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ABSTRACT: Vascular effects of ergovaline mediated
by 5-hydroxytryptamine(HT)ss, 5-HT5/1p, and «; re-
ceptors were studied in isolated arterial preparations
of rat and guinea pig. In rat tail artery ergovaline be-
haved as a potent contractile partial agonist showing
an agonist potency (pECsyo) of 8.86 + 0.03, a maximum
response (E,,) of 59 + 2% with respect to 5-HT, and a
partial agonist affinity (pKp) of 8.51 + 0.06. Ergovaline
was equipotent with ergotamine (pECsy, 8.69 *+ 0.07;
Enax, 52 + 4%; pKp, 8.36 £ 0.11). Contractile responses
to ergovaline and ergotamine were surmountably an-
tagonized by the 5-HT4 receptor antagonist ketanserin
(3 nM). Antagonist affinity (apparent pAy) for ketans-
erin against ergovaline and ergotamine was 9.19 + 0.08
and 9.36 + 0.17, respectively. Ergovaline showed ex-
tremely slow on-set and off-set kinetics in rat tail ar-
tery. The construction of cumulative concentration-re-
sponse curves required about 4 h, and the contractile
response to ergovaline (30 nM), which completely abol-
ished the subsequent contractile response to 5-HT (10
nM to 1 mM), could not be reversed by wash-out. In
guinea pig iliac artery moderately precontracted with

prostaglandin Fy, (0.05 to 0.5 uM) ergovaline behaved
as an agonist (pECsxg, 7.71 £0.10) with a potency similar
to that of 5-HT (pECj5g, 7.60 + 0.05). The contractile
response to ergovaline was inhibited by the 5-HT g/1p
receptor antagonist GR127935 (10 nM). The apparent
pAs value for GR127935 against ergovaline was 8.90 +
0.12. Ergovaline (10 nM) produced no contractile re-
sponse in guinea pig iliac artery when added before the
PGF5,-induced precontraction but caused insurmount-
able blockade of the contractile response to the 5-HT g,
1p receptor agonist 5-carboxamidotryptamine (5-CT).
The apparent pA, value for ergovaline against 5-CT
was 8.56 + 0.18. In rat thoracic aorta ergovaline (2 pM)
activated o adrenoceptors only with low efficacy (Eax,
12 £ 3%) but surmountably antagonized norepineph-
rine-induced contractions with a pKp of 7.07 + 0.12.
It is concluded that the powerful constrictor effect of
ergovaline mediated by activation of vascular 5-HTy,
and 5-HT;p/1p receptors may explain the vascular symp-
toms of fescue toxicosis observed in livestock grazing
tall fescue pastures infected with the endophytic fungus
Neotyphodium coenophialum.
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Introduction

There is evidence to suggest that ergopeptide alka-
loids are responsible for many health problems of cattle,
sheep, and horses feeding on tall fescue (Festuca arun-
dinacea) infected with the endophytic fungus Neotypho-
dium coenophialum (Lyons et al., 1986), formerly called
Acremonium coenophialum (Glenn et al., 1996). Symp-
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toms in animals consuming endophyte-infected tall fes-
cue include increased body temperature, loss in average
daily weight gain, gangrenous necrosis in extremities
(“fescue foot”), low milk production, low blood levels
of prolactin, and poor reproductive performance (see
Strickland et al., 1993 for review).

Among the ergopeptide alkaloids found in endophyte-
infected tall fescue, ergovaline has been reported to be
the most abundant, whereas ergotamine, the parent
alkaloid of the class to which both compounds belong,
is produced only at low levels (Yates et al., 1985). Conse-
quently, ergovaline has been suspected of being a major
contributor to the fescue toxicosis syndrome. In contrast
to the extensive studies on ergotamine, the pharmaco-
logical properities of ergovaline are less well docu-
mented (see Oliver, 1997 for review). Ergovaline has
been found to be an agonist at cloned rat dopamine D,
receptors (Larson et al., 1995, 1999) and a partial ago-
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nist at 5-HTy, receptors in isolated bovine uterine and
umbilical arteries (Dyer, 1993).

Evidence has been provided that 5-hydroxytrypta-
mine(HT);5 and(or) 5-HTp/1p receptors and «-adreno-
ceptors mediate contractions in arteries and veins of
calves (Dyer, 1993; MacLean et al., 1994), horses (Wel-
ler et al., 1994), and sheep (Zhang and Dyer, 1990).
Rat assays have previously been established instead
of cattle assays to evaluate the toxic components in
endophyte-infected tall fescue (Jackson et al., 1989).
The aim of the present study was to further characterize
the contractile effects of ergovaline in isolated rat and
guinea pig arteries that are endowed with 5-HT4 recep-
tors, 5-HTg/1p receptors, and a;-adrenoceptors.

