirpenol, which also
occurs naturally but is not considered in this monograph. T-2 toxin is a tye-A trichothecene
(Thrane, 1989).

T-2 Toxin was considered by a previous Working Group (as T2-trichothecene), in October 1982 (IARC, 1983). Since that time, new data have become available, and these have
been incorporated into the monograph and taken into consideration in the present evaluation.

1. Exposure Data
1.1 Chemical and physical data
1.1.1 Synonyms, structural and molecular data

Chem. Abstr. Services Reg. No.: 21259-20-1
Chem. Abstr. Name: Trichothec-9-ene-3,4,8,15-tetrol, 12,13-epoxy, 4,15-diacetate 8-(3-

methylbutanoate), (3æ,4ß,8æ)IUPAC Systematic Name: 12,13-Epoxyrichothec-9-ene-3æ,4ß,8æ,15-tetrol, 4,15-diacetate 8-isovalerate or (2R,3R,4S,5S,5aR,7S,9aR,10S)-2,3,4,5,7,9a-hexahydro-3,4,7-

trihydroxy- 5 ,8-dimethyl spiro(2,5- methano-1- benzoxepin-1 0,2' -oxirane)- 5a( 6H)-methanol, 4,5a-diacetate 7-isovalerate

Synonyms: Fusariotoxin TI; insariotoxin; 8æ(3-methylbutyloxy)4ß,15-diacetoxyscirp9-en-3æ-ol; mycotoxin TI; NSC 138780; T-2 mycotoxin; toxin TI; T2-toxin; T2-trichothecene; 3æ-hydroxy-4ß, 15-diacetoxy-8æ-(3-methylbutyloxy)-12, 13-epoxy-89-tricothe-
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1. 1.2 Chemical and physical properties

From Bamburg et al. (1968) and Wei et al. (1971), unless otherwse specified
(a) Description: White needles

(b) Melting-point: 151-152 °C

(c) Optical rotation: (a) ~ + 15° (c = 2.58 in 95% ethanol; (a) ~ -15.5° (c = 2.14 in
chloroform) (Pohland et al., 1982)
tic resonance and mass

(d) Spectroscopy data: Ultraviolet, infrared, nuclear magne

spectral data have been reported (Pohland et al., 1982).

(e) Solubility: Soluble in acetone, acetonitrile, chloroform, diethyl ether, ethyl acetate,

methanol, ethanol and dichloromethane (Yates et al., 1968; Lauren & Agnew, 1991)
(j Stabilty: Stable in the solid state; ester groups are saponified by al

epoxide is opened by strong mineraI acids (Wei et al., 1971)

kalis, and the

1. 1.3 Analysis
AvaIlable methods for the analysis of T-2 toxin include thin-Iayer chromatography and,

after derivatization, gas chromatography, gas chromatography/mass spectrometry, and high-

performance liquid chromatography with fluorescence detection (Scott, 1990; Cohen &
Boutin-Muma, 1992). Methods involving hydrolysis followed by derivatization and gas chromatography have been developed for screening feedstuffs and biological f1uids (Rood et al.,

1988; Lauren & Agnew, 1991).
Materials contaminated with T-2 toxin are usually co-contaminated with other trichothecenes, and mass spectrometric confirmation is normaiiY required (Scott, 1990). Methods
based on the use of polyclonal antibodies suffer from the same diffculty as those for
deoxyivalenol in terms of cross-reactivity to T-2 analogues (Chu et al., 1979; Kawamura
et al., 1990; see also Fan et al., 1988).
1.2 Production and use

T-2 Toxin was first isolated by Bamburg et al. (1968) from a culture of Fusarium sporotrichioides, wrongly identified as F. tricinctum (Marasas et al., 1984). This toxin is readily

produced in liquid fermentations at yields approaching 1 g/l (Greenhalgh et al., 1988). It can
also be produced in large quantities in solid fermentations (Cullen et al., 1982). This species
produces a range of toxic metabolites (Marasas et aL., 1984; Greenhalgh et al., 1990) and is
notorious as the probable cause of the 'alimentary toxic aleukia' (see p. 475) that occurred

among men in Russia during the Second World War. The disease was caused by eating
over-wintered grain now known to have contained high concentrations ofT-2 toxin (Mirocha,
1984).
T-2 Toxin is produced by F. sporotrichioides, F. poae, F. equiseti and F. acuminatum. The

validity of reports that other species of Fusarium produce it has been questioned (Marasas
et al., 1984; Thrane, 1989). T-2 Toxin is not produced by any other fungal genus. F. sporotrichioides is a saprophyte found primarily on cereals left in the field under wet conditions at
harvest.
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1.3 Occurrence

T-2 Toxin has been reported in cereals in many parts of the world (Table 1; Scott, 1989;

WHO, 1990). It is formed in large quantities under the unusual circumstance ofprolonged
wet weather at harvest.

Table 1. Natural occurrence ofT-2 toxin
Country or
region

Product

Year

Positive
samples/
total no.

Content

Reference

(mg/kg)

North America

Canada
Canada
Canada
USA

Barley
Feed
Maize
Maize

1973

1979-82
1984
1971

1/1
1/51
1/1
1/1

2.5
3.0
2.0

PuIs & Greenway (1976)
Abramson et al. (1983)
Foster et al. (1986)
Hsu et aL. (1972)

9/118

0.08-0.7

Scott (1989)

25

South America

Argentina

Maize

NR

22/100

ND

Scott (1989)

1980

3/100
3/230
8/167
1/3
19/301

0.1- 1.0

Scott (1989)

0.01-0.05
0.02-0.71
0.02

Karppanen et al. (1985)
Jemmali et al. (1978)

-: 0.2-1.4

Scott (1989)

-: 1-2.0

Scott (1989)

United Kingdom

Grain
Feed
Feed
Maize
Maize
Feed
Maize flour
Feed
Oats
Wheat
Maize
Maize
Wheat
Feed
Feed
Barley
Feed

Australasia
India

Europe
Czechoslovakia

Finland
Finland
France
France
France
France
Gennany
Gennany
Gennany
Hungary
Hungary
Hungary
Hungary
Italy
Norway

1976-77
1984

NR
1976-78

NR
NR
NR
NR
NR
1976-78
1980-81
1980-81
1980-81

NR

4/8
2/38
1/188
2/19
1/26
5/491
8/23
2/23
2/23

Scott (1989)

Trace, 0.03

Scott (1989)

0.065

Scott (1989)

0.08, 0.09

Scott (1989)

0.1

Scott (1989)

ND
0.1-4.4

Scott (1989)

4.1,5.8

Bata et al. (1983)
Bata et al. (1983)
Bata et al. (1983)

0.2, 1.9

0.05-0.3
0.02, 0.04

Sundheim et al. (1988)

NR

9/9
2/49
4/ :; 200

Trace

Scott (1989)

Wheat

NR

3/58

0.55-4.0

Ramaknshna et al.

India

Wheat flour

NR

1/37

0.8

Ramaknhna et al.

India
India
India

Maize
Rice

NR

1/1

1981

Groundnuts

1984-85

1/32
6/56

2.0
0.03

Ueno (1986)
Reddy et al. (1983)
Bhavanishankar &
Shantha (1987)

1984

Scott (1989)

(199)
(199)
0.17-38.9
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Table 1 (contd)
Country or
region

Product

Year

Positive

Content

samples/

(mg/kg)

Reference

total no.

India
India

Sorghum
Sorghum

1981

2120

1984-85

4/67

0.01-0.05
1.67-15.0

New Zealand

Maize

1984

13/20

0.01-0.2

Reddy et al. (1983)

Bhavanishankar &
Shantha (1987)
Hussein et al. (1989)

~R, not reported; ND, not detected

1.4 Regulations and guidelines

An offciai tolerance level of 0.1 mg/kg was established for T-2 toxin in grains in the
USSR in 1984 (van Egmond, 1989).

2. Studies of Cancer in Humans
Ecological studies of the relationship between exposure to Fusarium toxins and oesophageal cancer are summarized in the monographs on toxins derived from F: graminearum,

F culmorum and F crookwellense and from F monilfonne, pp. 409 and 450.

3. Studies of Cancer in Experimental AnimaIs
3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female CD-1 mice, six weeks of age, were fed a semi-synthetic

diet containing 0, 1.5 or 3.0 mg/kg T-2 toxin (? 99% pure) for 71 weeks. Mice found
moribund (up to 70 weeks) and those at termination of the study (71 weeks) were kiled and
tissues examined. There was no difference in food consumption or weight gain among the
groups. More than 50% ofmale mice and 75% offemales in each group survved to the end
troIs had the poorest survvaL. The incidence of pulmonary adenomas was
increased only in males: controls, 4 (10%); low-dose, 7 (15 % ); and high-dose, Il (23 %); two
control males and three high-dose males also had pulmonary adenocarcinomas. Male mice
also had an increased incidence of hepatocellular adenomas: controls, 3 (7%); low-dose, 3
of the study; con

(6%); and high-dose, 10 (21%) (actual effective numbers not given); one mouse in each
group also had a hepatocellular carcinoma. The incidences of both hepatocellular and
pulmonary adenomas in male mice fed the high dose were reported to be significantly greater

than that in the control group (p .. 0.05). Hyperplasia of the squamous mucosa of the
forestomach was increased in a dose-related fashion in both males and females (Schiefer et
aL., 1987).
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A group of 50 male Kunming mice, six to eight weeks of age, received oral administrations of 100 J-g/kg bw T-2 toxin in ethanol:salIne solution three times a week for 25 weeks.

