
CHAPTER I

Introduction to the Pharmacology
of Ergot Alkaloids and Related Compounds
as a Basis of Their Therapeutic Application

B. BERDE and E. STURMER

"Truth is rarely pure and never simple"
OSCAR WILDE

This chapter, rather unorthodox for a volume of the Handbook of Experimental
Pharmacology, is not intended as a summary of the wealth of information accumu-
lated in this book. It is an attempt at a compact synopsis to help those teaching
pharmacology or writing a textbook of pharmacology not to overlook the essential
chemical and biological basis of the therapeutically most important compounds
and those of their activities which are believed to be relevant for their therapeutic
effects.

The present volume, entitled Ergot Alkaloids and Related Compounds, deals
with chemical entities containing the tetracyclic ergolene- or ergoline-ring system.
They can be obtained by extraction of different strains of the fungus cIaviceps-
grown on rye or cultivated in fermentation tanks-or alternatively by partial or
total synthesis. These compounds can be divided into four main structural groups:
cIavine alkaloids, lysergic acids, simple lysergic acid-amides, and peptide alkaloids.
One example of each type of molecule is given in Figure 1.

The degree of oxidation is a criterion for further differentiation in the group
of cIavine alkaloids, all of which are compounds of minor biological importance.

The naturally occurring lysergic acids are divided into compounds with a double
bond in the 8-9 position (8-ergolenes) and in the 9-10 position (9-ergolenes).
All congeners are methylated in position (i. The two asymmetric carbon atoms
in position 5 and 10 (in the case of 8-ergolenes) or 5 and 8 (in the case of
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Fig. 1. One characteristic representative of each of the four main groups of ergot alkaloids
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9-ergolenes) allow a further classification according to the steric position of the
substituents in positions 8 or 10. (The 5-H atom always has the fJ-configuration.)
Lysergic acid is inactive; only its derivatives are pharmacologically active.

In the group of the lysergic acid-amides the lysergic acid is in amide linkage
to relatively small non peptide moieties.

For the group of peptide alkaloids, a relatively simple nomenclature has been
adopted in this volume. The expression ergopeptine stands for the basic skeleton of
a natural D-lysergic acid linked to a tricyclic peptide moiety by a peptide bond
(see Fig. 2).

Only isomers that are derivatives of the natural D-lysergic acid have pharmaco-
logic importance; derivatives of D-isolysergic acid are much less active. For conve-
nience, the isomers of n-Iysergic acid have been given endings in "-ine," while
n-isolysergic acid isomers end in "-inine." Isomerization occurs during storage
of the sclerotia and extraction of alkaloids and at a high rate in an alkaline
milieu.

It is known that the biological activity of the ergopeptines depends largely
on their configuration. This results from studies with the optical antipodes of
ergotamine and dihydroergotamine and the corresponding diastereomers (natural
D-lysergic acid combined with the antipode peptide moiety and antipode t-lysergic
acid combined with the natural peptide moiety) which have been shown to be
devoid of biological activity (STADLERand STURMER,1970, 1972).

The chemical diversity of ergot alkaloids corresponds to the diversity of the
biological activities of these compounds. It is probably correct to state that there
are few chemical groups which comprise substances with such diversified actions.
It has been accurately said that "ergot has been of the nature of a treasure
chest to pharmacologists," (MOIR, 1932) and that it has become a "treasure-house
for drugs" (STOLL,1965). Many ergot compounds show a considerable spectrum
of pharmacologic actions, and if the doses necessary to obtain a certain effect
are taken into account, exhibit a high degree of specificity (selectivity). In Table 1
an attempt is made to demonstrate this, correlating ten biological activities and
seven compounds. These figures are extracted from the pool of experimental data
accumulated in our laboratories during the last decades. The figures should be
regarded as working averages, as they were not always obtained synchronously,
and they apply of course to particular species and methodologies. On the other
hand, the methodologies employed in each case are uniform, and the data of
Table 1 therefore provide a good idea of the range of variation encountered.

With regard to «-adrenoreceptor blocking activity on the isolated guinea pig
seminal vesicle, dihydroergotoxine mesylate (Hydergine) is the most active com-
pound, the EDso being 0.7 ng/ml, The activity of dihydroergotamine and bromo-
criptine is lower but in the same range; that of ergotamine is 20 times weaker.
At the other end of the scale are methylergometrine and methysergide, which
are inactive or at least 2500 times less active than dihydroergotoxine mesylate.

The most potent antagonist of serotonin (5-HT) on the estrous rat uterus in vitro
is methysergide-the EDso being 0.6 ng/ml-followed by methylergometrine and
LSD. Considerably less active than methysergide are dihydroergotamine (25 times),
ergotamine and dihydroergotoxine mesylate (100 times), and bromocriptine ( ~ 300
times).
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Fig. 2. The ergopeptines consist of a n-Iysergic-acid moiety linked to a tricyclic peptide moiety
by a peptide bond. Ergopeptines occurring in nature have a double bond in position 9,10.
Dihydro-compounds are hydrogenated in positions 9 and 10. They do not occur in nature.
Six asymmetry centers marked with * are present in natural-so called genuine-ergopeptines.
Dihydrogenation in position 9,10 generates an additional asymmetry center in position 10



Table L Activity profiles of some ergot compounds. The relative activities of seven compounds on 10 biological parameters are listed. The .j::o.

potency of the most active compound in each test being arbitrarily set as 1000. These figures are extracted from the pool of experimental
data accumulated in our laboratories during the last decades. A ratio between the highest and the lowest activity in each test is also given.
For numerical data concerning effective doses-or concentrations-see text

Ergot- Bromo- Dihydro- Dihydro- Methyl- Methyser- LSD Max.
amine criptine ergotamine ergotoxine ergometrine gide Min.

mesylate"

e-Adrenoceptor blockade isol. 50 230 350 1000 <0.4 <0.4 >2500
guinea pig seminal vessel

5HT-receptor blockade isol. 10 3 40 10 250 1000 250 330
rat uterus

Pressor activity spinal cat, 1000 <10 120 30 < 10 30 10 > 100
LV.

Uterotonic activity rabbit 500 Inhibition Inhibition Inhibition 1000 40 670 > 1000
ill situ, i.v. of Me-ergo- of Me-ergo- of Me-ergo-

metrine metrine metrine

Inhibition of fertility in rats, 50 1000 <40 70 <80 <40 <40 >25
s.c.

Influence on body temperature, + + + + +
rabbit, i.v. 3 2.5 14 0.2 1000 >5000

Emetic activity in the dog, 1000 410 85 540 210 <I <3 > 1000
LV. to
Dopaminergic stereotyped <I 630 <I <I 310 <I 1000 >1000 to

t11

behaviour in rats, i.p. ~
0m

Contralateral turning behaviour <I 1000 <I 10 400 <1 730 > 1000 po
i=l

in rats, 6-0HDA leasioned, s.c. 0..

60 400
tTl

Inhibition of NA-stimulated 400 190 240 1000 2.5 5 en
cAMP-synthesis in rat cerebral -I

C'
cortex slices in vitro ~~m~
"Hydergine,
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Considering the blood pressure increasing activity on the spinal cat, ergotamine
is the most active compound, eliciting clear-cut rises of blood pressure from doses
of 1 flg/kg i.v. Taking its activity as 1000, that of dihydroergotamine is 120, and
that of the other substances ranges between 30 and 10 or less.

If the uterotonic activity in situ-anesthetized nonpregnant rabbit in sponta-
neous estrous - of methyl ergometrine (effective submaximal doses in the range
of 0.1-0.2 mg/kg i.v.) is taken as 1000, that of LSD is 670, that of ergotamine
500, and that of methysergide around 40 (and not easily reproducible), whereas
bromocriptine, dihydroergotamine, and dihydroergotoxine mesylate are devoid of
this activity and inhibit spontaneous uterine motility and the uterotonic effect
of methylergometrine.

Bromocriptine is the only compound in this table which, due to a long-lasting
inhibition of prolactin secretion, has an outstanding antifertility effect in the rat
when given on day 5 after insemination (EDso=0.75 mgjkg s.c.). Other compounds
listed are either more than 10 times less effective or are ineffective in this test.

If the influence on the body temperature of the nonanesthetized rabbit is consid-
ered, the seven compounds - given i.v. - show not only quantitative but also qualita-
tive differences: LSD is the most potent inducer of hyperthermia (3 flg/kg eliciting
on the average a rise of 10 C), methylergometrine, ergotamine, bromocriptine,
and methysergide being 70-5000 times less potent. Dihydroergotamine and dihy-
droergotoxine mesylate-in rather high doses such as 2-3 mg/kg-Iower body tem-
perature.

Emetic activity in the nonanesthetized dog is most pronounced with ergotamine
(ED 50 = 3.1 ug/kg i.v.), dihydroergotoxine mesylate and bromocriptine being some-
what less active. Methylergometrine is 5 times and dihydroergotamine 12 times less
active than ergotamine; LSD and methysergide are devoid of this activity even if
administered in doses 300 to 1000 times higher than ergotamine.

In eliciting stereotyped behavior in the rat- probably due to central dopaminer-
gic stimulation - LSD is the most active compound (2 rug/kg i.p. being an effective
dose). If its activity is taken as 1000, that of bromocriptine is 630 and that of
methylergometrine 310, whereas ergotamine, dihydroergotamine, dihydroergotox-
ine mesylate, and methysergide are for all practical purposes ineffective.

