Tall fescue ergot alkaloids are vasoactive in equine vasculaturel’

2

J. L. Klotz*3 and K. J. McDowell}

*USDA-ARS, FAPRU, Lexington, KY 40546-0091;
and TDepartment of Veterinary Science, University of Kentucky, Lexington 40546-0099

ABSTRACT: Mares grazing endophyte-infected
(Epichloé coenophiala) tall fescue (Lolium arundina-
ceum) typically exhibit reproductive dysfunction rather
than problems associated with peripheral vasoconstric-
tion as a primary sign of the fescue toxicosis syndrome.
Research using Doppler ultrasonography demonstrated
that consumption of endophyte-infected tall fescue seed
causes measurable vasoconstriction in the medial pal-
mar artery. The objective of this study was to evaluate
contractile responses of medial palmar artery and vein
to increasing concentrations of various tall fescue alka-
loids. Medial palmar arteries and veins were collected
immediately following euthanasia from 23 horses of
mixed breed, age, and gender from both forelimbs, and
uterine arteries were collected from females (n = 12).
Vessels were separated, cleaned of excess connective
and adipose tissue, divided into 2- to 3-mm cross-
sections, and suspended in a multimyograph chamber
with continuously oxygenated Krebs—Henseleit buffer
(95% 0,/5% CO,; pH 7.4; 37°C). Following a 90-min
equilibration and recovery from reference compound
exposure, increasing concentrations of norepineph-
rine, 5-hydroxytryptamine, ergotamine, and ergonovine
for the palmar artery and vein and uterine artery and

ergovaline, ergocryptine, ergocristine, ergocornine,
and lysergic acid for the palmar artery and vein were
added to assess vasoactivity. Data were normalized as a
percentage of contractile response induced by the refer-
ence compound addition and analyzed as a completely
randomized design. Both norepinephrine and serotonin
were vasoactive in all 3 types of blood vessels. Neither
ergotamine nor ergonovine were vasoactive in the uter-
ine artery. All alkaloids tested with the palmar artery
and vein produced a contractile response, except that
neither the palmar artery nor the palmar vein responded
to lysergic acid (P > 0.05). Ergovaline was the most
vasoactive ergot alkaloid in both the palmar artery and
the palmar vein (P < 0.05) followed by ergonovine,
whereas out of the 4 remaining ergopeptine alkaloids
tested, ergocristine induced the lowest contractile
response. Although horses do not outwardly appear to
be affected by peripheral vasoconstriction as observed
in cattle, these data indicate that tall fescue alkaloids are
vasoactive and suggest that potential exists for peripher-
al vascular effects of tall fescue alkaloids in horses. This
does not appear to be the case for the uterine artery, and
future research should be directed at understanding how
ergot alkaloids cause equine reproductive dysfunction.
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INTRODUCTION

Hallmarks of equine fescue toxicosis are the repro-
ductive abnormalities in the gravid mare that can of-
ten result in the death of the foal (Cross et al., 1995).
This is primarily a consequence of consumption of
toxic endophyte-infected (Epichloé coenophiala) tall
fescue [Lolium arundinaceum (Shreb.) Darbysh.] by
the mare during gestation. Removal of pregnant mares
from sources of tall fescue during gestation is a typical
solution. Given that tall fescue covers over 15 million
ha in the eastern United States (Hannaway et al., 2009),
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this is not a sustainable solution for all horses year-round.
Data on other aspects of fescue toxicosis in horses is lim-
ited. Although not outwardly subjected to the vasocon-
strictive effects of ergot alkaloids that are reported in cat-
tle (Klotz, 2015), ergot alkaloids may still have an effect
on blood flow in the horse and could contribute to the
occurrence of pasture laminitis (Rohrbach et al., 1995).
Using horses fed ground endophyte-infected tall fescue
seed, McDowell et al. (2013) demonstrated with Doppler
ultrasonography that the equine distal palmar artery was
vasoconstricted compared with that of endophyte-free
control horses. Abney et al. (1993) demonstrated that er-
gotamine and ergonovine were moderately vasoactive in
isolated equine lateral saphenous veins and the metatar-
sal artery of the hind limb. However, these are different
vessels than evaluated by McDowell et al. (2013). Also,
there are numerous vasoactive ergot alkaloids (Fig. 1)
produced by the endophyte E. coenophiala found in
tall fescue (Lyons et al., 1986; Yates and Powell, 1988).
Therefore, the objective of this study was to evaluate the
vasoactivity of ergot alkaloids found in toxic endophyte-
infected tall fescue using preparations of the equine me-
dial palmar artery and vein and uterine artery.

