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Introduction

Ergot alkaloids are produced in grasses during the 
development of endophytic fungi of the genus Epichloë 
(formerly named Neotyphodium) [7]. The association is 
symbiotic; the endophyte increases the tolerance of the plants 
to environmental stress and provides resistance to insects, 
whereas the plants give nutriments to the endophyte [16]. A 
part of the benefits provided to the plants by the endophytes 
are linked to the presence of alkaloids. Unfortunately, some 
of them are highly toxic for the mammalian species [16, 28]. 
Among the diseases observed in livestock after consumption 
on endophyte-infected plants, fescue toxicosis is probably 
the most important. The disease was first observed in the 
1940s in cattle fed with tall fescue grass and attributed to 
the consumption of sclerotia (ergots) of Claviceps species 
[5]. However, the disease was experimentally reproduced in 
steers fed tall fescue hay in the absence of visual detection of 
ergots [13] and the systemic endophyte, Epichloë coenophiala, 
was isolated from tall fescue in 1975’s years [1]. During a 
decade, the responsible agent remains controversial until the 

isolation of ergopeptine alkaloids in toxic endophyte infected 
tall fescue, ergovaline (EV, Figure 1) being the most abundant 
[26]. 
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RÉSUMÉ

Développement d’une méthode HPLC avec détection en fluorescence 
pour le dosage de l’ergovaline dans les tissus animaux

L’ergovaline (EV) est le principal alcaloïde ergopeptidique produit dans la 
fétuque élevée endophytée. Bien que son absorption orale ait été démontrée, 
peu de données sont disponibles concernant sa persistance dans les tissus après 
exposition. Le but de cette étude est de développer et valider une méthode 
HPLC avec détection en fluorimétrie pour l’analyse de l’EV dans les tissus. 
Des échantillons de foie et de graisse ont été respectivement supplémentés 
par 0,5, 2,5, 10 et 0,17, 0,83 et 3,3 ng EV/g. Une extraction chloroformique 
a été réalisée sur les tissus hépatiques préalablement homogénéisés dans 
du tampon phosphate alors que la graisse a été directement extraite. La 
purification des extraits chloroformiques a été réalisée sur colonnes ergosil 
fabriquées au laboratoire. Les éluats ont été évaporés, repris dans du 
méthanol, puis injectés dans le système HPLC. La fluorescence a été mesurée 
à 420 nm après excitation à 250 nm. Les pourcentages moyens respectifs  
de récupération de l’EV dans le foie et la graisse étaient de 91 et 65% pour 
une déviation standard relative inférieure à 10%. La limite de détection (LD) 
était de 0.15 ng EV/g dans les deux matrices. Une limite de quantification 
(LQ) de 0.5 et 0.83 ng/g a été obtenue dans le foie et la graisse. La LQ obtenue 
dans le foie a été vérifiée dans les muscles et les reins, alors que la LQ obtenue 
dans la graisse a été vérifiée dans le cerveau.
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Figure 1: Structure of ergovaline.
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Since these observations, endophyte infection and EV 
in plants were reported all over the world, grass/endophyte 
associations with non-toxigenic strains of Epichloë have been 
developed, and several studies where done to reproduce 
EV toxicity in mammalian species [3, 10, 28]. Surprisingly, 
although the prevalence of the infestation was wide, cases 
of toxicity seems limited to some part of the world. Indeed, 
fescue toxicosis was mainly reported in Australia, New-
Zealand and the USA [21] whereas only a few cases have 
been observed in Europe [16]. Toxic threshold ranging 
from 300 to 500 µg EV/kg feed was reported in livestock fed 
endophyte-infected tall fescue [24]. Mechanisms of action of 
EV were investigated, and several hypotheses were done to 
explain both the severity of the disease and the importance of 
climatic factors on the signs of toxicity [28]. Surprisingly, the 
toxicokinetic of EV and the risk of its persistence in tissues 
are less documented. Absorption of EV seems to occur in the 
forestomach of ruminants [9] but the biodisponibility of the 
toxin is difficult to assess, in part because of its metabolism 
by the rumen microflora. Metabolism can also occur after 
absorption of ergot alkaloid, extensive biotransformation 
of bromocriptine being demonstrated in different species, 
leading to almost complete absence of the parent drug in 
urine and bile [14]. As consequence, the clearance of EV 
was rapid, with short elimination half-lives [2, 11]. Toxins 
and metabolites were excreted in the urines, as measured 
by urinary excretion of total alkaloids [8, 20, 23]. However, 
direct excretion of the toxin in milk was also observed [6] 
whereas studies conducted in bovine lateral saphenous veins 
have suggested bioaccumulation of EV [12]. Taken together, 
these studies suggest that the measure of EV in tissues in the 
course of endophyte-infected tall fescue consumption could 
have interest in livestock.

