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Introduetion. The article on ergot in this Handbook (vol. 11, 2, pp. 1297-1354)
was written by ARTHUR CUSHNY in 1914 but not published until 1924, without
further revision. Thus a gap of more than two decades has now to be filled. In
this interval the number of known ergot alkaloids has increased from two to
eleven or twelve, all crystalline, and a considerable insight has been gained into
their chemical constitution, which can now be correlated with their pharmacolo-
gical action. The discovery and commercial production of ergotamine greatly
stimulated pharmacological research, not only on the properties of this alkaloid,
but also on the very similar effects of ergotoxine, already dealt with by CusHNY.

During the last few years two further alkaloids of the same type, sensibamine
and ergoclavine, have been discovered, and also the water-soluble ergometrine,
which differs in important respects, both chemical and pharmacological, from
the other alkaloids and appears to be the substance to which the traditional
obstetrical use of ergot is primarily due. At the request of the editors, an account
of ergotism, more detailed than that given by CuUsHNY, is now included; it is
largely taken from the author’s monograph on Ergot and Ergotism, London, 1931.
The non-specific active constituents of ergot, such as the amines, which were
dealt with in CusHNY’s article, have been omitted here.

I. Chemistry.

Constitution of the Ergot Alkaloids. The pharmacological properties of ergot
are wholly (or almost wholly) due to a series of complicated alkaloids. Much
light has been thrown on their chemistry during the last few years and since
their chemical constitution is closely related to their pharmacological action, the
former will be dealt with in some detail. When the first crystalline ergot alkaloid
was obtained by the French pharmacist TANRET?, the name ergotine was already
in use for crude galenical preparations, such as that of BoNJEAN, and hence
TANRET named his new alkaloid ergotinine. He considered it to be the thera-
peutically active principle; such was indeed contained in the mother liquors of
the crystalline alkaloid and was regarded by TANRET merely as amorphous ergot-
inine, which failed to crystallise. We now know that amorphous ergotinine was
largely a separate alkaloid, isomeric with ergotinine, very much more active
pharmacologically, and much more soluble in alcohol. TANRET’s work was not
supported by sound pharmacological experiments; since moreover ergotinine is
slowly transformed into its potent isomeride ergotoxine, in acid solution at room
temperature, a belief in the activity of the former alkaloid persisted for a long

1 TANrET, CH.: C. r. Acad. Sci. Paris 81, 896 (1875).
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time, and the substance was admitted to the French Codex. Ergotinine was later
encountered by DRAGENDORFF and Popwyssorzki' and by Jacos2?, who
respectively named it picrosclerotine and secaline; they and other pharmacologists
found it to be inert, but for the recognition of the potent alkaloid their chemical
technique was inadequate. We now know that the pharmacologically active
alkaloids of ergot are distinguished from their inert isomerides by a high residual
affinity; thus amorphous ergotoxine retains tenaciously a molecule of water and
when crystallised it retains benzene or carbon bisulphide of crystallisation; the
alkaloid has a high molecular weight, weak acidic as well as weak basic properties,
and its salts are precipitated from aqueous solution by electrolytes. This brings
about that ergotoxine salts cling firmly to amorphous acidic substances which
were at one time described as active principles (sphacelinic acid of KOBERT,
chrysotoxin of JacoBy). DaALE’s® fundamental experiments were indeed first
carried out with chrysotoxin which, from its pharmacological activity, must
have contained something like 2% of ergotoxine. Ergotoxine was first recognised
by Barcer and CarRrR* who crystallised its phosphate, and independently by
KRrAFTS, who named it hydroergotinine, because he found that a second alkaloid,
with a much less soluble amorphous sulphate, could be obtained from crystalline
ergotinine, and could be reconverted into it. Long regarded as the hydrate of
ergotinine, ergotoxine is in reality isomeric with it (SToLLS).

Another potent alkaloid, ergotamine, was isolated by STorL?; it should be
emphasised that this alkaloid, which differs from ergotoxine only in having two
methyl groups less, and resembles it very closely in pharmacological action, has
not been encountered by other observers in commercial Spanish or Russian ergot,
but only in ergot of rye of Hungarian origin, and ergot from a New Zeeland grass.
Ergotamine can be converted into an inert isomeride ergotaminine, and this pair
of alkaloids thus resembles the first pair. A fifth alkaloid was named pseudo-
ergotinine by SmiTH and Timmis®; it is isomeric with ergotinine and ergotoxine
and convertible into them; thus the first pair became a triplet.

Sensibamine was the name given to another alkaloid, the subject of a Hungar-
ian patent, but it has been shown by SToLL? that this is merely an equimolecular
compound of ergotamine and ergotaminine; on solution in alcohol the latter
alkaloid crystallises out. Next ergoclavine was isolated, by KissNER?, from all
samples of Spanish and Russian ergot examined. It is a well crystallised substance
distinct from ergotamine and ergotoxine, but having a similar pharmacological
action. Like sensibamine it is a molecular compound consisting however of two
new isomerides, constituting a third pair of alkaloids. The inert member of this pair
was isolated by SmrTH and TMmIs!! and named ergosinine; they could convert it
into the potent isomeride ergosine, and showed that when the two were crystallised
together from ethyl acetate, a molecular compound results, having the proper-
ties of ergoclavine. KUssNER!2 also found that ergoclavine consists of two alkaloids.
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2 Jacomy, C.: Arch. f. exper. Path. 39, 85 (1897).

3 DaLg, H. H.: J. of Physiol. 34, 163 (1906).

4 BARGER, G., and F. H. Carr: Chem. News. 94, 89 (1906) — J. chem. Soc. (Lond.)
91, 337 (1907).

5 KrAFT, F.: Arch. Pharmaz. 244, 336 (1906).

8 StoLL, A.: Schweiz. med. Wschr. 65, 1077 (1935).

7 StorL, A.: Verh. Schweiz. Naturf. Ges. 1920, 190.

8 SmrrH, S., and G. M. Timmis: J. chem. Soc. (Lond.) 1930, 1390.

% Storr, A.: Wien. klin. Wschr. 49, 1513, 1552 (1936).
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A fourth pair of isomerides has a much smaller molecular weight. Its active
member was discovered almost simultaneously in four laboratories, after MoIr?!
had shown by registration of the contractions of the human puerperal uterus,
that liquid extracts of ergot contain a substance differing from the alkaloids so
far mentioned by the rapidity of its action after oral administration, and by its
solubility in water. It was isolated and named ergometrine by DubpLEY and
Moir2; it does not paralyse sympathetic nerve endings, as do ergotoxine, ergot-
amine and ergoclavine; it was converted into its inert isomeride ergometrinine
by Smrrr and Trmmis®3. For other names applied to ergometrine and the question
of nomenclature see p.179. Quite recently a fifth pair has been described by
StoLL and BURCKHARDTY, ergocristine and ergocristinine, very similar to ergo-
toxine and ergotinine respectively, and isomeric with them. A molecular compound
of ergocristine with ergosinine was discovered in the mother liquors from the
crystallisation of ergotoxine, and this compound can be recrystallised unchanged
from chloroform, benzene, ethyl alcohol or ethyl acetate; it has [cx]%’ + 105°,
m.p. 172—175°. On dissolving in methyl alcohol it however breaks up into its
components, which may also be separated by acidifying the solution of the
ergosinine-ergocristine complex in ethyl acetate with alcoholic hydrogen chloride,
when ergocristine hydrochloride crystallises out. Ergocristine dissolves in
100 parts of boiling acetone and then crystallises with this solvent, of which a
molecule is retained very tenaciously. (Ergotoxine crystallises from acetone
only with difficulty, from a 1:5 solution.) By boiling a methyl alcoholic solution
of ergocristine, it is converted into ergocristinine, having a rotation and melting
point almost identical with those of ergotinine. When ergocristinine is refluxed
with alcoholic phosphoric acid, ergocristine phosphate crystallises rapidly in six
sided plates, quite different from ergotoxine phosphate. The writer is convinced
that he encountered this phosphate in 1910; at the time he was so impressed
by the difference in crystalline form between it and ergotoxine phosphate, which
difference extended to the corresponding hydrochlorides, that he published?®
figures of all four salts; that of the new hydrochloride also corresponds with
StoLL and BURCKHARDT’s recent description of ergocristine hydrochloride.

In 1910 it was suggested that the new crystals were salts of an ethyl ester of
ergotoxine, which view was later® disproved. No explanation was forthcoming
until 1937 when StoLL and BURCKHARDT recognised the new isomeride of ergo-
toxine. The ‘“‘ergotinine” used by the writer in 1910 must have been ergo-
cristinine, which so closely resembles ergotinine that StoLL and BURCKHARDT
indeed at first believed the two alkaloids to be identical. The chemistry of the
ergot alkaloids abounds in subtleties.

An alkaloid of quite different type, ergomonamine, C;,H,;,0,N, has been
isolated from Spanish ergot by HoLDEN and DIVERS®; unlike the others it is not
an indole derivative; little is known about its chemistry and nothing about its
pharmacology.

The five pairs of interconvertible isomerides each consist of a laevorotatory
alkaloid having a powerful pharmacological action, and a strongly dextro-
rotatory one which is almost inert. The following table gives the formulae, dates
of discovery and rotations.

