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IN VITRO EFFECTS O F  TREMORGENIC MYCOTOXINS 

MOSS I.  S E W ,  GERT M. LAEKEMAN,*  BRIG^ LOENDERS, h R I E N  MUSUKU, 
ARNOLD G. HERMAN, and PAUL SCHEPENS 

Department of Pbamacenriral Scimccr, University of An- (UIA), Uniurrirtitrplrin 1, B 261 0, Belgium 

ABsmcr.-Paxilline 111 was isolated from Pmirillium paxilli (NRRL 6110). It was 
studied together with penitrem B (2) and verruculogen 131 in the electrically stimulated guinea 
pig ileum. All three mycotoxins enhanced the electrically induced twitch contractions, without 
iduencing the contractions provoked by exogenous acetylcholine. The effect of the mycotoxins 
could be greatly diminished by hyoscine. The possible mechanism of action of these substances 
in this in vitro model is discussed. The electrically stimulated guinea pig ileum could be useful 
in the detection and estimation of the biological activity of tremorgenic mycotoxins. 

“Mycotoxins” is a convenient generic term applied to a large versatile group of sub- 
stances that are formed during growth of fungi by consecutive series of enzyme- 
catalyzed reactions from a few biochemically simple intermediates of primary 
metabolism, e.g., acetate, mevalonate, malonate, and certain amino acids (1,2). These 
secondary metabolites are capable of eliciting toxic reactions (mycotoxicoses) in hu- 
mans, animals, plants, and other cellular living forms including cultured cells either 
through ingestion or direct contact. Fungi are ubiquitous in nature, being capable of 
growing on almost any plant product. As such, these metabolites can associate inti- 
mately with every food or animal feed regardless of climatic or geographic region. They 
can be produced in the field, at every stage of harvesting, processing, storage, or trans- 
portation of a given commodity. 

Fungal tremorgens or tremorgenic mycotoxins (3-5) are a unique class of intracel- 
lular indolic metabolites with significant central nervous system activity. They are pro- 
duced by a variety of fungi including the ergot species CkavicepsjkaspaIi as well as certain 
strains of the saprophytic genera AspgiIIus and PeniciIIim. Fungi that belong to the 
latter two genera are organisms of contamination, being often involved in the spoilage 
of foodstuffs, even in home refrigerators. Tremorgenic strains of these genera have been 
isolated from a wide variety of commodities, including cereal products such as oats, 
barley, wheat, millet, corn, rice, and pasture forage. 

Tremorgenic mycotoxins act on vertebrate nervous systems, inducing sustained 
tremors, hyperexcitability, convulsions, and ataxia. They have become generally as- 
sociated with a variety of mycotoxicoses, commonly referred to as staggers syndromes 
(ryegrass, marsh, and paspalum staggers, migram disease, and Bermuda grass tremors) 
in ruminants. These diseases are known in many parts of the world for inflicting huge 
economic losses in agriculture. The nature of the tremor and accompanying symptoms 
produced by these toxins in laboratory animals is clinically indistinguishable from stag- 
gers syndromes. When administered orally or parenterally in small doses to test ani- 
mals, fungal tremorgens characteristically cause sustained body tremors followed by 
spasticity of the limbs (6-9). Depending on the dose administered, animals may con- 
vulse and eventually die. Acute mycotoxicoses in humans caused by these toxins have 
not so far been observed, but they have been implicated in the etiology ofextrinsic aller- 
gic alveolitis or wood trimmer’s disease (10). 

Although research on the fungal tremorgens has progressed rapidly in recent years, 
their mechanism of action is not known and continues to be a subject of research in 
many laboratories. We have investigated the effects of paxilline 111, penitrem B 121, 
and verruculogen 131, all members of the fungal tremorgens, on the isolated ileum of 
the guinea pig and report on the possible mode of action of these metabolites in this tis- 
sue. 



208 Journal of Natural Products P o l .  54, No. I 

2 

3 
RESULTS 

All tested mycotoxins gave a concentrationdependent transient contraction of the 
guinea pig ileum. This contraction was followed by a destabilization of the baseline and 
an enhancement of the electrical twitch contractions (Figure 1). 
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FIGURE 1. Original tracings of electrically stimulated guinea pig ileum behavior after adding ver- 

ruculogen [3], penitrem B 121, or p a x i h e  [l]. Stimulation characteristics: 40 mA, 1 msec, 
0.1 Hz. Final bath concentrations are expressed as g/ml. 
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Paxilline and verruculogen exhibited dosedependent contractions. Weaker con- 
tractions were seen for penitrem B (Figure 2). 

All three mycotoxins significantly enhanced the electrically induced twitch con- 
tractions. Only verruculogen gave a significant enhancement in the lowest concentra- 
tion applied (lo-* g/ml) (Figure 3). 