The purpose of this study was to validate an HPLC 
method coupled with fluorescence detection for analysis 
of EV in tissues. Validation was conducted in liver and fat 
as representative animal matrix. The limit of quantitation 
observed on these matrices where then verified in muscle, 
kidney and brain.

Material and methods

REAGENTS AND STANDARD

Chloroform, methanol, acetonitrile and water used for 
extraction and determination of EV were analytical grade 
(Scharlau, Sentmenat, Spain). Ammonium carbonate (VWR, 
Leuven, Germany) was used for HPLC solvent whereas 
K2HPO4 and KH2PO4 (Sigma Aldrich, St Louis, USA) were 
used for homogenization of samples. Ergosil ® , 60 A porosity, 
10 µm size particle (Analtech, Newark, USA) was used for 
the  purification step. EV was kindly provided by Dr. George 
E. Rottinghaus (College of veterinary medicine, University of 
Missouri, Columbia, USA).

A standard stock solution of ergovaline was prepared in 
acetonitrile (50µg/mL) from pure crystalline form. This stock 

solution was diluted in methanol to obtain diluted standard 
solutions: 500, 125, 62.5, 31, 25, 16, 8, 4 and 2 ng EV/mL.

APPARATUS AND CHROMATOGRAPHIC CONDITIONS

The HPLC system comprised a pump delivery solvent 
M2200 (Bischoff, Leonberg, Germany) connected to a C18 
column (Prontosil, 120A porosity and 5μm size particle, 
150 x 4.6 mm, Bischoff, Leonberg, Germany). The mobile 
phase, composed of acetonitrile/water (35v/65v) with 200 
mg of ammonium carbonate per liter, was delivered at a flow 
rate of 1mL/min. Fluorescence was monitored at 420 nm 
emission wavelength after excitation at 250 nm with a RF-
10AXL detector (Schimadzu, Tokyo, Japan). The resulting 
chromatograms were integrated by the PIC 3 software (ICS, 
Lapeyrouse fossat, France). Standard solutions and samples 
were injected (20 µl and 40 µl, respectively) with an automatic 
injector (718-AL Alcott, Norcross, GA, USA).

The linearity of diluted standard solutions was checked 
between 2 and 62.5 ng EV/mL (n= 5 by tested level). 
Repeatability was assessed with the 16 ng EV/mL standard 
solution injected ten times on the same day. Between-run 
precision (n = 10) was measured on the same standard 
solution (16 ng EV/mL) over two weeks. Stability of the 
standard stock solution (50 µg EV/mL) was verified after 0, 
30 and 60 days of storage at -20°C at a diluted concentration 
of 125 and 31 ng EV/mL in methanol (n = 3 by tested level). 
Stability of the diluted solutions (125 and 31 ng/mL in 
methanol) were verified after 0, 8, 15 and 30 days of storage 
at -20°C (n = 3 by tested level).

SAMPLE EXTRACTION

Liver samples (3 g) were adjusted to a final volume of 9 
mL in phosphate buffer (0.1M pH 7.6) and homogenized (20s 
at 3000 rpm) with an Ultraturrax TP18 (Ika Laboratory and 
Analytical Equipment, Staufen, Germany). Three mL of the 
suspension (corresponding to 1g of liver) were then extracted 
twice by 6 mL of chloroform for one hour on an orbital 
shaker (Rotatest 400, Fischer scientific, Ilkirch, France) and 
filtered on Wathman PS1 filter. The filtered solutions were 
pooled and purified on a preconditioned homemade ergosil 
column. Fat samples (3g) were added to 18 mL of chloroform 
and placed for one hour on an orbital shaker (Rotatest 400, 
Fischer scientific, Ilkirch, France) and filtered on Wathman 
PS1 filter. Fifteen mL of the chloroformic phase were purified 
on a preconditioned homemade ergosil column.