1 Moir, J. CHASSAR: Brit. med. J. 1932 I, 1119.

2 DupLey, H. W., and J. CHASSAR MoOIR: Brit. med. J. 1935 I, 520.

3 SmiTH, S., and G. M. TmMmis: J. chem. Soc. (Lond.) 1936, 1166.

4 StoLL, A., und E. BurckaaRDT: Hoppe-Seylers Z. 250, 1 (1937); 251, 287 (1938).
5 BARGER, G., and A. J. Ewins: J. chem. Soc. (Lond.) 97, 284 (1910); 113, 235 (1918).
¢ HoLpEN, G. W., and G. R. Diver: Quart. J. Pharmacy 9, 230 (1936).
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Potent | [alp [oJsaer Almost inert (alp | [aluw | Formula
Ergotoxine | —197° | —226° | = Ergotinine 1+365° | +466°
(1906) (1%:15)
y-Ergotinine +513° | C3sHgeO5N;
(1931)
Ergocristine | —186° = Ergocristinine +366° | +460°
(1937) (1937)
Ergotamine | —155° | -—181° | = Ergotaminine +385° | +450° | Cy3Hzs05N5
(1920) (1920)
Ergosine —161° | —193° | = Ergosinine +420° | +522° | C30H;,05N;
(1936) (1936)
Ergometrine | — 16° | — 44° | = Ergometrinine +414° | +596° | C;,Hy;0,N,
(1935) (1936)

The rotations after SMiTeE and TimMis, and StorL and BURCKHARDT. Asso-
ciated with the first pair is an additional alkaloid of high dextrorotation (SMITH
and Timmis?!) so that there is in reality a triplet; perhaps a third isomeride may
ultimately be added to the other pairs also. All these alkaloids have been
crystallised, and in spite of their great complexity, the molecular formulae have
been established with certainty by analysis and in most cases by the identi-
fication of all the products of hydrolysis.

Of recent years certain other alkaloids have been described, which are mole-
cular (apparently equimolecular) complexes of a member of the ergotoxine series
with one of the ergotinine series. Such are sensibamine, consisting of ergotamine
-+ ergotaminine, and ergoclavine, consisting of ergosine -4 ergosinine. According
to A. and L. KorLER? and to SToLL and BURCKHARDT, some samples of ergo-
clavine yield ergosine + ergotaminine; a molecular compound of ergocristine
-+ ergosinine has been mentioned above. The rotation of these molecular
compounds seems to be approximately the mean of that of the two components,
but their crystalline form is distinct; the complexes can be recrystallised from
some organic solvents, but are broken up by recrystallisation from other solvents,
or by chromatographic adsorption. The ergocristine-ergosinine complex has a
melting point intermediate between that of its components, which, in this case
at least, do not belong to the same pair. In all the cases so far discovered one
of the components belongs to the physiologically potent series (ergotoxine),
the other to the inert (ergotinine) series. The (laevorotatory) alkaloids of the
first series are apt to crystallise as molecular compounds with a variety of solvents
(for details see the individual descriptions at the end of the chemical section).
The solvent is sometimes held with great tenacity even in a high vacuum. It
would seem that the residual affinity which holds the solvent, can also hold a
molecule of an alkaloid of the inert series; pharmacologically the residual affinity
corresponds to a haptophore group. It might at first sight be thought that
molecular complexes like sensibamine should have a pharmacological activity
represented by the average of those of its components, but such data as are
available, particularly in regard to general toxicity (p. 173) imperfectly support
this view. It may be that sensibamine, ergoclavine etc. are pharmacological
entities, distinct from ergotamine or ergosine. The question is one of considerable
theoretical interest and deserves the attention of crystallographers, chemists
and pharmacologists (see further addendum p. 219).

1 SmrrH, S., and G. M. Timmis: J. chem. Soc. (Lond.) 1931, 1888.
2 KOFLER, A,, u. L.: Z. angew. Chem. 50, 620 (1937).
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Our knowledge of the constitution of the ergot alkaloids is largely due to
Jacoss and Crare! and to SmrteH and TiMMis2. As an example it may be men-
tioned that ergotinine yields with aqueous alkali one equivalent each of iso-
butyrylformic acid (CH,;),CH-CO-COOH, ammonia and lysergic acid C,¢H,¢O,N,;
with alcoholic sodium hydroxide the last two fragments remain combined
as the amide of lysergic acid or ergine, C,;sH,,ON;. Acid hydrolysis destroys
lysergic acid (which is an indole derivative) and yields one equivalent of
I-phenylalanine and of d-proline. From this the equation for the hydrolysis
can be deduced:

CagHyuOsN; + 4 Hy0 = CyoHyq0,N, + NH, + C;HyOy + CoHy,0,N + C;H,0,N .

The exact arrangement of the fission products is not known. The lysergic acid
is certainly joined to the ammonia (because of the formation of ergine); the
isobutyryl formic acid is also joined by its carboxyl group to an amino group,
for on destructive distillation of ergotinine (and ergotoxine) a sublimate of
isobutyryl formamide is formed (BARGER and Ewins?). The nitrogen in the latter
amide need not, however, be that giving rise to ammonia on hydrolysis, but
may be the nitrogen atom of phenylalanine. The two amino acids are joined
together, for on partial hydrolysis a dipeptide has been isolated. The following
tentative formulae* for ergotinine illustrate the points; see addendum p. 219.

OH _CH,
Cy5H,5N,-CO:! NH CO C CH\
CH,

HCHC
| \N co

L H,C C C\# _/CH CH,-C¢H;
H CONH

H20’—CH2
C;;H3;N,"CONH;CO-HC\_,/CH,
' N

....‘ -
CO-CH-CH,-C;H,

1I. |, s 3
NH|C0-C0-CHY oy

The hydrolytic addition of four molecules of water is indicated by dotted lines.
In the first formula there are five such, but the «-x-dihydroxybutyric acid
represented as being formed, would again lose a molecule of water to form the
keto acid.

The only difference between ergotoxine-ergotinine and ergotamine-ergot-
aminine is that the latter pair gives rise to pyruvic acid CH3-CO-COOH instead
of isobutyryl formic (= dimethyl pyruvic) acid. Ergosine and ergosinine also
yield pyruvic acid, but leucine instead of phenylalanine, and this larger modifi-
cation of the molecule may lead to a greater difference between the actions of
ergosine and ergotamine, than between those of ergotamine and ergotoxine.
Ergometrine and ergometrinine are built on a much simpler plan, for they are

! Jacoms, W. A., and L. C. Craia: J. of biol. Chem. 9%, 739 (1932); 104, 547; 106, 393
(1934); 108, 594; 110, 521; 111, 455 (1935); 113, 767; 115, 227 (1936) — Science (N.Y.)
82, 16 (1935) ———J amer. chem Soc. 57, 960 (1935) —J org. Chem. 1, 245 (1936).

2 Smrrs, 8., and G. M. Tmmmis: J. chem. Soc. (Lond.) 1932, 763, 1543 1934, 674; 1936,
1440 and the papers already quoted.

3 BARGER, G., and A. J. Ewins: J. chem. Soc. (Lond.) 97, 284 (1910).

4 TURNER E. E.: Ann. Rep. chem. Soc. 32, 351 (1935).
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hydrolysed by alkali to two products only, lysergic acid and a simple amine,
d-«-hydroxy-f-aminopropane or d-alaninol
CyH330,N; + KOH =: C;H, . N,-COOK - NH, CH(CH,)-CH,0H .

A partial synthesis of ergometrinine from its fission products has been effected
by StorL!) and since this can be converted into ergometrine, the synthesis applies
also to the latter. Its smaller molecule explains the solubility of ergometrine
in water and the difference between its action and that of the other alkaloids;
the paralysis of the sympathetic and the production of gangrene evidently depend
on the more complicated peptide structure. The known fission products of various
ergot alkaloids are recorded in the following table:

Ergotoxine Ergotamine Ergosine Ergometrine

Ergotinine Ergotaminine Ergosinine Ergometrinine
Lysergic acid . . . . . . . + + + +
Ammonia . . . . . . . . . + + + —
Hydroxy-aminopropane . . . — — — +
d-Proline . . . . . . . .. + + + —_
1-Phenylalanine . . . . . . + + — —
l-Leueine . . . . . . . .. — — + —
Dimethylpyruvic acid + — - —
Pyruvic acid . . . . . .. — + + | —

Lysergic acid is the largest and most important product of hydrolysis, the
only one common to all the alkaloids and the only one of which the constitution
has not yet been completely established. It and its amide ergine have each
been obtained in two forms corresponding to the two series of alkaloids, the
potent and the inert. The values of [«]s;,e, in pyridine are given below, with
those of the fourth pair for comparison (SmiTeH and Timmis) and of the dihydro-
lysergic acids (JacoBs and Craia).

Ergometrine . . . . . . — 16° = Ergometrinine . . . . . +596°
Iso-ergine . . . . . .. + 25° =  Ergine. . ... .. .. +635°
Lysergic acid. . . . . . + 49° = Iso-lysergic acid . . . . +4365°
«-Dihydrolysergic acid. . —106° \ y-Dihydrolysergic acid . . + 33°

The ergine first obtained by Smite and Timmis happened to belong to the
ergotinine-ergometrinine series; the first lysergic acid of JacoBs and Craic
however corresponded to the other series, that of ergotoxine and ergometrine.
Hence the very great difference in the potency of the two series of alkaloids
depends entirely on a small modification in the lysergic acid residue. This
modification is reversible, for the members of each pair of alkaloids, and the
two forms of ergine and of lysergic acid, are interconvertible. The modification
causes a stereo-isomerism, which becomes fixed when a double bond in the two
forms of lysergic acid is reduced. This is the only double bond between two
carbon atoms; when it is reduced in the potent alkaloids, the reduction product
e.g. dihydro-ergotoxine, yields on hydrolysis «-dihydrolysergic acid, [«]p —106°;
on the other hand reduction products of the inert alkaloids, e.g. dihydro-ergotinine,
yield y-dihydrolysergic acid, [a]p +33° (the B-acid is yet another isomeride,
discovered previously). In contradistinction to the two lysergic acids themselves,
the dihydro-acids are not interconvertible. The methyl esters of the two lysergic
acids show mutarotation, those of the dihydro acids do not. This behaviour is
reminiscent of the mutarotation of x- and f-glucose, abolished by conversion

1 Storr, A.: Bull. Sci. pharmacol. 43, 485 (1936).
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of these sugars into their respective glucosides, which deprives them of a mobile
hydrogen atom. Similarly reductien of the ergot alkaloids fixes a mobile hydrogen
atom in the lysergic acid residue, and the inter-conversion of the alkaloids must
be due to the shift of a double bond. Hydrolysis of the ergot alkaloids with
potassium hydroxide results in optically active lysergic acid, but when hydrazine
hydrate was used instead, SToLL and HoFMaNN! curiously enough obtained a
racemic hydrazide, that of isolysergic acid; when it is hydrolysed by potassium
hydroxide, isomerisation (shift of the double bond) occurs and racemic lysergic
acid (of the ergotoxine series) in obtained. When rac. isolysergic azide reacts
with optically active bases, such as l-norephedrine, a mixture of amides
CysH,,0,N; results, which is readily separated into two constituents by crystalli-
sation. The d-amide (which incidentally may be considered to be phenylergo-
metrinine, or stereo-isomeric with it) is hydrolysed by potassium hydroxide to
(d)-lysergic acid of JacoBs. This work indicates the possibilities of synthesis
of “ergot” alkaloids not occurring in nature, and the existence of a whole series
derived from l-lysergic acid, corresponding to the known potent alkaloids derived
from the d-acid.