A control group of 30 mice received 10 ml/kg bw ethanol solution. Small numbers of mIce
were kiled at 1, 2, 3, 4, 5, 6, 12,20 and 25 weeks. Forestomach papilomas occurred in 5/35
treated animais that were available for analysis: one kiled at week 6, one kiled at week 20
and three kiled at week 25. No papiloma of the forestomach was seen in controls (Yang &

Xia, 1988a). (The Working Group noted the small number of animaIs.)
3.1.2 Rat

Approximately 40 weanling male and female Wistar- Porton rats (sex distribution unspecified) were administered one to eight doses of 0.2-4 mg/kg bw T-2 toxin (purity unspecified)

intragastrically at approximately monthly intervals (duration unspecified). Another 30 rats of
the same strain received the same treatment but were also given intraperitoneal injections of
200-250 mg/kg bw nicotinamide 10 min before and 2 h after each dose ofT-2 toxin. Ten rats
were given nicotinamide only, and another 10 rats served as untreated controls. About 65%
of the rats treated with T-2 toxin alone or with nicotinamide died within a few days after the
T-2 toxin treatment; 25 rats given 1-3 mg/kg bwT-2 toxin alone or with nicotinamide survved
for 12-27.5 months, and the authors reported increased incidences of pancreatic and other
tumours in these rats (Schoental et al., 1979). (The Working Group noted the lack of detaI1
concerning the experimental protocol.)
Rats were reported to have developed papilomas and carcinomas of the forestomach
after prolonged gavage with T-2 toxin. Thmours were also seen in other organs (Li et aL.,
1988). (The Working Group noted the lack of detail given.)
3.1.3 Trout

Groups of 1000 (reduced to 400 after nine months) rainbow trout, seven to eight months
et. Five fish from
each group were kiled every three months and the livers examined. The experiment was
terminated after 12 months of treatment. No evidence of neoplasia was found (Marasas et al.,
1969). (The Working Group noted the short duration of the experiment.)
of age, were given 0.2 or 0.4 mg/kg T-2 toxin (purity unspecified) in the di

3.2 Administration with known carcinogens

Mouse

Groups of 20 white mice (strain, sex and age unspecified) each received single applications of 10 or 20 J-g T-2 toxin (purity unspecified) on the dorsal skin. Two weeks later, the
mice received topical applications of croton oil (two drops of a 0.5% solution) twce a week

for 10 weeks. The treatment induced no skin papiloma. ln a second set of experiments,
groups of 20 white mice received an application of 25 J-g 7,12-dimethylbenz(a)anthracene
(DMBA), followed two weeks later by applications of 10 J-g T-2 toxin once a week for
10 weeks. Skin papilomas were observed in 2/20 mice (Marasas et aL., 1969). (The Working

Group noted the incomplete reporting.)
Groups of eight female CD-1 mice, six weeks old, received single applications of 50 J-g
DMBA on the shaved back, followed four days later by topical skin applications ofT-2 toxin
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at 10 J.g weekly or 25 J.g every three weeks for 22 weeks. Positive (DMBA and croton oil), T-2

toxin-treated and solvent contrais were also available. One of eight mice administered
DMBA followed by 25 J.g T-2 toxin developed a skin papiloma. Ali the positive controls
developed papilomas. No such tumour was observed in the solvent controls or in the T-2
toxin-treated mice (Lindenfelser et aL., 1974).
Groups of 15-35 male strain 615 mice, 8-10 weeks of age, were given a single skin application of 100 J.g DMBA, followed one week later by applications of acetone (15 mi

ce), 2 J.g
12-0-tetradecanoylphorbol 13-acetate (TPA) (20 mice) or 0.5 J.g T-2 toxin (45 mice) three
times a week for 26 weeks. One skin papiloma was observed among the mice treated with
DMBA alone; in the mice treated with DMBA plus T-2 toxin, skin papilomas were observed

in 8/45 and one skin carcinoma was observed. No skin tumour was observed in mice given
DMBA and TBA. ln a second part of the experiment, mice were treated with six daily doses of
5 J.g T-2 toxin followed one week later by applications of 2 J.g TPA (35 mice) or acetone
(30 mice) three times a week for 26 weeks. No skin tumour occurred in either group. Similar

experiments were carried out for 20 weeks with groups of 6-23 male and female BALB/c
mice (about twce as many females as males), 8-12 weeks of age. No skin papilloma occurred
in five mice treated with DMBA or in 21 mice treated with T-2 toxin alone; however, skin
papilomas were found in 2/22 mIce treated with DMBA and T-2 toxin, in 9/9 mice treated
with DMBA and TPA and in 4/21 mice treated with T-2 toxin followed by TPA. One skin
carcinoma was observed in the group given DMBA and T-2 toxin (Yang & Xia, 1988b).
4. Other Relevant Data

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humans
No data were available to the Working Group.
4.1.2 Experimental systems

3H-T-2 Toxin given orally to mice and rats was distributed rapidly to tissues and

eliminated in faeces and urine. Maximal levels of radiolabel were found after 30 min in
plasma of mice after oral administration (Matsumoto et aL., 1978) and of guinea-pigs after
intramuscular injection (Pace et al., 1985). ln chicks administered 3H-T-2 toxin in the diet,
maximal levels were reached by 4 h in blood, plasma, abdominal fat, heart, kidneys, gizzard,

liver and the remainder of the carcass and by 12 h in muscle, skin, bile and gall-bladder (Chi
et al., 1978a). The distribution ofT-2 toxin in tissues of swine was similar to that in chickens
(Robison et al., 1979a).
FoUowing intravascular administration, the plasma elimination half-time of T-2 toxin
and its metabolites (total radiolabel) in swine was approximately 90 min (Corley et aL., 1986).

Afer intravenous administration to swine and calves, T-2 toxin was rapidly metabolized
(mean elimination half-times of 13.8 and 17.4 min, respectively). A negligible fraction of the
dose was recovered unmetabolized in urine. Detectable amounts were present in the spleen
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and mesenteric lymph nodes 3 h after administration. No T-2 toxin was detected in the liver
(Beasley et al., 1986).

ln dogs, T-2 toxin administered intravenously was biotransformed rapidly to HT-2 toxin
(4-deacetyl-T-2 toxin; see Fig. 1), with a mean plasma elImination half-time of 5.3 min. The
mean half-time of HT-2 toxin was four times longer than that of T-2 toxin (19.6 min). Both
toxins had high total body clearance (Sintov et al., 1986). The urinary metabolites ofT-2 toxin

were HT-2 toxin, T-2-triol and T-2-tetraol (free and conjugated forms) (Sintov et aL., 1987).
The hepatobiliary system is the major route for the metabolism, detoxification and
elimination of T-2 toxin; the metabolized compounds are found mainly in bile (Matsumoto
et aL., 1978). During a single pass through perfused rat liver, 93 % of the delivered 3H-T- 2 toxin
label was extacted and metabolized by the liver and 55 % appeared in bile (Pace, 1986). Oral
administration of T-2 toxin to rab

bits over 10 days at a subtoxic dose of 1 mg/kg bw per day

resulted in a graduai decrease in the toxin-metabolIzing capacity of the liver (Ványi et al.,

1988). Quantitative and qualitative differences exist between species in the hepatic
microsomal metabolism of T-2 toxin (Kobayashi et a/., 1987). Human liver enzyes
deacetylate T-2 toxin to HT-2 toxin in vitro (Ellson & Kotsonis, 1974). Other tissues, in
particular intestinal tissues, can also metabolize T-2 toxin (Conrady-Lorck et al., 1989).
Afer intravascular administration ofT-2 toxin to swine, 21 metabolites were detected by
reverse-phase high-performance liquid chromatography and radiochromatography, but the
structures of some are not known (Corley et al., 1986).