The mycotoxins did not influence the contractions elicited by exogenous acetyl- 
choline significantly (Table 1). 
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FIGURE 2. Contractile effect of mycotoxins on 
non-stimulated guinea pig ileum 
strips. Each column represents the 
mean 2 SEM expressed as a percentage 
of the acetylcholine control contrac- 
tion. N = 7  for each column. Signifi- 
cance calculated as compared to DMSO 
controls. 
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FIGURE 3.  Mycotoxin enhancement of electri- 
cally induced twitch contractions. 
Each column represents the inean 
2 SEM expressed as % of the col- 
umn. Black part of each column = 
twitch contraction after DMSO. 
Significance calculated as compared 
to DMSO controls. 
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TABLE 1. Intluence of Mvcotoxins on Contractions Elicited bv Exomnous Acetvlcholine (3. lo-' dml).' 

2 1 DMSO 

IO-'. . . . . . . . . . . . . . . .  
lo-' . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

127226  1112  7 121210 
123 f 23 9 6 2 1 7  1182  7 
1092  9 1172  8 126k23  

1 1202  13 

'N = 7. Results are expressed in % SEM of control acetylcholine contractions. 

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

10-8 
io-' 

After two washings, the isolated organs were still under the influence of the 
mycotoxins, as could be seen from the irregular baseline and enhanced twitch contrac- 
tions. Hyoscine ( g/ml) inhibited by about 90% the electrically induced twitch 
contractions (Table 2). 

3 2 1 DMSO 

1 1 2 3  1 6 2 6  
2 2 2  9 2 5  1 7 + 5  1 2 2 6  

11 + 9 1 0 2 5  
14 2 7 1 0 2 4  

TABLE 2. Influence of Hyoscine (lo-' glml) on Post-Mycotoxin 
Electrically Provoked Twitch Contractions.' 

Compound 
Concentration of mycotoxin (g/rnl) 

I I I 

DISCUSSION 

Tremorgenic mycotoxins reportedly interfere with the excitatory amino acid 
neurotransmission in the central nervous system (6,11,12). There also exists evidence 
for a partial inhibition of y-aminobutyric acid (GABA) neurotransmission by these 
toxins in CNS systems (1 1, 13-15). 

Paxilline E l } ,  penitrem B E23, and verruculogen E31 significantly enhanced the 
twitch contractions of the electrically stimulated guinea pig ileum used here as an in 
vitro model. 

The twitch contractions seen after every pulse are due to acetylcholine released in 
the synaptic cleft (16). Because hyoscine inhibited by more than 90% the mycotoxin- 
enhanced twitch contractions, the results point mainly to a cholinergic effect. 

The enhanced contractions could be due to either a postsynaptic sensitization of the 
muscarinic receptors or to availability of higher amounts of acetylcholine in the synap 
tic cleft. 

The mycotoxins studied did not potentiate exogenous acetylcholine contractions. 
By consequence, a postsynaptic sensitizing effect is thus less probable. 

Higher amounts of acetylcholine can be made available in the synaptic cleft by in- 
hibition of the cholinesterase or enhancement of transmitter release. Sobotka et af. (17) 
could not find experimental evidence for a cholinesterase inhibition. Furthermore, the 
continuous baseline enhancement characteristic for cholinesterase inhibitors was not 
observed in our experiments, so the increased amounts of transmitter could be due to an 
enhanced release mechanism. Efforts to quantify the amounts of acetylcholine released 
by coaxial stimulation are currently being investigated (18). 
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Our results point to the electrical stimulation of the guinea pig ileum as a useful 
peripheral in vitro preparation to test physiological effects of fungal tremorgens or simi- 
lar metabolites. Verruculogen 131 was the most potent compound in our test system. 
This correlates well with in vivo results, the tremorgenic ED,, of this toxin (0.39 mgl 
kg, ip, mice) being lower than that ofpenitrem B 121 ( 5  mg/kg, ip, mice) and paxilline 
[I] (25 mg/kg, ip, mice) (17,19,20). Mycotoxins play an important role in veterinary 
and food science, and the electrically stimulated guinea pig ileum could partially re- 
place the more expensive in vivo models often used in investigating these compounds. 
Furthermore, the electrically stimulated guinea pig ileum is currently being used as 
bioassay to guide extractions and to examine structure-activity relationships within this 
group of mycotoxins (2 1). 

EXPERIMENTAL 
MYcmox1Ns.-Penitrem B was obtained from the Division of Food Science and Technology 

(CSIR), Pretoria, South Africa. Vemculogen was a gift from Dr. R.J. Cole, National Peanut Research 
Laboratory, Department of Agriculture, 600 Forrester Drive, DaMon, Georgia 3 1742. Padline was iso- 
lated according to the protocol described below. 

