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Introduction and Chemistry

The purpose of this short review is to introduce tlehtithecenes. Additional reviews will give
more specific information regarding individual compoundsefttichothecene mycotoxins, e.g.
T-2, Satratoxins, etc.

The trichothecenes are a large family of metabaotitesluced by several species of molds:
Fusarium, Myrotecium, Trichoderma, Cephal sporium, Verticimonosporium, and Sachybotrys.*
They are remarkably stable under different environnheotaditions, including typical cooking
environ-

epoxide at C12?The specific side structures of the most abundant natebLirring
trichothecenes are given in Table 1. The trichothesamne nonvolatile with a molecular weight
between 250-500. They are relatively insoluble in watgrhighly soluble in a variety of
solvents (acetone, ethyl acetate, DMSO, ethandhamnel, propylene glycol). Purified
trichothecenes have a low vapor pressure, and fordioavyeplor in solvents as well as a
crystal. They are relatively stable compounds as rabegte. They are not inactivated by
autoclaving, but require temperatures of 9900 minutes or 508F for 30 minutes for
inactivation. They can be inactivated by a 3-5% satutibsodium hypochlorité&

Table 1 Specific side groups of the most abundant trichothecene mycotoxins. (Adapted
from Wannemacher & Wiener, 1997%%)

TrichotheceneR1 R2R3R4R5T-2 Toxin -OH -OCQLOKOCH;----OCOCHHT-2 Toxin-OH -
OH -OCOCHH-OCOCH

CH(CH;3):DAS-OH -OCOCHOCOCHH-HNIV-OH -OH -OH -OH =ODON-OH -H-OH -OH
=OMacrocyclics-H-O-R'-O--H-H



The macrocyclic trichothecenes are larger molechias the others. They have either an ester or
ester-ether bridge between carbons 5 and 15 of thetti@tene ring. The macrocyclics include
verrucarins, roridins and satratoxinH.

General Comments on the Toxicology of Trichothecenes

All trichothecenes are considered mycotoxins. Theytaxic to humans, other mammals
(domestic and research), birds, invertebrates, placteakaryote cells, in general. The acute
toxicity of (LD50) to various species of animals hasrbeeviewed by Wannemacher and
Wiener, 19972 They are more toxic via the lungs vs other meamxpbsure. For example, in
the mouse, intranasal (0.6 mg/kg), intrathecal (0.01 mg/gindathtional (0.05 mg/kg)
exposures are more toxic than intravenous (4.2-7.3 mg/kggperitoneal (5.2-9.1 mg/kg) and
intragastric (9.6-10.5 mg/kg) administration of T-2 toxin.

Acute Toxicological Effects. Acute effects of oral, parental, dermal or aerosal supes to
trichothecenes produce a variety of adverse effeceselimclude gastric and intestinal lesions;
radiomimetic hematopoietic and immunosuppressive eff€iNS toxicity (nausea, anorexia
lassitude, nausea),;suppression of reproductive functioryesmadlar effects leading to

hypotension. In addition, these mycotoxins bind tosdoes, inhibiting protein and,
subsequently, RNA and DNA synthesis. Rapidly proliferatisgues (intestines and bone
marrow) are most adversely affected. Furthermore, ahe¥ipid soluble, crossing cell
membranes, causing lipid peroxidation with mitochondnadl eellular membrane damage (for
review, see Wannemacher & Wiener, 1987richothecenes bind to sub cellular structures,
disrupting and altering the morphology of mitochondria, roemghoplasmic reticulum,
myofibers and membrané&* They inhibit succinic dehydrogenase activity with etffeon
cellular energetics with decreases in succinate, pyraratenalate oxidation and inhibition of
mitochondrial protein synthesis>*°Finally, they cause increased cell death (apoptosis) in
variety of cell types via mitochondrial and non-mitonHrial mechanisms.?? Furthermore,
trichothecenes readily cross the placenta and havesbesvn to cause increased cell death
(apoptosis) in mouse fetusEs.

It is suspected that from 1974 to 1981that toxic agents (thehenes) were used in
Afghanistan, Laos and Cambodia via aerial applicatigelléw rain")*2?3Early symptoms in
"yellow rain" victims were severe nausea, vomitingsning superficial skin discomfort,
lethargy, weakness, dizziness, and loss of coordindaiithin minutes to hours, diarrhea (first
watery brown and later grossly bloody) occurred. From B2 hours symptoms included
dyspnea, coughing, sore mouth, bleeding gums, epistaxis,dragss, abdominal pain, and
central chest pain. Exposed skin could become red, teswielflen, painful or pruritic. Small or
large vesicles and bullae were observed as well asheeecchymosis and necrosis of the
skin. Marked anorexia and dehydration were frequent. Dyligiduals became hypothermic,
hypotensive and developed tachycardia. Severely poisodiediirals had bloody ooze from the
nares and mouth with an associated hematochezia. Deatired from minutes to hours and
days, and often preceded by tremors, seizures and comanddt frequent symptoms included
vomiting (71%), diarrhea (53%), skin irritation, burning @eting (44%), rash or blisters
(33%), bleeding (53%) and dyspnea (48%). All of the symptatedlicould be attributed to
trichothecene mycotoxin toxicity.



Both ocular and upper respiratory effects were observédtiae "yellow rain" exposure. Ocular
signs and symptoms were tearing, pain conjunctivitis andiry sensations about the eyes.
These lasted from 8 to 14 days following exposure. Ofastern trichothecene (DAS) isolated
from one autopsy case instilled into the eyes of talgsbduced reddening, edema and cornea
opacity*?