The metabolism of T-2 toxin in vivo has been studied in chickens, rats, swine and cows

and found to involve (i) deacylation, (ii) hydroxylation, (ii) glucuronide conjugation,
(iv) acetylation and (v) de-epoxidation (for a review, see Sintov et al., 1987). The C4 acetyl

residue of T-2 toxin is removed rapidly to give HT-2 toxin, which is then deacylated to
T-2-tetraol via 4-deacetylneosolaniol (15-acetyl T-2-tetraol) (Yoshizawa et al., 1980a,b).
Additional deacetylation of HT-2 toxin at C15 gives T-2-triol (Ványi et al., 1988). Another
pathway is hydroxylation of the C8 isovaleroxy residue of T-2 toxin and HT-2 toxin to
3'-hydroxy T-2 and 3'-hydroxy-HT-2 toxins (Yoshizawa et al., 1982; Visconti & Mirocha,
1985). Deepoxidation of 3'-hydroxy-HT-2 toxin and T-2-tetraol has been shown to occur
in vivo, leading to the formation of the deepoxy derivatives 3'-hydroxydeepoxy-HT-2 toxin,
3' - hydroxydeepoxy-T- 2- triol, 15-acetyldeepoxy-T- 2-tetraol (deepoxy-4-diacetylneosolaniol)

and deepoxy-T-2-tetraol (the only one of these structures shown in Fig. 1), which were
identified in rat excreta (Yoshizawa et al., 1985). Deepoxy T-2-tetraol was also found in cow
blood and urine as a metabolite of T-2 toxin (Chatterjee et al., 1986). Neosolaniol (4,15diacetyl-T-2-tetraol) is produced when isovaleric acid (3-methylbutanoic acid) is removed
from the ester group at the C8 position ofT-2 toxin (Chi et al., 1978a). ln addition, acetylation
ofT-2 toxin followed by deacetylation to HT-2 toxin may occur via iso-T-2 toxin (in which the
, 1985; Sintovetal.,
1986). 4-Acetyl-, 8-acetyl- and 15-acetyl-T-2-tetraols have also been identified (Visconti &

hydroxyin C3 and the acetyl in C4 ofT-2 toxin are reversed) (Visconti et

aL.

Mirocha, 1985). Glucuronic acid conjugates represented 63% of total metabolites in urine
and 77% of those in bile of swine (Corley et al., 1985).
Robison et al. (1979b) observed T-2 toxin at 10-160 Jlg/I in the milk of a pregnant cow
which had been intubated with 182 mg of the toxin on 15 consecutive days. ln a lactating cow
given a single oral dose of 157 mg 3H-T-2 toxin, maximal levels (37 iig/l) of radiolabel were

Fig. 1. Proposed pathways for the metabolism of T-2 toxin
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reached in milk after 16 h; 3'-hydroxy-T-2 toxin and 3'-hydroxy-HT-2 toxin were present at
concentrations of 2.5-8.5 l.g/I after 12-24 h (Yoshizawa et al., 1981, 1982). iso-3'-HydroxyT-2 toxin, an isomer in which the hydroxy and acetyl groups at the C3 and C4 positions are

reversed, was found as the main metabolite ofT-2 toxin in cow's urine 13.5 h after oral administration of 200 mg (Visconti et aL., 1985). An unknown metabolite was present at a level of

2 mg/l 48 h after administration of the toxin (Ueno, 1987).
The toxicity of T-2 toxin in one-day-old broiler chick diminished gradually as a result of
deacetylations: T-2 toxin (oral LDso, 5 mg/kg bw) was 1.5 times more toxic th

an HT-2 toxin

(LDso, 7 mg/kg bw), which was 3.4 times more toxic than neosolaniol (LDso, 25 mg/kg bw),

which in turn was 1.4 times more toxic than T-2-tetraol (LDso, 34 mg/kg bw) (Chi et al.,
1978b). Afer intraperitoneal injection to mice, 3'-hydroxy-T-2 toxin (LDso, 4.6 mg/kg bw)

was slightly more toxic than the parent compound (LDso, 5.3 mg/kg bw), whereas
3'-hydroxy-HT-2 toxin (LDso, 22.8 mg/kg bw) was approximately 3.5 times less toxic th

HT-2 toxin (LDso, 6.5 mg/kg bw) (Yoshizawa et al., 1982).

an

T-2 Toxin and its metabolites were eliminated in faeces and urine at ratios of3:1 in mice,

5:1 in rats (Matsumoto et al., 1978) and 1:4 in guinea-pigs (Pace et al., 1985).
4.2 Toxic etTects

The toxicology and pharmacology of trichothecenes have been reviewed (Ueno,
1983a,b, 1987).

4.2.1 Humans
Little definitive information is available on the toxic effects in humans of specifie
trichothecenes. A disease known as 'alimentary toxic aleukia' first identified in Siberia in the
former USSR, is, however, believed to be due to the consumption of grain contaminated with
T-2 toxin. The aleukia usually occurs in four stages: ln the first stage, hyperaemia of the oral

mucosa occurs, accompanied by weakness, fever, nausea and vomiting. ln more severe cases,

the high fever continues and is accompanied by acute oesophagitis, gastritis and gastro-

enteritis. ln rare cases, circulatory failure and convulsions occur. ln a second stage,
leukopenia, granulopenia and progressive lymphocyosis occur. A third stage is characterized by severe haemorrhagic diathesis, severe necrotic pharygitis and larygitis, which

causes death in some cases by total closure of the laryx, described by the authors as strangulation. At this stage, exposed individuals have marked leukopenia, the leukocye count being

as low as 100-200/mm3 or less, platelet diminution and anaemia, resulting in anoxia. The
fourth stage is recovery, during which exposed individuals are susceptible to secondary
infections; convalescence lasts several weeks. ln severe outbreaks of poisoning, fatality rates
have been as high as 50% (Joffe, 1974). Mirocha and Pathre (1973) identified T-2 toxin in a
grain sample from the USSR that was associated with an episode of alimentary toxic aleukia.
ln the outbreak of poisoning in Kashmir, lndia, in 1987 (Bhat et aL., 1989), described on
p. 416, T-2 toxin was detected in flour samples at 0.55-0.8 mg/kg.

Bamburg and Strong (1971) reportedthat accidental contact oflaboratoryworkers with

crude extracts containing T-2 toxin (about 200 mg/l) caused severe irritation, loss of
sensitivity and desquamation of the skin of the hands. Normal sensitivity was restored 18 days
after contact.
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4.2.2 Experimental systems

Signs somewhat similar to those in human alimentary toxic aleukia were observed in
rhesus monkeys fed T-2 toxin at 0.5 mg/kg bw for 15 days (Rukmini et al., 1980).
The oral LDsos for T-2 toxin are (mg/kg bw): chickens, 4; mice, 10.5; rats, 5.2; guineapigs, 3.1 (WHO, 1990); and swine, 4.0 (Cole & Cox, 1981). The intraperitoneal LDso in mice
is 5.2 mg/kg bw. Afer subcutaneous injection, newborn animaIs (LDso, 0.15 mg/kg bw) were

more sensitive than adults (LDso, 1.6 mg/kgbw) to the toxiceffects ofT-2 toxin (Ueno, 1984).
Once it enters the systemic circulation, by any route of exposure, T-2 toxin rapidlyaffects
proliferating cells in the thymus, lymph nodes, testes and ovaries, spleen, bone marrow and

cryts of the small intestine (Ueno, 1977a,b). Oral, parenteral and cutaneous exposures
produced gastric and intestinal lesions, haematopoietic and immunosuppressive effects

(Paucod et al., 1990) described as radiomimetic (Saito et aL., 1969), central nervous system

toxicity resulting in anorexia, reduced food intake, lassitude and nausea, suppression of
reproductive organ function and acute vascular effects leading to hypotension and shock
(Smalley, 1973; Parker et al., 1984, Abstract).
Gross morphological lesions were observed in pigs given a single intravenous injection
of T-2 toxin at 1.2 mg/kg bw or more, resulting in oedema, congestion and haemorrhage in

lymph nodes and pancreas; congestion and haemorrhage in the gastrointestinal mucosa, subendocardium, adrenal glands and meninges; and oedema in the gall-bladder. Degeneration
and necrosis of the lymphoid tissues and gastrointestinal mucosa were seen. Scattered foci of
necrosis were present in the pancreas, myocardium, bone marrow, adrenal cortex and the
tubular epithelium of the renal medulla (Pang et aL., 1987a). Similar effects were observed
after exposure by inhalation (Pang et al., 1987b).
Fatty degeneration and enlargement of the liver were observed after administration of
T-2 toxin to rats (Suneja et al., 1983) and cattle (Kosuri et al., 1970). No effect was detected in
swine fed 8 mg/kg of feed for eight weeks (Weaver et al., 1978).
Vomiting is one of the commonest symptoms of T-2 toxin toxicosis. It induced vomiting
at doses of 0.1-10 mg/kg bw in cats, dogs, pigs and ducklings(WHO, 1990).
ln rats, the minimal effective dose ofT-2 toxin for dermal toxicity, which is characterized

by red spots and inflammation on painted skin, was 10 ng (Ueno, 1987). Rabbits are more
sensitive to the dermal toxicity of this compound than rats (Hayes & Schiefer, 1979). The
no-observed-effect level for weight gain and oral lesions in broiler chicks was 0.2 mg/kg in
ne weeks (WHO, 1990).
Transient leukocyosis due to increased numbers of both neutrophils and lymphocyes
shortly after a single injection ofT-2 toxin in mice, rats and cats is believed to be caused bya
sudden release ofleukocyes from lymph nodes (Sato et al., 1975, 1978). The effect seems to
involve the action of inflammatory mediators, since it can be prevented by some anti-inflammatory steroids. Repeated administration of T-2 toxin to chickens, mice, guinea-pigs, cats
and monkeys, however, severely decreased the number of leukocyes (reviewed by Ueno,
the diet for ni

1983a).