Although not fully established, the subjoined formula suggested by Jacoss
and Cra1G is doubtless sufficiently near the truth to illustrate the main features
of lysergic acid. Rings A and B with carbon atoms 4 and 5 and the nitrogen

atom at 6 constitute a tryptamine residue (derived from

HZ%—C7H-COOH tryptophane). In most alkaloids containing such a resi-

/\ due (physostigmine, strychnine, yohimbine) the 2-position
9HC D NCHz6 of the indole ring is substituted; in lysergic acid this
position is free and so determines characteristic colour

/
AN

N\ reactions given by the ergot alkaloids. Thus they give
uC ¢ CH,4 Horrins’ and CoLe’s reaction for tryptophane (with
NS glyoxylic and concentrated sulphuric acid); this reaction
Al ‘ i is also given by the alkaloid calycanthine. The great
BN\ /‘\ e intensity of the colour reaction with p-dimethylamino
11 °NH benzaldehyde, used for the estimation of the ergot al-

kaloids, is perhaps connected with a peculiar feature,
the ring closure at C;;, not known to occur in the alkaloids of the higher
plants. The evidence for this is that on potash fusion of dihydrolysergic acid,
rings A and C, together with carbon atom 9 and the indole nitrogen form
l-methyl-5-amino-naphthalene. On distillation of lysergic acid with soda lime
rings C and D similarly survive as quinoline. Oxidation yields a tribasic acid
C1H,O;N in which C,, C;, and C,; form carboxyl groups, and the original
carboxyl attached to C, is combined with N to form a quinoline betaine. Apart
from this evidence obtained by degradation, JacoBs and GouLp? find that a
synthetic compound containing the carbon skeleton above assigned to lysergic
acid (but lacking the double bond, the N-methyl and the carboxyl groups) gives
with p-dimethylaminobenzaldehyde the same characteristic colour reaction as
lysergic acid.

The original carboxyl group of lysergic acid is present in the alkaloids as an
amide grouping. The double bond is tentatively placed between C; and C,, in
lysergic acid, and is considered to have shifted in its isomeride to 9—10 or 4—35.
This double bond is the most important feature of the whole molecule and further
knowledge concerning it would be of great theoretical interest. Its position

1 StoLL, A., u. A. HormanN: Hoppe-Seylers Z. 250, 7 (1937); 251, 155 (1938).
2 Jacoss, W. A, and R. G. GouLp jr.: J. of biol. Chem. 120, 141 (1937).
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determines the optical rotation, the residual affinity and the pharmacological
action which latter is doubtless closely connected with the residual affinity.
It is probably no mere accident that the potent alkaloids ergotoxine, ergotamine
and ergometrine crystallise with a variety of solvents, which can only be removed
with difficulty on heating in a high vacuum. Nor is it an accident that the first
alkaloid to be isolated, ergotinine, was inert; the residual affinity of the potent
isomers, which secures their fixation on the receptors of the cell, so that the
more complex are only washed out with difficulty (e.g. ergotoxine from the
isolated uterus), also secures their fixation on inert ergot constituents, so that
ergotoxine was not isolated until long after the discovery of ergotinine. The
lysergic acid residue contains a haptophore group absent in isolysergic acid. The
other residues, the rest of the molecule, may be considered to constitute pharmaco-
phore groups, determining the nature of the pharmacological action. They are
identical in ergotoxine and ergotinine; they do not act in the latter alkaloid,
merely because they do not become fixed. The close similarity between ergotoxine
and ergotamine, in structure as well as in action, may lead to further speculation.
The chief pharmacological difference is the greater activity of ergotoxine on the
heat centre; it may be that the isopropyl group of ergotoxine, represented in
ergotamine merely by a methyl group, confers greater lipoid solubility on the
molecule, and that this solubility is of more account in the central than in the
peripheral actions of the alkaloids. Ergosine, although having an action of the
same type as that of ergotamine, may be expected to resemble this alkaloid
less than does ergotoxine, for ergosine differs from ergotamine in having an
isobutyl group (of leucine) instead of a benzyl group (of phenylalanine). On the
rabbit’s uterus (BRooM and CLARK test) ergosine has twice the activity of ergo-
toxine and two and a half times that of ergotamine. Hence in this respect
ergotoxine and ergotamine are nearer to each other than they are to ergosine,
which is also so chemically. A close comparison of ergotamine and ergosine,
particularly as regards their actions on the central nervous system, would seem
desirable. Unless potentiation should occur, the activity of ergoclavine (and of
sensibamine, if it is an equimolecular mixture) should be half that of ergosine
(and of ergotamine respectively). In ergometrine the pharmacophore group is
very different and so is its action.

The structure of the ergot alkaloids presents points of considerable bio-
chemical interest. Like other ergot constituents (such as amino acids, histamine
and similar amines, ergothioneine, betaine) the units from which the ergot
alkaloids are built up, are all readily derivable from protein. The more complex
ones contain two amino acids apiece in peptide linking; it should be noted that
whereas the l-phenylalanine of the first and second pairs, and the l-leucine of
the third pair are optically identical with the fission products of protein, the
d-proline which is common to all three pairs is the enantiomorph of the 1-proline
resulting from protein hydrolysis. Butyrylformic and pyruvie acids are further
closely related to valine and alanine respectively. Lysergic acid consists of a
methylated tryptophane residue and a chain of five carbon atoms with a carboxyl
group, which may well represent yet another amino acid residue. The hydroxy-
isapropylamine of ergometrine may be regarded as a reduction product of the
amino acid alanine.

Extraction, Separation and Chemical Assay. Petroleum ether extracts the
fatty oil somewhat imperfectly, but no alkaloid. The total alkaloids can then be
removed by ether, which also extracts some of the remaining oil. ForsT! extracts

1 Forst, A. W.: Arch. f. exper. Path. 181, 180 (1936).
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the ergot powder, not defatted, with 0.5% hydrochloric acid contuining 15% of
ethyl urethane. For assay purposes the defatted ergot powder is usually mixed
with magnesium oxide. The alkaloids should be extracted from the ethereal
solution by shaking with an organic acid (tartaric, citric, lactic), not with a
mineral acid, which may cause precipitation of alkaloidal salts. The separation
of ergotinine, ergotoxine and ergoclavine is carried out according to KUSSNER!,
as follows: the solution of the total alkaloid in dilute sodium hydroxide gives
up only ergotinine on shaking with ether; the aqueous layer is then acidified
with lactic acid, after which ether removes ergotoxine, which is crystallised as
phosphate; finally on making the aqueous solution alkaline with sodium carbonate,
it yields ergoclavine on shaking with trichloro-ethylene. SmitH and Timwmis
extracted the total water-insoluble alkaloid of ergot with boiling benzene and
shook the benzene solution with 1% sodium hydroxide. The aqueous solution,
acidified to Congo red with sulphuric acid, deposited sparingly soluble sulphates
(ergotoxine?) and the filtrate from these on addition of sodium bicarbonate
yielded crude ergosinine, which became crystalline on mixing with a little methyl
alcohol. By boiling ergosinine with phosphoric acid in acetone-alcohol, ergosine
was finally obtained. A

These methods of separation are based in the first place on the acidic properties
of ergotoxine and ergoclavine (or ergosinine); ergotinine is not acidic. This
difference in acidic properties is at present insufficiently accounted for by what
has been said above about the isomerism of the lysergic acids. Ergotoxine and
ergoclavine are distinguished by the weaker basic properties of the former
alkaloid, which permit of its extraction by ether from a dilute solution of lactic
acid (buffered by sodium lactate), which retains the ergoclavine. SmiTH and
TiMMmIs appear to utilise the fact that ergosinine sulphate is more soluble than
that of ergotoxine. Ergoclavine (ergosine and ergosinine) may well be stronger
bases than ergotoxine or ergotinine, because the latter contain a phenyl nucleus
(as phenylalanine) which is absent from the former. It was only their more
strongly basic nature which ultimately made possible the recognition of the third
pair of alkaloids; its solubilities in organic solvents are so similar to those of the
first pair, that the third pair long escaped notice. The second pair, ergotamine
and ergotaminine, only occur in quite special ergots, where they do not appear
to be accompanied by appreciable amounts of other alkaloids. Hence they do
not complicate the separation of the alkaloids according to the methods of
KutssNErR and of SmiTH and TiMwmis, outlined above, which refer to Spanish
and Russian ergots. The commercial source of ergotamine and sensibamine
seems to be a Hungarian ergot growing on rye. Precise information as to its
botanical peculiarities would be welcome. It is interesting that SmITH and
T1mmis 2 obtained ergotamine and ergotaminine and these two only, in considerable
yield from ergot growing in New Zealand on Festuca elatior. SmitH and TimMmIs
readily isolated these alkaloids by the ordinary method of Kraft, by extraction
with ether, and consider that the isolation of ergotamine and ergotaminine does
not depend “on the special methods of extraction upon which SToLL lays so
much stress but upon the nature of the ergot.” They failed to obtain these
alkaloids from a large number of commercial specimens from Spain, Portugal,
Russia, Poland, Scandinavia, Hungary and Czecho-Slovakia, all of which gave
ergotoxine and ergotinine. It would further seem that the commercial source of
ergotamine does not contain ergometrine; at least SToLL and BURCKHARDT?