Upper respiratory symptoms included the following: nosi(ig, pain rhinorrhea, epistaxis);
throat (sore/pain, aphona, voice changes); tracheoleditiree (cough, hemoptysis, dyspnea,
deep chest pain, chest pressure). Agricultural workers exposey or hay dust contaminated
with Trichothecenes also developed similar signs angyms of upper respiratory injuf§.

Chronic Toxicological Effects. Chronic exposure to trichothecenes calBeentary Toxic
Aleukia (ATA) in humans, mycotoxicosis in domestic animals, andradveutcomes in
individuals given trichothecenes intravenously as a oltleenapy for colon adenocarcinoma (for
review, see Wannemacher & Wietfer

ATA occurred in Russia during and prior to WW 1l when peasamisumed field grains
contaminated with trichothecene mycotoxins infestét fusarium. The clinical course of the
disease occured in four stagéStage one was characterized by inflammation of the G.1. tract
mucosa, vomiting, diarrhea, abdominal pain, excessivatan, headache, dizziness,
weakness, fatigue, tachycardia, fever and sweating.

Progression occurs to tkecond stage (also called leukopenic or latent stage). Leukopenia,
granulopenia and progressive lymphocytosis charactergsttye. If ingestion of the
contaminated grain is not stopped or if a large dos&entm, the third stage ensues.

Thethird stage is characterized by a bright red or dark cherry-red cbetlerash on the chest
and other areas of the body. These are at firstizedaand then spread, becoming more
numerous. In the most severe cases, intensive utmei@td gangrenous conditions develop in
the larynx. This can lead to aphonia and death bygitation. Concomitantly, hemorrhagic
diathesis occurs of the nasal, oral, gastric and ing&shucosa.

Thefourth stage, (recovery stage), begins when the necrotic lesions of the body begirigeal
and the body temperature drops. The affected individuasuaceptible to secondary infections,
including pneumonia. Convalescence takes several weekbebdne marrow approaches
normality by two months.

Chemotherapy: The trichothecenes inhibit cell diistausing cell death. This was used as a
basis for chemotherapy drug triaf’Cancer patients were given daily doses (0.077 mg/kg) of
DAS (anguidine) for 5 days. They developed signs and sympibtosicity which included
nausea, vomiting, diarrhea, burning erythema, confuaiaja, chills, fever, hypotension and
hair loss?®?’ The antitumor activity was either absent or minienad the drug trials were
stopped because of patient intolerance.

M etabolism

Trichothecenes, unlike other mycotoxins, do not requegabolic activation to exert their toxic
effects?® Direct dermal application leads to immediate skin irigtat They

directly act with cellular organelles and structures cauisihibition of protein, RNA and DNA
synthesis, disaggregation of polyribosomes and rough endopleticulum, inhibition of
mitochondrial functions and cause cell death (apopttsiéy+2%3!



Trichothecenes are lipophilic and are easily absorreadigh the skin, respiratory and intestinal
tracts. A single oral dose peaks in the blood at one halaled median lethal dose is equal to or
less than a systemic dose. Death in rodents and gugeaguurs in 1 to 12 hours following
inhalation of lethal aerosol concentrations withpulmonary edem&’

Tissue distribution studies show that liver is the majgan of metabolism of trichothecenes.
Radioactivity from labeled mycotoxins following differteroutes of administration (oral, IM, 1V,
dermal) appear in the bile, liver, and gastrointestnaat with metabolites and glucuronide
conjugates appearing in the urine and fé&&&Trichothecenes are metabolized via deacetylation
and de-expoxidation (hyrdrolysis).

The metabolic fate of T-2 toxin has been the mastahghly investigated of all of the
trichothecenes. It is metabolized by rat intestinaloflora in a variety of animals to de-epoxy
products (DE HT-2 and DE TRIOL). Also, DAS is biotransfied by de-acetylation and de-
epoxidtion by intestinal microflora of cattle, swiaed rats* A nonspecific carboxylesterase in
the liver selectively hydrolyzes the C-4 acetyl groufi < toxin to form HT-2 toxirt> The

activity of this enzyme has also been detected ittam, kidney, spleen, white blood cells and
ethrythocytes?%® Also, a hepatic cytochrome P-450 in mice and monkeybées shown to
catalyze the hydrolysis of the C-3' and C-4' positidritb® isovaleryl side chain of T-2 and HT-
2 toxins®"*8 Finally, it is of interest to note that chronigoesure to 6-12 ppm of trichothecenes
in the diet of causes an increase in drug metabolizingness, while acute low doses produces a
decrease in these microsomal enzyiés.

The subcellular distribution of tritium labeled T-2 tokias been reported in perfused isolated rat
livers. After 120 minutes of perfusion, the distributiortltd radiolabel was bile (53%), perfusate
(39%) and liver (7%). The radiolabel within subcellulactions was located in the plasma
membrane, and smooth endoplasmic reticulum within 5 nendelining thereafter. The uptake
in mitochondria occurred in 30 minutes and increased by 12@esi after perfusion. The

labeling in the nucleus remained constant throughout thenk2@es. The time course for
distribution of labeled T-2 showed an immediate associatith plasma membranes and a
subsequent distribution of the toxin and metabolites anidhoplasmic reticulum, mitochondria
and nuclei, the known sites of action of this td¥in.

Additional reviews will appear on specific trichothecerneg. T-2 toxin, Satratoxin as well as
the hemolysin, Stachylysin.
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