Detailed studies of the effects of T-2 toxin on coagulation in several species have
revealed multple mechanisms for haemorrhage, including tissue necrosis, thrombocyo-

T-2 TOXlN

477

penia, platelet dysfunction, decreased activity of coagulation factors and (possibly) altered
vascular integrity (for review, see WHO, 1990).
T-2 Toxin affects the immune system and thereby modifies the immune response in

experimental animaIs. The impairment comprises the following functions: antibody
formation, allograft rejection, delayed hypersensitivity and blastogenic response to lectins; it
results in decreased resistance to microbial infection. The impairment of the immune system
is thought to be linked to the inhibitory effect of T-2 toxin on macromolecule synthesis
(reviewed in WHO, 1990).
Increased blood pressure and severe vascular damage were reported in a study of rats
administered four doses of 1-3 mg/kg bw T-2 toxin intragastrically over 12 months (Wilson et

al., 1982).
Sirkka et al. (1992) observed acute behavioural effects, such as decreased motor activity
and performance in the passive avoidance test, and reduced body weight gain in rats given a
single oral dose of2 mg/kg bwT-2 toxin, but not in those given 0.4 mg/kg bw. Fitzpatrick et aL.
(1988) found elevated concentrations of indoleamines in rat brain 24 h after an oral dose of
2.5 mg/kg bw T-2 toxin. MacDonald et al. (1988) found that T-2 toxin increased the concen-

trations of trytophan, serotonin and dopamine in the brain of rats, but decreased those of
3,4-dihydroxyhenylacetic acid.
Feeding of 1.5 mg/kg bw T-2 toxin to young male albino rats daily for four days significantly decreased liver protein and DNA and intestinal mucosal protein content (Suneja et al.,
1983). The compound inhibits DNA and protein synthesis in a variety of cell tyes (reviewed
by Ueno, 1983a,b). Mer HeLa cells were cultured with 30 ng/ml for three days, they underwent complete cyolysis (Saito & Ohtsubo, 1974). DNA synthesis in spleen cells in vitro was
inhibited by 73% with a dose of 0.25 ng/ml, and protein synthesis was inhibited by 55% at a
dose of 0.5 ng/ml (Rosenstein & Lafarge-Frayssinet, 1983).
The ICso for T-2 toxin in rat hepatoma cells and dog kidney cells was 1-5 ng/ml (Mirocha
et aL., 1992). The IDso for protein synthesis was 7 ng/ml in reticulocyes from guinea-pigs and
30 ng/ml in reticulocyes from rabbits. T-2 Toxin induced rapid disaggregation of the polysomes, indicating inhibition at the initiation step of protein synthesis. ln rabbit reticulocyes
in vitro, using poly-U as messenger RNA, the IDso for polyphenylalanine synthesis was
0.15 llg/ml (Ueno et al., 1973). The molecular mechanism of inhibition of protein synthesis
may be the high affinity of T-2 toxin for the 60S ribosomal subunit (Hobden & Cundliffe,
1980). The binding affinity ofT-2 toxin for yeast ribosomes was 0.03 llM (14 llg); the binding
was reversible at 37°C and specifie (Middlebrook & Leatherman, 1989).
T-2 Toxin at 0.2- 1.2 ng/ml induced proliferation in cultured human fetal oesophagus,
including focal basal-cell hyperplasia, dysplasia and an increased number of mitoses (Hsia.
et aL., 1983). The changes were reported to be similar to the premalignant lesions seen in

epithelium adjacent to human oesophageal carcinomas. At higher doses of T-2 toxin
(2-4 ng/ml for six days), the cultured epithelium became necrotic.
T-2 toxin at low concentrations (0.4 pg/ml to 4 ng/ml) appears to have multiple effects on

cell membrane function, which are independent of inhibition of protein sythesis. It may act
on ami

no acid, nuc1eotide and glucose transporters or calcium and potassium channel

activities (Bunner & Morris, 1988).
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4.3 Reproductive and developmental toxicIty

4.3.1 Humans
No data were available to the Working Group.
4.3.2 Experimental systems

Pregnant mice (strain unspecified) were injected intraperitoneally with T-2 toxin at 0.5,
1.0 or 1.5 mg/kg bw on one of days 7-11 of gestation. With the two higher doses, there was

significant maternaI mortality and decreased prenatal survvaL. ln eight litters evaluated from

the group that received 1.0 mg/kg bw and in four litters from the group that received
1.5 mg/kg bw on day 10, fetal weight was significantly decreased, and 38 and 29% of the

fetuses, respectively, had gross malformations, including missing tails, limb malformations,
exencephaly, open eyes and retarded jaw development (Stanford et al., 1975).
A dose of 0.5 mg/kg bw T2-toxin given intraperitoneally to pregnant CD-1 mice on day

10 of gestation induced tail and limb anomalies in 12.5% of the offspring. Additional
treatment with 4 mg/kg bw ochratoxin A induced a reduction in fetal weight and a higher
incidence of malformations (Hood et al., 1976, 1978). ln a similar experiment, T-2 toxin
induced tail and limb anomalies in 8.4% of offspring, but additional treatment with
0.4 mg/kg bw rubratoxin B did not significantly increase the incidence of malformations
(Hood, 1986).

CD-1 mice were treated orally on day 9 of gestation with 0, 0.5, 1.0, 2.0, 3.0, 3.5 or
4.0 mg/kg bw T-2 toxin. The two highest doses caused fetal and maternaI deaths; skeletal

defects occurred at low incidences with the 3.0-mg/kg bw dose. ln a second experiment,
treatment with 3.0 mg/kg bw on days 6, 7, 8, 10, Il or 12 of gestation caused less fetal
mortality; treatment on day 7 significantly reduced litter size (Rousseaux & Schiefer, 1987).
Continuous feeding of 1.5 or 3.0 mg/kg T-2 toxin to CD-1 mice in the di

et for two generations

was neither embryo- nor fetotoxic and had only minimal effects on growth rates of mice
(Rousseaux et al., 1986).

Intraperitoneal injection of T-2 toxin to pregnant WAG rats at doses of 0.1, 0.2 or
0.4 mg/kg bw daily or feeding of the toxin at doses of 0.1 or 0.4 mg/kg bw on days 14-20 of

gestation produced a decrease in thymus weight in newborn rats, which lasted for about one
week (Bertin et al., 1978).
4.4 Genetic and related efTects

4.4.1 llur.ans
No data were available to the Working Group.

4.4.2 Experimental systems (see also Table 2 and Appendices 1 and 2)
The genotoxicity of T-2 toxin has been reviewed (Haschek, 1989).

Table 2. Genetic and related etTects of T-2 toxin
Result

lèst system

PRB, SOS spot test, Escherichia coli PQ37

PRB, SOS chromotest test, Escherichia coli PQ37

BSD, Bacillus subtilis rec strains, differential toxicity
SAO, Salmonella tyhimurium TAlOO, reverse mutation

SAS, Salmonella tyhimurium TA1535, reverse mutation
SAS, Salmonella tyhimurium TA1535, reverse mutation

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

-

-

-

0

-

-

-

-

-

-

Dose
(LED/HID)a

0,~~

Reference

Auffray &
Boutibonnes (1986)

1.~~
100 ~g/plate

Krivobok et al. (1987)
Ueno & Kubota (1976)
Wehner et al. (1978)

50.~~
50.~~
50.~~
50.~~
50.~~
50.~~

Kuczuk et al. (1978)
Wehner et al. (1978)

SA7, Salmonella tyhimurium TA1537, reverse mutation
SA7, Salmonella tyhimurium TA1537, reverse mutation
SA8, Salmonella tyhimurium TA1538, reverse mutation
SA9, Salmonella tyhimurium TA98, reverse mutation
SCH, Saccharomyces cerevisiae D-3, mitotic crossing over, ade2 locus
SCp, Saccharomyces cerevisiae, petite forward mutations

-

-

-

0

50.~~

ACC, Allum cepa, polyploidy induction

+

0

20,~~

Linnainmaa et al.