1 KtssNEr, W.: Cit. p. 85.

2 SmitH, S., and G. M. Tmvmis: Cit. p. 85.
3 StoLw, A., et E. BURCKHARDT: Bull. Sci. pharmacol. 42, 257 (1935).
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first encountered this alkaloid (which they named ergobasine) as a byproduct in
the manufacture of ergotoxine, presumably not from the same ergot used in
the manufacture of ergotamine.

On account of its aberrant properties ergometrine is prepared by a diffe-
rent method from that used for the other alkaloids. According to DupLEY!
defatted powdered ergot is extracted with industrial alcohol made alkaline
by the addition of concentrated ammonia. The extract is concentrated in
vacuo, made slightly acid, evaporated until free from alcohol, cooled and
filtered from residual fat. The aqueous concentrate is then made slightly
alkaline with sodium carbonate and repeatedly extracted with chloroform;
on evaporation of the latter ergometrine separates; it may best be recry-
stallised from 400 parts of benzene or 10 parts of ethylmethyl ketone. The
yield seems to be considerably less than that indicated by the assay (see
below).

The assay of the total alkaloid of ergot may be done gravimetrically, or by
titration, or spectrometrically, or (most conveniently) by a colorimetric method.
In any event it is necessary to obtain first a solution of the total alkaloids in
acid, which solution can be used directly in the last two methods and requires
further treatment, if the first two are to be applied.

The colorimetric method utilises the deep blue coloration given by ergot
alkaloids with p-dimethylaminobenzaldehyde, in the presence of sulphuric acid
(vaN Urk?). It is an indole reaction given by lysergic acid, and hence with
equal intensity by equimolecular amounts of all the alkaloids. According to
SmrtH and STOHLMAN? the blue colour is only developed fully after exposure
to light for some time, but ALLPORT and CoCKING* have shown that a trace
of ferric chloride at once causes maximum colour intensity. The reagent is
prepared by dissolving 0.125g. of p-dimethylaminobenzaldehyde in a cooled
mixture of 65 c.c. concentrated sulphuric acid with 35c.c. of water; to this
0.1 c.c. of a 5% solution of ferric chloride is added. The acid solution of the
alkaloids may be obtained according to the British Pharmacopoeia (1932) as
follows: Defat 12 g. finely powdered ergot by percolation with petroleum ether
(b.p. 40—60°). Dry the defatted drug below 40°, and mix it in a stoppered
flask with 120 c.c. of pure ether. After 10 minutes add 0.5 g. light magnesium
oxide suspended in 20 c.c. of water and shake the mixture at intervals during
half an hour; add 1.5 g. of powdered gum tragacanth, shake vigorously (to make
the ergot cake together) and filter through cotton wool. Shake 100 c.c. of the
ethereal filtrate in a separating funnel with four successive 10 c.c. portions of
a 1% aqueous tartaric acid solution. Remove dissolved ether from the combined
acid extracts by gentle warming in a current of air and make up again with
water to 40 c.c. or other suitable volume. According to the British Pharmacopoeia
the standard solution for comparison is a 0.012% solution of ergotoxine ethane
sulphonate in 1% tartaric acid, equivalent to 0.01% anhydrous ergotoxine.
An equivalent amount of any other pure ergot alkaloid e.g. ergotinine could be
used. The colorimetric estimation is made by mixing a small volume (1 c.c.)
of each of the two alkaloidal solutions with twice that volume (2 c.c.) of the
p-dimethylaminobenzaldehyde reagent, and comparing the colour intensities
after five minutes. If these differ by more than 20% they should be brought
within this limit by dilution. The colorimetric method has been used especially

1 DupLEYy, H. W.: Pharmaceut. J. 80, 709 (1935).

2 Va~x Urk, H. W.: Pharmaceut. Weekbl. 66, 473 (1929).

3 Smrta, M. 1., and E. F. StorLMAN: J. of Pharmacol. 40, 77 (1930).

4 Arreort, N. L., and T. T. CockiNg: Quart. J. Pharmacy 5, 341 (1932).
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by American and English authors? since its introduction by M. I. SMrra? in 1930.
It is a convenient, rapid and moderately accurate method, and its results agree
+as closely with those obtained by the method of BrRooM and CLARK® and with
the cock’s comb method, as can be expected from the fact that the inert alkaloids
behave colorimetrically like the potent. FREUDWEILER? uses vanillin instead
of p-dimethylaminobenzaldehyde, which gives a more intense, red colour.
AvusToNI® uses a stable colour standard prepared by mixing equal volumes of
0.025% trypan blue and 0.08% soluble Prussian blue.

The ultra-violet absorption spectrum of all the ergot alkaloids is very similar
and, like the colour reaction, due to lysergic acid; there is a maximum at 316 uu
and a minimum at 272 pu®. It has been employed for assay purposes by various
authors? and has the advantage of delicacy (a 1:500,000 solution can be estimated).
The alkaloids need only be moderately purified, e.g. by extraction with ether
and then with tartaric acid, as indicated above.

The gravimetric is the oldest assay method, introduced by KELLERS, who
shook the ethereal extract with hydrochloric acid instead of tartaric acid. It
was later shown that with the former a precipitate of almost insoluble alkaloidal
hydrochloride may be formed, which is apt to be lost by filtration. The main
difficulty in the gravimetric method is in obtaining the alkaloids sufficiently
pure. It was originally recommended that their solution in acid should be made
alkaline with ammonia and extracted with ether. The dried ethereal residue is
however apt to contain a yellow colouring matter, which makes the results too
high. The German Pharmacopoeia prescribes precipitation by sodium carbonate
and filtration; this gets rid of amines and doubtless of ergometrine also, as
well as of the colouring matter, which is soluble in alkali. The precipitated
alkaloids should however be weighed, not titrated, because adsorbed sodium
carbonate may cause a serious error (it has an equivalent weight less than one
tenth of that of ergotoxine). Accurate titration seems possible by means of the
micro-Kjeldahl method, whereby all five nitrogen atoms become titratable as
ammonia, instead of the single basic nitrogen atom of the alkaloids; moreover
the (non-nitrogenous) colouring matter does not interfere.

The above chemical and physical methods have been compared among
themselves by van PINXTEREN? and especially by ScHLEMMER, WIRTH and

1 SmitH, M. I, and E. F. StrorLMAN: Cit. p. 93. — ALLPORT, N. L., and T.T. CockiNg,
Cit. p. 93. — WokEs, F., and H. Crocker: Cit. below. — VAN PINXTEREN, J. A. C.: Cit.
below. — HampsHIRE, C. H., and G. R. Pace: Cit. p. 95. — SCHLEMMER, F., P. H. A. WirTH
u. H. PeTERS: Cit. p. 95. — Swanson, E. E., C. E. PoweLL, A. N. STevens and C. H.
StuarT: Cit. p. 132. — Swoap, D. F., G. F. CartLAND and M. C. Hart: Cit. p. 132. —
Lozinski, E., G. W. HoLpEN and G. R. Diver: Cit. p. 132. — SmrtH, F. A. UpsHER: J.
amer. pharmaceut. Assoc. 23, 25 (1934). — STERNON, F., et RENSONNET: C. r. XII¢ Congr.
Intern. Pharmacol. 1935, 237, from Quart. J. Pharmacy 9, 307 (1936), for use with small quan-
tities of ergot. For a comparison with the cock’s comb method see GErLOUGH, T. D.: Amer.
J. Pharmacy 103, 644 (1931) and STEVENS, A. N.: J. amer. Pharmaceut. Assoc. 22, 940 (1933).

2 SmrtH, M. I.: U.S. Publ. Health Rep. Washington 1930, 1466.

3 BrooMm, W. A,, and A. J. Crark: J. of Pharmacol. 22, 59 (1923).

4 FREUDWEILER, R.: L’ergot de seigle, ses principes actives et leurs dosages. Diss.:
Ziirich 1932.

5 Austoni, M.: Boll. Soc. ital. Biol. sper. 10, 643 (1935).

¢ BruUsTIER, V.: Bull. Soc. Chim. biol. Paris (IV) 39, 1538 (1926).

? HarmsMA, A.: Diss.: Leiden 1928 — Pharmaceut. Weekbl. 65, 1114 (1928). —
VAN ITALLIE, L.: Schweiz. Apoth. Ztg. 66, 423 (1928). — SCHLEMMER, F., u. H. ScHMITT: Arch.
Pharmaz. 270, 15, 29 (1931). — SCHLEMMER, F., P. H. A. WirTH u. H. PETERS: Arch. Pharmaz.
274, 16 (1936). — WokEs, F., and H. CROCKER: Quart. J. Pharmacy 4, 420 (1931). — ALL-
PoORT, N. L., and S. K. CrEWS: Quart. J. Pharmacy 8, 447 (1935).