Materials and Methods

Materials. The following compounds were obtained
as gifts: 5-carboxamidotryptamine (5-CT; Glaxo Well-
come, Stevenage, U.K.), cimetidine (SmithKline
Beecham, Welwyn, U.K.), dinoprost tromethamine
(PGF5,; Upjohn, Heppenheim, Germany), GR127935
HCl (2’-methyl-4’-(5-methyl-[1,2,4]oxadiazol-3-yl)-bi-
phenyl-4- carboxylic acid [4-methoxy-3-(4-methyl-pip-
erazin-1-yl)-phenyl]amide; Glaxo Wellcome), ketans-
erin tartrate (Janssen, Beerse, Belgium), and LLY53857
(6-methyl-1-(1-methylethyl)-ergoline-85-carboxylic
acid 2-hydroxyl-1-methylpropyl ester maleate; Eli Lilly
and Company, Indianapolis, IN). The following com-
pounds were purchased: carbachol (Sigma, Munich,
Germany), cocaine HCI (Merck, Darmstadt, Germany),
corticosterone (Sigma), ergotamine tartrate (Research
Biochemicals [RBI], Natick, MA), 5-hydroxytrypta-
mine creatinine sulphate (Janssen), idazoxan HCI
(RBI), mepyramine hydrogen maleate (Sigma), norepi-
nephrine bitartrate (Merck), prazosin HC1 (RBI), (R,S)-
propranolol (Sigma), and yohimbine HCI (Sigma). Ergo-
valine tartrate was synthesized in house and its purity
was determined by HPLC method published earlier
(Shelby et al., 1997). Content of ergovaline in the dry
substance was 94.1% and the content of ergovalinine
was 0.97%. Ergovaline tartrate was dissolved in ethanol
(stock solution 1 mM) and stored at —18°C to minimize
hydrolysis and isomerization. Dilutions were freshly
prepared in distilled water on the day of the experiment.

Rat Tail Artery. Male Wistar rats (280 to 350 g) were
killed within an atmosphere of CO,. The ventral caudal
artery was quickly dissected and cleared of adhering
connective tissue. A stainless steel wire (diameter 0.3
mm) was inserted into the artery to rub off the endothe-
lium. Up to 12 cylindrical segments (3 to 4 mm long)
were horizontally suspended between two L-shaped
stainless steel hooks (diameter 0.15 mm) and mounted
in a 20-mL organ bath filled with modified Krebs-
Henseleit solution of the following composition (mM):
NaCl 118, KC1 4.7, CaCl, 2.5, MgSO, 1.2, KH,PO,4 1.2,
NaHCOj3 25, and D-glucose 10. The solution was contin-
uously gassed with 95% 09/5% CO, and warmed to a
constant temperature of 37°C (pH 7.4). Preparations
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were connected to an isometric force transducer (W.
Fleck, Mainz, Germany) attached to a TSE 4711 trans-
ducer coupler and a Siemens C 1016 compensograph for
the continuous recording of changes in tension. Resting
tension was adjusted to 0.5 g at the beginning of each
experiment. During an equilibrium period of 120 min,
preparations were stimulated once (after 60 min) with
5-HT (1 pwM). In experiments with ergovaline and ergot-
amine two cumulative concentration-response curves
(CRC) were determined on each arterial segment at an
interval of 70 min: the first CRC to 5-HT and the second
to ergovaline or ergotamine in the absence and presence
of the selective 5-HTy4 receptor antagonist ketanserin
(3 nM). Ketanserin was incubated 30 min before the
second curve. The shift to the right observed in the
presence of ketanserin was calculated considering the
shift observed for the respective control preparation in
the absence of ketanserin. Because the construction of
CRC to ergovaline and ergotamine required about 4 h,
two control CRC to 5-HT were additionally determined
on the same arterial segment at an interval of 4 h in
order to monitor spontaneous changes in agonist sensi-
tivity. In kinetic studies with ergovaline a CRC to 5-
HT was determined prior to a bolus application of ergo-
valine (30 nM). When the contractile response to ergo-
valine had reached a plateau (usually after 20 min), a
second CRC to 5-HT was constructed. After the highest
concentration of 5-HT had been administered to the
bath fluid, the preparations were washed for 1 h. Pra-
zosin (0.03 pM) and cocaine (6 pM) were present
throughout the experiments to block a;-adrenoceptors
and neuronal uptake of 5-HT.

Guinea Pig Iliac Artery. Guinea pigs of either sex,
300 to 400 g, were killed by cervical dislocation and
exsanguination. The abdominal aorta and the right and
left common iliac arteries were removed and cleared of
adhering connective tissue. Two or three cylindrical
segments (1.5 to 2 mm long) from each iliac artery were
horizontally suspended between two L-shaped stainless
steel hooks (diameter 0.15 mm) and isometrically
mounted as described for rat tail artery experiments.
The bath fluid (modified Krebs-Henseleit solution
[CaCly, 1.25 mM] at 37°C, gassed with 95%09/5% CO,)
contained ketanserin (1 pM), prazosin (1pM), idazoxan
(1 pM), mepyramine (0.3 nM), cimetidine (30 pM), and
cocaine (30 wM) to block 5-HTox-, a1-, -, and histamine
H;- and Hy-receptors and neuronal uptake of 5-HT, re-
spectively. The continuous presence of ketanserin (1
wM) is of especial importance because the guinea pig
iliac artery represents a preparation in which activa-
tion of vascular 5-HT;g/;p and 5-HTy4 receptors medi-
ates contraction (Pertz, 1993). The applied resting ten-
sion was 0.5 g. During an initial stabilization period of
100 min the bathing medium was changed every 30
min and the tension repeatedly readjusted to 0.5 g.
Preparations were then exposed to a near-maximally
effective concentration of PGF5, (30 wM), which pro-
duced a contraction of 1.04 = 0.05 g (n = 27 vascular
segments from six animals). Carbachol (10 pM) was
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added when the contraction had reached a plateau and
preparations were allowed to relax. After washing, re-
adjusting of the tension to 0.5 g, and re-equilibration
for a further 60 min, the preparations were moderately
precontracted with an EC1y to ECy (0.05 to 0.5 pM) of
PGF5,. The contractile response to ergovaline (1 nM to
1 wM) was studied by constructing a cumulative concen-
tration-response curve in the absence and presence of
GR127935 (10 nM). Contractile effects were expressed
as a percentage of the PGFy, (30 wM)-induced contrac-
tion. GR127935 was incubated for 45 to 60 min. In
experiments in which ergovaline was tested as an an-
tagonist of the contractile response to 5-CT, the prepa-
rations were precontracted with an EC;o to ECyy of
PGFs, prior to initiating a response to 5-HT (0.3 pM).
Two cumulative CRC were determined at an interval
of 80 to 90 min on preparations precontracted with an
ECyy to ECqy of PGF,,: the first CRC to 5-HT and the
second to 5-CT in the absence and presence of ergova-
line (10 nM). Ergovaline was incubated 30 min prior to
initiating the precontraction with PGFs,,. In all experi-
ments with antagonists the blocking effects were inves-
tigated in arterial segments adjacent to those used as
controls.