Fungal cultiuatim, and cxtrrrction ofpaxillinc.-Paxilline was isolated from P. paxilli (NRRL 61 IO). 
This strain was obtained from the U.S. Department of Agriculture, Peoria, Illinois. For inoculum, the 
fungus was maintained on modified agar slants consisting ofglucose (1 g), KHZPO4 (1 g), and MgSO4 (20 
g/liter of deionized H,O). Autoclaved shredded wheat (500 g) in five 2-liter c o n i d  &sks was i n d t e d  
and incubated in the dark at 25' for 27 days. The cultures were b e s t e d  by centrifugation and 
lyophilized. The combined dried mass was briefly extracted in a Waring blender with Me,CO and filtered 
under reduced pressure. The residual homogenate was h h e r  extracted in a Soxhlet for 6 h using Me,CO. 
The extracts were combined, brought to dryness, and redissolved in Et20 .  This was washed with H20, 
dried over N a w , ,  and then allowed to evaporate slowly in the dark. The toxin (101 mg) was obtained as 
yellow crystals. 

Pbysiurlandrbaricrr/ analysir.-An MeOH solution of these crystals was spotted on a tlc plate (Si gel 
F254, 0.25 mm thickness, E. Mecck, Darmstadt)and developed in toluene-EtOAc-HC02H(5:4: 1). Three 
spots were observed under uv light. The major component, paxilline [l] (R10.75) gave a green color after 
spraying with van Urks reagent (1% 4dimethylaminobeddehyde in ethanolic H W 4 )  followed by 
oven-heating at 120' for 1-2 min. The product was further purified by preparative tlc (Si gel F254, 1 mm 
plates) using CHC1,-MeOH (95:5) as developing solvent. Paxilline [l] was obtained as light yellowish 
needles, mp 247.3-249.5" (dec), after recrystallization with Et,O. The mp (uncorrected) was obtained 
using open tubes on a Buchi SMP. Uv spectra of the toxin in MeOH were recorded on a Perkin-Elmer 
Lambda 5 UV spectrophotometer. Ir spectra were recorded on a Beckman Acculab 4. The natural abun- 
dance, protondecoupled I3C (50.1 MHz) spectrum was recorded on a JEOL FX 200 spectrometer with the 
sample dissolved in CDCI,. The 'H- (199 .5  MHz) nmr spectrum with TMS as internal standard was o b  
tained from the same instrument. Mass spectral data were obtained by the direct inlet probe (DIP) method 
with a Hewlett-Packard 5988A gc-ms system with the ion source t e m p e m  kept at 250'. Ionization was 
effected by electron impact at 70 eV. All spectra were matched with published data (5). 

BIOASSAY sruDrEs.-Mde and female guinea pigs (400-600 g) were killed by exsanguination after 
a blow on the head. The terminal ileum was excised, and a 2 10-cm proximal section (closest to the 
ileocecal junction) was discarded. The organ was cleared of adjacent tissue and the contents gently flushed 
out. Strips of 6-7 cm were mounted on a coaxial electrode and transferred to an organ bath (374 containing 
a modified Krebs solution of the following composition in g/liter (mM): CaC12*H20 0.37 (2.5), KCI 0.35 
(4.7), K H 2 P O 4  0.16 (1.2), MgS04*7H20 0.29 (1.17), NaCl 6.9 (118), NaHCO, 2.1 (25.0), glucose 
1.82 (IO. IO). All salts were of"pro analysi" quality (E. Mecck, Darmstadt); glucose was of 'reinst" quality 
(Merck). 

The bathing fluid was continuously gassed with carbogen (95% 0, and 5% C02). Contractions were 
awotonically measured with adapted Harvard Smooth Muscle transducers and recorded on a Watanabe 6- 
channel recorder. Electrical stimulation was performed with a Student Stimulator (Janssen Scientific In- 
struments). Pulse characters were 40 mA, 1 msec duration, and 0.1 Hz. 

Stock solutions ( lo-, g/ml) of mycotoxins were prepared in DMSO and kept at -28' until use. These 
solutions were diluted with distilled H,O. Final concentrations of DMSO in the organ bath did not exceed 
0.1%. Final concentrations (g/ml) were: mycotoxins 10-8-10-6, acetylcholine 3 X lo-', and hyoscine 
lo-'. The concentration of acetylcholine used here gave 70% of the maximal contraction (22). 
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Time (rnin) 

E-potoror.-The ileum strips were allowed to stabilize for 15-20 min (1 g tension) before 
acetylcholine injection. Injections of acetylcholine were repeated until stable contractions were seen. Elec- 
trical stimulation was then started and continued until a steady state ofthe evoked heights of contraction 
was obtained (usually 15 rnin). A time schedule is presented in Table 3. 

Event 

- 15--20 . . . . . . . 
0 . . . . . . . . . . 
5 . . . . . . . . . . 
10 . . . . . . . . . . 
25 . . . . . . . . . . 
40 . . . . . . . . . . 
45 . . . . . . . . . . 
50 . . . . . . . . . . 
65 . . . . . . . . . . 
80 . . . . . . . . . . 

stabilization of the ileum 
exogenous acetylcholine + washing 
exogenous acetylcholine + washing 
electrical stimulation 
mycotoxin or DMSO 
stop electrical stimulation 
exogenous acetylcholine + washing 
electrical stimulation 
hyoscine 
stop electrical stimulation + change 

ileum strip 
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