8 KELLER, C. C.: Schweiz. Wschr. f. Chem. u. Pharm. 32, 121, 133 (1894).

? vaN PinxTEREN, J. A. C.: Pharmaceut. Weekbl. 1931, 1151; 1934, 1230.
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PeTERS!. If the weighed or titrated alkaloid has been sufficiently purified, the
results agree with those of the other methods; otherwise it may be much too
high ; methods of extraction have been compared by LEINZINGER and KELEMEN 2,
The methods so far mentioned may take ergometrine into account incom-
pletely, but do not estimate it separately. Yet such estimation is desirable since
there is no simple biological means of assaying this therapeutic principle. A che-
mical assay has been suggested by HaMPSHIRE and PAGE? which consists in the
colorimetric estimation of total alkaloid (including ergometrine) and then of the
total alkaloid insoluble in water; the ergometrine content is thus found by
difference. Since some of this alkaloid might be lost in the relatively large
volume of water used for suspending the magnesium oxide in the process of
extraction, HAMPSHIRE and PAGE mix defatted ergot (from 10 g. of the drug)
with enough ether to form a semi-liquid mass, then add 2 c.c. of concentrated
ammonia solution and stir with a glass rod. They allow most of the ether to
evaporate and exhaust the sample in an apparatus for continuous extraction
with 100 c.c. of ether during 5 hours (the results are 20% higher than by mere
shaking). After making up to 120 c.c. one half of the ethereal solution is shaken
with tartaric acid and the total alkaloid estimated colorimetrically, as described
above. The other half (60 c.c.) is shaken with successive quantities of 20 c.c.
of water made faintly alkaline to litmus with ammonia, until 1 c.c. of the aqueous
layer gives no blue colour, when mixed with 2 c.c. of the dimethylaminobenz-
aldehyde reagent. The ethereal solution, so washed free from ergometrine, is
next shaken with tartaric acid, and the water-insoluble alkaloids are determined
colorimetrically. The difference between the two solutions gives the weight of
ergometrine expressed as ergotoxine. The absolute weight of ergometrine is
found by multiplying by 0.538 (ratio of molecular weights). The method seems
reliable; added ergometrine and ergotoxine were recovered. For five samples
of Spanish ergot having a total alkaloidal content, as determined by this
method, of 0.206—0.245%, the ergometrine was 16, 19, 20, 20 and 24% of the
total; for two Russian samples with 0.060 and 0.063% of total alkaloid, the
proportion of ergometrine was 13 and 21%. It is hardly to be expected that
the proportion of ergometrine should be constant but it seems to be of the order
of one fifth or one sixth. The amount which can be isolated is often not more
than one seventh to one tenth of the total alkaloid. For the evaluation of an
ergot sample the method of HaMPSHIRE and PAGE appears to have distinct
possibilities. It is the only method which attempts to discriminate between
individual alkaloids, short of their actual isolation, which is of course attended
with considerable loss and requires much material. By isolation KiUssNER? found
that the total alkaloid was distributed as follows (in percentages):
The proportion is by

no means constant; it Ergotinine %ﬁ%‘;ﬁfé’: }lE"K"CI“‘””e Unacgounted
has even been asserted P 376 s T 93 316
s panish. . . . . . .
that ergotinine does n‘}’lt . .| 312 15.5 18.5 348
occur In ergot as such, . .. 29.0 18.7 15.8 36.5
and is only formed Russian. . . 45.5 10.0 19.9 24.6

during the extraction
of the alkaloids. A sample of alkaloids from Hungarian ergot contained 9%
ergotinine, 11% ergotoxine phosphate, 6.2% ergoclavine, 7.2% of ergotaminine

1 ScHLEMMER, F., P. H. A. WirTH u. H. PETERS: Arch. Pharmaz. 274, 16 (1936).
2 LEINZINGER, M. VON, u. J. voN KELEMEN: Arch. f. exper. Path. 128, 173 (1928).
3 HampsHIRE, C. H., and G. R. PAGE: Quart. J. Pharmacy 9, 60 (1936).

4 KissNer, W.: Cit. p. 85.
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and 18.5% of another phosphate (ergotamine ?). These results were obtained by
KissNER before the discovery of ergometrine which would figure in part among
the alkaloid unaccounted for.

It is quite evident from the above that no close agreement can be expected
between the physical or chemical determination of total alkaloid and the pharma-
cological assay of the active alkaloid, for instance by the method of Broom and
Crark!. Allowing for the proportion unaccounted for, and for the ergoclavine
being an equimolecular compound of potent ergosine with inert ergosinine, we
can deduce that only 30—40% of the alkaloid would be pharmacologically active
as obtained by Kt'ssNER. A much closer agreement was generally found by those
who have compared the results of the chemical (colorimetric) with those of the
biological assay and SmiTH and STOHLMAN? already remarked that the two
relatively inactive isomers (ergotinine and ergotaminine) either do not occur
in ergot as such or occur only in such small amounts as not to affect appreciably
the results. It seems indeed that a large part of the ergotinine isolated by
KUssSNER was not present as such in ergot.

It may be said that the chemical methods for the determination of total
alkaloid give a rough indication of the therapeutic value of a particular ergot,
and that if, in addition, the amount of water-insoluble alkaloid is determined
colorimetrically, a better and more direct idea is obtained of the amount of
ergometrine present.

Pharmacological assay methods are discussed in the relative sections of the
pharmacological part, see pp. 106, 109, 114, 115, 126, 131, 134, 187 and 188.

Physical Properties of the FErgot Alkaloids and some of their Salts.

Ergotoxine when liberated from its salts by sodium bicarbonate or borax, can be
crystallised from benzene in six-sided prisms, several millimetres in length, which
after drying in the air contain 21 % of benzene, given off in a vacuum at 90° after
very long drying and corresponding to the formula C;;H;O;N;-2 CgHy. It begins
to soften at 180° and melts very indefinitely between 190° and 200°; [x]¥%
—156° with benzene of crystallisation, —197° free from benzene, in 1% solution
in chloroform. The use of strong alkalies in liberating ergotoxine leads to con-
tamination with ergotinine and other impurities which prevent crystallisation.
It is sparingly soluble in carbon bisulphide from which it separates in stout
prisms on spontaneous evaporation of the solvent; it can also be crystallised from
concentrated solutions in acetone. It is insoluble in light petroleum, sparingly
soluble in ether, very soluble in methyl and ethyl alcohol, chloroform, acetone
and ethyl acetate. Unlike ergotamine it separates amorphous when its solution
in acetone is diluted with water. Ergotoxine is readily soluble in 1—3 % aqueous
sodium hydroxide, but not in carbonate. The phosphate C3;H3O,N;-H;PO 42 H,O
crystallises from 50 parts of boiling 90% alcohol in clusters of radiating needles,
m.p. 186—187°. It dissolves in 313 parts of water at room temperature, and
14 parts of boiling 90% alcohol. On shaking with water a 1% colloidal solution
can be obtained, from which it is precipitated by electrolytes. The ethanesul-
phonate C,,H,O:N,.C,H,SO,H.2 C,H,OH forms acicular crystals decomposing
at about 200°, [x]p +112-122° in a mixture of 2 volumes of acetone and
1 volume of water; it is sparingly soluble in water, more so in 90% alcohol,
readily in methyl alcohol. This salt is official in the British Pharmacopoeia and
contains approximately 83.6% of ergotoxine.

Ergotinine is best purified by crystallisation from hot alcohol containing
10—50% of water, and forms long, thin glistening prisms, free from solvent,

1 BrooMm, W. A., and A. J. Crark: Cit. p. 94.
2 SmrtH, M. 1., and E. F. StoHLMAN: Cit. p. 93.
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m.p. up to 239° (corr.) after preliminary darkening. [«]i¥y +435°, in 1%
solution in chloroform. Ergotinine is insoluble in light petroleum, and dissolves
at 15° in about 400 parts of ethyl alcohol, 1000 of dry ether, 90 of ethyl acetate,
25 of acetone; further in 77 parts of boiling benzene, 52 of boiling ethyl and 56
of boiling methyl alcohol; it is very readily soluble in cold chloroform. Ergotinine
is insoluble in alkaline hydroxides or carbonates and no crystalline salts are
known.

Ergocristine dissolves in 100 parts of hot and in 200 parts of cold acetone,
in 80 parts of boiling and in 400 parts of cold benzene. It crystallises with acetone
of which 1 mol is retained at 58° in a high vacuum and only given off slowly
at 100°; [o]}) —183°; m.p. 155—157°. The hydrochloride forms flat prisms
with roof-shaped end, the phosphate six-sided plates.

Ergocristinine, m.p. 214°, [«]y +366°, forms long, obliquely truncated
prisms and no crystalline salts.

Ergotamine is separated from ergotaminine by dissolving it in a little methyl
alcohol which leaves ergotaminine behind. It crystallises particularly well from
aqueous acetone in stout prisms, m.p. fairly sharp at -213—214° (corr.) after
preliminary darkening, [¢]%e —159° in a 1% solution in chloroform; it
crystallises with methyl alcohol of crystallisation in pyramids, with ethyl alcohol
in felted needles, with benzene in long, thin prisms; for the crystallographic
properties of numerous addition compounds see KOFLER!; as in the case of
ergotoxine, the solvent is retained tenaciously on heating in a high vacuum.
It is less soluble than ergotoxine in benzene, in chloroform and in ether; readily
in nitrobenzene, pyridine and dilute sodium hydroxide, not in sodium carbonate
solution. It forms a tartrate. 2 C33H;;0;N;-C,HgO4-2 CH;OH containing 84.5%
of base, a methanesulphonate, and a phosphate. The latter crystallises in leaflets,
quite distinct from ergotoxine phosphate.

Ergotaminine is fairly readily soluble in chloroform and in nitrobenzene, easily in
pyridine, but little in other solvents from which it crystallises readily solvent-free.
It requires for instance 6400 parts of ethyl alcohol for solution at room temperature
and separates from hot alcohol in characteristic thin triangular plates or five
sided plates (both approximating to an isosceles triangle with an angle of about
100°). m.p. up to 252° (corr.); [«]8y +385° in 0.5% solution in chloroform.
It is insoluble in dilute sodium hydroxide or carbonates.

Ergosine crystallises readily from ethyl acetate in prisms, m.p. 228°; [&])
—161° in chloroform, +16° in acetone (both 1% solution). It is readily soluble
in chloroform, fairly readily in methyl alcohol, from which it crystallises solvent-
free, sparingly in ethyl acetate and in benzene. It is a stronger base than ergo-
toxine. The hydrochloride C;yH;,0,N;, HCl, CH;.CO-CH; from acetone forms
diamond shaped plates m.p. 235°. It is moderately easily soluble in water, and
precipitated in the amorphous state by excess of hydrochloric acid. The hydro-
bromide m.p. 230° and the nitrate m.p. 215° crystallise in needles with one
molecule of acetone and have properties similar to those of the hydrochloride.

