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Abstract — The toxicokinetics of ergovaline (an ergopeptine mycotoxin present in some grasses
infected with endophytic fungus of the genus Neotyphodium) were studied after intravenous admin-
istration of asingle dose of 15 pg/kg bwt in four gelding horses. Plasma ergovaline concentrations
were measured by high performance liquid chromatography, and the kinetic data were described by
a three-compartment model. The elimination half-life and the total clearance of ergovaline were
found to be 56.83 £ 13.48 min and 0.020 + 0.004 L/minKg, respectively. According to the toxicological
data previoudy reported in the horse, and in spite of the very low dose administered, clinical signswere
observed, including excessive coolness of the ears and the nose, excessive sweating and prostra-
tion.

ergovaline/ mycotoxin / horse/ kinetics/ Neotyphodium

Résumé— Etude toxicocinétique de |’ er govaline chez le cheval aprésinjection intraveineuse. Les
parametres toxicocinétiques de |’ ergovaline (un acaloide ergopeptidique présent dans les grami-
nées porteuses d’ un champignon endophyte du genre Neotyphodium) ont été déterminés apres|’injec-
tion intraveineuse d' une dose de 15 pg/kg chez quatre chevaux hongres. Les concentrations plas-
matiques d’ ergovaline ont &é mesurées par chromatographie liquide haute performance et les données
cinétiques décrites selon un modéle atrois compartiments. Lademi-vied' élimination et laclairance
totale de !’ ergovaline ont été respectivement de 56,83 + 13,48 min et de 0,020 + 0,004 L/minlkg. Mal-
grélatresfaible dose administrée, des signes cliniques compatibles avec |es données toxicol ogiques
rapportées dans|’ espéce équine ont été observés, asavoir hypothermie des oreilles et du nez, hyper-
sudation et prostration.

ergovaline/ mycotoxine/ cinétique/ cheval / Neotyphodium
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1. INTRODUCTION

Ergovaline (Fig. 1) [3, 8, 17] isthe most
prevalent (85-97%) of all ergopeptine aka-
loids present in certain grasses, like tall
fescue (Festuca arundinacea) or perennial
ryegrass (Lolium perenne), infected with an
endophyte fungus of the genus Neoty-
phodium [4, 12, 18, 19]. The presence of
the fungusin the plant tissuesis beneficid to
the host (mutualistic symbiosis), but can be
strongly detrimental to herbivorous animals
fed an endophyted forage. Asin cattle, in
horses and particularly in gravid mares,
ergovaineisknown to be one of the major
contributors of “fescue toxicosis’. In the
equine species, the main symptoms are:
excessive sweating, lameness, and many
reproductive disorders (prolonged gestation,
abortion, dystocia, retained and thickened
placenta, abnormal foal maturation, agal ac-
tia and foal deaths) [1, 5, 6, 16]. Also,
reduced serum prolactin and progesterone
levels occurred in mares consuming endo-
phyte-infected grasses [2, 15]. The mecha-
nisms which cause the reproductive prob-
lems in the mare have still not been
completely clarified. However, it isknown
that ergovaline acts like dopamine which
suppresses the production of the reproduc-
tive hormone prolactine, essentia to the
final stages of pregnancy, birth and lacta-
tion. Ergovaline toxic levels in infected
plants are around 1 mgRg (ppm) [18].

The study of the fate of a mycotoxin in
the blood provides interesting data (clear-
ance, half-life...) for understanding the
potential noxious effect of the compound
athough it is not sufficient to assess toxic-
ity itself. Recently, plasmakinetics of ergo-
valine have been studied in sheep [11] and
goats[7]. However, to date, it has not been
easy to develop toxicokinetic studies based
on the dosing of large animals like horses
with the pure toxin, because it is in very
short supply. Because of thislack of infor-
mation, the present study was undertaken
in order to determine the kinetic parameters

Figure 1. Structure of ergovaline.

of ergovaline, after an intravenous admin-
istration in horses.

2. MATERIALSAND METHODS

2.1. Animalsand ergovaline
administration

Four gelding horses, aged between 4 and
6 years and weighing about 500 kg bwt,
were kept in individual boxes throughout
the experiment. Each animal, which was
catheterised (Angiogath, Becton-Dickinson,
USA) in the left jugular vein fifteen min-
utes before the experiment, received adose
of 15 pg/kg bwt ergovaline (provided by
Dr. F. Smith., Auburn University, Alabama,
USA, 98% purity) into the right jugular vein.
The toxin was administered in the form of
tartaric sdlt, in solution with 2 mL of amix-
ture of methanol-sterile physiological serum
(1:1, viv).

2.2. Sample collecting and analysis

Blood samples were collected from the
catheter into heparinised tubes, at 0, 1, 2, 3,
4, 6, 8, 10, 15, 30, 45, 60, 90, 120 and
150 min post dosing. The samples were kept
onice and in the dark, then rapidly cen-
trifuged at 4 °C for 20 min at 900 g. Plasma
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was removed and stored at —20 °C until anal-
ysis. For each sampling time, an aliquot of
plasma was analysed according to a previ-
ously described high-performance liquid
chromatographic method, using ergotamine
asinterna standard [11]. Briefly, the method
consisted in a ssimple extraction procedure
with diethyloxide followed by an HPLC
analysis on a Zorbax C,g column, with the
excitation and emission wavelength fixed
at 250 and 420 nm respectively on afluori-
metric detector. The method was improved
by using 4 mL of plasma for analysis,
instead of 1 mL asin[11]. After astandard
validation procedure, the limit of quantifi-
cation (LOQ) was lowered from 3.5 ng/mL
to 0.7 ng/mL of horse plasma.