MATERIALS AND METHODS

The University of Kentucky Institutional Animal
Care and Use Committee approved procedures associ-
ated with euthanasia of horses described in this study.

Animals and Blood Vessels

Blood vessels were collected from adult nonpreg-
nant mixed breed and mixed gender horses (n = 23)
immediately following euthanasia. Prior to euthanasia,
12 of the horses received xylazine HCI (100 mg/mL)
and the other 11 received detomidine hydrochloride
(10 mg/mL) and butorphanol tartrate (10 mg/mL) as
sedatives. All horses were euthanized with sodium
pentobarbital (1 mL/4.5 kg BW; 390 mg/mL) that con-
tained sodium phenytoin (50 mg/mL).

Following confirmation of death, an incision was
made through the skin between the carpal and fetlock
joints in the medial aspect of the forelimbs, and seg-
ments (4 to 5 cm in length) of the palmar artery and vein
bundle were removed from the metacarpal region along
the third metacarpal proximal to the fetlock joint of
each forelimb. These segments were placed in a modi-
fied Krebs—Henseleit oxygenated buffer solution (95%
0,/5% CO,; pH 7.4; composition: 11.1 mM D-glu-
cose, 1.2 mM MgS04, 1.2 mM KH2PO4, 4.7 mM KCl,
118.1 mM NaCl, 3.4 mM CaCl2, and 24.9 mM NaHCO3;
K3753; Sigma Chemical Co., St. Louis, MO) for trans-
port to the laboratory. Following collection of the fore-
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limb vessels, an incision was made through the central
caudal abdomen into the pelvic cavity, and reproductive
tracts of euthanized females were exteriorized (n = 12).
Segments (4 to 5 cm) of the right and left uterine arteries
were identified, collected, and placed into the modified
Krebs—Henseleit buffer. All uterine and forelimb blood
vessel samples were kept on ice until processed.

The medial palmar artery and vein were separated,
and all perivascular fat and connective tissue were
carefully removed from the palmar and uterine ves-
sels. The arteries and vein were sliced into 2- to 3-mm
cross-sections. Cross-sections were examined under a
dissecting microscope (Stemi 2000-C; Carl Zeiss AG,
Oberkochen, Germany) at 12.5x magnification to verify
physical integrity of tissue, and to assure a consistent
segment size, dimensions were measured (Axiovision,
version 20; Carl Zeiss AG). Duplicate cross-sections of
each blood vessel from each animal were horizontally
suspended in a tissue bath (DMT610M Multi-Chamber
myograph; Danish Myo Technologies USA Inc.,
Atlanta, GA) containing 5 mL of continuously gassed
(95% 0,/5% CO,) modified Krebs—-Henseleit incuba-
tion buffer (37°C; pH 7.4). The buffer used for incuba-
tions was the same as the transport buffer, except that
desipramine (3 x 107> AM; D3900; Sigma Chemical Co.)
was added to inactivate catecholamine neuronal uptake.
Blood vessel sections were allowed to equilibrate under
a resting tension of 1 g for 90 min. The buffer solution
was replaced at 15-min intervals during this equilibra-
tion period. Preliminary experiments revealed that uter-
ine artery cross-sections were minimally responsive to
norepinephrine exposure, and this resulted in the use of
KCl as a reference compound. Therefore, in order to as-
sure tissue responsiveness and for use as a reference for
normalization of subsequent contractile responses, me-
dial palmar artery and vein cross-sections were exposed
to the a-adrenergic agonist norepinephrine bitartrate
(1 x 1074 M; A0937; Sigma Chemical Co.) and the uter-
ine artery was exposed to 0.12 M KCI.