Ergosinine crystallises very readily from 90% alcohol, aqueous acetone,
benzene and ethyl acetate in solvent-free prisms m.p. 228°, from methyl alcohol
in needles, C4)H;,0;N;-3 CH;O0H, m.p. 220°. [&«]3" +420° in chloroform, +380°
in acetone (both in 1% solution). It is very readily soluble in chloroform (more
than ergosine), readily in acetone, less in ethyl acetate and benzene, very sparingly
in methyl alcohol (much less than ergosine). The hydrochloride, sulphate and
nitrate are all amorphous (like the salts of ergotinine).

1 KOFLER, A.: Arch. Pharmaz. 274, 398 (1936); 275, 455 (1937); 276, 40, 61 (1938).
Handbuch der Pharmakologie. Erg.-Werk, Bd. VI. 7
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Ergoclavine was isolated from ergot by KUssNER in the form of rectangular
plates, m.p. 177—178°, [«]%" +124° after drying in a high vacuum. An identical
compound was prepared by SmitH and Timmis by crystallising a mixture of
ergosine and ergosinine from ethyl acetate, or less well, from chloroform, in
small needles, m.p. about 200°, [«]%° +128° (on drying). The compound is
less soluble in ethly acetate or chloroform than either alkaloid. The compound
ergoclavine can be separated by methyl alcohol into its two constituents.

Ergometrine crystallises best from 400 parts of benzene in slender needles or
from 10 parts of ethylmethyl ketone in stout prisms, C,,H,;0,N;, 4 C,H;-CO-CHj,
m.p. 162—163°. In either case the solvent of crystallisation is given off at 100°
in a high vacuum. From ethyl acetate ergometrine is deposited at —4° without
solvent in thin plates m.p. 160—1°, at a higher temperature in needles m.p.
130—132°, retaining !/, mol C;H O, at 100° in a high vacuum, and much less
readily oxidised on exposure to air than the crystals containing benzene or
ethylmethyl ketone. In the method of preparation described above (p.93) it
separates as a chloroform compound. Ergometrine is moderately soluble in water,
forming a blue fluorescent solution, alkaline to litmus and becoming brown on
exposure to air. The solution is dextro rotatory; [«]p +76.1° in water; in methyl
alcohol +40.2° (KLEIDERER! for ergotocine); in ethyl alcohol 440.25° (Dubp-
LEY?); in water +90° (SToLL? for ergobasine). On the other hand ergometrine
is laevo-rotatory in chloroform in which it is very little soluble at room temperature
(DupLEY). KLEIDERER (for ergotocine) found [x]p —44.7° in chloroform at
50°, —61.0° in benzene at 75°; he observed a mutarotation in methyl alcohol
from +440.2° to +61.8° in 96 hours with 10% loss of activity (partial conversion
to ergometrinine). The hydrochloride can be prepared from ergometrine in
acetone by the addition of aqueous hydrochloric acid ; needles from ethyl alcohol;
m.p. 245—6°, [x]5° +63°; the hydrobromide m.p. 236—7° is rather less soluble
in water, from which both salts crystallise readily. The ozalate C,gHy30,N;3.C,H,0,
forms very fine needles from 96% alcohol, m.p. 193° [«]p +55.4°. The ergo-
metrine ion has [&]p 470.1° to +70,7° calculated from the values of the hydro-
chloride and oxalate. The picrate exists in ruby-red anhydrous prisms m.p.
188—9° and in fine yellow hydrated needles, m.p. 148°. For the discovery of
ergobasine, ergostetrine and ergotocine, and their identity with ergometrine,
see the section on its pharmacological properties (p. 178). The solubility in water
at first prevented the recognition of ergotocine as an alkaloid; solutions more
dilute than 1:7500 do not give a precipitate with MAYER’s reagent (compare
ergotoxine 1:1,000,000).

Ergometrinine was separated by Smrra and Timmis* from the mother liquor
of the preparation of ergometrine, by utilising the fact that the former is a
stronger base, and is very little soluble in water, but much more soluble in chloro-
form than ergometrine. Short, stout prisms from acetone, m.p. 195—197°,
[«]3° +414° for a 0.45% solution in chloroform, [x]3); +520° for a 1% solution
in chloroform (StoLL®). It crystallises solvent-free and is the only alkaloid of
the inert series to form crystalline salts. Hydrochloride, small needles,
C1oH,30,N;-HCL. H,0, m.p. 175—180°, very soluble in water; the hydrobromide
has a similar composition, retaining 1 H,O rather tenaciously. Other crystalline
salts are the nitrate, hydrogen sulphate and perchlorate.

1 KLEIDERER, E. C.: J. amer. chem. Soc. 57, 2007 (1935).
z DupLey, H. W.: Proc. roy. Soc. Lond. B 118, 478 (1935).
3 StoLL, A.: Cit. p. 85, note 9.

4 SmrrH, S., and G. M. Tmmmis: Cit. p. 86.

5 StorL, A.: Cit. p. 89.
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II. Pharmacology (Excluding Ergometrine).

General Considerations. DarLr! concluded in 1906 that (apart from the
stimulation of plain muscle) the main effect of certain alkaloidal ergot preparations
was a paralytic effect on “the structures which adrenaline stimulates—the
so-called myoneural junctions connected with the true sympathetic”. Since the
neurohumoral mechanism of the transmission of nervous impulses implies a direct
action of adrenaline (or other chemical transmitter) on the effector cells of smooth
muscle (or of glands) it follows that ergotoxine must no longer be regarded as
paralysing myoneural junctions, but as acting directly on the effector cells.
This has been pointed out for instance by BacQ2. It accords with the observation
of NAVRATIL® that stimulation of the accelerator nerve of an ergotaminised heart
still results in the production of an accelerating substance, as in the normal
heart, and that ergotamine merely inhibits the action of this accelerating substance
on the heart. NAVRATIL’s observation has been confirmed in other ways; thus
Can~oN and BacqQ* found that when the pilomotor nerves in the tail of a cat
had been paralysed by ergotamine, so that the plain muscles moving the hairs
were unaffected by electrical stimulation of these nerves, there was nevertheless
a characteristic acceleration of the same cat’s denervated heart, in situ, used as
criterion for the production of the sympathetic transmitter. The formation of
“sympathin” (? adrenaline) is therefore not inhibited but ergotoxine renders
the cells of the pilomotor muscles unresponsive to adrenaline, though it does not
similarly abolish the response of the heart muscle cells. That ergotamine inhibits
the action on amniotic membranes of a goose’s egg was shown by BauUrS, and
since this structure is not innervated at all, it follows that adrenaline and
ergotamine, in this case anyhow, must act directly on smooth muscle.

The mechanism of the antagonism between adrenaline and the ergot alkaloids
is not quite clear. Possibly ergotoxine occupies or saturates certain receptor
groups, so that adrenaline can no longer be fixed by them, and can thus no
longer exert its stimulating effect. It would appear that in many cases the
effect of adrenaline on the plain muscle of a particular organ or system is the
algebraic sum of opposed augmentor and inhibitor actions, of which the augmentor
usually predominates, and that ergotoxine preferentially depresses the augmentor
component, so that the inhibitor effect becomes the larger ; normal augmentation
is reversed and replaced by inhibition (compare STREULI® for an early discussion
of this point). There are, however, examples of augmentor effects, such as that
on the heart muscle, which are very resistant and are never completely suppressed,
even by large doses of ergotoxine; on the other hand there are normal inhibitor
effects of adrenaline, such as that on the intestine of some species, or the amnion
of the goose, a pure smooth-muscle structure devoid of nerve supply, which
ergotoxine or ergotamine in adequate doses will suppress. These alkaloids may
be (distantly) analogous to “poisons’’ such as hydrogen sulphide, which paralyse
the action of platinum sols on hydrogen peroxide, by occupying the active parts
of the platinum. Thus ergotamine inhibits (‘“‘poisons”) serum lipase (RoNa and
AmmoN7) and choline esterase (MATTHESS) but physostigmine inhibits both
enzymes to a much greater extent. BacqQ has suggested that the ergot alkaloids

1 Daig, H. H.: Cit. p. 85. 2 BacQ, L. M.: Ann. de Physiol. 10, 487 (1934).
3 NavrariL, E.: Pfligers Arch. 217, 610 (1927).

4 Canvon, W. B, and Z. M. Bacq: Amer. J. Physiol. 96, 392 (1931).

5 BAUr, M.: Arch. f. exper. Path. 134, 49 (1928).

¢ Streurr, H.: Z. Biol. 60, 167 (1915).

7 RowNa, P., u. R. AMMoN: Biochem. Z. 181, 74 (1927).

8 MatTHES, K.: J. of Physiol. 70, 345 (1930).

7*
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modify the physico-chemical properties of the cells in the same direction as
adrenaline modifies them. This hypothesis is based on the fact that in many
cases the primary effect of ergotamine is to stimulate the organs of vertebrates
and invertebrates, as adrenaline stimulates them. He gives a table of isolated
organs, and organs ¢n situ, which almost all respond to ergot alkaloids and to
adrenaline in the same way (the table is valuable for its references to the litera-
ture). Among several corollaries which BacQ deduces from his hypothesis, one
has since become untenable, as the result of recent chemical work ; BacqQ considers
that certain characteristic chemical groupings present in adrenaline should also
be found in ergotamine. This is hardly the case. What we now know about
the constitution of the ergot alkaloids, and particularly about the loss of activity
resulting from a mere shift of a double bond in the lysergic acid group, is in no
way reminiscent of adrenaline which owes its outstanding properties to a catechol
group not found in the ergot alkaloids. The problem is more complicated than
BacqQ seems to imagine.