DMX, Drosophila melanogaster, sex-linked recessive lethal mutations
DMX, Drosophila melanogaser, sex-linked recessive lethal mutations

(+ )

0

63,~~

(1979)
Sorsa et al. (1980)
Sorsa et al, (1980)

100 ~g/plate

Kuczuk et al. (1978)
Wehner et al. (1978)

~
1

N

Kuczuk et al. (1978)
Wehner et al. (1978)

Kuczuk et al. (1978)
Schappert &

~
Z

Khachatourians (1986)

DMN, Drosophila melanogaster, sex chromosome loss, adult feeding

DIA, DNA single-strand breaks, BALB/c mouse priary hepatoces in vitro

-

100-100 ppm

+
(+ )

0

(2-3 days in feed)
20 ppm, 48 h
Sorsa et al, (1980)
0.005 (single dose) Lafarge- Frayssinet

-

0

et al. (1981)
Lafarge- Frayssinet
et al. (1981)

DIA, DNA single-strand breaks, BALB/c mou

se spleen lymphoces in vitro

+

0

0.005

DIA, DNA single-strand breaks, BALB/c mou

se thymic lymphoctes in vitro

+

0

0.005 (single dose) Laarge- Frayssinet

-

+b

0.100

(+ )

(+ )
(+ )'

2300

et al, (1981)
Zhu et al. (1987)
Thust et al. (1983)

0.100

Zhu et al. (1987)

G9H, Gene mutation, Chinese hamster V79 fibroblasts, thioguaninel in vitro
sic, Sister chromatid exchange, Chinese hamster V79 fibroblasts in vitro
sic, Sister chromatid exchange, Chine

se hamster V79 fibroblasts in vitro

-

.t
~

.¡

~
Table 2 (contd)
Test system

Result
Without
exogenous
metabolic
system

CIC, Chromosomal aberrations, Chinese hamster V79 fibroblasts in vitro
CIC, Chromosomal aberrtions, Chinese hamster V79 fibroblasts in vitro
CIC, Chromosomal aberrations, Chinese hamster V79 fibroblasts in vitro
CIC, Chromosomal aberrtions, Chinese hamster V79 fibroblasts in vitro

MIA Micronucleus formation, Chinese hamster V79 fibroblasts in vitro
UHF, Unscheduled DNA sythesis, human fibroblasts in vitro
SHI. Sister chromatid exchange, human lymphoces in vitro
CHI. Chromosomal aberrtions, human lymphoces in vitro

+
+
(+ )
+
+
+

+d

DVA DNA single-strand breaks, BAL/c mouse liver in vivo

DVA DNA single-strand breaks, BAL/c mouse spleen in vivo
DVA DNA single-strand breaks, BAL/c mouse thymus in vivo
MVC, Micronucleus test, Chinese hamster bone marrow in vivo
CBA Chromosomal aberrations, Chinese hamster bone marrow in vivo

ICR, Inhibition of intercellular communication, Chinese hamster V79 cells in vitro

With
exogenous
metabolic
system

Dose
(LED/HID)Q

Reference

-

(+ )
0

( + f.c
0

0,50
0.005
0.050
0.0010

+b.c

0.050

0
_b

0.0050
0.0030

0

0.001
3.00 X 1 ip

Thust et al. (1983)
Hsia et al. (1986)
Zhu et al. (1987)
Hsia et al. (1988)
Zhu et aL. (1987)
Oldham et al. (1980)
Cooray (1984)
Hsia et aL. (1986)

Laarge-Frayssinet
et al. (1981)

+

3.00 X 1 ip

(+ )

3.00 X 1 ip

Laarge- Frayssinet

3.00 X 1 ip
1. 70 X 1 ip
0,0030

et al. (1981)
Norppa et al. (1980)
Norppa et al. (1980)
Jone et aL. (1987)

Laarge- Frayssinet
et al. (1981)

(+ )
+

0

T.l- Tetraol

+ , positive; ( + ), weak positive; -, negative; 0, not tested
a:n-vItro tests, )Jg/ml; in-vivo tests, mg/kg bw; 0.~~, dose not given
b Activation by rat hepatoces

c Activation by rat oesophageal epithelium
dControl aberration frequency extremely low (6/300)

fS

~

0
Z
0
0
~
"'
:i
(/

d

t~
tT

VI

0\

BSD, Bacillus subtilis ree strains, differential toxicity

UHF, Unscheduled DNA synthesis, human fibroblasts in vitro

-

~

+

0

50.~~

0

0.100

Boutibonnes et aL.
(1984)
Oldham et al. (1980)

T-2 TOXIN

481

T-2 Toxin did not induce DNA damage in bacteria, mutation in Salmonella typhimurium

or mitotic crossing over or mitochondrial petite mutations in yeast. lnAllum cepa, T-2 toxin
increased the number of polyploid root-tip cells. ln Drosophila melanogaster, it induced sex
chromosome loss, but the results for sex-linked recessive lethal mutations were inconclusive.
T-2 Toxin inhibited gap-junctional intercellular communication in Chinese hamster V79 cells
in vitro and induced DNA single-strand breaks in mouse spleen and thymic lymphocyes and

(marginally) hepatocyes in vitro. ln cultured Chinese hamster V79 cells, T-2 toxin induced
gene mutation, sister chromatid exchange and chromosomal aberrations. After treatment
with T-2 toxin, unscheduled DNA synthesis was induced in cultured human fibroblasts, and

chromosomal aberrations, but not sister chromatid exchange, were induced in cultured
human lymphocyes. Administration of T-2 toxin to mice in vivo resulted in single-strand
breaks in spleen and thymus, but not in liver. ln Chinese hamsters treated in vivo, a slight
increase in the frequency of chromosomal aberrations, but not (one dose only) of micronuclei, was observed in bone marrow.

The genotoxic effects of T-2 toxin were observed only at very low doses, since toxic
effects interfered at higher doses.
T-2-Tetraol, a metabolic hydrolysis product of T-2 toxin, induced unscheduled DNA
synthesis in cultured human fibroblasts.

5. Summary of Data Reported and Evaluation
5.1 Exposure data

T-2 Toxin is produced primarily by Fusarium sporotrichioides, which occurs rarely on

cereals such as wheat and maize. The toxin is considered to have played a role in large-scale
an poisonings in Siberia during this century.
hum

5.2 Human carcinogenicity data
No data were available to the Working Group.

5.3 Animal carcinogenicity data
T-2 Toxin was tested for carcinogenicity in mice and in trout byoral administration in the

et and in rats by intragastric administration. ln mice, it increased the incidences of
pulmonary and hepatic adenomas in males. The studies in trout and rats were inadequate for
evaluation.
di

5.4 Other relevant data
T-2 Toxin causes outbreaks of haemorrhagic disease in animaIs and has been associated

with alimentary toxic aleukia in humans.
No data were available on the genetic and related effects of T-2 toxin In humans.
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Experimental data were drawn mainly from single studies. T-2 Toxin induced DNA
damage and chromosomal aberrations in rodents in vivo, in cultured hum

an cells and in

cultured rodent cells. It inhibited protein synthesis in various mammalian and human cell

tyes in vitro. Chromosomal aberrations were also induced in insects. It induced gene
mutation in cultured rodent cells but not in bacteria. It did not induce DNA damage in
bacteria.
5.5 Evaluation1

No data were available on the carcinogenicity to humans of toxins derived from
Fusarium sporotrichioides.

There is limited evidence in experimental animais for the carcinogenicity of T-2 toxin.

Overall evaluation
Toxins derived from Fusarium sporotrichioides are not classifiable as to their carcinogenicity to humans (Group 3).

6. References
Abramson, D., Mils, J.T & Boycott, B.R (1983) Mycotoxins and mycoflora in animal feedstuffs in
western Canada. Cano 1. comp. Med., 47, 23-26

Auffray, Y. & Boutibonnes, P. (1986) Evaluation of the genotoxic activity of sorne mycotoxins using
Escherichia coli in the SOS spot test. Mutat. Res., 171, 79-82
Bamburg, J.R & Strong, F.M. (1971) 12,13-Epoxytrichothecenes. ln: Kadis, S., Ciegler, A. & Ajl, S.J.,

eds, Microbi%gica/ Toxins, Vol. 7, A/ga/ and Funga/ Toxins, New York, Academie Press,
pp. 207-292
Bamburg, J.R., Riggs, N.V & Strong, F.M. (1968) The structures of toxins from two strains of Fusa-

rium tricinctum. Tetrahedron, 24, 3329-3336
Bata, A., Ványi, A. & Lásztity, R (1983) Simultaneous detection of sorne fusariotoxins by gas-liquid
chromatography. 1 Assoc. off anal. Chem., 66, 577-581

Beasley, VR., Swanson, S.P., Corley, RA., Buck, WB., Koritz, G.D. & Burmeister, H.R (1986)
Pharmacokinetics of the trichothecene mycotoxin, T-2 toxin, in swine and cattle. Toxicon, 24,
13-23

Bertin, G., Chakor, K., Lafont, P. & Frayssinet, C. (1978) Transmission to the progeny of contamination of maternaI di
et by mycotoxins (Fr.). Coll. Med. leg. Toxico/. med., 107, 95-100
Bhavanishankar, TN. & Shantha, T (1987) Natural occurrence of Fusarium toxins in peanut, sorghum
and maize from Mysore (India). 1. Sei Food Agne., 40, 327-332
Boutibonnes, P., Auffray, Y., Malherbe, C., Kogbo, W & Marais, C. (1984) Antibacterial and genotoxic properties of 33 mycotoxins (Fr.). Mycopathologia, 87,43-49

lPor definition of the italicized terms, see Preamble, pp. 2629.