Concentration—Response Experiments

Cross-sections of each blood vessel used for a con-
centration—response experiment were run in duplicate for
each animal used to create a data set. Following recovery
from the norepinephrine addition (medial palmar artery
and vein) or KCI addition (uterine artery) and the rees-
tablishment of a 1-g baseline tension, the compounds
being evaluated were added from least to greatest con-
centrations in 15-min intervals for the medial palmar
vein and 20-min intervals for the medial palmar and
uterine arteries (arterial preparations used in preliminary
concentration—response experiments did not achieve a
maximal response in the 9-min incubation period that
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Figure 1. Chemical structures of biogenic amines (A) norepinephrine and (B) serotonin; ergoline alkaloids (C) lysergic acid and (D) ergonovine; and
ergopeptine alkaloids (E) ergovaline, (F) ergotamine, (G) ergocornine, (H) ergocristine, and (I) ergocryptine.
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had been validated in previous bioassays [Klotz et al.,
2006; Klotz and Barnes, 2014]). The incubation periods
were 9 and 14 min for venous and arterial preparations,
respectively. These incubation periods were followed
by two 2.5-min washout periods and a 1-min recovery
interval prior to the next addition and subsequent incu-
bation period. Increasing concentrations of biogenic
amines and ergot alkaloids were added at stock concen-
trations such that the final added volume did not exceed
0.5% of the 5-mL incubation buffer in the myograph
chamber. Test compounds were norepinephrine (Sigma
Chemical Co.), serotonin HCI (100% purity; H9523;
Sigma Chemical Co.), lysergic acid dihydrate (95% pu-
rity; Acros Organics, Geel, Belgium), ergonovine male-
ate (100% purity; E6500; Sigma Chemical Co.), ergo-
valine (93% purity; supplied by Forest Smith, Auburn
University, Auburn, AL), ergocornine (>95% purity;
E131; Sigma Chemical Co.), ergocristine (Research Plus
Inc., Barnegat, NJ), a-ergocryptine (99% purity; E5625;
Sigma Chemical Co.), and ergotamine D-Tartrate (97%
purity; 45510; Aldrich Chemical Co., Milwaukee, WI).
Concentrations ranged from 1 x 102,1x1078,1x 1077,
1x107 1 x 1075, and 1 x 10~* M for all compounds ex-
cept ergotamine, where the maximal concentration was
1 x 1073 due to limitations in solubility. Due to limita-
tions in the availability of the uterine artery samples, only
norepinephrine, serotonin, ergonovine, and ergotamine
concentration—response experiments were conducted.

Data Collection and Statistical Analysis

Isometric contraction of a blood vessel was re-
corded as grams of tension in response to exposure
to norepinephrine or KCI and the subsequent alkaloid
additions. Data were digitized and recorded using a
Powerlab/8sp data acquisition system (ADInstruments,
Colorado Springs, CO) and Chart software (version 7;
ADInstruments). Contractile response was recorded as
the greatest gram contractile response within the 9-min
incubation period for the medial palmar vein or with-
in the 14-min incubation period for the medial palmar
and uterine arteries. All maximal values measured were
corrected by the baseline measured during the interval
preceding addition of the 1 x 10™* M norepinephrine
or 0.12 M KClI reference treatment, thus generating a
cumulative concentration response. To compensate for
variation of tissue responsiveness due to differences in
tissue size or individual animal variation, values were
normalized as a percentage of the maximal contraction
produced by the respective reference compound. Data
are presented as percent means + SE of the maximal
contraction induced by norepinephrine or KCIl. Data
were plotted using nonlinear regression (Prism 5.0f;
GraphPad Software, Inc., San Diego, CA) to illustrate
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the contractile response of the equine blood vessel to a
treatment with the following 4-parameter equation:

= bottom + {(top — bottom) /1+ 10[("“‘“"”“‘”“”p”]} [1]
b

in which the top and bottom are the plateaus in contrac-
tile response (y-axis) and the hill slope is the numeri-
cal steepness of the curve. This equation permitted the
determination of a compound’s potency as the effective
concentration of the compound required to produce
50% of the observed contractile response (ECsy).

Data were analyzed using the mixed model proce-
dure of SAS (version 9.3; SAS Inst. Inc., Cary, NC) as
a completely randomized design. The model included
alkaloid, concentration, and an alkaloid X concentration
interaction. Horse was the experimental unit. Analysis
of variance was conducted, and pairwise comparisons of
least squares means (=SEM) were performed if the prob-
ability of a greater F-statistic was significant for a tested
effect. Mean separation was done using least significant
difference features in SAS. Probabilities of P < 0.05 are
discussed as significant, unless otherwise noted.