Rat Thoracic Aorta. The thoracic aorta was removed
from rats used for studies at 5-HTs, receptors in rat
tail artery (see above). When cleared of connective tis-
sue the aorta was cut into 6 to 12 segments (3 to 4 mm
long). Each segment was rolled with a pair of tweezers
to destroy the endothelium. The segments were hori-
zontally suspended between two L-shaped stainless
steel holders (diameter 0.3 mm) and mounted isometri-
cally as described for rat tail artery experiments (see
above). The bath fluid (modified Krebs-Henseleit solu-
tion of the above composition [CaCls, 1.25 mM] at 37°C,
gassed with 95%04/5% COs) contained yohimbine (0.1
pM), (R,S)-propranolol (1 pM), cocaine (10 pnM), and
corticosterone (30 p.M) to block as- and S-adrenoceptors
and neuronal and cellular uptake of norepinephrine.
The applied resting force was 1 g. During an equilibra-
tion period of 3 h the preparations were stimulated
three times with norepinephrine (0.3 uM). Two CRC to
norepinephrine were determined at an interval of 100
min in the continuous presence of the selective 5-HTgp
receptor antagonist LY53857 (3 M), which in contrast
to ketanserin has negligible affinity for a;-adrenocep-
tors (Cohen et al., 1983). Ergovaline (2 pnM) was incu-
bated 1 h before the second CRC. To establish the valid-
ity of this rat model a Schild regression analysis for
prazosin (1 to 100 nM) was performed. Schild analysis
yielded a straight line with a pKg value for prazosin of
9.65 £ 0.07 (n = 17 from four animals). The slope of the
Schild plot was 1.08 + 0.08 (not significantly different
from unity). The data are consistent with those esti-
mated by Van der Graafet al. (1996). In all experiments
with antagonists the blocking effects were investigated
in arterial segments adjacent to those used as controls.

Data Presentation and Statistical Evaluation. Data are
presented as means + SEM. Agonist concentration-re-
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sponse curves were fitted using the computer program
GraphPad Prism 3.0 (GraphPad Software, San Diego,
CA). Agonist potencies were expressed as pEC5, values
(negative logarithm to base 10 of the molar concentra-
tion of the agonist producing 50% of the maximum re-
sponse). Maximal contractile responses were expressed
as E, .« values (percentage of the maximal contractile
response to a reference compound).

Antagonist affinities of silent antagonists were ex-
pressed as either an apparent pA, value or a pKg value.
The apparent pA, value was calculated from the follow-
ing equation:

PAy = —logyo c(B) + logyo (r — 1)

where c(B) is the molar concentration of antagonist and
r the ratio of agonist EC5y measured in the presence
and absence of antagonist (Furchgott, 1972). The pKjp
value was determined according to the method of Arun-
lakshana and Schild (1959) using antagonist concentra-
tions over 2 log units.

Partial 5-HT,, receptor agonist affinities of ergova-
line and ergotamine in rat tail artery were estimated
according to the method of Kenakin (1993). The equilib-
rium dissociation constant Kp for the partial agonist/5-
HTy4 receptor complex was estimated by comparing
equiactive molar concentrations of the full agonist A
(5-HT) and the partial agonist P (ergovaline, ergota-
mine) in the same arterial segment according to the
following equation:

c(A)
C(A) = mm +b

with

Kp
Ep
€A

where c(A) is the molar concentration of A, c¢(P) the
molar concentration of P, m the slope, and b the ordinate
intercept of the regression line of c(A) vs c(A)/c(P). ea
and ep represent the intrinsic efficacies of A and P,
respectively. If ep << €5, pKp = —logo Kp can be calcu-
lated from this equation:

—logio Kp = logio m

Partial aj-adrenoceptor agonist affinity of ergovaline
in rat thoracic aorta was estimated according to the
method of Marano and Kaumann (1976). The equilib-
rium dissociation constant Kp for the partial agonist/
ap-adrenoceptor complex was estimated by comparing
equiactive molar concentrations of the full agonist A
(norepinephrine) in the absence and presence of the
partial agonist P (ergovaline) in the same arterial seg-
ment according to the following equation:
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cA) =m-cA)*+b

with
— 1
ea) Kp

where c¢(A) is the molar concentration of A in the ab-
sence of P, c(A)* the molar concentration of A in the
presence of P, m the slope of a weighted regression line
of ¢c(A) vs c(A)*, and c(P) the molar concentration of P.
ea and ep represent the intrinsic efficacies of A and
P, respectively. Weights were calculated according to
Marano and Kaumann (1976). If ep << 4, pKp = —logy
Kp can be calculated from this equation:

1
IOgIO[ ] = logo(P) — log10Kp

— -1
m

Where appropriate, differences between means were
determined by Student’s ¢-test, after checking the ho-
mogeneity of the variances; P values < 0.05 were consid-
ered to indicate a significant difference between the
responses being compared.