T-2 TOXIN

483

Bunner, D.L. & Morris, E.R (1988) Alteration of multiple cell membrane functions in L-6 myoblasts
by T-2 toxin: an important mechanism of action. Toxicol. appl. Pharmacol., 92, 113-121
Chatterjee, K, Visconti, A. & Mirocha, C.J. (1986) Deepoxy T-2 tetraol: A metabolite of T-2 toxin
found in cow urine. 1. agric. Food Chem., 34, 695-697
Chi, M.S., Robison, i:S., Mirocha, C.1., Swanson, S.P. & Shimoda, W. (1978a) Excretion and tissue
distribution of radioactivity from tritium-Iabeled T-2 toxin in chicks. Toxicol. appl. Pharmacol.,
45,391-402
Chi, M.S., Robison, i:S., Mirocha, c.J. & Reddy, KR (1978b) Acute toxicity of 12,13-epoxytrichothecenes in orie-day-old broiler chicks. Appl. environ. Microbiol., 35, 636Chu, ES., Grossman, 5., Wei, R-D. & Mirocha, C.1. (1979) Production of antibody against T-2 toxin.
Appl. environ. Microbiol.,37, 104-108

Cohen, H. & Boutin-Muma, B. (1992) Fluorescence detection oftrichothecene mycotoxins as couma-

rin-3-carbonyl chloride derivatives by high-performance liquid chromatography. 1. Chromatogr.,
595, 143-148
Cole, RJ. & Cox, RH. (1981) Handbook of Toxic Fungal Metabolites, New York, Academic Press,
pp. 185-188

Conrady-Lorck, 5., Strugala, G.1., Feng, X.-c. & Fichtl, B. (1989) Intestinal metabolism ofT-2 toxin, a
major trichothecene mycotoxin. Prog. Pharmacol. clin. Pharmacol., 7, 319-326
Cooray, R (1984) Effects of sorne mycotoxins on mitogen-induced blastogenesis and SCE frequency
in human lymphocytes. Food chem. Toxicol., 22, 529-534
Corley, RA., Swanson, S.P. & Buck, WB. (1985) Glucuronide conjugates of T-2 toxin and metabolites

in swine bile and urine. 1. agric. Food Chem., 33, 1085-1089
Corley, RA., Swanson, S.P., Gullo, G.1., Johnson, L., Beasley, VR & Buck, WB. (1986) Disposition of
T-2 toxin, a trichothecene mycotoxin, in intravascularly dosed swine. 1. agrc. Food Chem., 34,
868-875
Cullen, D., Smalley, E.B. & Caldwell, RW. (1982) New process for T-2 production. Appl. environ.
Microbiol., 44, 371-375
van Egmond, H.P. (1989) Current situation on regulations for mycotoxins. Overview of tolerances and
status of standard methods of sampling and analysis. Food Addit. Contam., 6, 139-188
Ellison, RA. & Kotsonis, EN. (1974) ln vitro metabolism of T-2 toxin. Appl. Microbiol., 27, 423-424

Fan, i:S.L., Schubring, S.L., Wei, RD. & Chu, ES. (1988) Production and characterization of a
monoclonal antibody cross-reactive with most group A trichothecenes.Appl. environ. Microbiol.,
54, 2959-2963

Fitzpatrick, D.W, Boyd, KE. & Watts, B.M. (1988) Comparison ofthe trichothecenes deoxynivalenol
and T-2 toxin for their effects on brain biogenic monoamines in the rat. Toxicol. Leu., 40,241-245

Foster, B.C., Neish, G.A., Lauren, D.R, Trenholm, H.L., Prelusky, D.B. & Hamilton, RM.G. (1986)
Fungal and mycotoxin content of slashed corn. Microbiol. Æiments Nutr., 4, 199-203
Greenhalgh, R, Blackwell, B.A., 5avard, M., Miler, J.D. & Taylor, A. (1988) Secondary metabolites
produced by Fusarium sporotrichioides DAOM 16500 in Iiquid culture. 1. agrc. Food Chem., 36,
216-219

Greenhalgh, R, Fielder, D.A., Blackwell, B.A., Miler, J.D., Charland, J.-P. & Simon, J.W (199).
Sorne minor secondary metabolites of Fusarium sporotrichioides DAOM 16500. 1. agrc. Food
Chem., 38, 1978-1984

Haschek, WM. (1989) Mutagenicity and carcinogenicity of T-2 toxin. ln: Beasley, VR, ed., Trichothecene Mycotoxicosis, Pathophysiological Effects, VoL. 1, Boca Raton, FL, CRC Press, pp. 63-72

IARC MONOGRAHS VOLUME 56

484

Hayes, M.A. & Schiefer, H.B. (1979) Quantitative and morphological aspects of cutaneous irritation
by trichothecene mycotoxins. Food Cosmet. Toxicol., 17,611-621

Hobden, A.N. & Cundliffe, E. (1980) Ribosomal resistance to the 12,13-epoxy trichothecene antibiotics in the producing organism Myrotheeium verrcaria. Biochem. 1, 190, 765-770
Hood, RD. (1986) Effects of concurrent prenatal exposure to rubratoxin Band T-2 toxin in the mou

se.

Drug chem. Toxicol., 9, 185-190
Hood, RD., Kuczuk, M.H. & Szczech, G.M. (1976) Prenatal effects in mi

ce of mycotoxins in combi-

nation: ochratoxin A and T-2 toxin (Abstract). Teratology, 13, 25A

Hood, RD., Kuczuk, M.H. & Szczech, G.M. (1978) Effects in mice of simultaneous prenatal exposure
to ochratoxin A and T-2 toxin. Teratology, 17, 25-30
Hsia, c.-C., Tzian, B.-L. & Harris, C.C. (1983) Proliferative and cytotoxic effects of Fusarium T 2 toxin
on cultured human fetal esophagus. Careinogenesis, 4, 1101-1107

Hsia, c.-C., Gao, Y., Wu, J.-L. & Tzian, B.-L. (1986) Induction of chromosome aberrations by
Fusarium T-2 toxin in cultured human peripheral blood lymphocytes and Chinese hamster fibroblasts. 1 cell. Physiol., Suppl. 4, 65-72
Hsia, c.-c., Wu, J.-L., Lu, X.-Q. & Li, Y.-S. (1988) Natural occurrence and c1astogenic effects of

nivalenol, deoxynivalenol, 3-acetyldeoxynivalenol, 15-acetyldeoxynivalenol, and zearalenone in

corn from a high risk area of esophageal cancer. Cancer Detect. Prev., 13, 79-86
Hsu, l-C., Smalley, E.B., Strong, F.M. & Ribelin, WE. (1972) ldentification ofT-2 toxin in moldy corn
associated with a lethal toxicosis in dairy catte. Appl. Microbiol., 24, 684-690
Hussein, H.M., Franich, RA., Baxer, M. & Andrew, I.G. (1989) Naturally occurring Fusarium toxins

in New Zealand maize. Food Addit. Contam., 6,49-58
lAC (1983) lARC Monographs on the Evaluation o/the Careinogenic Risk o/Chemicals to Humans,
Vol. 31, Some Food Additives, Feed Additives and Naturally Occurrng Substances, Lyon,
pp. 265-278

Jemmali, M., Ueno, Y., Ishii, K., Frayssinet, C. & Etienne, M. (1978) Natural occurrence of tricho-

thecenes (nivalenol, deoxynivalenol, T-2) and zearalenone in corn. Experientia, 34, 1333-1334
Joffe, A.Z. (1974) Toxicity of Fusarium poae and F. sporotrichioides and its relation to alimentary toxic
aleukia. ln: Purchase, I.F.H., ed., Mycotoxins, Amsterdam, Elsevier, pp. 229-262

Jone, c., Erickson, L., Trosko, J.E. & Chang, C.C. (1987) Effect of biological toxins on gap-junctional
intercellular communication in Chinese hamster V79 cells. Cell Biol. Toxicol., 3, 1-15
Karppanen, E., Rizzo, A., Berg, S., Lindfors, E. & Aho, R (1985) Fusarium mycotoxins as a problem in

Finnish feeds and cereals. 1 agrc. Sei. Fini., 57, 195-20
no, Y. (199)Survey
ofT-2 toxin in cereals by an indirect enzyme-linked immunosorbent assay. Food agrc. lmmunol.,

Kawamura, O., Nagayama, S., Sato, S., Ohtani, K., Sugimura, Y., Tanaka, T. & De

2, 173-180

Kobayashi, J., Horikoshi, T., Ryu, J.-c., Tashiro, F., lshii, K. & Ueno, Y. (1987) The cytochrome
P-450-dependent hydroxylation of T-2 toxin in various animal species. Food chem. Toxicol., 25,

539-544

Kosuri, N.R, Grove, M.D., Yates, S.G., Tallent, WH., Ells, J.J., Wolff, I.A. & Nichols, RE. (1970)
Response of caule to mycotoxins of Fusarium trieinctum isolated from corn and fescue. 1 Am.
veto Med. Assoc., 157, 938-940