Another test for central dopaminergic action is the (apomorphine type) contra-
lateral turning behavior of rats with 6-0H-dopamine-induced degeneration of the
nigro-neostriatal dopaminergic pathway. The most potent compound in this test
is bromocriptine (effective dose 1 mg/kg s.c.). If this activity is taken as 1000,
those of LSD and methylergometrine are 730 and 400, respectively. Dihydroergo-
toxine mesylate is about 100 times less effective. Ergotamine, dihydroergotamine,
and methysergide are ineffective.

Noradrenaline-stimulated cyclic AMP synthesis in the rat cerebral cortex in
vitro is inhibited by some. ergot compounds, the most active being dihydroergotox-
ine mesylate (EDso 5.8 ng/ml), pA2 value~8.0). If this activity is taken as 1000,
that of ergotamine is 400, of dihydroergotamine 240, of bromocriptine 190, of
LSD 60, and those of methysergide and methylergometrine 5 and 2.5, respectively.

In the last column of Table 1, a ratio is given between the highest and lowest
activity for each listed pharmacologic activity. These ratios range between > 25
and> 5000. Considering the whole pharmacologic profile of the substances, qualita-
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Ergoline Ergoline Ergoline

Fig. 3. Structural relationship between ergoline and three biogenic amines: noradrenaline,
dopamine, and serotonin

tive rather than quantitative differences would appear to be more appropriate
in distinguishing between at least some of the compounds.

There is indeed no evidence available which would suggest that these highly
diversified activities could be explained by one "basic mechanism" on cellular
or molecular level. The opposite seems to be more likely, and in a recent review
(BRADLEY and BRIGGS, 1974) it was pointed out that" it is unlikely that a unified
explanation of all the actions of these drugs can be formulated." Nevertheless,
this diversity of actions may be at least partially explained by assuming that:
1. Ergot alkaloids interfere at more than one type of specific receptor site.
2. The population of receptor sites to which ergot alkaloids have access varies

from organ to organ.
3. Affinity and efficacy (= intrinsic activity) vary from alkaloid to alkaloid as

a function of their chemical configuration.
A specific relationship between ergoline-a vital part of all ergot alkaloids-and

the biogenic amines noradrenaline, adrenaline, dopamine, and serotonin is evi-
dent from Figure 3. All the biogenic amines mentioned can be regarded as structural
elements of ergoline. This structural relationship may contribute to the ability
of different ergot alkaloids to interfere with various specific receptors. On the
other hand, the structural differences between the ergot alkaloids and the biogenic
amines can explain why some of the former act as partial agonists and/or antagon-
ists on receptor sites of the biogenic amines mentioned.

An example for an ergot alkaloid eliciting partial agonism is given in Figure 4.
This figure shows dose-response curves for noradrenaline, the so-called full agonist
(its maximal effect is therefore set at 100%) and for ergotamine, a partial agonist,
which reaches about 30% of the maximal possible stimulation in spiral strips
of isolated canine femoral veins. Moreover it takes about three times longer with
ergotamine than with noradrenaline for the rise in tone to develop fully and
that it lasts much longer. Additionally, it is clear from Figure 4 that ergotamine
is active in concentrations about 350 times lower than noradrenaline. In terms
of receptor pharmacology, ergotamine is a partial agonist (30% efficacy compared
with the full agonist noradrenaline) but possesses a higher affinity to the stimulating
receptor sites of this vascular smooth muscle (EDso for noradrenaline 7.6 x 10-7 M,
while the EDso for ergotamine was 2.2 x 10- 9 M.)
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Fig. 4. Cumulative dose response curves for ergotamine (e) and noradrenaline (0). ED 50

is represented by an arrow in each case. Organ: femoral vein of the dog. Recording: isometric.
Vertical bars indicate s.d. (n=36) (MULLER-SCHWEINITZER and STURMER, 1974)

The combination of increasing concentrations of ergotamine with noradrenaline
produced a series of log dose-response curves which are depicted in Figure 5.
They start from progressively higher baselines but with similar maxima and show
approximate parallelism in the upper reaches. In terms of receptor pharmacology,
these curves correspond to curves calculated for the interaction of a full agonist
and a partial agonist (so-called competitive dualist). They support the idea, that
the stimulating action of ergotamine is due, at least in part, to stimulation followed
by block of «-adrenoceptors. If two agonists (noradrenaline and ergotamine) act
on the same receptor, they can be expected to be replaced in a similar fashion
by a competitive antagonist. Indeed, it has been shown that this is the case,
and that ergotamine fulfills the criteria of a partial agonist to «-adrenoceptors
on this vascular smooth muscle.

It appears, therefore, that there is no reason to maintain the old concept
of a "direct site of action" = as opposed to receptor sites for biogenic amines= as
the mechanism of action of the agonistic (= stimulating) effect of ergot alkaloids
on vascular and uterine smooth muscle.

An example of an ergot alkaloid antagonistic to serotonin (5-HT) (without
partial agonistic stimulant activity) is given in Figure 6. On spiral strips from
bovine basilar arteries the maxima of the log dose-response curves for 5-HT progres-
sively decrease with increasing concentrations of methysergide: characteristic for
noncompetitive antagonism.

An example in which the effect of an ergot alkaloid is probably due to stimula-
tion (agonism) of central dopaminergic receptors is the induction of turning behav-
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Fig. 5. Cumulative dose response curves for noradrenaline. Organ: femoral vein of the dog.
Recording: isometric. (e) control curve (n = IS); 15 min after ergotamine in the final concentra-
tions of 10-8.76 (0),10-7.76 (D) and 1O-6.76M (.6.). n=6 for each curve (MULLER-SCHWEINlT-
ZER and STURMER, 1974)
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Fig. 6. Cumulative dose response curves for 5-HT without (., n = 5) and 60 min after methyser-
gide in the final concentrations of 1O-9.55M (=2.Sx lO-loM) (0, n=4) and 1O-855M (=
2.Sx 1O-9M) (., n=5) on spiral strips from bovine basilar arteries. Changes in tension were
recorded isometrically (MULLER-SCHWEINITZER, unpublished)
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Fig. 7. The induction of turning behavior in rats Iesioned unilaterally in the substantia nigra
by a local injection of 6-hydroxydopamine after subcutaneous administration of bromocriptine
and apomorphine. This effect of bromocriptine is blocked by pretreatment with pimozide
(LOEW et aI., 1976)

ior by bromocriptine in the rat with unilateral lesions in the substantia nigra
produced by previous injection of 6-hydroxy-dopamine (CORRaDI et al., 1973).
Figure 7 shows that bromocriptine, like apomorphine, increases the number of
turns in a dose-dependent way. This effect is blocked by the dopaminergic antagon-
ist pimozide.

In many in vitro testing systems-particularly those involving vascular smooth
muscle - the effective concentrations of many ergot compounds are extremely
low:l0-8-10-9 M. This corresponds to the relatively low therapeutic doses and
blood levels (BERDE,1975; MEIERand SCHREIER,1976), e.g., steady-state plasma
levels for dihydroergotamine are between 2.5 and 6.5 ng/ml after oral doses of
1 mg t.i.d. and 2.5 mg t.i.d. per os, respectively, and for methysergide 20 ng and
40 ng/ml after 1 mg t.i.d. and 2 mg t.i.d., respectively. It is widely accepted that
the prophylactic effect of methysergide in migraine headache is connected with
its modification of the effects of serotonin and/or metabolic handling of serotonin. On
the isolated rat uterus, the serotonin antagonistic concentration of methysergide is
in the range of 1 ng/ml (CERLETTlet al., 1960). The stimulating effect (irregular)
of the same alkaloid on serotonin uptake in the perfused cat spleen was observed
at concentrations around 100 ng/ml, and the inhibition of serotonin uptake (regular)
was observed in the same system with those around 1000 ng/rnl (OWEN et al.,
1971). When considering the mechanism of action of methysergide, the exclusion
of this last-mentioned phenomenon would not be necessary for the following rea-
sons:

The aim of a rational therapy is the maintenance of a sufficient drug concentra-
tion at the receptor sites in order to achieve the desired pharmacologic effect
during a certain time interval. Unfortunately, it is almost impossible to measure
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and control the drug concentrations at the receptor site or even in the tissues.
The next best alternative is to measure the concentrations of the active substance
in the blood, plasma, or urine of the patients. These pharmacokinetic data can
be used in connection with pharmacodynamic observations for the evaluation
and the planning of dosage schemes of the drug. An important condition for
such a procedure is the existence of a certain correlation between drug concentration
in the plasma and the time course of pharmacologic action. This correlation is
not required to be simple and direct. Even a very low drug concentration in
the plasma may coincide with a sufficient drug action, if for instance, the active
substance has a higher binding affinity to the receptor than to the plasma
proteins. Plasma is thus considered in pharmacokinetics to be the central transport
compartment and not a direct correlate of the biologic activity.

The wide field of therapeutic application of ergot alkaloids and related com-
pounds corresponds to their chemical and pharmacologic diversity. Migraine and
other vascular headaches, uterine atonia, orthostatic circulatory disturbances, senile
cerebral insufficiency, and infertility due to hyperprolactinemia are probably the
most important of a great number of indications. Considering the implications
of some of the diseases mentioned in terms of human suffering, medical effort,
and socio-economic consequences, the therapeutic importance of the ergot alkaloids
and related compounds is indeed formidable. Due to the multiple pharmacologic
actions of ergot alkaloids, the relationship between their pharmacologic activity
and therapeutic effectiveness is not always obvious. In some cases their clinical
use stems clearly from a pharmacologic action, e.g., the use of ergometrine in
obstetrics; in others the connection is less evident. Thus, although much is known
about the various receptor interactions of ergotamine, it is not clear which of
these is responsible for the undoubted effectiveness of this drug in migraine therapy.
For this reason, we thought it appropriate in this short introductory chapter to
depart from the usual sequence in which all the pharmacologic actions of certain
types of compounds are described. We intend instead to describe a few prototype
compounds with established therapeutic value and to concentrate on those phar-
macologic qualities which are currently considered to be relevant for the therapeutic
action.