RESULTS

Palmar Artery and Vein

The cross-sections of the palmar arteries and veins
used in these experiments had average lengths of 2.71 +
0.02 and 2.25 + 0.01, respectively; i.d. of 1.05 £ 0.01
and 1.47 £ 0.02, respectively; and o.d. of 4.63 = 0.03
and 3.93 £ 0.02 mm, respectively. The biogenic amines
norepinephrine and serotonin were vasoactive in both the
palmar artery (Fig. 2A) and the palmar vein (Fig. 2B),
indicating the presence of adrenergic and serotonergic re-
ceptor populations. Norepinephrine induced greater con-
tractile responses in both the palmar artery and the palmar
vein (P < 0.05) than serotonin. Onset of the contractile
response to both norepinephrine and serotonin occurred
at 1 x 107 M, but the response generated by norepineph-
rine was greater than that generated by serotonin in the
palmar artery (P < 0.05). Mean maximal responses were
observed at the greatest concentrations of norepinephrine
and serotonin (1 x 107# M) for the palmar artery at 68.1 +
1.7 and 46.2 £ 1.7%, respectively, and for the palmar vein
at61.6 + 1.4 and 19.8 £ 1.4%, respectively.

Of the 2 ergoline alkaloids evaluated in the current
study, only ergonovine induced a significant contractile
response in both the palmar artery and the palmar vein
(Fig. 2C and 2D, respectively). Lysergic acid was not
vasoactive in either the palmar artery (Fig. 2C) or the
palmar vein (Fig. 2D) at any concentration evaluated
(P> 0.05). The onset of contractile response caused by
exposure to ergonovine occurred at 1 x 107 M in both
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Figure 2. Contractile response of the nonpregnant equine (A) medial palmar artery and (B) vein to increasing concentrations of norepinephrine (ar-
tery, n = 10; —logECy, = 4.99 £ 0.09, in which ECsy, is the effective concentration of the compound required to produce 50% of the observed contractile
response; vein, n = 10; ~logECs, = 5.71 + 0.06) and serotonin (artery, n = 10; ~logECy, = 4.56 & 0.59; vein, n = 10; —~logEC5, = 3.42 & 1.44). Contractile
response of the nonpregnant equine (C) medial palmar artery and (D) vein to increasing concentrations of lysergic acid (artery, n = 11; —=logEC, was not
determined; vein, n = 10; ~logECs,, was not determined) and ergonovine (artery, n = 9; —~logECs, = 4.88 + 0.12; vein, n = 9; ~logECs, = 4.80 = 0.10).

the palmar artery and the palmar vein preparations.
The greatest contractile intensity produced by ergono-
vine was 31.3 £ 1.8% for the palmar artery and 47.0 +
1.5% for the palmar vein at the 1 x 107* M addition.
Five different ergopeptine alkaloids were evaluated
for vasoactivity in the equine palmar artery and vein
(Fig. 3A and 3B, respectively), and all 5 tested produced
contractile responses in both vessel types. Ergovaline
had the earliest onset of contraction (P < 0.05) for the

artery and vein (1 1070 and 1 x1077 M, respectively)
as well as the greatest contractile intensity (P < 0.05)
at the 1 x 10* M addition (60.2 + 2.4% for the artery
and 56.8 + 2.1% for the vein) compared with the other
4 ergopeptine alkaloids. Second to ergovaline was the
response generated by exposing the vessels to increas-
ing concentrations of ergotamine (Fig. 3). Contractile
responses to ergotamine peaked at 20.6 £ 0.7% for the
palmar artery and 15.8 + 0.9% for the palmar vein at
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Figure 3. Contractile response of the nonpregnant equine (A) medial palmar artery and (B) vein to increasing concentrations of ergovaline (artery,
n=5;-10gECs, =5.08 + 0.08, in which ECsy, is the effective concentration of the compound required to produce 50% of the observed contractile response;
vein, n = 5; —logECs, = 4.73 £ 0.29), ergocornine (artery, n = 10; ~logEC5, = 4.93 £ 0.07; vein, n = 9; —-logEC5, = 4.59 £ 0.41), ergocryptine (artery, n =
10; —logECs, = 4.86 + 0.06; vein, n = 9; ~logECy, = 4.48 £ 0.59), ergocristine (artery, n = 10; —~logEC5, = 4.73 £ 0.15; vein, n = 9; ~logEC5; = 4.77 +
0.66), and ergotamine (artery, n = 10; —logECy, = 5.45 & 0.03; vein, n = 9; —logEC5,, was not determined).