2.3. Kinetic data analysis

A kinetic analysis of the concentration
profiles was performed, using a programme
for the residuals method. The number of
exponents needed for each set of data was
determined using the SIPHAR (v. 4. 0) soft-
ware [10]. The total area under the plasma
concentration time curve (AUC), was cal-
culated by linear trapezoidal rule without
extrapolation to infinity. The plasma con-
centration at t = 0 (Cp) and the volume of
the central compartment (V) were calcu-
lated with the usual equations[9].

Each individual plasma profile could be
fitted to the following tri-exponential func-
tion, characterizing a three-compartment
model, and a three-phase kinetic process:

C=A eM+A, M+ A eMd

where A}, A, and A, are ordinar intercepts,
and A;, A, and A are slope values[9]. The
tri-exponential function was chosen because
it resulted in the best fitting of the experi-
mental data (correlation coefficient of
0.9997 for the terminal phase).

3.RESULTS

Thelogarithmic plot of the mean plasma
ergovaline concentration versustime, after
intravenous administration, is shown in Fig-
ure 2. A very rapid decrease of the myco-
toxin plasmalevels occurs, the LOQ being
reached 150 min post-dosing.

Theindividual values of different kinetic
parameters for each horse are presented in
Tablel. The plasma clearance and the elim-
ination half-life for terminal phase (A5;)
of ergovaline were found to be
0.020 + 0.004 L/minRg! body weight and
56.83 £ 13.48 min, respectively.

All animals treated showed the same clin-
ical signs, observed about half an hour after
the ergovalineinjection: coolness of the ears
and the nose, excessive sweating, prostra-
tion, and difficulty in urination.

4. DISCUSSION

The plasma clearance and the elimina-
tion half-life for terminal phase (A,) of ergo-
valine obtained in horse are of the same
order as those obtained in sheep and goats
(0.020 L/min[kg body weight ; 23.6 min,
and 0.034 L/minkg~; 32.4 min, respec-
tively) using a two-compartment model
[7,11].

The clinical signs, similar to those pre-
viously observed in goats[7] and in horses
[14], arein accordance with the known acute
effects of the toxin [13], particularly those
linked to the peripheral vasoconstrictive
activity of ergot alkaloids.

The rapid decrease of ergovaline in
blood, observed after intravenous adminis-
tration in horses, is of particularly gresat inter-
est: it indicates that low mycotoxin plasma
levels should be expected in animals, after
ingestion of grass infected with Neoty-
phodium. A more complete kinetic study
should be undertaken in order to determine
the paths (urine or/and bile) which are
involved in the elimination of ergovalinein
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Figure 2. Plasmalog.ergovaline concentration versustime profilein horses (mean + sd, n = 4), after
an intravenous administration of asingle dose of 15 pg/kgbwt.

Tablel. Toxicokinetic parameters describing the disposal kinetics of ergovaline in plasma after an
intravenous administration (15 pg/kg.bwt) in four horses.

Kinetic parameters Horse 1 Horse 2 Horse 3 Horse4 Mean D
(units)

A, per min) 1.93 2.04 1.29 1.50 1.690 0.354
A, (per min) 041 0.22 0.15 0.17 0.237 0.118
A5 (per min) 0.011 0.014 0.015 0.009 0.012 0.002
A, (ng/mL) 278.42 389.34 160.67 179.54 251.99 105.12
A, (ng/mL) 22.52 19.27 9.17 6.32 14.32 7.79
A (ng/mL) 8.24 7.12 7.28 7.17 7.60 0.83
ty, , (Min) 58.89 48.91 44.58 74.94 56.83 13.48
cl (ZL/min[Bg) 0.017 0.020 0.026 0.018 0.020 0.004
AUC (ngithin/L)  949.80 779.11 653.80 932.42 828.78 139.61
MRT (min) 67.43 46.11 46.85 90.22 62.65 20.86
Ve (L/kg) 0.048 0.036 0.085 0.078 0.062 0.024
Co (ng/mL) 309.78 415.73 177.12 193.03 273.92 115.52

AL, A, A= pre-exponentia constants; A; A, A, exponential constants for triexponential equation; t;;, , half-life
for terminal phase; Cl = body clearance; AUC = area under the plasma concentration curve; MRT = mean resi-
dence time calculated until the last sampling time; V¢ = volume of the central compartment (V¢ = Xo/Co where
Xoisthe administred dose); Co= A, + A, + A,
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the equine species. Moreover, the dose of
15 pg/kg could be used as atoxicity thresh-
old, in the absence of quantitative toxico-
logical data (NOAEL: no observed adverse
effect level, LOEL: lowest observed effect
level) concerning ergovaline.
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