The use of ergot in obstetrics-namely increasing uterine motor activity-is
the oldest therapeutic use of this drug. Although several ergot alkaloids have
a more or less pronounced effect on the uterus, the prototype compounds used
today to treat uterine bleeding of various origin are ergometrine ( = ergonovine)
(DUDLEYand MOIR, 1935; BROWNand DALE, 1935; KHARASCHet al., 1936) and
methylergometrine (STOLLand HOFMA , 1943; KIRCHHOFet al., 1944). They in-
fluence all three parameters of uterine contractility positively, namely frequency,
amplitude, and basal tone. Whereas small doses increase only frequency and/or
amplitude of contractions, higher doses also elevate the basic tone, thus decreasing
blood loss from the postpartum uterus. This stimulant effect holds true for many
species, including man in vivo as well as in vitro, indicating a peripheral site
of action.

Two types of adrenergic receptors have been postulated to be present in the
uterus: one for uterine stimulation («) and one for inhibition (fJ) (AHLQUIST,
1948). The nonpregnant rabbit uterus in situ-in spontaneous or induced estrus-
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Effect of methylergometrine on the oestrous rabbit uterus in situ

I~
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0.1 mg/kg Methergin i.v.
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Fig. 8. Isometric recording of the uterotonic effect of methylergometrine on the estrous rabbit
uterus in situ. Increased uterine activity is expressed in terms of the area of the time-response
curve (BERDE and SAAMELI,1966)

has been regarded as a particularly suitable experimental setup for the study of
the uterotonic effect of many ergot alkaloids and related compounds (ROTHLIN,
1938) (Fig. 8). In this preparation, the uterine stimulating effect of methylergomet-
rine, ergometrine, ergotamine, and some other ergot compounds - in doses between
0.1 and 0.4 mgjkg i.v.i--seems to be mediated by a-adrenergic receptors; it can
be blocked by ex-adrenergic blocking agents such as phenoxybenzamine, phentola-
mine, dihydroergotamine, and dihydroergotoxine and its components (KONZETT,
1960; HOOL-ZULAUFand STURMER,1976, 1977; ROTHLIN, 1947; ROTHLIN and BIR-
CHER, 1952) (Fig. 9). It seems that a cyclic change of the sensitivity of the uterus
to uterotonic stimuli is due to changes in the number of and proportion of (l-

and fJ-adrenergic receptors brought about by the sexual hormone cycles (MILLER
and MARSHALL, 1965; MILLER, 1967; BRODYand DIAMOND, 1967). It was regarded
as a "rule" that on the estrous rabbit uterus, ergot compounds with a double
bond in position 9,10 are oxytocics, whereas compounds dihydrogenated in this
position are not oxytocic but, on the contrary, inhibit both spontaneous and
induced uterine activity (ROTHLIN, 1947; ROTHLIN and BIRCHER, 1952). This is
true for many compounds tested in our laboratories but not without exception,
e.g., bromocriptine has no uterotonic activity (STURMER and FLUCKIGER, 1974),
and the dihydrogenated compound dibromo-dihydrolysergic-acid-glycinamide is
a strong oxytocic (BERDEand SAAMELI,1966) and so are some 6-Nor-o-isopropyl-
9,1O-dihydroergopeptines (HOOL-ZULAUF and STURMER, 1976, 1977). It appears,
therefore, that the presence of the double bond in position 9,10 of the lysergic
acid moiety is not the structural element exclusively responsible for determining
a-adrenergic stimulation or inhibition.

Furthermore, there is no complete parallel between the estrous rabbit uterus
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Rabbit uterus in situ

ergotamine
0.2 mg/kg i.v,

noradrenaline
1lJg/kg i.v,

oxytocin
250mU i.v.

Fig. 9. Original trace of an experiment in the rabbit demonstrating the effects of ergotamine,
oxytocin, and noradrenaline on blood pressure (upper tracing) and uterine tension (lower
tracing) before and after phentolamine injection. It can be seen from the tracings that blockade

and the human myometrium near term with regard to their response to ergot
alkaloids. It was found, for example, that some compounds hydrogenated in posi-
tion 9,10, such as dihydroergotamine and dihydroergotoxine mesylate, have some
uterotonic activity on the human uterus near term both in vivo and in vitro
(ALTMAN et a1., 1952; EMBREYand GARRETT, 1955; ROTHLIN and BERDE, 1954)
and on the cat uterus in situ (BERDE and ROTHLIN, 1953). The reason for these
interspecies differences is not known.

Note that the receptor involved in the uterotonic effect of some ergot compounds
is different from that involved in the uterotonic effect of oxytocin. The uterine
effect of the latter is not antagonized by «-adrenergic blocking agents (Fig. 9).

The prototype compound for the treatment of the migraine attack, as well
as for cluster headache and some other vascular headaches, is ergotamine tartrate.
The possible relevance of its various pharmacologic qualities for its therapeutic
effect has recently been reviewed and discussed (FOZARD, 1975a, b). It was em-
phasized that only those effects elicited by very low doses can be considered
as relevant. These effects are vasoconstriction (ROTHLIN, 1923; ROTHLIN and CER-
LETTI, 1949), sensitization of vascular smooth muscle to nervous and chemical
stimuli (e.g. ROTHLIN and CERLETTI,1949; WEIDMANNand TAESCHLER,1966), and
inhibition of circulatory baroreceptor reflexes (e.g. v. EULER and SCm.<llTERLOW,
1944). Based on the extensive clinical pharmacologic studies of the behavior of
the extracerebral vessels before and during the migraine attack and under the
influence of ergotamine (WOLFF, 1963), however, it is now generally accepted
that the therapeutic effect of ergotamine is closely related to its long lasting periph-
eral vasoconstrictor activity in the dilated branches of the external carotid artery
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Rabbit uterus in situ

phentolamine
2.5 mg/kg l.v.

noradrenaline
1IJg/kg i.v,

ergotamine
0.2 mg/kg i.v.

oxytocin
250mU i.v.

of «-adrenoceptors by phentolamine decreased mean arterial blood pressure and completely
abolished the uterotonic effect of noradrenaline and ergotamine but not that of oxytocin.
Time: 2.4min between the vertical lines (HOOL-ZULAUF and STURMER, unpublished)

(Fig. 10). Studies employing various experimental arrangements have indeed de-
monstrated that (1) the preexisting vascular tone is determinant for the vasoconstric-
tor effect of ergotamine (AELLIG and BERDE, 1969), (2) different vascular beds
in the cat show different sensitivities to ergotamine (ROTHLIN and CERLETTI,1949),
and (3) the carotid artery bed in the dog is more sensitive to this substance
than some other vascular beds (CARPI and VIRNO, 1957; SAXENAand DE VLAAM-
SCHLUTER,1974).

The most effective way of administering ergotamine to abort a migraine attack
is by parenteral injection. For practical reasons, however, oral administration of
ergotamine is preferred, usually in combination with caffeine, in order to accelerate
and enhance absorption (BERDE et al., 1970; SCHMIDT and FANCHAMPS, 1974).

Studies of isolated arteries of dogs and man (PICHLER et al., 1953; TODA and
FUJITA, 1973; MULLER-SCHWEINITZER, 1976) have shown that they respond to
serotonin (5-HT), which stimulates arterial vascular smooth muscle in concentra-
tions about 10 times lower than noradrenaline. If the maximal effect (efficacy
or intrinsic activity) of serotonin is expressed in terms of the maximal effect of
noradrenaline, it varies considerably in different types of arterial smooth muscle:
in the dog saphenous artery the efficacy of serotonin is 60% of noradrenaline
efficacy; in the dog external carotid artery and basilar artery it is 160% and
540%, respectively. Isolated dog arteries also respond to ergotamine (MULLER-
SCHWEINITZER, 1976), which stimulates the three above-mentioned preparations
in concentrations about 100 times lower than that of noradrenaline. The efficacy
of ergotamine in the three preparations, measured in terms of noradrenaline, was
found to be less than that of serotonin but paralleled it, being 20%, 50%, and
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Fig. 10. Migraine attack in a woman of 22. The intensity of the pain runs parallel to the
amplitude of pulsation of the temporal artery. Intramuscular injection of ergotamine tartrate
exerts a tonic action on the vessels and terminates the headache. After a case of WOLFF
(1955)-redrawn by permission of the author (FANCHAMPS,1958)

210%, respectively, of noradrenaline efficacy (Fig. 11). These findings suggest that
ergotamine stimulation of arterial smooth muscle may be partly mediated through
serotonin receptor sites.

There is evidence that in man, a decrease in the serotonin blood level precedes
the migraine attack and may be a factor in the fall of vascular tone responsible
for the headache (LANCE,1969). It is conceivable that the therapeutic effect of
ergotamine is due to stimulation of serotonin receptors of cranial arteries.

Ergotamine also has a powerful effect on capacitance vessels, producing con-
striction (OWENand STURMER,1972; CHU et al., 1976). These effects of ergotamine
on the venous site of the circulation are mediated by o-adrenoceptors, as previously
mentioned. It is not known if this is of relevance to the antimigraine effect.