Krivobok, S., Olivier, P., Marzin, D.R, Seiglemurandi, F. & Steinman, R (1987) Study of the genotoxic
potential of 17 mycotoxins with the SOS chromostest. Mutagenesis, 2,433-439
Kuczuk, M.H., Benson, P.M., Heath, H. & Hayes, A.W (1978) Evaluation of the mutagenic potential of

mycotoxins using Salmonella tyhimurium and Saccharomyces cerevisiae. Mutat. Res., 53,11-20

T-2 TOXlN

485

Lafarge-Frayssinet, c., Decloitre, F., Mousset, S., Martin, M. & Frayssinet, C. (1981) Induction of
DNA single-strand breaks by T2 toxin, a trichothecene metabolite of Fusarium. Effect on lymphoid organs and liver. Mutat. Res., 88, 115-123
Lauren, D.R & Agnew, M.P. (1991) Multitoxin screening method for Fusarium mycotoxins in grains.
1 agrc. Food Chem., 39, 502-507

Li, M.-X., Zhu, G.-F., Cheng, S.-J., Jian, Y.-Z. & Fan, W-G. (1988) Mutagenicity and carcinogenicity
of T-2 toxin, a trichothecene produced by Fusarium fungi (Chin.). Chin.
1 Oncol., 10,326329
Lindenfelser, L.A., Lilehoj, E.B. & Burmeister, H.R (1974) Afatoxin and triehothecene toxins: skin
tumor induction and synergistic acute toxicity in white miee.I natl Cancer lnst., 52, 113-116
Linnainmaa, K., Sors
a, M. & Ilus, T. (1979) Epoxyrichothecene mycotoxins as c-mitotic agents in
A1lium. Hereditas, 90, 151-156
MacDonald, E.J., Cavan, K.R & Smith, TK. (1988) Effect of acute oral doses of T-2 toxin on tissue
concentrations of biogenic amines in the rat.
1 Anim. Sei., 66, 434-1
Marasas, WF.O., Bamburg, J.R, Smalley, E.B., Strong, EM., Ragland, WL. & Degurse, P.E. (1%9)
Toxic effects on trou
t, rats and miee of T-2 toxin produced by the fungus Fusarium trieinctum
(Cd.) Snyd. et Hans. Toxicol. appl. Pharmacol., 15,471-482

Marasas, WF.O., Nelson, P.E. & Toussoun, TA. (1984) Toxigenic Fusarium Species. Identity and
Mycotoxicology, University Park, PA, Pennsylvania State University Press

Matsumoto, H., lto, T. & Ueno, Y. (1978) Toxicologieal approaches to the metabolites offusaria. XII.

Fate and distribution of T-2 toxin in mice. Jpn. 1 e.. Med., 48, 393-399
. Middlebrook, J.L. & Leatherman, D.L. (1989) Binding of T-2 toxin to eukaiyotic cell ribosomes.
Biochem. Pharmacol., 38, 3103-3110

Mirocha, C.J. (1984) Mycotoxicoses associated with Fusarium. ln: Moss, M.O. & Smith, J.E., eds, The
Fusarium, Cambridge, Cambridge University Press, pp. 141-155
Applied Mycology of
Mirocha, CJ. & Pathre, S. (1973) Identification ofthe toxic principle in a sample of poaefusarin.Appl.
Microbiol., 26, 719-724
Mirocha, CJ., Gilchrist, D.G., Shier, WT., Abbas, H.K., Wen, Y. & Vesonder, RE (1992) AA toxins,
fumonisins (biology and chemistiy) and host-specificity concepts. Mycopathologia, 117, 47-56
Norppa, H., Penttilä, M., Sors

a, M., Hintikka, E.-L. & Ilus, T. (1980) Mycotoxin T-2 of Fusarium

trieinctum and chromosome changes in Chinese hamster bone marrow. Hereditas, 93, 329-332

Oldham, J.W, Allred, L.E., Milo, G.E., Kindig, O. & Capen, C.C. (1980) The toxicological evaluation
of the mycotoxins T-2 and T-2 tetraol using normal human fibroblasts in vitro. Torical. appl.
PharmacoL, 52, 159-168

Pace, J.G. (1986) Metabolism and clearance of T-2 mycotoxin in penused rat livers. Fundam. appl.
ToxicoL, 7, 424-433

Pace, J.G., Watts, M.R, Burrows, E.P., Dinterman, RE., Matson, C., Hauer, E.C. & Wannemacher,
RW, Jr (1985) Fate and distribution of 3H-Iabeled T-2 mycotoxin in gui

ne

a pigs. Toncol. appl.

Pharmacol., 80, 377-385

Pang, VE, Lorenzana, RM., Beasley, VR, Buck, WB. & Haschek, WM. (1987a) Experimental T-2
toxicosis in swine. III. Morphologie changes following intravascular administration ofT-2 toxin.
Fundam. appl. Toncol., 8,298-309

Pang, VE, Lambert, RJ., Felsburg, P.J., Beasley, 'YR, Buck, WB. & Haschek, WM. (1987b) ExperimentaI T-2 toxicosis in swine following inhalation exposure: effects on pulmonaiy and systemic

immunity and morphologic changes. Toxicol. Pathol., 15,308-319
Parker, G.W, Wannemacher, R.W, Jr and Gilman, FJ. (1984) The effect of T-2 mycotoxin on the

cardiovascular system in the guinea pig (Abstract No. 1710). Fed. Proc., 43, 578

IARC MONOGRAPHS VOLUME 56

486

Paucod, J.-c., Krivobok, S. & Vidal, D. (1990) Immunotoxicity testing of mycotoxins T-2 and patulin
on BALB/c mice. Acta microbiol. Hung., 37, 331-339
Pohland, A.E., Schuller, P.L., Steyn, P.S. & van Egmond, H.P. (1982) Physicochemical data for some

selected mycotoxins. Pure appl. Chem., 54, 2219-228
PuIs, R. & Greenway, J.A. (1976) Fusariotoxicosis from barley in British Columbia. II. Analysis and
toxicity of suspected barley. Cano 1 comp. Med., 40, 16-19
Ramakrishna, Y., Bhat, R. \Z & Vasanthi, S. (1990) Natural occurrence of mycotoxins in staple foods in
lndia. 1 agrc. Food Chem., 38, 1857-1859

Reddy, B.N., Nusrath, M., Kumari, C.K. & Nahdi, S. (1983) Mycotoxin contamination in sorne food
commodities from tribal are

as of Medak district, Andhra Pradesh. Indian Phytopatho/., 36,

683-686

Robison, 1:S., Mirocha, C.J., Kurtz, H.J., Behrens, J.C., Weaver, G.A. & Chi, M.S. (1979a) Distribution of tritium-labeled T-2 toxin in swine.1 agric. Food Chem., 27, 1411-1413
Robison, 1:S., Mirocha, C.J., Kurtz, H.J., Behrens, J.c., Chi, M.S., Weaver, G.A. & Nystrom, S.D.
(1979b) Transmission of T-2 toxin into bovine and porcine milk.1 DaÙy Sei., 62, 637-61
Rood, H.D., Jr, Buck, WB. & Swanson, S.P. (1988) Diagnostic screening method for the determination

of trichothecenes exposure in animaIs. 1 agric. Food Chem., 36, 74-79

Rosenstein, Y. & Lafarge-Frayssinet, C. (1983) lnhibitory effect of Fusarium T2-toxin on lymphoid
DNA and protein synthesis. Toxicol. appl. Pharmacol., 70, 283-288
Rousseaux, c.G. & Schiefer, H.B. (1987) MaternaI toxicity, embryolethality and abnormal fetal
development in CD-1 mice following one oral dose of T-2 toxin.1 appl. Toxicol., 7, 281-28
Rousseaux, C.G., Schiefer, H.B. & Hancock, D.S. (1986) Reproductive and teratological effects of
continuous low-level dietary T-2 toxin in female CD- 1 mice for two generations.1 appL. Toxicol.,
6, 179-184

Rukmini, c., Prasad, J.S. & Rao, K. (1980) Effects of feeding T-2 toxin to rats and monkeys. Food
Cosmet. Toxicol., 18,267-269

Saito, M. & Ohtsubo, K. (1974) Trichothecene toxins of Fusarium species. ln: Purchase, LF.H., ed.,
Mycotoxins, Amsterdam, Elsevier, pp. 263-281

ne

Saito, M., Enomoto, M. & Tatsuno, T. (1969) Radiomimetic biological properties of the new scirpe

metabolites of Fusarium nivale. Gann, 60, 599-603

Sato, N., Ueno, Y. & Enomoto, M. (1975) Toxicological approaches to the toxic metabolites offusaria.