Results

Effects of Ergovaline, Ergotamine and 5-HT in Rat
Tail Artery. Ergovaline (pEC5p = 8.86 + 0.03, n = 15),
ergotamine (pEC5,=8.69+0.07, n=8) and 5-HT (pECs,
=7.10£0.07,n=10) produced concentration-dependent
contractile effects in the isolated rat tail artery (Figure
1). Ergovaline and ergotamine were partial agonists
relative to 5-HT with E, . values of 59 + 2 and 52 +
4% (Figure 1) and partial agonist affinities (pKp) 0of 8.51
+ 0.06 and 8.36 + 0.11, respectively. The pEC;, values,
E.ax values, and pKp values of ergovaline were not
different from those of ergotamine (P > 0.05). Construc-
tion of CRC to 5-HT required about 15 min, but con-
struction of CRC to ergovaline and ergotamine required
about 4 h. Second vs first CRC to 5-HT determined at
an interval of 4 h showed a shift to the left of 0.29 + 0.05
log units and a depression of the maximum response to
93 £4% (n =10). Thus, ergovaline and ergotamine were
approximately 30-fold more potent than 5-HT as con-
tractile agonists as assessed in the rat tail artery bioas-
say. The 5-HTy, receptor antagonist ketanserin (3 nM)
produced dextral shifts of the CRC to ergovaline and
ergotamine with no depression of the maximum re-
sponse (Figure 1). The pA, value for ketanserin against
ergovaline and ergotamine was 9.19 + 0.08 (n = 8) and
9.36 £ 0.17 (n = 5), respectively.

To understand further the kinetics of ergovaline in
rat tail artery, we contracted the tissue with 30 nM of
the compound for 20 min before initiating a response
to 5-HT (10 nM — 1 mM). Ergovaline (30 nM) elicited
a contraction of 72 + 4% (n = 4) relative to 5-HT and
totally abolished the subsequent contractile response
to 5-HT (Figure 2). During a following wash-out period
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Figure 1. Contractile response to 5-HT, ergovaline (up-
per panel) and ergotamine (lower panel) in rat tail artery.
Two successive cumulative concentration-response
curves were established at an interval of 70 min: the first
curve to 5-HT and the second to ergovaline or ergotamine
in the absence and presence of ketanserin (3 nM). Ketans-
erin was incubated for 30 min. The construction of concen-
tration-response curves to ergovaline and ergotamine re-
quired about 4 h. Second 5-HT control curves established
4 h after the first 5-HT control curves showed a shift to
the left of 0.29 £ 0.05 log units and a depression of the
maximum response to 93 + 4% (n = 10, not shown). Ordi-
nate: contractions expressed as a percentage of the maxi-
mum response to 5-HT observed in the first curve. Ab-
scissa: logarithms to base 10 of molar concentrations of
agonists. The data are means + SEM (vertical bars) from
four rats. Number of tissues is given in parentheses.

of 60 min the contraction was only slightly diminished
and the original baseline was not reached within this
time (Figure 2). These observations show that ergova-
line dissociates very slowly from the 5-HTy4 receptor.
Effects of Ergovaline in Guinea Pig Iliac Artery. It has
previously been demonstrated that a modest degree of
tone in preparations of guinea pig iliac artery induced
by a threshold concentration of PGF,, can unmask 5-
HT;g/1p receptor-mediated contractile responses to 5-
HT, 5-carboxamidotryptamine (5-CT) and sumatriptan
(Sahin-Erdemli et al., 1991). Ergovaline contracted
guinea pig iliac arteries with a pECsy of 7.71 £ 0.10 (n
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=17); the pEC5q for 5-HT was 7.60 = 0.05 (n = 11). The
maximal agonist effect of ergovaline was 32 + 5% of the
contraction induced by PGF, (30 wM) and did not differ
(P > 0.05) from the maximal agonist effect of 5-HT (42
+ 3%, n = 13). The 5-HTig1p receptor antagonist
GR127935 (10 nM) caused a dextral shift of the CRC
to ergovaline with no depression of the maximum re-
sponse (Figure 3). The pA, value for GR127935 against
ergovaline was 8.90 £ 0.12 (n = 6). Based on the observa-
tion that agonists can be used as antagonists in guinea
pig iliac artery because they do not contract the vessel
when added before the PGF,,-induced precontraction
(Schoeffter and Sahin-Erdemli, 1992), the antagonist
effect of ergovaline was investigated. Ergovaline (10
nM) failed to evoke a contractile response in guinea pig
iliac artery when added 30 min prior to a threshold
concentration of PGF,, but caused an insurmountable
blockade of the contractile response to the 5-HTp/1p
receptor agonist 5-CT (Figure 4). The pA, value for
ergovaline against 5-CT was 8.56 =+ 0.18 (n = 5). In
contrast to the interaction of ergovaline with 5-HTsp
receptors in rat tail artery the contractile effects via 5-
HT;g/1p receptors in guinea pig iliac artery were revers-
ible by wash-out and the original baseline was reached
within 5 min.