the highest concentration evaluated. These responses
were greater than those for ergocornine, ergocryptine,
and ergocristine at the 1 x 107 M addition (P < 0.05).
The onset of contractile response for ergocornine, ergo-
cryptine, and ergocristine was 1 x 107> M for the pal-
mar artery and vein (Fig. 3). Exposure of palmar artery
and vein to increasing concentrations of ergocristine
produced the smallest contractile response of the ergo-
peptine alkaloids evaluated (P < 0.05).

Uterine Artery

The uterine arteries used in these myograph experi-
ments were collected from nonpregnant mares. The aver-
age dimensions of the uterine artery cross-sections used
were 2.59 + 0.06 mm for length, 0.79 £ 0.03 mm for
i.d., and 3.82 4+ 0.06 mm for o.d. Exposure of the equine
uterine artery to increasing concentrations of serotonin
did not result in a contractile response until the 1 x 1074
M addition (P < 0.05; Fig. 4A), whereas exposure to in-
creasing concentrations of norepinephrine produced a
significant contractile response at the 1 x 107> M addition
(Fig. 4A). Because there were not sufficient quantities of
available equine uterine artery to run the same number
of experiments that were conducted with palmar vessels,
ergonovine and ergotamine were selected as representa-
tive alkaloids from the ergoline and ergopeptine struc-
tural classes, respectively (Fig. 1). Interestingly, neither

alkaloid was vasoactive in the uterine artery preparations
at any concentration evaluated (Fig. 4B). Although there
was a slight increase in contractile response, no additions
were different for either alkaloid (P > 0.05).

DISCUSSION

Generally, equine issues related to ergot alkaloid ex-
posure that receive the most attention are more reproduc-
tive in nature and typically consist of agalactia, prolonged
gestations, abortions, thickened placentas, and increased
foal mortality (Cross et al., 1995; Blodgett, 2001). In
addition to decreased reproductive performance, ergot-
ism or fescue toxicosis in cattle has also been associated
with decreased intakes and ADG, increased body tem-
peratures in warmer climates, sloughing of the hooves
in colder climates, and vasoconstriction (Klotz, 2015).
Horses that received intravenous infusion of ergovaline,
the predominant ergot alkaloid produced by Epichloé
coenophiala in tall fescue, exhibited coolness of the ex-
tremities, excessive sweating, and prostration (Bony et
al., 2001). Furthermore, Webb et al. (2012) and Vivrette
etal. (2001) reported that consumption of ergot alkaloids
had a significant impact on the ability of horses to re-
cover from exercise in hot conditions, presumably due
to peripheral vasoconstriction reducing the efficiency of
evaporative cooling. Abney et al. (1993) demonstrated in
vitro that ergonovine and ergotamine were vasoactive in
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Figure 4. Contractile response of the nonpregnant equine uterine artery to increasing concentrations of (A) norepinephrine (n = 10; —logECy, =4.45 +
0.18, in which ECy, is the effective concentration of the compound required to produce 50% of the observed contractile response) and serotonin (n = 10;
—logECs, = 3.49 £ 5.14) and (B) ergonovine (n = 9; —logECs, = 6.75 + 0.06) and ergotamine (n = 10; —logEC,, was not determined).

the equine dorsal metatarsal artery and lateral saphenous
vein. Scanning the distal palmar artery with Doppler ul-
trasound, McDowell et al. (2013) demonstrated an in
vivo vasoconstriction caused by consumption of ground
endophyte-infected tall fescue seed in horses. Because
receptor populations are not conserved across blood ves-
sel type and location, the current study sought to add to
the in vitro knowledge initiated by Abney et al. (1993)
by using the vascular region targeted by McDowell et al.
(2013) to characterize the vasoactivity of ergot alkaloids.