For the prophylactic treatment of migraine-and of some other vascular
headaches - methysergide (1-Methyl-D-lysergic-acid-L-2-buta nolamide-hydrogen-
maleinate e- Deseril = Sansert) is the prototype ergot compound.

Ever since the possible involvement of serotonin in the pathophysiology of
migraine was first discussed by H.G. Wolff's research team (OSTFELDet al., 1957),
a steadily increasing body of evidence has supported the view that this autacoid
indeed does playa role in these forms of headache (see e.g. LANCE,1969). The
first successful therapeutic experiment with methysergide (SIClJTERI,1959)was based
on this assumption, methysergide being given for its serotonin-antagonistic effect.
It was thereafter generally maintained that the key pharmacologic quality of methy-
sergide in this application is its outstanding serotonin-antagonistic effect; the com-
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Fig. 11. Dose-response curves for ergotamine in spiral strips from canine saphenous arteries
(. ----., for each point, n=6), external carotid arteries (. -., for each point, n=6)
and basilar arteries (0 - 0, for each point, n = 5) expressed as percentages of the maximum
responses to noradrenaline (MULLER-SCHWElNlTZER, 1976)

pound shows a high antiserotonin activity in many pharmacologic tests-not only
on different types of smooth muscle, blood pressure, etc., but also on the inflamma-
tory effect of subcutaneously injected serotonin-whereas it is practically devoid
of uterotonic and vasoconstrictor activity in tests generally used for the characteriza-
tion of ergot compounds (CERLETTIet al., 1960; FANCHAMPSet al., 1960; BERDE,
1972). It has recently been shown (SAXENA, 1972, 1974), however, that in the
carotid artery bed of the dog, low doses of methysergide bring about a selective
dose-dependent vasoconstrictor effect (Fig. 12). Although this effect of methyser-
gide is much less pronounced than that of ergotamine, it is remarkable in itself;
the threshold dose is about 20 !lg/kg i.v. (that of ergotamine being about 1 !lg/kg
i.v.). Furthermore, it was shown that the anti serotonin effect of methysergide
is present but not prominent in this particular vascular bed (SAXENA,1972). These
findings opened up new possibilities for the pharmacologic explanation of the
therapeutic effect of methysergide, since it has been established (TODA and FUJITA,
1973; MULLER-SCHWEINITZER,1976) that in the cerebral arteries of the dog seroto-
nin is a potent vasoconstrictor, and the vasoconstrictor effect of ergotamine in
these arteries is mediated by serotoninergic receptors. It has indeed been suggested
recently that methysergide may exert its therapeutic effect as an agonist rather
than an antagonist of serotonin in the carotid vascular bed (LANCE, 1974).

The pharmacologic effects of the peptide alkaloid dihydroergotamine (as methan-
sulfonate =Dihydergot) differ quantitatively rather than qualitatively from those
of its nonhydrogenated parent compound ergotamine. Thus, the peripheral vaso-
constrictor effect of dihydroergotamine both in dogs and cats is considerably weaker
than that of ergotamine (AELLIG and BERDE, 1969; OWE and STURMER, 1972),
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Fig. 12. Effect of the antimigraine drugs on the mean arterial blood pressure and the mean
flow and resistance in the external carotid bed of the dog. Note the decrease in the carotid
flow and the increase in the resistance by ergotamine and methysergide but not by cyprohepta-
dine (SAXENA, 1972)

whereas the e-adrenergic blocking activity on smooth muscle is (several times)
stronger than that of ergotamine (BRUGGER,1945; ROTHLIN,1947). Dihydroergota-
mine is also a relatively strong antagonist of serotonin (GADDUMand HAMEED,
1954). It inhibits baroreceptor circulatory reflexes (v. EULERand HESSER,1947)
and sensitizes some smooth muscle preparations to the effect of sympathetic stimu-
lation and noradrenaline (WEIDMANNand TAESCHLER,1966) and, like ergotamine,
inhibits the re-uptake of noradrenaline at sympathetic nerve endings (PACHAand
SALZMANN,1970) (Fig. 13).

Interestingly, dihydroergotamine is of therapeutic value both for the treatment
of the migraine attack and for the prophylaxis of migraine and some other vascular
headaches. For the discussion of the possible or probable relevance of different
pharmacologic properties for these therapeutic applications see the above paragraphs
concerning ergotamine and methysergide.

For the therapeutic use of dihydroergotamine in orthostatic hypotension, its
constrictor effect, which is mainly confined to the capacitance vessels, is of rele-
vance. Experiments on the auto perfused hind limb of the cat have shown that
some ergot alkaloids increase the tone of capacitance vessels dose-dependently
in the vascular beds of skin and skeletal muscle. Dihydroergotamine is more selec-
tive than ergotamine in that it influences resistance vessels less at the same dosage,
the difference being more pronounced in skin (OWENand STURMER,1972; CHU
et aI., 1976) (Fig. 14). The effect of dihydroergotamine on venous tone is compar-



Introduction to the Pharmacology of Ergot Alkaloids and Related Compounds 17

% increase of
the noradrenaline
content in the
spleen perfusate
after nerve
stimulation (= NA)

+300

+260

+220

+180

+140

+100

+60

+20o
-20

-60

-100

Ergotamine 1-Methyl- IDihydro- Hydergine
ergotamine ergotamine

phenoxy-
benzamine

gr----=i
V

()(-blockade.
% reduction of
splenic contraction
after nerve
stimulation (= V)

S = Stimulation

V

tttt tttt tttt tttt
SSSS SSSS SSSS SSSS

t t t t
S S S S

Fig. 13. The altered response of the isolated perfused spleen of the cat to postganglionic
sympathetic stimulation (contraction, noradrenaline output) after administration of 1 Ilg/min
i.a. of ergotamine, l-methylergotamine, dihydroergotamine, Hydergine, and phenoxybenzamine
(PACHA and SALZMANN, 1970)

able with that of electric sympathetic stimulation, but dihydroergotamine is more
selective than sympathetic stimulation in that it constricts capacitance vessels while
having a negligible effect on resistance. The effect of dihydroergotamine on
capacitance vessels is most probably mediated by long-lasting o-adrenoceptor
stimulation, because it is abolished by c-adrenoceptor blocking drugs.

The venoconstrictor effect of dihydroergotamine was first described in man
(MELLANDER and NORDENFELT, 1970) when it was shown that in resting normal
subjects 10 ugjkg i.v. of dihydroergotamine mobilized about 350 ml of blood by
contracting capacitance vessels in skin and skeletal muscle. In patients with ortho-
static hypotension, the same doses increased cardiac output by somewhat less than
half a liter in the supine position and somewhat more than half a liter in the
erect position (NORDENFELT and MELLANDER, 1972).

It has been known for some time that certain ergot alkaloids may interfere
with lactation and/or reproduction. It was observed, for example, that ergotoxine
prevented the formation of deciduomas in the uteri of pseudo-pregnant rats, and
it was suggested that this effect may be due to an influence-possibly via the
hypothalamus-on the pituitary gland, resulting in inhibition of prolactin secretion
(SHELESNYAK, 1954, 1958).

The prototype of an ergot compound which selectively inhibits prolactin secretion
is bromocriptine (= CB 154=Parlodel). This is the compound which is now clinically
used to suppress normal or pathologically increased prolactin secretion in man,
i.e., for suppression of lactation and for treatment of certain types of hypogonadism
due to hyperprolactinemia in both males and females. It has also helped to better
our understanding of how prolactin secretion is controlled and what role this
hormone plays in the physiology of different species.

This substance was developed from ergotoxine with the aim of retaining the
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Fig. 14. Effects of ergotamine (broken lines) and dihydroergotamine (solid lines) on skeletal
muscle (.) and skin (0) vasculature of the cat. The capacitance response was calculated
from the rapid reduction in tissue volume on drug administration and is expressed as ml/lOO g
tissue. The resistance response is plotted as the post-treatment value expressed as a percentage
of the pre-treatment value. The doses are expressed as Jlg/kg (calf muscle: Jlg/kg muscle
i.a.; skin: Jlg/kg cat body weight) (CHU et al., 1976)

prolactin-inhibiting effect and eliminating the oxytocic and cardiovascular side-
effects of the parent compound (FU}CKIGER, 1972, 1975; FUlcKIGER et al., 1976b).

As a result of many observations, the inhibition of prolactin secretion was
suggested as the mode of action of bromocriptine: termination of pseudo-pregnancy
in the rat (FLUCKIGER, 1972) and prevention of implantation - an "all or nothing"
type reaction - with an ED 50 of 0.7 mg/kg s.c. in the rat (FLUCKIGERand WAGNER,
1968), lack of effect on early pregnancy in the rabbit (FLUCKIGER, 1972), increase
in ovarian weight and number of persisting corpora lutea after daily administration
of 3 mg/kg p.o. and more to adult rats (BILLETERand FLUCKIGER, 1971), inhibition
of milk secretion in several animal species at different dose levels (FLUCKIGER
and WAGNER, 1968; FLUCKIGER, 1972; FLUCKIGER et al., 1976a; MAYER and
SCHUTZE, 1973), suppression of the development of chemically induced mammary
tumors with 6 mgjkg i.p. daily (STAHELINet al., 1971), etc.