Effects of Ergovaline in Rat Thoracic Aorta. Ergovaline
(2 pM) contracted the aorta only with low efficacy (E,ax
=12 + 3%) but surmountably antagonized the contrac-

O 5-HT (4)
A 30 nM ergovaline (4)
® 5-HT
g 100~ + 30 nM ergovaline (4)
S after 1h wash-out (4)
& 80
o A
£ e0q TS
3 v
E 401 v
E
é 20+
s ]
x 0

LOg10 [5-HT]

Figure 2. Contractile response to 5-HT and to 5-HT 20
min after bolus application of ergovaline in rat tail artery.
Two successive cumulative concentration-response
curves to 5-HT were established at an interval of 90 min.
After the second curve the original baseline was not
reached by wash-out within 60 min. Ordinate: contrac-
tions expressed as a percentage of the maximum response
to 5-HT observed in the first curve. Abscissa: logarithms
to base 10 of molar concentrations of 5-HT. Left: stimulant
response to ergovaline. Right: contractile effect after 1 h
of wash-out. The data are means + SEM (vertical bars)
from two rats. Number of tissues is given in parentheses.
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X
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Figure 3. Contractile response to ergovaline in guinea
pigiliac artery moderately precontracted with PGF,,. Cu-
mulative concentration-response curves were established
in the absence and presence of GR127935. GR127935 was
incubated for 45 to 60 min. Ordinate: contractions ex-
pressed as a percentage of the PGF,, (30 wM)-induced
contraction. Abscissa: logarithms to base 10 of molar con-
centrations of ergovaline. The data are means + SEM (ver-
tical bars) from three guinea pigs. Number of tissues is
given in parentheses.

9 125, O 5-CT (6)

c | @ 5-CT+10nM
§ 100- ergovaline (5)
0] ]

£ 75

Lfl) 4

g 504

3 ]

£

< 254

©

S ]

= 7

LOg1 0 [5-CT]

Figure 4. Contractile response to 5-carboxamidotryp-
tamine (5-CT) in guinea pig iliac artery moderately pre-
contracted with PGF,,. Two successive cumulative con-
centration-response curves were established at an interval
of 80 min: the first curve to 5-HT and the second to 5-CT
in the absence and presence of ergovaline. Ergovaline
was incubated for 45 to 60 min. Ordinate: contractions
expressed as a percentage of the maximum response to
5-HT observed in the first curve. Abscissa: logarithms to
base 10 of molar concentrations of 5-CT. The data are
means * SEM (vertical bars) from 3 guinea pigs. Number
of tissues is given in parentheses.
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g 40+ O norepinephrine (6)

= 1 ® norepinephrine

‘2" 20 + 2 uM ergovaline (6)
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s ol O

Log4g [norepinephrine]

Figure 5. Contractile response to norepinephrine in rat
thoracic aorta. Two successive cumulative concentration-
response curves to norepinephrine were established at
an interval of 100 min. Shown are the second curves in
the absence and presence of ergovaline. Ergovaline was
incubated for 60 min. Ordinate: contractions expressed as
a percentage of the maximum response to norepinephrine
observed in the first curve. Abscissa: logarithms to base
10 of molar concentrations of norepinephrine. Left: stimu-
lant response to ergovaline. The data are means + SEM
(vertical bars) from three rats. Number of tissues is given
in parentheses.

tile response to norepinephrine (Figure 5). The pKp =
—logy Kp value was 7.07 £ 0.12 (n = 6).

Discussion

It has been shown in numerous studies that ergot
alkaloids possess high affinity for a-adrenoceptors, do-
pamine receptors, and nearly all subtypes of 5-HT re-
ceptors (see Pertz and Eich, 1999 for review). The clini-
cally effective ergopeptide alkaloid ergotamine acti-
vates 5-HTy4 receptors (Kalkman and Schneider, 1996)
and may act on 5-HT;p;p receptors and a;- and as-
adrenoceptors as an agonist and(or) antagonist de-
pending on the vascular bed (Miiller-Schweinitzer,
1983, 1992; Silberstein, 1997 for review).

The experiments of the present study in rat tail artery
confirm and extend previously published findings in
bovine uterine and umbilical arteries that 5-HTy, re-
ceptors mediate ergovaline-induced contractions of
blood vessels (Dyer, 1993). Agonist potency and maxi-
mal contractile response of ergovaline in rat tail artery
were in the same range as determined in bovine uterine
and umbilical arteries (Dyer, 1993). Ergovaline was as
effective as ergotamine as a partial agonist in rat tail
artery. Partial agonist affinities (pKp values) of ergova-
line and ergotamine were in reasonable agreement with
their agonist potencies (pEC5q values). The pA, value
for the potent 5-HTs5 receptor-selective antagonist ket-
anserin against ergovaline (9.2) and ergotamine (9.4)
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was close to a pA, value of 9.5 for ketanserin against
5-HT (Pertz et al., 1999). The similarity of blocking
potency of ketanserin against ergovaline, ergotamine,
and 5-HT is consistent with the interaction of the three
drugs with the same receptor class (5-HTg,) in this
tissue. It should be mentioned that in the study of Dyer
(1993) the blocking potency of ketanserin against ergo-
valine could not be quantified because the contractile
response to only a single concentration of ergovaline
(10 nM) was inhibited by ketanserin (30 to 100 nM).
Ergovaline- and ergotamine-mediated contractions
inrat tail artery were slow in onset and the construction
of cumulative CRC required about 4 h. The observation
is consistent with previously reported findings in bovine
uterine and umbilical arteries, in which low concentra-
tions of ergovaline required a minimum of 120 min to
reach the maximum response (Dyer, 1993). The ability
of the partial agonist ergovaline (30 nM) to completely
abolish the contractile response to 5-HT (Figure 2) illus-
trates that the ergopeptide derivative can bind to the
5-HTy4 receptor in an irreversible manner. Dissociation
from the receptor is so slow that neither 5-HT adminis-
tration nor subsequent wash-out are capable of re-
versing the occupation of the receptor by ergovaline.
Long-lasting biological effects are well-known from er-
gotamine (Silberstein, 1997), and metergoline has been
shown to act as a slow on-set and off-set 5-HT5 receptor
antagonist of 5-HT-induced vasoconstrictor responses
in the isolated, perfused rat kidney (Bond et al., 1989).
It should be emphasized that the kinetic properties of
ergovaline are a crucial point in the medical treatment
of “fescue foot” in animals consuming endophyte-in-
fected tall fescue. The decreased peripheral blood flow
induced by the powerful constrictor effects of ergovaline
via activation of vascular 5-HTss receptors can only be
prevented by prior administration of a 5-HTy4 receptor
antagonist such as ketanserin (see Figure 1) but cannot
readily be reversed after signs of “fescue foot” have
appeared. For the sake of completeness it should be
mentioned that the quick wash-out of ergovaline ob-
served in guinea pig iliac artery needs to be interpreted
with caution because not only ergovaline is removed by
wash-out, but also PGF,,,, which is required for agonists
(e.g., ergovaline) to induce contraction. It is difficult to
determine whether ergovaline has still been bound to
5-HTp/1p receptors of guinea pig iliac artery.
Ergovaline did not only contract rat tail arteries via
activation of vascular 5-HT4 receptors, but also elicited
contraction of guinea pig iliac arteries via activation of
vascular 5-HT;g/1p receptors. Ergovaline (pEC5 = 7.7)
was equipotent with 5-HT (pECsq = 7.6) in this tissue.
The pAy value for GR127935 against ergovaline (8.9)
was identical to the affinity value pK; reported for this
antagonist at cloned guinea pig 5-HT;p receptors
(Wurch et al., 1997). The experiments with ergovaline
as an antagonist of the contractile response to the po-
tent 5-HTg/1p receptor agonist 5-CT were conducted to
provide further evidence that the ergopeptide deriva-
tive interacts with this subtype of 5-HT receptors. Inter-