Instead of attempting to establish a relationship between adrenaline and
ergotamine, a comparison between adrenaline and ergometrine might be more
profitable; at present the data concerning the latter alkaloid are not numerous,
but its sympathomimetic action is such, that it could be used, instead of adrenaline,
in assaying ergotoxine, ergotamine etc. by the method of Broom and CLARK
(see p. 131). Perhaps some of the differences between the effects of adrenaline
and ergotamine in Bacq’s table would disappear, if ergometrine were sub-
stituted for ergotamine; in the latter the peptide portion of the molecule
brings about an additional sympathicolytic action, not possessed by ergo-
metrine. This sympathicolytic action is however also shown by a number
of substances of very different constitution and can no more be attributed to
a particular chemical grouping than can the primary stimulant action of the
ergot alkaloids. For examples of sympatholytic amines see p. 143.

Whilst the effects of ergotamine and ergotoxine are most closely associated
with the true sympathetic, so that they have often been used as a test for
sympathetic activity, it has frequently been suggested that these alkaloids also
stimulate the parasympathetic, i.e. that they are amphotropic. One of the first
suggestions of this kind was made by STREULI!, who, finding that ergotoxine
not only inhibited the motor effect of adrenaline on the urinary bladder, but
also the similar powerful action of pilocarpine wrote: ‘““das Ergotoxin kann also
nicht ausschlieBlich auf sympathische Endapparate wirken, wie DALE angibt”.
There is most evidence in the case of the vagotropic action of the ergot alkaloids
on the heart. The amphotropic action of adrenaline on the frog’s heart was
examined by AMSLER?, after the sympathetic had been functionally excluded by
ergotamine. According to Korm and Pick3, calcium ions are necessary for the
maintenance of the reactivity of the sympathetic; in the absence of calcium
Ac~ori? thus found a marked depression of the frog’s heart by ergotamine which
he attributed to stimulation of the vagus endings. This vagotropic effect of low
concentrations of ergotamine (10-%) was observed by VIOTTI® in the isolated
heart of the guinea-pig, by Russo® in that of the toad; the effect was prevented
by atropine. RoTHLIN? found the heart of ergotaminised animals more sensitive

1 Strevnr, H.: Cit. p. 99. 2 AmsLER, C.: Pfliigers Arch. 185, 86 (1920).
3 KoM, R., u. E. P. Pick: Pfligers Arch. 189, 137 (1921).

4 Agvorr, R.: Arch. f. exper. Path. 126, 222 (1927).

5 Viorri, C.: C. r. Soc. biol. Paris 91, 1101 (1924).

¢ Russo, G.: Boll. Soc. ital. Biol. sper. 10, 803 (1935).

7 RorHLIN, E.: Klin. Wschr. 4, 1437 (1925).
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to vagal stimuli than the control. DE VisscHER and FABRY! inferred a vagotropic
effect of ergotamine from a study of the absolute refractory period in the frog’s
heart. The slowing of the pulse by ergotamine in human subjects is abolished
by atropine, and this is one of the strongest arguments for parasympathetic
stimulation (inferred by Youmans, TRIMBLE and FRANK? in normal subjects,
by ADLERSBERG and PorGEs?, by Pacrrico? and by WETTERWALD? in clinical
cases). From experiments on unanaesthetised vagotomised and sympath-
ectomised cats, MOORE and CANNONS® infer that ergotoxine and ergotamine slow
the heart rate by stimulating cardio-inhibition centrally. An effect on para-
sympathetic centres is also deduced by MARINESCO, SAGER and KREINDLER?,
who saw a fall of arterial pressure after injecting ergotamine into the third
ventricle, in which region the parasympathetic predominates. ANDRUS and
MarTIN® however found that ergotamine still slowed the rate of the sinus rhythm
of the dog’s heart after functional exclusion of the vagus.

The amphotropic action of ergot alkaloids has also been inferred from ex-
periments on the stomach and the intestine, but conclusions are here more
doubtful than in the case of the heart. SALANT and PArkins? found that small
intravenous doses of ergotamine (0.1 mg./kg. in cats, less in rabbits) stimulated
movement of the intestine in situ and that this stimulation was abolished by
atropine. It is agreed that ergotamine causes spasm of the pyloric sphincter
and cessation of the movements of the stomach, but here the explanation is
doubtful. STAHNKE! considered that in dogs small subcutaneous doses of
ergotamine paralyse the sympathetic and stimulate the vagus; FROMMEL on
the other hand could not abolish with atropine the pyloric spasm caused in
rabbits by ergotamine and concluded that, either the sympathetic was not
completely paralysed, or the ergotamine acted on the smooth muscle of the
sphincter (compare also KAUFFMANN and Kark!?),

The miosis of the cat’s eye, resulting from ergotoxine, was attributed by
DALE to direct stimulation of the sphincter muscle, but after the discovery of
ergotamine, HEss13, also Zunz!* and particularly Poos??, invoked parasympathetic
stimulation, since they were unable to show that constriction was caused by
sympathetic paralysis. The views of Poos have been controverted by RoTHLIN1S;
Yonkman'?, from experiments on isolated strips of the sphincter iridis, concludes
that increased muscular tone is a sufficient explanation of ergotoxine miosis,
and KopPANYI!® who injected ergotamine into the anterior chamber of the eye,
arrives at the same conclusion, in agreement with DALE’s original view. Kop-
PANYI does not deny that in other organs (heart) ergotamine may have a para-

1 pE VIsscHER, M., et P. FaBry: C. r. Soc. Biol. Paris 120, 1376 (1935).

2 Youmaxs, J. B.,, W. H. TRiMBLE and H. Frank: Arch. int. Med. 47, 612 (1931).
3 ADLERSBERG, D., u. O. PorgEs: Klin. Wschr. 4, 1489 (1925).

4 Pacrrico, A.: Endocrinologia ¥, 121 (1932) from Rona’s Berichte 70, 605 (1933).
5 WeTTERWALD, M.: Schweiz. med. Wschr. 5%, 292 (1927).

¢ MooRE, R. M., and W. B. CaNNoN: Amer. J. Physiol. 94, 201 (1930).

7 MARINESCO, G., O. SAGER et A. KREINDLER: C. r. Soc. Biol. Paris 107, 191 (1931).
8 Anprus, E. C., and L. E. MarTIN: J. exper. Med. 45, 1017 (1927).

9 Savant, W., and W. P. Parkins: J. of Pharmacol. 44, 369 (1932); 45, 315 (1932).
10 STABNKE, E.: Arch. klin. Chir. 132, 1 (1925).

1 FrROMMEL, E.: Arch. int. Pharmacod. 48, 131 (1934).

12 KAUFFMANN, F., u. H. KaLx: Z. exper. Med. 36, 344 (1923).

13 Hess, W. R.: Klin. Mbl. Augenheilk. 75, 295 (1925).

14 Zunz, E.: C. r. Soc. Biol. Paris 90, 379; 91, 392 (1924).

16 Poos, Fr.: Klin. Mbl. Augenheilk. 79, 577 (1927).

16 RorHLIN, E.: Klin. Mbl. Augenheilk. 80, 42 (1928).

17 YonkMAN, F. F.: J. of Pharmacol. 43, 251 (1931).

18 KorrANYI, TH.: J. of Pharmacol. 38, 101 (1930).
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sympathetic action, but points out that the difference between active stimulation
and paralysis of the antagonist is not always appreciated, as in STAHNKE’s
experiments on the stomach. The discussion is “rather abstract and literary”,
for the reactions of organs may vary from species to species; ergotamine paralyses
the sympathetic of the iris of the cat but not in the guinea-pig or rabbit.

General Toxicity. This section deals with the effects of ergotoxine, ergotamine,
sensibamine and ergoclavine, mainly in large doses, on intact animals. Some
of these effects might have been dealt with elsewhere; thus the excitement, which
occurs in some species, must depend on the central nervous system, but since
nothing is known as to the mode of its origin, it is described here. For the sake
of convenience the effects on body temperature have however been relegated
to a separate section (p. 146). Now that the small chemical differences between
the various potent ergot alkaloids are accurately known, a quantitative com-
parison of their pharmacological actions is of special interest in order to trace
the effect of these differences in their structure. This effect is more evident in
experiments on intact animals, than in those on isolated organs. Thus the first
significant difference between ergotoxine and ergotamine, long thought to be
‘“‘pharmacologically identical”’, was found in the more powerful effect of the
former alkaloid in raising the body temperature of the rabbit. A further question
of considerable theoretical interest is revealed by the (as yet rather scanty)
quantitative experiments on the toxicity of sensibamine, compared with that
of ergotamine. As has been pointed out in the chemical section, sensibamine is a
molecular (probably equimolecular) compound of the potent ergotamine with
its isomeride ergotaminine; by itself the latter is but slightly active, for instance
in inhibiting the motor action of adrenaline on the isolated uterus of the rabbit.
We might therefore expect that the loose compound sensibamine, which forms
well-defined crystals from some solvents, but breaks up into its two components
on mere recrystallisation from other solvents, should have the average toxicity
of its constituents. Since one of these has very little activity, sensibamine might
be expected to be little more than half as toxic as ergotamine. In reality, however,
sensibamine is more active than ergotamine in raising the body temperature of
the rabbit. The two alkaloids appear to be equally active in the cock but even
this equality is contrary to expectation; sensibamine should be less toxic than
ergotamine, if the latter were merely diluted by an equal weight of ergotamine.
It seems as if the action of ergotamine is potentiated by its isomeride. In the
case of ergoclavine (certainly an equimolecular mixture of ergosine and ergosinine)
similar data are not available, for no quantitative comparison has yet been made.
Further work of the kind above indicated is desirable, particularly a direct
comparison between ergotamine, ergotaminine and mixed solutions of the two.
The slight solubility of ergotaminine may render this difficult and perhaps
ergosine and ergosinine will be more suitable for investigating the question under
discussion. The problem is connected with the residual valency of the potent
alkaloids, not possessed by the inert series (see chemical section).