Palmar Artery and Vein

The pattern of contractile response to increasing
concentration of norepinephrine and serotonin in both
the palmar artery and the palmar vein indicate the pres-
ence of adrenergic and serotonergic receptor populations
in these blood vessels. This is similar to other peripheral
vessel data that revealed the presence of serotonergic and
a-adrenergic receptors in equine digital arteries and veins
(Bailey and Elliott, 1998; Zerpa et al., 2010). In the pres-
ent study, both the palmar artery and the palmar vein ex-
hibited a greater vasoactive response to norepinephrine.
This was similar to what Abney et al. (1993) reported for
norepinephrine and serotonin using equine lateral saphe-
nous veins and dorsal metatarsal arteries. Furthermore,
Abney et al. (1993) evaluated the vasoactivity of ergono-
vine and ergotamine and saw contractile responses that
ranged from approximately 20 to 30% of the norepineph-

rine maximum. The authors concluded that this was not a
sufficient vasoactive response to cause the significant pe-
ripheral vasoconstriction in horses that is often observed
in cattle (Strickland et al., 2011). The results for ergota-
mine and ergonovine in the present study agree with the
results of Abney et al. (1993), producing only moderate
contractile responses that were approximately 20 and
40%, respectively, of the norepinephrine maximum. In
further agreement with the conclusions of Abney et al.
(1993), these responses are substantially less that what has
been reported for ergotamine (43.7%; 1 x 107> M; Klotz
et al., 2007) and ergonovine (68.5%; 1 x 107 M:; Klotz
et al., 2010) in a bovine lateral saphenous vein bioassay.
If Abney et al. (1993) are correct in their conclusions that
ergot alkaloids are minimally responsible for peripheral
vasoconstriction in horses, then what was responsible for
the significant decreases in lumen diameter, circumfer-
ence, and blood flow reported by McDowell et al. (2013)
in horses consuming endophyte-infected tall fescue seed?
One possible answer may be ergovaline. McDowell et al.
(2013) fed horses from 0.076 up to 0.713 mg ergovaline/
kg BW. Abney et al. (1993) did not evaluate ergovaline.
The current study is the first report of ergovaline vaso-
activity in equine vasculature and demonstrated that in
both the palmar artery and the palmar vein, ergovaline
is significantly more active than any other ergopeptine
alkaloid evaluated. The maximal response by ergovaline
was approached only by that of the ergoline alkaloid er-
gonovine in the palmar vein. However, ergonovine does
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not display the sustained contractile response (Pesqueira
et al., 2014) that has become a hallmark characteristic of
ergopeptide alkaloids in vascular studies in other species
(Dyer, 1993; Schoning et al., 2001; Klotz et al., 2007;
Pesqueira et al., 2014). Therefore, ergonovine could cer-
tainly induce transient instances of vasoconstriction but
not the prolonged negative effects associated with fescue
toxicosis. Further characterizing the duration of contrac-
tile response in equine vasculature is an area where future
work is needed.

This study is the first assessment of vasoactivity of
lysergic acid, ergocryptine, ergocristine, and ergocor-
nine in equine vasculature. Lysergic acid is found in
relatively high concentrations in excreta of horses con-
suming tall fescue seed (Schultz et al., 2006) and has
been proposed as a possible toxin contributing to the
observed effects of fescue toxicosis (Hill et al., 2001;
Ayers et al., 2009). Like reports in the bovine lateral sa-
phenous vein (Klotz et al., 2006), lysergic acid did not
produce a significant contractile response in equine pe-
ripheral vasculature, thus limiting the contributions to
vasoconstriction that can be attributed to lysergic acid.
Although ergocryptine, ergocornine, and ergocristine
are not produced in high concentrations by E. coeno-
phiala (Yates and Powell, 1988), they are produced in
greater proportions by Claviceps purpurea (Stoll and
Hoffmann, 1970). Therefore, these ergopeptide alka-
loids have the potential to be consumed by horses graz-
ing contaminated pastures or fed contaminated hay or
grains. Results in the current study indicate that these
alkaloids are capable of causing moderate vasoconstric-
tion relative to the vasoactivity of ergovaline.