Downloaded from jas.fass.org by on November 9, 2009.


http://jas.fass.org

2208

estingly, some ergolines, such as metergoline, methy-
sergide, and ergotamine, have been alternatively de-
scribed as antagonists or (partial) agonists in various
5-HTg/1p receptor models (Miiller-Schweinitzer, 1983;
Schoeffter and Sahin-Erdemli, 1992). The experiments
of the present study show that ergovaline may act as
an agonist and(or) antagonist at 5-HT; g p receptors
depending on the conditions and models used (Hoyer
and Boddeke, 1993). It should be noted that the affinity
of ergovaline (pA; 8.6) was somewhat higher than its
agonist potency (pECsg 7.7). The observation indicates
that pEC;p, in contrast to pAs or pK;, values do not
necessarily reflect affinity values (Kenakin, 1988).

Dyer (1993) reported that the nonselective ai/as-ad-
renoceptor antagonist phentolamine and the selective
ar-adrenoceptor antagonist prazosin failed to block er-
govaline-induced contractions in bovine uterine artery.
The observation indicated that a-adrenoceptors are not
involved in the vasoconstrictor response to ergovaline.
At «aj-adrenoceptors of rat thoracic aorta ergovaline
proved to be a low-efficacy partial agonist. As expected
for a classic partial agonist, ergovaline caused sur-
mountable antagonism of the contractile response to
norepinephrine (Figure 5). The affinity value pKp of
ergovaline at aq-adrenoceptors (7.1) was lower that the
affinity value pKp at 5-HT,, receptors (8.5) and the
affinity value pA, at 5-HT1g/1p receptors (8.6). In addi-
tion, the maximal agonist effects of ergovaline were
substantially higher at 5-HTp/1p and 5-HTs, receptors
compared to those at «j-adrenoceptors. The present
study provides further evidence of serotonergic mecha-
nisms involved in the vascular symptoms associated
with fescue toxicosis.

Based on available evidence, activation of 5-HTyy re-
ceptors by ergovaline may also be responsible for the
increased body temperature observed in animals con-
suming endophyte-infected tall fescue. Hyperthermic
responses to 5-HT receptor agonists are mediated by
5-HTsp or 5-HTy¢ receptors (Gudelsky et al., 1987). Un-
fortunately, there are no data available for the interac-
tion of ergovaline with 5-HTyc receptors. Because 5-
HTy5 and 5-HTsc receptors possess a high degree of
pharmacological similarity (Baxter et al., 1995) and er-
golines generally are drugs of low selectivity (see Pertz
and Eich, 1999 for review), ergovaline may also be a
potent 5-HTyc receptor agonist. We found comparably
high agonist activities for ergovaline and ergotamine
at 5-HTs, receptors (Figure 1), and for ergotamine po-
tent 5-HTy¢ receptor agonism has previously been dem-
onstrated (Brown et al., 1991). Alternatively, an indi-
rect mechanism may underlie the hyperthermic re-
sponse to ergovaline due to the powerful vasoconstrictor
effects of the ergopeptide derivative via activation of
vascular 5-HTsa and 5-HT;g/1p receptors. The reduction
in blood flow to peripheral tissues may have the conse-
quence that animals are less efficient in cooling them-
selves (Cross, 1997). Due to its 5-HTq, receptor agonist
activity ergovaline may also be responsible for the re-
duced appetite of animals feeding on endophyte-in-
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fected tall fescue, because peripheral 5-HTs5 receptor
agonists have been shown to suppress food intake (Sugi-
moto et al., 1996). A further symptom in fescue toxicosis
is a decrease in milk production, which is most likely
explained by decreased serum prolactin (Strickland et
al., 1993). The low blood levels of prolactin observed in
animals consuming endophyte-infected tall fescue have
been attributed to ergovaline due to its dopamine D,
receptor agonist activity (Larson et al., 1995). However,
it has recently been reported that 5-HTy4 receptors are
involved in the regulation of prolactin release (Albins-
son et al., 1994). Further experiments are required to
clarify the question of whether the partial agonist ergo-
valine can induce a decrease in serum prolactin due to
its 5-HTy receptor blocking properties. Recent data
favor this hypothesis; ergovaline showed low affinity
for cloned human dopamine D, (K; = 250 + 40 nM)
and D3 receptors (K; = 540 £ 60 nM), in contrast to
ergotamine (Do: K;=1.6 £ 0.6 nM; Ds: K; =7.5 £+ 2 nM)
(P. Sokoloff, personal communication).