LII. Acute and subacute toxicities of T-2 toxin in cats. Jpn. 1 Pharmaco/., 25, 263-270
Sato, N., lto, T., Kumada, H., Ueno, Y., Asano, K., Saito, M., Ohtsubo, K., Ueno, L & Hatanaka, Y.
(1978) Toxicological approaches to the metabolites of fusaria. XIII. Hematological changes in
mice by a single and repeated administrations of trichothecenes. 1 toxicol. Sei., 3, 335-356
Schappert, K.T. & Khachatourians, G.c. (1986) Effects ofT-2 toxin on induction of petite mutants and

mitochondrial function in Saccharomyces cerevisiae. Curr Genet., 10,671-679
Schiefer, H.B., Rousseaux, c.G., Handcock, D.S. & Blakley, B.R. (1987) Effects oflow-Ievel long-term
oral exposure to T-2 toxin in CD- 1 mice. Food chem. Toxicol., 25, 593-601
Schoental, R., Joffe, A.Z. & Yagen, B. (1979) Cardiovascular lesions and various tu

mors found in rats

given T-2 toxin, a trichothecene metabolite of Fusarium. Cancer Res., 39, 2179-2189

Scott, P.M. (1989) The natural occurrence of trichothecenes. ln: Beasley, \ZR., ed., Trichothecene

Mycotoxicosis: Pathophysiologic Effects, Vol. 1, Boca Raton, FL, CRC Press, pp. 1-26

Scott, P.M. (199) Trichothecenes in grains. Cereal Foods Wor/d, 35, 661-666
Sintov, A., Bialer, M. & Yagen, B. (1986) Pharmacokinetics ofT-2 toxin and its metabolite HT-2 toxin,
after intravenous administration in dogs. Drug Metab. Disposition, 14, 250-254

T-2 TOXIN

487

Sintov, A., Bialer, M. & Yagen, B. (1987) Pharmacokinetics ofT-2 tetraol, a urinary metabolite of the
trichothecene mycotoxin, T-2 toxin, in dog. Xenobiotica, 17,941-950

Sirkka, U., Nieminen, S.A. & Ylitalo, P. (1992) Acute neurobehavioural toxicity of trichothecene T-2
toxin in the rat. Pharmacol. Toxicol., 70, 111-114
Smalley, E.B. (1973) T-2 Toxin.l Am. veto Med. Assoc., 163, 1278-1281

a, M., Linnainmaa, K, Penttilä, M. & Hus, 'I (1980) Evaluation of the mutagenicity of epoxyrichothecene mycotoxins in Drosophila melanogaster. Hereditas, 92, 163-165
Stanford, G.K, Hood, R.D. & Hayes, A.W. (1975) Effect of prenatal administration of T-2 toxin to

Sors

mice. Res. Commun. chem. Pathol. Pharmacol., 10, 743-746
no, O. (1988) Trichothecenes
and zearalenone in Norwegian barley and wheat. N01W. 1 agrc. Sci., 2, 49-59

Sundheim, L., Nagayama, S., Kawamura, O., Tanaka, 'I, Brodai, G. & De

Suneja, S.K, Ram, G.C. & Wagle, D.S. (1983) Effect of feeding T-2 toxin on RNA, DNA and protein
contents of liver and intestinal mucosa of rats. Toxicol. Leu., 18, 73-76

Thrane, U. (1989) Fusarium species and their specifie profies of secondary metabolites. ln:
Chelkowski, J., ed., Fusarium Mycotoxins, Taxnomy and Pathogenicity, Amsterdam, Elsevier, pp.
199-225
Thust, R., Kneist, S. & Hühne, \Z (1983) Genotoxicity of Fusarium mycotoxins (nivalenol, fusarenonX, T-2 toxin, and zearalenone) in Chinese hamster V79 cells in vitro.

Arch. Geschwulstforsch., 53,

9-15
Ueno, Y. (1977a) Trichothecenes: overview address. ln: Rodrick, J.\Z, Hesseltine, C.w. & Mehlman,
M.A., eds, Mycotoxins in Human and Animal Health, Park Forest South, IL, Pathotox, pp.
189-207
Ueno, Y. (1977b) Mode of action of trichothecenes. Pure appl. Chem., 49, 1737-1745
Ueno, Y. (1983a) General toxicology. ln: Deno, Y., ed., Developments in Food Science Iv Trichothecenes, Amsterdam, Elsevier, pp. 135-146
Deno, Y., ed. (1983b) Trichothecenes: Chemical, Biological and Toxicological Aspects, Amsterdam,

Elsevier
Ueno, Y. (1984) Toxicological features ofT-2 toxin and related trichothecenes. Fundam. appl. Toxicol.,

4, S124-S132
Ueno, y. (1986) Trichothecenes as environmental toxicants. Rev environ. Toxicol., 2,303-341
De

no, Y. (1987) Trichothecenes in food. ln: Krogh, P., ed., Mycotoxins in Food, London, Academie
Press, pp. 123-147

Ueno, Y. & Kubota, K (1976) DNA-attacking ability of carcinogenic mycotoxins in recombinationdeficient mutant cells of Bacillus subtilis. Cancer Res., 36, 445-451
Ueno, Y., Nakajima, M., Sakai, K., lshii, K, Sato, N. & Shimada, N. (1973) Comparative toxicology of
trichothec mycotoxins: inhibition of protein synthesis in animal cells.l Biochem., 74, 285-2%
Ványi, A., Bata, Á., Fekete, S. & Tamás, J. (1988) Study of the metabolism and excretion ofT-2 toxin, a
trichothecene fusariotoxin, in rab
bits. Acta veto hung., 36, 213-220
Visconti, A. & Mirocha, C.J. (1985) ldentification ofvarious T-2 toxin metabolites in chicken excreta
and tissues. Appl. environ. Microbiol., 49, 1246-1250
Visconti, A., Treeful, L.M. & Mirocha, C.J. (1985) ldentification of iso-TC-1 as a new T-2 toxin metabolite in cow urine. Biomed. Mass Spectrom., 12, 689-694
Weaver, G.A., Kurtz, H.J., Bates, EY., Chi, M.S., Mirocha, CJ., Behrens, J.C. & Robison, 'IS. (1978)

Acute and chronic toxicity of T-2 mycotoxin in swine. ltt. Rec., 103,531-535
Wehner, EC, Marasas, W.EO. & Thiel, P.G. (1978) Lack of mutagenicity to Salmonella tyhimurium
of sorne Fusarium mycotoxins. Appl. environ. Microbiol., 35, 659-62

!AC MONOGRAHS VOLUME 56

488

Wei, R.-D., Strong, F.M., Smalley, E.R & Schnoes, H.K. (1971) Chemical interconversion of T-2 and
HT-2 toxins and related compounds. Biochem. biophys. Res. Commun., 45, 39601

WHO (1990) Selected Mycotoxins: Ochratoxins, Trichothecenes, Ergot (Environmental Health Criteria
105), Geneva

Wilson, c.A., Everard, D.M. & Schoental, R. (1982) Blood pressure changes and cardiovascular
lesions found in rats given T-2 toxin, a trichothecene secondary metabolite of certain Fusarium
microfungi. Toxicol. LeU., 10, 35-4
Yang, S. & Xia, Q.J. (1988a) Papiloma offorestomach induced by Fusarium T-2 toxin in mice (Chin.).

Chin. L Oncol., 10,339-341
Yang, S. & Xia, Q.-J. (1988b) Studies on the promoting and initiating effects of Fusarium T-2 toxin
(Chin.). Chin. L OncoL., 17, 107-110

Yates, S.G., Tookey, H.L., Ellis, J.1. & Burkhardt, H.1. (1968) Mycotoxins produced by Fusarium nivale
isolated from tall fescue (Festuca arundinacea Schreb.). Phytochemistry, 7, 139-146
Yoshizawa, T., Swanson, S.P. & Mirocha, c.J. (1980a) ln vitro metabolism of T-2 toxin in rats. Appl.
environ. Microbiol., 40, 901-906
Yoshizawa, T., Swanson, S.P. & Mirocha, C.1. (1980b) T-2 Metabolites in the excreta of broiler chickens

administered 3H-Iabeled T-2 toxin. AppL. environ. Microbiol., 39, 1172-1177

Yoshizawa, T., Mirocha, c.J., Behrens, J.C. & Swanson, S.P. (1981) Metabolic fate of T-2 toxin in a
lactating cow. Food Cosmet. Toxicol., 19,31-39
Yoshizawa, T., Sakamoto, T., Ayano, Y. & Mirocha, C.1. (1982) 3'-Hydroxy T-2 and 3'-hydroxy HT-2
toxins: new metabolites of T-2 toxin, a trichothecene mycotoxin, in animais. Agrc. Biol. Chem.,
46, 2613-2615
Yoshizawa, T., Sakamoto, T. & Kuwamura, K. (1985) Structures of deepoxyrichothecene metabolites
from 3' -hydroxy HT-2 toxin and T-2 tetraol in rats. Appl. environ. Microbiol., 50, 676-79

Zhu, G.-F., Cheng, S.-J. & Li, M.-H. (1987) The genotoxic effects of T-2 toxin, a trichothecene produced by Fusarium fungi (Chin.). Acta biol. exp. sin., 20, 129-134