SAMPLE PURIFICATION

Ergosil columns were prepared as follows: one centimeter 
(about 150 mg) of Ergosil silica gel was placed in an empty 
5 mL solid phase extraction cartridge (Silicycle, Quebec, 
Canada), followed by a biological disk (Silicycle, Quebec, 
Canada) and one centimeter of sodium sulfate (about 1 g). 
The columns were preconditioned by 3 mL of chloroform, 
then the filtered chloroformic extracts of samples were 
passed through the column. The columns were washed by 5 
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mL of acetone/chloroform (75v/25v) and dried. Ergovaline 
was eluted with 3 mL of methanol. The eluted fraction was 
collected and evaporated to dryness under a gently stream 
of nitrogen at 45°C. The dry residue was dissolved in 200 
µL of methanol and injected (40 µL) in the equilibrated 
chromatographic system.

VALIDATION PROCEDURE

Blank liver and fat samples obtained from ewe fed EV-
free feed were fortified with EV to determine reproducibility, 
limit of detection, limit of quantitation and the recovery rate 
of the whole method in tissues. Blank liver samples were 
homogenized as described before. Three mL of homogenized 
suspension of liver in phosphate buffer (corresponding to 1g 
of liver) were fortified with 20 µl of standard solutions of EV 
(0.5, 0.125 and 0.025 µg/mL) to obtain a final concentration 
of EV in liver of 10, 2.5 and 0.5 ng/g, respectively. Fat samples 
(3g) samples were prepared by adding 20 µl of standard 
solutions of EV (0.5, 0.125 and 0.025 µg/mL) to obtain a final 
concentration of 3.3, 0.83 and 0.17 ng EV/g, respectively. 
Liver and fat samples were extracted and purified as described 
above. Kidney and muscles samples (n = 3 of each matrix) 
were homogenized, fortified with 20 µl of standard solutions 
of EV (0.025 µg/mL) and extracted as described for the liver. 
Brain samples (n = 3) were homogenized, fortified with 20 µl 
of standard solutions of EV (0.125 µg/mL) and extracted as 
described for the fat.

The reproducibility of the method (n = 6) was asses on 
liver and fat samples at a final concentration of 10 and 3.3 ng 
EV/g, respectively, by calculating the % of variation observed 
on the peak area of EV on the chromatograms. The percentage 
of recovery on liver was asses at 10, 2.5 and 0.5 ng EV/g by 
comparing the peak area of EV obtained on liver with the 
peak area of EV obtained with the standard solution used for 
spiking (n = 3 by tested level). This assay was also used to 
perform a regression study between the area observed on the 
spiked samples and the theoretical concentration of EV. The 
percentage of recovery on fat was calculated using the same 
method in samples spiked to a final concentration of 3.3, 0.83 
and 0.17 ng/g.

The limit of quantitation (LQ) was defined as the smallest 
amount of EV for which the method was validated with 
sufficient accuracy (25%). The limit of detection (LD), was 
defined as the smallest amount of EV that yielded a signal 
three times higher than the noise ratio obtained with blank 
tissues measured on ten samples of unfortified liver and fat.

Results

Typical chromatogram obtained from a standard 
solution of ergovaline (16 ng/mL) was shown in Figure 2A. 
Front of solvent peak was observed in the first part of the 
chromatogram, it did not interfere with the retention time 
of EV that eluted at around 9-10 min. The response of the 
detector (area in mV x s) to the concentration of EV was 
linear for the whole range of concentrations tested (2 to 62.5 
ng/mL) with a correlation coefficient (R2) of 0.999 (Table I, 
Figure 2B). The lowest quantity injected on column was of 
0.04 ng EV corresponding to 20 µL of the 2 ng/mL diluted 
solution.

The percentage of variation for each concentration injected 
ranged from 2.6 to 9.9 % (Figure 2B). The repeatability of 
a standard EV solution (16 ng/mL) was 4.7 % (n=10). The 
inter-day reproducibility expressed by the percentage of 
variation observed on area average of the same standard 
solution over the course of two weeks (n = 10) was 4.7%. 
No variation of EV concentration was observed on standard 
solutions prepared in methanol or in acetonitrile conserved 
at – 20°C for one month. We have noted an estimative loss of 
around 20% after three years of an intermediate solution of 5 
µg/mL solution in acetonitrile.