With the development of highly sensitive and specific bioassays (FRANTZ et al.,
1972) and radioimmunoassays (FRIESEN et al., 1972), the direct measurement of
plasma prolactin levels became possible. Bromocriptine was demonstrated to
decrease plasma prolactin concentration in several species, e.g., in mice (SINHAet al.,
1974), in rats (MARKO and FLUCKIGER, 1974; DOHLER and WUTTKE, 1974), in
sheep (NISWENDER, 1974), in goats (HART, 1973), in cows (KARG et al., 1972;
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Fig. 15. Inhibition of prolactin plasma levels and milk secretion in eight lactating women
exhibiting normal basal plasma prolactin concentrations (DEL Pozo et aI., 1975)

SCHAMS eta1., 1972), and in man with a few milligrams per os (DEL POZO et a1.,
1972; DEL POZO etal., 1975) (Fig. 15).

The mechanism of action of bromocriptine is not fully understood. It is, how-
ever, clear that bromocriptine is not a prolactin antagonist in the sense that it
would compete for peripheral prolactin-receptor sites. Its effect is the inhibition
of the release of prolactin from the pitui tary: it was found by in vitro studies
on rat pituitary glands (PASTEELS et al., 1971; NAGASAWA et al., 1973) and pituitary
cell cultures (TASHJIAN and HOYT, 1972) to inhibit prolactin secretion by a direct
action on the prolactin secreting cell. In the mammal, prolactin release by the
adenohypophysis is under tonic inhibition by the hypothalamus. The inhibitory
effect is maintained hormonally, but the identity of the hypothalamic hormone
responsible for inhibiting prolactin secretion is uncertain, some authors maintaining
that it is a specific polypeptide acting on dopamine receptors, others suggesting
that it may be dopamine itself. The action of bromocriptine bears some resemblance
to the hypothetical hypothalamic factor which inhibits prolactin secretion. It is
probable that the membrane-stabilizing effect of bromocriptine at the prolactin
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secreting cell itself is also due to dopamine receptor stimulation (T AKAHARAet al.,
1974; MACLEOD and LEHMEYER,1974; HILL-SAMLIand MACLEOD, 1975).

Other findings suggest an additional hypothalamic effect brought about by
dopaminergic stimulation of tuberoinfundibular neurones which control both pro-
lactin and gonadotrophin secretion (HbKFELT and FUXE, 1972). The two sites
of action, the prolactin cell of the pituitary and the hypothalamic dopaminergic
stimulation, do not necessarily suggest two different mechanisms of action.

Inhibition of prolactin secretion is of course only one consequence of stimulation
of dopaminergic receptor sites by bromocriptine. It is well established that this
alkaloid also stimulates dopaminergic neurone systems in the central nervous system
which are involved in nonendocrine functions (CORRODI et aI., 1973; JOHNSON
et aI., 1973; JOHNSON et aI., 1976). This long-acting central dopamine receptor
stimulating activity is probably the basis of the therapeutic effect of bromocriptine
in Parkinson's disease (e.g. CALNEet aI., 1976).

The therapeutic use ofbromocriptine is not restricted to prevention or inhibition
of lactation, but it is also successfully used to treat certain types of infertility.
With regard to the mechanism of this effect, one has to consider that inhibition
of prolactin secretion increases gonadotrophin secretion and vice versa. Both are
under the control of the hypothalamus; therefore, bromocriptine can be used
to increase gonadotrophin secretion in cases of hypogonadism due to an imbalance
in hypothalamic control, i.e., to an unduly high prolactin secretion. This was
demonstrated in mice (YANAI and NAGASAWA, 1970), in rats (FUJCKIGER et al.,
1972), and in man (LUTTERBECKet al., 1971; BESSERet al., 1972; DEL Pozo and
FUJcKIGER, 1973).

From animal work in the goat (HART, 1974), the cow (SMITH et al., 1974),
and in the mouse (SINHA .et aI., 1974), there is no evidence that bromocriptine
significantly alters the secretion of TSH, ACTH, or growth hormone. An apparent
paradox is that bromocriptine depresses growth hormone secretion in acromegalic
patients but not in normal subjects (e.g., THORNERand BESSER,1976).

The ergo line derivative lergotrile (= 2-chloro-6-methyl-ergoline-8f1-acetonitrile
mesylate) shows effects similar to those of the peptide alkaloid bromocriptine.
It inhibits dose-dependent prolactin secretion as well as milk secretion in vitro
and in vivo in rats (CLEMENSet al., 1975) and in humans (CLEARY et aI., 1975).
There is evidence to show that this compound also acts as an agonist on some
dopaminergic receptor sites (CLEMENSet aI., 1975; LIEBERMANet aI., 1975).

Amongst ergot compounds which have been shown to be of therapeutic value
in senile cerebral insufficiency (= psycho-organic disease or psycho-organic defect
of aging=the syndrome of mental and behavioral deterioration in aging) dihydro-
ergotoxine mesylate (Hydergine =equal parts of the mesylates of dihydroergocornine,
dihydroergocristine and dihydroergokryptine [dihydro-o -ergokryptine and dihydro-
fJ-ergokryptine in the proportion 2 to 1]) is the prototype. It is therapeutically
the most widely used preparation and the one for which a modern clinical
pharmacologic methodology has been developed.

The mechanism of its action in the human is not fully understood, and it
is not possible to say which of the measurable pharmacologic effects of dihydroergo-
toxine mesylate in animal experiments are relevant for the clinical activity. There
is, however, some reason to believe that receptor-mediated interactions involving
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Fig. 16. Noradrenaline dose-dependently increases the cAMP content of rat cerebral cortex
slices in vitro by stimulating adenyl cyclase activity. Pretreatment with dihydroergotoxine
mesylate inhibits dose-dependently the effect of noradrenaline (MARKSTEINand WAGNER, 1978)

cyclic AMP and other metabolic parameters, rather than effects on cerebral blood
flow, are of primary importance (MEIER-RuGE et al., 1975). The following findings
underline this aspect.

The influence of dihydroergotoxine mesylate on cyclic adenosine monophos-
phate (cAMP) of the brain was investigated in in vitro systems. In rat cortex
slices it inhibited dose-dependently (EC50 = 10- 8 M) the noradrenaline-stimulated
adenyl cyclase activity, resulting in a decrease of cAMP synthesis as depicted
in Figure 16 (MARKSTEIN and WAGNER, 1978). In homogenates of cat cerebral
cortex, dihydroergotoxine mesylate inhibits ~ albeit in higher concentrations (range
10-5 M)~the predominantly membrane-located so-called "Iow-Kj, phosphodi-
esterase," resulting in a relative increase of the cAMP concentration (IWANGOFF
etaI.,1975).

In the more complex system of the perfused cat brain preparation some meta-
bolic parameters were studied by means of semiquantitative histochemical methods
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(EMMENEGGERand MEIER-RuGE, 1968). Changes in some enzyme activities following
the reduction of the temperature of the perfusion fluid from 36° C to 29° C were
shifted in the direction of the prae-hypothermic values by adding to the perfusion
fluid a few !lg/min dihydroergotoxine mesylate. In the same experimental setting,
hypothermia-induced increase of cerebral lactic acidosis was counteracted by dihy-
droergotoxine mesylate (8 !lg/min for 30 min) which increased the ratio of LlAV-
pyruvate to LlAV-L-Iactate (CERLETTlet ai., 1973).

In the isolated perfused cat brain preparation, infusion of 8 ugmiin dihydroergo-
toxine mesylate facilitates EEG-recovery after temporary ischemia (CERLETTIet ai.,
1973). In superficially anesthetized cats a marked reduction of cerebral blood
flow leads to a decrease of EEG activity. This can be partially prevented by
the infusion of 4 !lg/kg/min dihydroergotoxine mesylate for 20 min, although the
reduced cerebral blood flow is not significantly altered (GYGAX et aI., 1976). In
the curarized cat 0.1-0.8 rug/kg dihydroergotoxine mesylate i.v. reduced the number
of reserpine-induced spike potentials in the pontogeniculo-occipital system ("PGO-
spikes") in a dose-dependent way and reversed reserpine-induced electroencepha-
lographic arousal to a high-amplitude, slow-wave pattern in cortical recordings
(DEPooRTERE et al., 1975). In the rat I mg/kg dihydroergotoxine mesylate i.p.
altered the electroencephalographically monitored sleep/wakefulness cycle by pro-
longing wakefulness and by shortening classical and paradoxical sleep (LOEW et al.,
1976).

There is evidence that dihydroergotoxine mesylate can interfere with at least
three types of receptors in the brain: In the case of inhibition of noradrenaline-
stimulated adenyl-cyclase activity, adrenergic receptors in the cortex are involved
(MARKSTEINand WAGNER, 1975); in the case of inhibition of reserpine-induced
potentials, a serotoninergic structure located in the pontine reticular formation
is probably involved (DEPooRTERE et aI., 1975). It could further be shown that
i.v. administration of2.5-10 mgjkg dihydroergotoxine mesylate reduced, in a dose-
dependent manner, the anti nociceptive effect of morphine in the rabbit, probably
via a dopaminergic system close to the fourth ventricle (DEPooRTERE et al., 1975).

Obviously most of the above-mentioned experimental parameters cannot be
investigated in man. However, EEG-studies have revealed characteristic effects
of dihydroergotoxine mesylate. Electrical brain activity undergoes steady changes
in frequencies and abundance during life. With age, there is a slowing of the
dominant alpha frequency, an increase of the slow delta and theta activities, and
a decrease in the percentage of alpha activity (ROUBlCEKet al., 1972, 1973; MATEJ-
CEK and DEVOS, 1976). In hospitalized, nonpsychotic geriatric patients, daily oral
doses of 4.5 mg dihydroergotoxine mesylate brought about a shift in the dominant
frequency to the fast part of the electrical spectrum and an increase in the amplitude
and a better modulation of the alpha frequency (ROUBICEKet al., 1972) .:

Among other ergot alkaloids, dihydroergonine (DN 16-457) has in many respects
effects similar to those of dihydroergotoxine mesylate, both in animal models
(MEIER-RuGE etaI., 1975) and in the human EEG (MATEJCEK and DEVOS, 1976).