Implications

Ergovaline exerts a deleterious effect in the vascula-
ture mainly due to its powerful constrictor response via
activation of vascular 5-HTs and 5-HT;p/;1p receptors.
Dependent on the vascular bed, «q-adrenoceptors may
also be involved. The slow on-set and off-set kinetics of
ergovaline at vascular 5-HTy4 receptors complicates the
development of treatment protocols to reduce or elimi-
nate fescue toxicosis in livestock. The prophylactic ad-
ministration of a mixed antagonist for both 5-HTs, and
5-HT;p;1p receptors might be effective.

Literature Cited

Albinsson, A., E. Palazidou, J. Stephenson, and G. Andersson. 1994.
Involvement of the 5-HTs receptor in the 5-HT receptor-mediated
stimulation of prolactin release. Eur. J. Pharmacol. 251:157—
161.

Arunlakshana, O., and H. O. Schild. 1959. Some quantitative uses
of drug antagonists. Br. J. Pharmacol. Chemother. 14:48-58.

Baxter, G., G. Kennett, F. Blaney, and T. Blackburn. 1995. 5-HT,
receptor subtypes: A family re-united? Trends Pharmacol. Sci.
16:105-110.

Bond, R. A., A. G. Ornstein, and D. E. Clarke. 1989. Unsurmountable
antagonism to 5-hydroxytryptamine in rat kidney results from
pseudoirreversible inhibition rather than multiple receptors or
allosteric receptor modulation. J. Pharmacol. Exp. Ther.
249:401-410.

Brown, A. M., T. L. Patch, and A. J. Kaumann. 1991. The antimigraine
drugs ergotamine and dihydroergotamine are potent 5-HT¢ re-
ceptor agonists in piglet choroid plexus. Br. J. Pharmacol.
104:45-48.

Cohen, M. L., R. W. Fuller, and K. D. Kurz. 1983. LY53857, a selective
and potent serotonergic (5-HT5) receptor antagonist, does not
lower blood pressure in the spontaneously hypertensive rat. J.
Pharmacol. Exp. Ther. 227:327-332.

Cross, D. L. 1997. Fescue toxicosis in horses. In: C. W. Bacon and
N. S. Hill (ed.) Neotyphodium/Grass Interactions. pp 289-309.
Plenum Publishing, New York.

Dyer, D. C. 1993. Evidence that ergovaline acts on serotonin recep-
tors. Life Sci. 53:223-228.

Downloaded from jas.fass.org by on November 9, 2009.


http://jas.fass.org

Complex interaction of ergovaline

Furchgott, R. F. 1972. The classification of adrenoceptors (adrenergic
receptors): An evaluation from the standpoint of receptor theory.
In: H. Blaschko and E. Muscholl (ed.) Catecholamines, Handbook
of Experimental Pharmacology. vol. 33. pp 283-335. Springer
Verlag, Berlin.

Glenn, A. E., C. W. Bacon, R. Price, and R. T. Hanlin. 1996. Molecular
phylogeny of Acremonium and its taxonomic implications. Myco-
logia 88:369-383.

Gudelsky, G. A., J. I. Koenig, and H. Y. Meltzer. 1987. Selective
desensitization of serotonin (5-HT) receptor-mediated hyper-
thermia by mianserin and other 5-HT antagonists. Neurophar-
macology 26:707-712.

Hoyer, D., and H. W. G. M. Boddeke. 1993. Partial agonists, full
agonists, antagonists: Dilemmas of definition. Trends Pharma-
col. Sci. 14:270-275.

Jackson, J. A., S. G. Yates, R. G. Powell, R. W. Hemken, L. P. Bush,
A. Boling, P. M. Zavos, and M. R. Siegel. 1989. Physiological
responses in rats fed extracts of endophyte-free and endophyte-
infected tall fescue seed relative to some known ergot alkaloids.
Drug Chem. Toxicol. 12:147-164.

Kalkman, H. O., and F. Schneider. 1996. Effects of ergotamine and
dihydroergotamine on 5-hydroxytryptamine-2A receptors in the
isolated rat aorta. Pharmacology (Basel) 53:351-355.

Kenakin, T. P. 1988. Are receptors promiscuous? Intrinsic efficacy
as a transduction phenomenon. Life Sci. 43:1095-1101.

Kenakin, T. P. 1993. Pharmacologic Analysis of Drug-Receptor-Inter-
action. 2nd ed. Raven Press, New York.

Larson, B. T., M. D. Samford, J. M. Camden, E. L. Piper, M. S. Kerley,
J. A. Paterson, and J. T. Turner. 1995. Ergovaline binding and
activation of Dy dopamine receptors in GH4ZR; cells. J. Anim.
Sci. 73:1396-1400.

Larsen, B. T., D. L. Harmon, E. L. Piper, L. M. Griffis, and L. P.
Bush. 1999. Alkaloid binding and activation of Dy dopamine
receptors in cell culture. J. Anim. Sci. 77:942-947.