Typical chromatogram from extracted blank liver was 
shown on Figure 3A. Some peaks can be noted on the first part 
of the chromatogram, but none was present at the retention 
time of EV (9-10 min). Chromatogram from fortified liver at 
a concentration of 2.5 ng/g confirmed the retention time of 
EV at 9-10 min (Figure 3B). Similarly, typical chromatograms 

Ergovaline Fortified liver
Range 2 – 62.5 ng/mL 0.5 – 10 ng/g
n (by tested level) 5 3
linearity 0.999 0.985

Table I: Validation parameters on standard solutions of EV and fortified liver 

Figure 2: Typical chromatogram of a standard solution of ergovaline (16 ng/
mL) and linearity of the method (mean +/- CV %) over 2 to 62.5 ng/mL.
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from blank and fortified fat (0.83 ng/g) were shown of Figure 
4. One peak can be noted in blank and fortified fat just 
before the retention time of EV, but it did not interfere with 
EV quantitation. The reproducibility of the whole method 
assessed by calculation of the % of variation observed on the 
peak area of EV on fortified liver (10 ng/g) or fat (3.3 ng/g) 
was 9.1 and 5.1%, respectively. 

The recovery rates of EV from liver and fat were given 
in Table 2. They were constant for liver whatever the level 

of fortification used (ANOVA, p<0.05). With this method, a 
mean recovery rate of EV around 91% was observed for this 
tissue. The linearity for EV concentrations ranging from 0.5 
to 10 ng/g was shown in Table I, the coefficient of correlation 
was 0.985. The recovery rate for fat was constant (ANOVA, 
p<0.05) for the 0.83 and 3.3 ng/g level of fortification 
used, with a mean of 65%, whereas the peak of EV was not 
quantifiable at 0.17 ng EV/g. The recovery rate in kidney and 
muscles was similar to what was observed in liver whereas 
the recovery rate in brain was similar to what was observed 
in fat.

With this method, the limit of quantitation (LQ) was 0.5 
ng/g for liver, kidney and muscles and 0.83 ng/g for fat and 
brain. The CV percent observed at these levels in liver and fat 
were 10 and 17 %, respectively. The limit of detection (LD) 
was estimated at around 0.15 ng of EV/g for all the tissues.

Discussion

Epichloë-infected plants can contain different class of 
alkaloids [16]. Among them, ergot alkaloids are the most 
toxic in livestock, and EV is the most abundant and the 
most potent [28]. Because of EV toxicity, several methods of 
analysis have been developed to monitor its levels in plants 
[16]. These methods include enzyme-linked immunosorbent 
assay (ELISA), HPLC coupled with fluorescence (HPLC/
Fluo) and mass spectrometry (MS). These methods can also 
be used in the animal fluids and tissues, but the number 
of data available about their use is few in comparison with 
what was done in plants. The ELISA method permits the 
determination of total ergot alkaloids, but suffers from a 
lack of specificity, as the antibody used does not distinguish 
between classes of ergot alkaloids [8, 20]. On the other hand, 
HPLC/MS offers high specificity and permits detection of 
several alkaloids but is not always available [21]. Finally, 
HPLC/Fluo is still a suitable method for analysis of alkaloids, 
especially when it is used for the detection and quantitation 
of a specific compound.

Whatever the method of analysis used, detection and 
quantitation require steps of extraction and purification, 
which varied depending on the purpose of the analysis 

Fortification 
Level (ng/g)*

EV (µg/ml) used for the 
fortification (20µl)

Recovery 
(% +/- SD) 

Liver

Recovery 
(% +/- SD) 

Fat
0.17 0.025 - ND
0.5 0.025 91 +/- 10 -
0.83 0.125 - 69 +/- 12
2.5 0.125 90 +/- 11 -
3.3 0.5 - 60 +/- 5
10 0.5 92 +/- 11
Mean +/- SD 91 +/- 11 65 +/- 9

* n = 3 by tested level, 1 g of homogenized liver, 3 g of fat.

Table II: Recovery of ergovaline on fortified liver and fat 

Figure 3: Typical chromatogram from extracted blank liver (A) and from 
liver previously fortified at a concentration of 2.5 ng ergovaline/g (B).