Nicergoline (Sermion) was also reported to be of therapeutic value in senile
cerebral insufficiency. Of its pharmacologic effects, the following may be relevant
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in this respect: The recovery of a normal EEG-pattern after cerebral ischemia
in the cat was accelerated by 150 ~g/kg nicergoline i.v. or 15 ~g/kg injected into
the carotid artery (SUCHOWSKY and PEGRASSI, 1974). The same is true for the
postischemic recovery of cortical-evoked potentials of the cerebral hemispheres in
the cat; unilateral intracarotid injection of 20-400 ug nicergoline produced a more
rapid recovery on the treated side (BorSl'.1ARE and LORE ZO, 1975). On the isolated
dog brain in situ in the recovery phase following hypoxia, intracarotid infusion
of the compound increased glucose utilization and decreased pyruvic acid formation
(BENZI et aI., 1972).

References

Aellig, W.H., Berde, B.: Studies of the effect of natural and synthetic polypeptide type ergot
compounds on a peripheral vascular bed. Brit. J. Pharmacol. 36, 561-570 (1969)

Ahlquist, R.P.: A study of the adrenotropic receptors. Amer. J. Physiol. 153, 586-600 (1948)
Altman, S.G., Waltman, R., Lubin, S., Reynolds, S.R.M.: Oxytocic and toxic actions of

dihydroergotamine-45. Amer. J. Obstet. Gynec. 64, 101-109 (1952)
Benzi, G., De Bernardi, M., Manzo, L., Ferrara, A, Panceri, P., Arrigoni, E., Berte, F.:

Effect of Iysergide and nimergoline on glucose metabolism investigated on the dog brain
isolated in situ. J. pharm. Sci. 61, 348-352 (1972)

Berde, B.: Recent progress in the elucidation of the mechanism of action of ergot compounds
used in migraine therapy. Med. J. Aust. Spec. Suppl. 2, 15-26 (1972)

Berde, B. : Human plasma levels of anti-migraine drugs contrasted with their active concentra-
tions in isolated organ systems. The Bergen Migraine Symposium, Bergen, 4-6 June, 1975

Berde, B., Cerletti, A., Dengler, R.J., Zoglio, M.A: Studies of the interaction between ergot
alkaloids and xanthine derivatives. In: Background to Migraine. Cochrane, AL. (ed.),
pp. 80-102. London: William Heinemann Medical Books 1970

Berde, B., Rothlin, E.: Uber die Uteruswirkung hydrierter Mutterkornalkaloide an Kaninchen
und Katzen vor, wahrend und nach der Geburt. Helv. physiol. pharmacol. Acta 11, 274-282
(1953)

Berde, B., Saameli, K.: Evaluation of substances acting on the uterus. In: Methods in Drug
Evaluation. Mantegazza, P., Piccinini, F. (eds.), pp. 481-514. Amsterdam: North Holland
Publ. 1966

Besser, G.M., Parke, L., Edwards, C.R.W., Forsyth, LA., McNeilly, AS.: Galactorrhoea:
successful treatment with reduction of plasma prolactin levels by brom-ergocryptine. Brit.
med. J. 3, 669-672 (1972)

Billeter, E., Fliickiger, E.: Evidence for a luteolytic function of prolactin in the intact cyclic
rat using 2-Br-ex-Ergokryptine (CB 154). Experientia (Basel) 27, 464-465 (1971)

Boismare, F., Lorenzo, J.: Study of the protection afforded by nicergoline against the effects
of cerebral ischemia in the cat. Arzneimittel-Forsch. 25, 410-413 (1975)

Bradley, P.B., Briggs, 1.: Ergot alkaloids and related substances. In: Neuropoisons-; Their
Pathophysiological Actions. Poisons of Plant Origin. Simpson, L.L., Curtis, D.R. (eds.),
Vol. II, pp. 249-296. New York-London: Plenum Press 1974

Brody, T.M., Diamond, J.: Blockade of the biochemical correlates of contraction and relaxation
in uterine and intestinal smooth muscle. Ann. N.Y. Acad, Sci. 139, 772-780 (1967)

Brown, G.L., Dale, Sir Henry: The pharmacology of ergometrine. Proc. roy. Soc. B. 118,
446-477 (1935)

Briigger, J.: Die isolierte Samenblase des Meerschweinchens als biologisches Testobjekt zur
quantitativen Differenzierung der sympathikolytischen Wirkung der genuinen Mutterkorn-
alkaloide und ihrer Dihydroderivate. Helv. physiol. pharmacol, Acta 3, 117-134 (1945)

Caine, D.B., Kartzinel, R., Shoulson, 1.: An ergot derivative in the treatment of Parkinson's
disease. Postgrad. med. J. 52 (Sup pI. 1), 81-82 (1976)



24 B. BERDEand E. SnJRMER

Carpi, A., Virno, M.: The action of ergotamine on the intracranial venous pressure and
on the cerebral venous outflow of the dog. Brit. J. Pharmacol. 12, 232-239 (1957)

Cerletti, A., Berde, B., Doepfner, W., Emmenegger, H., Konzett, H., Schalch, W.R., Taeschler,
M., Weidmann, H.: Deserilw (methysergide, UML-491), a specific serotonin antagonist.
Sci. Exhibit 6th Internat. Congr. Int. Medicine, Basle, 24-27 August, 1960

Cerletti, A., Emmenegger, H., Enz, A., Iwangoff, P., Meier-Ruge, W., Musil, J.: Effects
of ergot DH-alkaloids on the metabolism and function of the brain. An approach based
on studies with DH-ergonine. In: Central Nervous System -Studies on Metabolic Regulation
and Function. Genazzani, E., Herken, H. (eds.), pp. 201-212. Berlin-Heidelberg-New York:
Springer 1973

Chu, D., Owen, D.A.A., Sturmer, E.: Effects of ergotamine and dihydroergotamine on the
resistance and capacitance vessels of skin and skeletal muscle in the cat. Postgrad. med.
J. 52 (Suppl. I), 32-36 (1976)

Cleary, R.E., Crabtree, R., Lemberger, L.: The effect of lergotrile on galactorrhea and gona-
dotropin secretion. J. clin. Endocr. 40, 830-833 (1975)

Clemens, J.A., Srnalstig, E.B., Shaar, C.J.: Inhibition of prolactin secretion by lergotrile mesy-
late: mechanism of action. Acta endocr. (Kbh.) 79, 230-237 (1975)

Corrodi, H., Fuxe, K., Hokfelt, T., Lidbrink, P., Ungerstedt, u.: Effect of ergot drugs on
central catecholamine neurons: evidence for a stimulation of central dopamine neurons.
Letters to the Editor. J. Pharm. Pharmacol. 25, 409-412 (1973)

Del Pozo, E., Fluckiger, E.: Prolactin inhibition: experimental and clinical studies. In: Human
Prolactin. Pasteels, J.L., Robyn, C. (eds.), pp. 291-301. Amsterdam: Excerpta Medica
1973

Del Pozo, E., Goldstein, M., Friesen, H., Brun Del Re, R., Eppenberger, U.: Lack of action
of prolactin suppression on the regulation of the human menstrual cycle. Amer. J. Obstet.
Gynec. 123, 719-723 (1975)

Del Pozo, E., Brun del Re, R., Varga, L., Friesen, H.: The inhibition of prolactin secretion
in man by CB-1S4 (2-Br-lX-ergocryptine). J. clin. Endocr. 35, 768-771 (1972)

Depoortere, H., Loew, D.M., Vigouret, lM.: Neuropharmacological studies on Hydergine e.
Triangle 14, 73-79 (1975)

Dahler, K.D., Wuttke, W.: Total blockade of phasic pituitary prolactin release in rats: effect
on serum LH and progesterone during the estrous cycle and pregnancy. Endocrinology
94,1595-1600 (1974)

Dudley, H.W., Moir, Ch.: The substance responsible for the traditional clinical effect of
ergot. Brit. med. J. I, 520-523 (1935)

Embrey, M.P., Garrett, W.J.: A study of the effects of dihydroergotamine on the intact
human uterus. J. Obstet. Gynaec. Brit. Emp. 62, 150--154 (1955)

Emmenegger, H., Meier-Ruge, W. : The actions of Hyderginew on the brain. A histochemical,
circulatory and neurophysiological study. Pharmacology 1, 65-78 (1968)

Euler, U.S. v., Hesser, C.M.: Beobachtungen uber Hemmungen der Sinusdruckreflexe durch
Ergotamin, Dihydroergotamin und Hyperventilation. Schweiz. med. Wschr. 77, 20-21 (1947)

Euler, U.S. v., Schmiterlow, C.G.: The action of ergotamine on the chemical and mechanical
reflexes from the carotid sinus region. Acta physiol. pharmacol. scand. 8, 122-133 (1944)

Fanchamps, A.: Migraine and related types of headache-Pathogenesis and Therapy. S. Afr.
Practit. 3, 33-40 (1958)