Lyons, P. C., R. D. Plattner, and C. W. Bacon. 1986. Occurrence of
peptide and clavine ergot alkaloids in tall fescue grass. Science
(Wash DC) 232:487-489.

Marano, M., and A. J. Kaumann. 1976. On the statistics of drug-
receptor constants for partial agonists. J. Pharmacol. Exp. Ther.
198:518-525.

MacLean, M. R., R. A. Clayton, S. W. Hillis, P. D. McIntyre, A. J.
Peacock, and A. G. Templeton. 1994. 5-HT;-receptor-mediated
vasoconstriction in bovine isolated pulmonary arteries: Influ-
ences of vascular endothelium and tone. Pulm. Pharmacol.
7:65-72.

Miiller-Schweinitzer, E. 1983. Vascular effects of ergot alkaloids: A
study on human basilar arteries. Gen. Pharmacol. 14:95-102.

Miiller-Schweinitzer, E. 1992. Ergot alkaloids in migraine: Is the
effect via 5-HT receptors? In: J. Olesen and P. R. Saxena (ed.)
5-Hydroxytryptamine Mechanisms in Primary Headaches. pp
297-304. Raven Press, New York.

Oliver, J. W. 1997. Physiological manifestations of endophyte toxico-
sis in ruminant and laboratory species. In: C. W. Bacon and

2209

N. S. Hill (ed.) Neotyphodium/Grass Interactions. pp 311-346.
Plenum Publishing, New York.

Pertz, H. 1993. 5-Hydroxytryptamine (5-HT) contracts the guinea-pig
isolated iliac artery via 5-HT;-like and 5-HT; receptors. Naunyn-
Schmiedeberg’s Arch. Pharmacol. 348:558-565.

Pertz, H., and E. Eich. 1999. Ergot alkaloids and their derivatives
as ligands for serotoninergic, dopaminergic, and adrenergic re-
ceptors. In: V. Kren and L. Cvak (ed.) Ergot, the Genus Claviceps.
pp 411-440. Harwood Academic Publishers, Amsterdam.

Pertz, H. H., H.-C. Milhahn, and E. Eich. 1999. Cycloalkane carboxylic
esters derived from lysergol, dihydrolysergol-I, and elymoclavine
as partial agonists and antagonists at rat 5-HTys receptors:
Pharmacological evidence that the indolo[4,3-fg]lquinoline sys-
tem of the ergolines is responsible for high 5-HT4 receptor affin-
ity. J. Med. Chem. 42:659-668.

Sahin-Erdemli, I., D. Hoyer, A. Stoll, M. P. Seiler, and P. Schoeffter.
1991. 5-HT;-like receptors mediate 5-hydroxytryptamine-in-
duced contraction of guinea-pig isolated iliac artery. Br. J. Phar-
macol. 102:386-390.

Schoeffter, P., and I. Sahin-Erdemli. 1992. Further characterization
of the 5-hydroxytryptamine 5-HT;-like receptor mediating con-
traction of guinea-pig iliac artery. Eur. J. Pharmacol.
219:295-301.

Shelby, R. A., J. Olsovska, V. Havlicek, and M. Flieger. 1997. Analysis
of ergot alkaloids in endophyte-infected tall fescue by liquid
chromatography/electrospray ionization mass spectrometry. J.
Agric. Food Chem. 45:4674-4679.

Silberstein, S. D. 1997. The pharmacology of ergotamine and dihy-
droergotamine. Headache 37:S15-S25.

Strickland, J. R., J. W. Oliver, and D. L. Cross. 1993. Fescue toxicosis
and its impact on animal agriculture. Vet. Human Toxicol.
35:454-464.

Sugimoto, Y., J. Yamada, T. Yoshikawa, T. Noma, and K. Horisaka.
1996. Effects of peripheral 5-HTy and 5-HTj receptor agonists
on food intake in food-deprived and 2-deoxy-D-glucose-treated
rats. Eur. J. Pharmacol. 316:15-21.

Van der Graaf, P. H., N. P. Shankley, and J. W. Black. 1996. Analysis
of the activity of a;-adrenoceptor antagonists in rat aorta. Br.
J. Pharmacol. 118:299-310.

Weller, J., J. Soydan, and J. Elliott. 1994. Characterisation of the
receptors involved in the vasoconstrictor action of 5-hydroxy-
tryptamine in equine digital vein. Br. J. Pharmacol. 112:171P.

Wurch, T., C. Palmier, F. C. Colpaert, and P. J. Pauwels. 1997. Se-
quence and functional analysis of cloned guinea pig and rat 5-
HT;p receptors: Common pharmacological features within the
5-HT;p receptor subfamily. J. Neurochem. 68:410-418.

Yates, S. G., R. D. Plattner, and G. B. Garner. 1985. Detection of
ergopeptine alkaloids in endophyte-infected, toxic KY-31 tall
fescue by mass spectrometry/mass spectrometry. J. Agric. Food
Chem. 33:719-722.

Zhang, L., and D. C. Dyer. 1990. Receptor mechanisms for 5-hydroxy-
tryptamine (5-HT) in isolated ovine umbilical vein. Eur. J. Phar-
macol. 184:281-293.

Downloaded from jas.fass.org by on November 9, 2009.


http://jas.fass.org

Citations This article has been cited by 4 HighWire-hosted articles:
http://jas.fass.org#otherarticles

Downloaded from jas.fass.org by on November 9, 2009.


http://jas.fass.org#otherarticles
http://jas.fass.org