Figure 4: Typical chromatogram from extracted blank fat (A) and and 
from fat previously fortified at a concentration of 0.83 ng ergovaline/g 
(B).
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(EV alone or mixture of alkaloids) and the matrix assayed 
(vegetal, biological fluids, tissues). Extraction of alkaloids 
from vegetal matrices can be done with aqueous acid 
solutions [19] sometimes with a part of alcohol [15, 25]. These 
protocols were used for the extraction of several compounds 
with different physicochemical properties. For the alone 
extraction of EV in vegetal matrix, alkalinized chloroform 
appeared to give the better extraction rates [17, 19]. This 
protocol was also used on or rumen fluid [4] and in milk 
after precipitation of proteins by acetone [6]. EV extraction 
in plasma can be done with alkalinized diethyloxide [11] 
Extraction with alkalinized chlororform is faster and leads 
to less noisy baseline on chromatograms than aqueous acidic 
extraction [19]. In this study, liver was homogeneized in 
phosphate buffer pH 7.6 prior to extraction with chloroform 
according to Craig et al. (1994) [4]. This extraction cannot be 
conducted in fat because homogenization in phosphate buffer 
led to an emulsion. So, direct extraction with chloroform was 
performed on this matrix and in brain samples.

Purification of the extracts varies depending on the 
method of analysis. The use of high hyphenated techniques 
(HPLC/MS) does not require intensive purification. 
Filtration or centrifugation is sufficient to remove particles 
[15]. By contrast high purification is required for HPLC/Fluo 
analysis. Solid phase extraction (SPE) with HL silicagel was 
first used for EV extraction on vegetal matrix [17]. Acetic 
acid extraction followed by C18 SPE purification was also 
assayed. However, comparison of the two methods revealed 
that silicagel SPE has the advantage of producing less non 
target background and better detection of EV [19]. On rumen 
fluid, homemade Ergosil SPE columns appeared the most 
efficient [4]. These columns were also used on milk samples 
[6]. On plasma, the HPLC-Fluo analysis of EV was performed 
without purification step [11]. The matrices assayed in this 
study need a step of purification before analysis. Ergosil 
homemade columns appeared the most potent, particularly 
in case of low concentration of EV [19].

Detection of EV can be monitored by fluorescence at 
different wavelengths. Several couple of excitation and 
emission wavelengths have been used. For detection of 
several ergopeptine alkaloids, the 310 nm excitation with 
360 or 415 nm emission wavelengths were used [19, 22, 27]. 
By contrast, the 250 nm excitation and 420 nm emission 
wavelengths were used for EV detection [17]. Excitation at a 
wavelength of 250 nm was selected because it was commonly 
used on animal matrix [4, 6, 11] and signal strength was 
greater [19]. The linearity of the method used in this study 
was very good until an amount of 40 pg EV injected in the 
HPLC system. This result agrees with the detection limit 
of 150 pg of EV previously reported with HPLC/Fluo [27]. 
The increase on sensitivity can be attributed to the detector 
and the wavelengths used. By using HPLC/MS the limit of 
detection reported ranged from 25 to 50 pg, depending on 
the matrix used for the assay [21]. 

In this study, the repeatability and reproducibility 
tested were always below 5% of variation, which permits to 
validate the HPLC system. Concerning the validation of the 
method, the intraday reproducibility was allowable because 
the coefficients of variation (defined as standard deviation 
x 100/mean) observed on liver and fat were of 9.1 and 5.1 
%, respectively. The inter day reproducibility at different 
levels of fortification in liver was quite similar (9.1 to 12.0 
%). The recovery rates observed on fortified livers ranged 
from 90 to 92 %, in agreement with the 85% reported on 
vegetal matrix [17] and the 94 % reported in plasma [11]. 
The mean recovery rate obtained for fat was 65 %. This value 
is lower than the one observed in liver, probably because of 
the different method of extraction used.

The LQ determined in liver with a sufficient accuracy 
(CV% <25) was 0.5 ng/g. This value agrees with the LQ of 
0.7 ng/mL reported for milk by HPLC/Fluo [6]. It is lower 
than the LQ of 3.5 ng/mL reported for plasma [11]. This LQ 
correspond to a quantity of EV injected on the column of 
100 pg. It is near the LQ of 25 to 50 pg, depending on the 
matrix used for the assay, reported by HPLC/MS [21]. The 
LQ determined in fat with a sufficient accuracy (CV% <25) 
was 0.83 ng/g. All the values reported in vegetal matrix are 
higher than the LQ reported in animal matrix [22, 27]. This 
difference can be explained by the high level of EV found in 
plants, which do not need the development of low LQ for the 
detection and quantitation of EV.

In conclusion, this study demonstrated that the HPLC/
Fluo detection of EV in tissue can be achieved in the absence 
of notable interfering peak at LQ near the ones reported with 
HPLC/MS detection. Even if HPLC/MS is more specific and 
permit the concomitant detection of a great number of EV 
metabolites, the HPLC/Fluo detection could have interest 
when the use of high hyphenated techniques is not available.
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