Fanchamps, A., Doepfner, W., Weidmann, H., Cerletti, A.: Pharmakologische Charakterisie-
rung von Deserilw, einem Serotonin-Antagonisten. Schweiz. med. Wschr. 90, 1040-1046
(1960)

Fluckiger, E.: Drugs and the control of prolactin secretion. In: Prolactin and Carcinogenesis.
Proc. 4th Tenovus Workshop. Boyns, A.R., Griffiths, K. (eds.), pp. 162-180. Cardiff:
Alpha Omega Alpha 1972

Fluckiger, E. : Pharmacological characterization of CB 154 (bromocriptin). Triangle 14, 153-157
(1975)

Fluckiger, E., Billeter, E., Wagner, H.R.: Inhibition of lactation in rabbits by 2-Br-lX-ergokryp-
tine-mesilate (CB 154). Arzneimittel-Forsch. 26, 51-53 (1976a)

Fluckiger, E., Doepfner, W., Marko, M., Niederer, W.: Effects of ergot alkaloids on the
hypothalamic-pituitary axis. Postgrad. med. J. 52 (Suppl. 1), 57-61 (1976b)



Introduction to the Pharmacology of Ergot Alkaloids and Related Compounds 25

Fhickiger, E., Lutterbeck, P.M., Wagner, H.R., Billeter, E.: Antagonism of 2-Br-lX-ergokryp-
tine-methanesulfonate (CB 154) to certain endocrine actions of centrally active drugs. Exper-
ientia (Basel) 28, 924-925 (1972)

Fluckiger, E., Wagner, H.R.: 2-Br-IX-Ergokryptin: Beeinflussung von Fertilitat und Laktation
bei der Ratte. Experientia (Basel) 24,1130-1131 (1968)

Fozard, J.R.: The animal pharmacology of drugs in the treatment of migraine. In: Migraine
and Related Headaches. Saxena, P.R. (ed.), pp. 93-118. Rotterdam: Erasmus University
1975a

Fozard, J.R.: The animal pharmacology of drugs used in the treatment of migraine. J. Ph arm.
Pharmacol. 27, 297-321 (1975b)

Frantz, A.G., Kleinberg, D.L., Noel, G.L.: Studies on prolactin in man. Recent Progr. Hor-
mone Res. 28, 527-590 (1972)

Friesen, H., Hwang, P., Guyda, H., Tolis, G., Tyson, J., Myers, R.: A radioimmunoassay
for human prolactin. In: Prolactin and Carcinogenesis. Proc. 4th Tenovus Workshop.
Boyns, A.R., Griffiths, K. (eds.), pp. 64-80. Cardiff: Alpha Omega Alpha 1972

Gaddum, J.H., Hameed, K.A.: Drugs which antagonise 5-hydroxy-tryptamine. Brit. J. Pharma-
col. 9, 240-248 (1954)

Gygax, P., Meier-Ruge, W., Schulz, u., Enz, A.: Experimental studies on the action of
metabolic and vasoactive substances in the oligemically disturbed brain. Arzneimittel-
Forsch. 26, 1245-1246 (1976)

Hart, 1.c.: Effect of 2-bromo-lX-ergocryptine on milk yield and the level of prolactin and
growth hormone in the blood of the goat at milking. J. Endocr. 57,179-180 (1973)

Hart, 1.C. : The relationship between lactation and the release of prolactin and growth hormone
in the goat. J. Reprod. Fertil. 39, 485-499 (1974)

Hill-Samli, M., MacLeod, R.M.: Thyrotropin-releasing hormone blockade of the ergocryptine
and apomorphine inhibition of prolactin release in vitro. Proc. Soc. expo BioI. (N.Y.)
149,511-514 (1975)

Hokfelt, T., Fuxe, K.: On the morphology and the neuroendocrine role of the hypothalamic
catecholamine neurons. In: Brain-Endocrine Interaction. Knigge, K.M., Scott, D.E.,
Weindl, A. (eds.), pp. 181-:223. Basel: Karger 1972

Hool-Zulauf, B., Sturmer, E.: Oxytocic activity of two dihydro-ergot peptide alkaloids on
the rabbit uterus in situ. Naunyn-Schmiedeberg's Arch. Pharmacol. 293, (Suppl.) R 35
(1976)

Hool-Zulauf, B., Sturmer, E.: Oxytocic activity of two dihydrogenated ergot peptide alkaloids
on the rabbit uterus in situ. Arzneimittel-Forsch. 27, 2323-2325 (1977)

Iwangoff, P., Enz, A., Chappuis, A.: Inhibition of cAMP-phosphodiesterase of different cat
organs by DH-ergotoxine in the micromolar substrate range. Int. Res. Commun. System
med. Sci. 3, 403 (1975)

Johnson, A.M., Loew, D.M., Vigouret, J.M.: Stimulant properties of bromocriptine on central
dopamine receptors in comparison to apomorphine, (+ )-amphetamine and L-dopa. Brit.
J. Pharmacol. 56, 59-68 (1976)

Johnson, A.M., Vigouret, J.M., Loew, D.M.: Central dopaminergic actions of ergotoxine
alkaloids and some derivatives. Experientia (Basel) 29, 763 (1973)

Karg, H., Schams, D., Reinhardt, V.: Effects of 2-Br-lX-ergocryptine on plasma prolactin
level and milk yield in cows. Experientia (Basel) 28, 574-576 (1972)

Kharasch, M.S., King, H., Stoll, A., Thompson, M.R.: The new ergot alkaloid. Science 83,
206-207 (1936)

Kirchhof, A.C., Racely, C.A., Wilson, W., David, N.A.: An ergonovine-like oxytocic syn-
thesized from lysergic acid. West. J. Surg. 52, 197-208 (1944)

Konzett, H.: Specific antagonism of dibenamine to ergometrine. Ciba Foundation Symposium
on Adrenergic Mechanisms. Wolstenholme, G.E.W., O'Connor, M. (eds.), pp. 463-465.
London: Churchill 1960

Lance, J.W.: The Mechanism and Management of Headache. London: Butterworths 1969
Lance, J.W.: The pathophysiology and treatment of migraine. N.Z. med. J. 79, 954-960

(1974)
Lieberman, A., Miyamoto, T., Battista, A.F., Goldstein, M.: Studies on the antiparkinsonian

efficacy of lergotrile. Neurology (Minneap.) 25, 459-462 (1975)



26 B. BERDE and E. STURMER

Loew, D.M., Vigouret, J.M., Jaton, A.L.: Neuropharmacological investigations with two ergot
alkaloids, Hydergine and bromocriptine. Postgrad. med. J. 52 (Suppl. I), 40--46 (1976)

Lutterbeck, P. M., Pryor, J.S., Varga, L., Wenner, R.: Treatment of non-puerperal galactorr-
hoea with an ergot alkaloid. Brit. med. J. 3, 228-229 (1971)

Macl.eod, R.M., Lehmeyer, J .E.: Studies on the mechanism of the dopamine-mediated inhibi-
tion of prolactin secretion. Endocrinology 94, 1077-1085 (1974)

Marko, M., Fliickiger, E.: Inhibition of spontaneous and induced ovulation in rats by non-
steroidal agents. Experientia (Basel) 30, 1174-1176 (1974)

Markstein, R., Wagner, H.: The effect of dihydroergotoxin, phentolamine and pindolol on
catecholamine-stimulated adeny1cyclase in rat cerebral cortex. FEBS Lett. 55, 255-257
(1975)

Markstein, R., Wagner, H.: Effect of dihydroergotoxine on cyclic AMP generating systems
in rat cerebral cortex slices. Gerontology (1978) (in press)

Matejcek, M., Devos, J.E.: Selected methods of quantitative EEG analysis and their applica-
tions in psychotropic drug research. In: Quantitative Analytic Studies in Epilepsy. Kellaway,
P., Petersen, 1. (eds.), pp. 183-205. ew York: Raven Press 1976

Mayer, P., Schutze, E.: Effect of 2-Br-a-ergokryptine (CB 154) on lactation in the bitch.
Experientia (Basel) 29, 484--485 (1973)

Meier, J., Schreier, E.: Human plasma levels of some anti-migraine drugs. Headache 16,
96-104 (1976)

Meier-Ruge, W., Enz, A., Gygax, P., Hunziker, 0., Iwangoff, P., Reichlmeier, K.: Experimental
pathology in basic research of the aging brain. In: Aging. Gershon, S., Raskin, A. (eds.),
Vol. II, pp. 55-126. New York: Raven Press 1975

Mellander, S., Nordenfelt, 1.: Comparative effects of dihydroergotamine and noradrenaline
on resistance, exchange and capacitance functions in the peripheral circulation. Clin. Sci.
39, 183-201 (1970)

Miller, J.W.: Adrenergic receptors in the myometrium. Ann. N.Y. Acad. Sci. 139, 788-798
(1967)

Miller, M.D., Marshall, J.M.: Uterine response to nerve stimulation; relation to hormonal
status and catecholamines. Amer. J. Physiol. 209, 859-865 (1965)

Moir, c.: The action of ergot preparations on the puerperal uterus. Brit. med. J. J, 1119-1122
(1932)

Muller-Schweinitzer, E.: Responsiveness of isolated canine cerebral and peripheral arteries
to ergotamine. Naunyn-Schmiedeberg's Arch. Pharmacol. 292, 113-118 (1976)

Muller-Schweinitzer, E., Sturmer, E.: Investigations on the mode of action of ergotamine
in the isolated femoral vein of the dog. Brit. J. Pharmacol. 51,441--446 (1974)