Although it is outside the scope of the data presented
in this study, it is tempting to speculate on the interac-
tion of ergot alkaloid consumption and the incidence of
laminitis. One hypothesis for pasture-associated lami-
nitis suggests that vasoactive amines derived from the
fermentation of fructans in the equine large intestine are
initiating factors (Crawford et al., 2007). Many of the
vascular receptors for these amines such as serotonin
(Katz and Bailey, 2012) have also been demonstrated to
interact with ergot alkaloids in other species (Schoning et
al., 2001; Klotz et al., 2013). Little work has been done
looking at the involvement of ergot alkaloid—induced
peripheral vasoconstriction contributing to a reduced
blood flow to the extremities and increasing the suscep-
tibility to chronic foot and leg disorders such as lamini-
tis. A study was conducted to evaluate the risk of horses
consuming endophyte-infected tall fescue and develop-
ing laminitis, and there was an increased risk of horses
developing laminitis when exposed to ergot alkaloids in
the diet (Rohrbach et al., 1995). Other work has looked
at the vasoactivity of various vasoconstrictors in digi-
tal arteries and veins collected from healthy horses and
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those with early laminitis (Baxter et al., 1989). Baxter et
al. (1989) reported that the digital blood vessels collect-
ed from horses with early laminitis were less responsive
to substances such as serotonin that induce vasoconstric-
tion compared with control horses. Interestingly, blood
vessels collected from cattle exposed to ergot alkaloids
exhibit this same phenomenon of decreased responsive-
ness or sensitivity to agonists (Klotz et al., 2012, 2013,
2016; Egert et al., 2014). Perhaps this similarity of sup-
pressed vasoactivity in blood vessels collected from
horses with early laminitis and those exposed to ergot al-
kaloids is coincidental. However, given the vasoactivity
of ergovaline in the current study combined with the ob-
served in vivo vasoconstriction in horses fed endophyte-
infected tall fescue seed of McDowell et al. (2013), the
area where ergot alkaloid exposure and incidences of
laminitis occur requires further evaluation.

Uterine Artery

Reproductive dysfunction has been the primary dis-
order associated with equine exposure to ergot alkaloids
(Evans, 2002; Cross, 2009); therefore, vasoactivity of er-
got alkaloids in reproductive blood vessels was also of
interest in the current study. Other than an extensive re-
view of the effects ergot alkaloids can have on the uterus
(Saameli, 1978), there is a paucity of data addressing the
activity of ergot alkaloids in uterine vasculature. Because
only a subset of the horses available for blood vessel col-
lection in the current study was female, the number of
compounds that could be evaluated with uterine artery
was limited to 4. The biogenic amines norepinephrine
and serotonin were selected to assess receptors classes
that reside in this vasculature. Ergonovine and ergota-
mine were selected as representative alkaloids from the
ergoline and ergopeptine structural classes, respectively.

Although direct comparisons cannot be made with
the palmar artery due to differences in the bioassays
used, the uterine artery was very different in both the
appearance and the manner of contractile response in
comparison with the palmar artery. Relative to the pal-
mar artery, the lumen or the i.d. of the uterine artery was
much smaller, as were the contractile responses to the
biogenic amines norepinephrine and serotonin. Ergot
alkaloids have been shown to have broad binding af-
finities with adrenergic, serotonergic, and dopaminergic
receptors (Pertz and Eich, 1999). The small amount of
vasoactivity produced by the highest concentrations of
norepinephrine and serotonin suggests a minimal pres-
ence of associated receptors. Correspondingly, the ab-
sence of ergotamine- or ergonovine-induced vasoactiv-
ity, although unexpected, made sense when considering
the aforementioned biogenic amine data.
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In conclusion, all ergot alkaloids except for ly-
sergic acid were vasoactive in palmar artery and vein
preparations. Ergovaline was more vasoactive than
any of the other ergot alkaloids evaluated. These data
demonstrate that vasoconstriction can occur in equine
peripheral vasculature, but horses may exhibit signs
of exposure differently than cattle. Conversely, er-
gotamine and ergonovine were minimally vasoactive
in uterine artery preparations, suggesting that effects
of ergot alkaloids on fetal development may not be a
consequence of restricted blood flow. Future work is
needed to delineate specific receptors that are involved
in the ergot alkaloid—induced vasoconstriction and the
duration of ergot alkaloid effects at these receptors
in equine vasculature. Furthermore, information in
defining the mechanism of action in equine vascular
models would assist in determining if vasoconstrictive
effects occur outside of the reproductive maladies as-
sociated with fescue toxicosis, and may be currently
receiving other diagnoses such as laminitis.
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