Nagasawa, H., Yanai, R., Fluckiger, E.: Counteraction by 2-Br-a-ergocryptine of pituitary
prolactin release promoted by dibutyryladenosine 3',5'-monophosphate in rats. In: Human
Prolactin. Pasteels, J.L., Robyn, C. (eds.), pp. 313-315. Amsterdam: Excerpta Medica
1973

Niswender, G.D.: Influence of 2-Br-lY.-ergocryptine on serum levels of prolactin and the estrous
cycle in sheep. Endocrinology 94, 612--615 (1974)

Nordenfelt, 1., Mellander, S.: Central haemodynamic effects of dihydroergotamine in patients
with orthostatic hypotension. Acta med. scand. 191, 115-120 (1972)

Ostfeld, A.M., Chapman, L.F., Goodell, H., Wolff, H.G.: Studies in headache. Summary
of evidence concerning a noxious agent active locally during migraine headache. Psychosom.
Med. 19, 199-208 (1957)

Owen, D.AA., Herd, J.K., Kalberer, F., Pacha, W., Salzmann, R.: The influence of ergotamine
and methysergide on the storage of biogenic amines. In: Proceedings of the International
Headache Symposium, Elsinore, 16-18 May, 1971. Dalessio, D.J., Dalsgaard-Nielsen, T.,
Diamond, S. (eds.), pp. 153-161. Basle: Sandoz 1971

Owen, D.AA., Sturmer, E.: The effects of ergotamine and dihydroergotamine on skin and
skeletal muscle vasculature. Experientia (Basel) 28, 743 (1972)

Pacha, W., Salzmann, R.: Inhibition of the re-uptake of neuronally liberated noradrenaline
and alpha-receptor blocking action of some ergot alkaloids. Brit. J. Pharmacol. 38, 439-440
(1970)

Pasteels, J.L., Danguy, A, Frerotte, M., Ectors, F.: Inhibition de la secretion de prolactine



Introduction to the Pharmacology of Ergot Alkaloids and Related Compounds 27

par I'ergocornine et la 2-Br-ex-ergocryptine: action directe sur l'hypophyse en culture. Ann.
Endocr. (Paris) 32, 188-192 (1971)

Pichler, E., Lazarini, W., Filippi, R.: Uber schraubenformige Struktur von Arterien. II. Mitt.:
Pharmakologische Strukturanalyse von Hirnarterien. Naunyn-Schmiedeberg's Arch. expo
Path. Pharmac. 219,420-439 (1953)

Rothlin, E.: Recherches experimentales sur l'ergotamine, alcaloide specifique de l'ergot de
seigle. Arch. int. Pharmacodyn. 27, 459-479 (1923)

Rothlin, E.: Beitrag zur differenzierenden Analyse der Mutterkornalkaloide. Schweiz. med.
Wschr. 33,971-975 (1938)

Rothlin, E.: The pharmacology of the natural and dihydrogenated alkaloids of ergot. Bull.
schweiz. Akad. med. Wiss. 2, 249-272 (1947)

Rothlin, E., Berde, B.: Uber die Wirkung hydrierter Mutterkornalkaloide auf isolierte Muskel-
streifen des menschlichen Uterus nahe am Termin, am Termin und wahrend der Geburt.
Helv. physiol. pharmacol. Acta 12, 191-205 (1954)

Rothlin, E., Bircher, R.: Allergy, the autonomic nervous system and ergot alkaloids. Progr.
Allergy 3, 434-484 (1952)

Rothlin, E., Cerletti, A.: Untersuchungen uber die Kreislaufwirkung des Ergotamin. Helv.
physiol. pharmacol. Acta 7, 333-370 (J 949)

Roubicek, J., Geiger, Ch., Abt, K.: An ergot alkaloid preparation (Hydergine) in geriatric
therapy. J. Amer. Geriat. Soc. 20, 222-229 (1972)

Roubicek, J., Matejcek, M., Montague, S.: The EEG in old age. Electroenceph. clin. Neu-
rophysiol. 34, 718 (1973)

Saxena, P.R.: The effects of antimigraine drugs on the vascular responses by 5-hydroxytrypta-
mine and related biogenic substances on the external carotid artery bed of dogs: Possible
pharmacological implications to their antirnigraine action. Headache 12, 44--54 (1972)

Saxena, P.R.: Selective vasoconstriction in carotid vascular bed by methysergide: Possible
relevance to its antimigraine effect. Europ. J. Pharmacol. 27,99-105 (1974)

Saxena, P.R., Vlaam-Schluter, G.M. de: Role of some biogenic substances in migraine and
relevant mechanism in antimigraine action of ergotamine - studies in an experimental model
for migraine. Headache 13, 142-163 (1974)

Schams, D., Reinhardt, V., Karg, H.: Effects of 2-Br-ex-ergokryptine on plasma prolactin
level during parturition and onset of lactation in cows. Experientia (Basel) 28, 697-699
(1972)

Schmidt, R., Fanchamps, A.: Effect of caffeine on intestinal absorption of ergotamine in
man. Europ. J. din. Pharmacol. 7, 213-216 (1974)

Shelesnyak, M.C.: Ergotoxine inhibition of deciduoma formation and its reversal by progeste-
rone. Amer. J. Physiol. 179, 301-304 (1954)

Shelesnyak, M.C.: Maintenance of gestation in ergotoxine-treated pregnant rats by exogenous
prolactin. Acta end ocr. (Kbh.) 27, 99-109 (1958)

Sicuteri, F.: Prophylactic and therapeutic properties of l-rnethyl-lysergic acid butanolamide
in migraine. Int. Arch. Allergy 15, 300-307 (1959)

Sinha, Y.N., Salocks, C.B., Lewis, UJ., Vanderlaan, W.P.: Influence of nursing on the release
of prolactin and GH in mice with high and low incidence of mammary tumors. Endocrinol-
ogy 95, 947-954 (1974)

Sinha, Y.N., Selby, F.W., Vanderlaan, W.P.: Effects of ergot drugs on prolactin and growth
hormone secretion, and on mammary nucleic acid content in C3H/Bi mice. J. nat. Cancer
Inst. 52, 189-191 (1974)

Smith, V.G., Beck, T.W., Convey, E.M., Tucker, B.A.: Bovine serum prolactin, growth hor-
mone, cortisol and milk yield after ergocryptine. Neuroendocrinology 15, 172-181 (1974)

Stadler, P.A., Sturmer, E.: Comparative studies on the pharmacological properties of stereoiso-
mers of ergotamine and dihydroergotamine. Naunyn-Schmiedeberg's Arch. Pharmac. 266,
457 (1970)

Stadler, P.A., Sturmer, E.: Synthese und biologische Aktivitaten einiger Stereoisomeren von
Ergotamin und Dihydro-ergotamin. Chimia 26, 321 (1972)

Stahelin, B., Burckhardt-Vischer, B., Fluckiger, E.: Rat mammary cancer inhibition by a
prolactin suppressor, 2-bromo-a-ergokryptine (CB 154). Experientia (Basel) 27, 915-916
(1971)



28 B. BERDEand E. STURMER

Stoll, A.: Ergot-a treasure house for drugs. Pharm. J. 194, 605-613 (1965)
Stoll, A., Hofmann, A.: Partialsynthese von Alkaloiden vom Typus des Ergobasins. 6. Mitt.

uber Mutterkornalkaloide. Helv. chim. Acta 26 (Fasc. 3), 944-965 (1943)
Sturmer, E., Fluckiger, E.: In vivo smooth muscle stimulant activity of 2-bromo-a-ergokryptine

mesylate (CB 154) as compared with that of ergotamine. Int. Res. Commun. System med.
Sci. 2,1591 (1974)

Suchowsky, G.K., Pegrassi, L.: Action of nicergoline on electroencephalographic recovery
after cat brain ischemia. Naunyn-Schmiedeberg's Arch. Pharmacol. 284, 311-318 (1974)

Takahara, J., Arimura, A., Schally, A.V.: Suppression of prolactin release by a purified
porcine PIF preparation and catecholamines infused into a rat hypophysial portal vessel.
Endocrinology 95, 462-465 (1974)

Tashjian, A.H., Hoyt, R.F.: Transient control on organ specific functions in pituitary cells
in culture. In: Molecular Genetics and Development Biology. Sussman, M. (ed.), pp.
353-387. New Jersey: Englewood Cliffs 1972

Thorner, M.O., Besser, G.M.: Successful treatment of acromegaly with bromocriptine. Post-
grad. med. 1. 52 (Supp\. 1),71-74 (1976)

Toda, N., Fujita, Y.: Responsiveness of isolated cerebral and peripheral arteries to serotonin,
norepinephrine and transmural electrical stimulation. Circulat. Res. 33, 98-104 (1973)

Weidmann, H., Taeschler, M.: Influence des substances antimigraineuses sur les effets des
catecholamines, de la serotonine et de la stimulation des nerfs sympathiques. Discussion
du mode d'action des antimigraineux. In: Symposium International sur les Cephalees
Vasculaires, St. Germain-en-Laye, 15-16 octobre, 1966, pp. 33-40

Wolff, H.G.: Pain mechanisms and headache. Triangle 2, 53-64 (1955)
Wolff, H.G.: Headache and Other Head Pain. London-New York: Oxford U. Pr. 1963
Yanai, R., Nagasawa, H.: Effects of ergocornine and 2-Br-a-ergokryptin (CB-154) on the

formation of mammary hyperplastic alveolar nodules and the pituitary prolactin levels in
mice. Experientia (Basel) 26, 649--650 (1970)