Frogs. After a subcutaneous injection of 0.1—1.0 mg. ergotamine in a 30 g.
frog, RoTHLIN! saw exophthalmos, but no miosis. The most characteristic
symptom is the muscular fatigue, already described by DALE? for ergotoxine
(a vague weakness, lethargy and stiffness of movement). The skin becomes pale
(compare the section on chromatophores, p. 140) and the respiration is slowed.
The lethal dose is 1 mg./30 g.; the heart stops in systole; occasionally small

1 RoTtHLIN, E.: Arch. int. Pharmacod. 27, 459 (1923).
2 BARGER, G., and H. H. DALE: Biochemic. J. 2, 264 (1907).
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haemorrhagic patches were observed in the intestine. DALE found the lethal
dose of ergotoxine much higher, >5 mg. per frog. Ergosine and ergosinine only
produce lethargy in the frog, and no convulsions. (Dr. A. C. WHITE, private
communication.) None of the above alkaloids produce the convulsions in the
frog attributed by KoBERT to cornutine.

Mice. BrowN and DALE! found intravenous injections of 10—100 mg./kg.
of ergotoxine ethane sulphonate to produce tremors, extreme excitability and
a pronounced weakness of the hind limbs, with a tendency to backward running.
Even 150 mg./kg. (calculated as base) produced no fatalities in their series, and
all mice were apparently normal next day. K®rErrmair? attributes a much
greater toxicity to ergotoxine: 5mg./kg. intravenously and 53 mg./kg. sub-
cutaneously caused paralysis, whilst 32 mg./kg. intravenously and 107 mg./kg.
subcutaneously were the minimal lethal doses. For ergotamine the lethal dose
is 50 mg./kg. (RoTHLIN3).

Results of quite a different order of accuracy have been recently obtained
by Dr. A. C. WHITE (private communication). He used altogether 690 mice in
a comparison of the toxicities of ergotoxine ethanesulphonate and ergotamine
tartrate. Each dose was injected intravenously into a batch of 30 mice, and
the proportion of the batch killed within 24 hours was plotted. A curve drawn
through the scattered points enables the dose to be read off which may be ex-
pected to prove fatal to 50% of a batch. This dose, thus obtained statistically,
was about 40 mg./kg. for ergotoxine ethanesulphonate, and 63 mg./kg. for ergot-
amine tartrate. Since both these salts happen to contain about 83% of free
base, the corresponding amounts for the alkaloids are 33 mg./kg. and 52 mg./kg.,
in close agreement with the observations of KREITMAIR and of ROTHLIN, but
not of BRowN and DALE. The toxicity of ergotamine on intravenous injection
into mice is thus about 0.6 of that of ergotoxine (for the isolated rabbit uterus
the ratio is 0.8, see p. 171). Dr. WHITE used a specimen of ergotamine tartrate
which had been sealed up for at least 7 years, and also a specimen prepared
recently; the agreement between the two was excellent, so that ergotamine
tartrate can thus be kept for years without deterioration (see fig. 54).

With sensibamine ROsSLER and Unna? found tonic and clonic convulsions,
sprawling of the hind limbs and a great slowing of respiration. These symptoms
were pronounced after 20 mg./kg. intravenously, or 150 mg./kg. subcutaneously,
but disappeared in a few days; 50—100 mg./kg. intravenously led to severe
prolonged intoxication, yet some animals survived 150 mg./kg.; subcutaneous
injections of 250 mg./kg. were fatal in 1—4 days, of 350 mg./kg. in 12 hours.
According to KREITMAIR a larger subcutaneous dose of ergoclavine (99 mg./kg.)
than of ergotoxine is required subcutaneously to produce paralysis, but 20 mg./kg.
of ergoclavine intravenously is fatal, as compared with 32 mg./kg. of ergotoxine.
The non-fatal range of intoxication is therefore larger in the case of ergotoxine,
than of ergoclavine. According to WHITE the symptoms of ergosine poisoning
in mice are very similar to those of ergotoxine: tremor, exophthalmos, erection
of the hairs, gasping, paresis of the limbs. Ergosinine has a similar but slower
action.

Rats. 25—100 mg. /kg. ergotamine subcutaneously causes dyspnoea and after
15—20 minutes marked ataxy; after one hour violent scratching as the result
of an itch; large doses produce isolated contractions of the extremities. In

1 BrowN, G. L., and H. H. DALE: Proc. roy. Soc. Lond. B 118, 446 (1935).
2 KrREITMAIR, H.: Arch. f. exper. Path. 176, 171 (1934).

3 RorHLIN, E.: Rev. de Pharmacol. 2, 1 (1930).

4 ROSSLER, R., u. K. UNNa: Arch. f. exper. Path. 179, 115 (1935).
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5—7 days after the injection gangrene of the tail developed, and the black distal
portion was shed (ROTHLIN!). See also the section on ergotism, p.197. With
ergotoxine, and in much smaller doses (1 mg./kg. subcutaneously) GrrHENS?
noticed only a slight dullness, or stupidity, some ataxia and an average fall of
body temperature of 2.9°.

Guinea-pigs. Subcutaneous injections of ergotamine have much the same
effect as in the rat (RoTHLIN). Intravenous injection of 4—36 mg./kg. causes
at once great excitement and a great temporary acceleration of the respiration.
A characteristic feature is the appearance of convulsions, with small doses after
5—10 minutes, with large doses immediately. After 10—12 hours the animal
seems normal and there are no after effects. Guinea-pigs are very resistant to
ergotamine; the lethal dose is >>36 mg./kg. Miosis, hyperthermia, salivation and
mucous secretion in the nose, observed in other species, were not seen in the
guinea-pig by RoTHLIN. WHITE observed after intracardiac injection of 4.6 and
8.9 mg./kg. ergosine immediate dyspnoea, and then paresis of the hind limbs,
followed by extensor spasm. Both animals recovered.

Rabbits. In experiments on the effect of ergotoxine on body temperature
(p. 146) GiTHENS noted the following symptoms, after intravenous injection of
2 mg./kg. into rabbits: dilatation of the pupil which came in one minute and
was soon almost maximal; after about ten minutes extreme restlessness set in,
lasting for about half an hour; about one hour after the injection the violent
respiratory movements which characterise the restlessness, gave place to quieter
but very rapid breathing; about this time, or sooner, the hair began to erect,
the rabbit half stood, half lay with forelegs spread wide apart and hind legs
not well drawn up under the body. The rapid rise of temperature was accompanied
by anxiety and fear when the animal was approached or handled and there was
marked hyperaesthesia; walking was difficult owing to ataxia, but there was no
weakness. Two hours after the injection the nervous symptoms were less marked
but the body temperature did not reach a maximum until after 3—4 hours,
when the rapid respiration and dilated pupils were the only other abnormal
symptoms. The above dose of ergotoxine phosphate (2 mg./kg.) is near the
lethal, and indeed proved fatal in two out of ten rabbits used by GIrHENS, as
it did in one of DALE’s3 acute experiments; RoTHLIN® places the lethal dose
for rabbits at 1.5 mg. /kg. free base = 1.8 mg./kg. of the phosphate (see p. 149).
According to ROTHLIN! ergotamine produces effects similar to those described
for ergotoxine by GITHENS; ROTHLIN however saw no change in the pupil. He
mentions general attacks of clonic and tonic convulsions and considers the lethal
dose to be 3 mg./kg. or twice as high as that of ergotoxine. The most important
difference between these two alkaloids is that ergotamine is only one half to
one third as potent as ergotoxine in raising the body temperature. According
to R6ssLER and UNNA® sensibamine is about as potent as ergotoxine on rabbits
in this respect and more active than ergotamine (,, in dieser Hinsicht zweifellos
wirksamer‘) RoTHLIN similarly finds sensibamine to be about one and a half
times as active as ergotamine (but less active than ergotoxine) in producing
hyperthermia in rabbits. ROssLER and UNNA moreover place the minimal lethal
intravenous dose of sensibamine for rabbits at 1.5 mg./kg., whilst 2 mg./kg.
ergotamine never produced serious symptoms. RoTHLIN found only a very slight
difference between these two alkaloids: 2.5—3 mg./kg. for sensibamine, 3 mg. /kg.

! RorHLIN, E.: Cit. p. 102. 2 GitHENs, T. S.: J. of Pharmacol. 10, 327 (1917).
3 BARGER, G., and H. H. DALE: Biochemic. J. 2, 254 (1907).

4 RotaHLIN, E.: Arch. f. exper. Path. 181, 154 (1936).

5 ROSSLER, R., u. K. Unna: Cit. p. 103.
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for ergotamine. In any case it seems clear that sensibamine is at least as toxic
as ergotamine, if not more so, and certainly the more powerful in raising body
temperature; this is contrary to the expectation indicated at the beginning of
this section. DALE? had already shown that repeated administration of ergotoxine
to rabbits induces tolerance, so that 5 mg./kg. are ultimately borne with only
temporary symptoms, whereas an initial dose of 1.8—2 mg. ergotoxine phosphate
may be fatal. This tolerance was also observed by RoTHLIN with ergotamine,
and by RoOssLER and UNNA with sensibamine; a week after an initial dose a
second one did not produce hyperthermia. Accordingly the testing of various
alkaloids on the same animal is rendered difficult, although this method is
desirable on account of the great individual variations which rabbits show.
WHITE found ergosine to act very much like ergotoxinc; ergosinine also produces
rapid breathing, but has a much smaller effect on body temperature.

Cats. Ergotamine produces effects very similar to those of ergotoxine, but
is distinctly less toxic. ROTHLIN records the survival of a cat after 15 mg./kg.
ergotamine (ten times the dose of ergotoxine which proved fatal in one of DALE’s
experiments). For a recent description of the characteristic symptoms caused
in cats by these alkaloids, and a comparison with those produced by ergometrine,
by BRowN and DALE, see p. 180. The central effects (excitement, sham rage)
in particular have also been studied by GILMAN?, after the intracardiac injection
of 1 mg./kg. ergotoxine ethane sulphonate. Sensibamine (1 mg./kg. intravenous)
produces the same train of symptoms as ergotoxine; RossLER and UNNA consider
the second (lethargic) phase of the intoxication in cats reminiscent of bulbocapnine
poisoning. According to WHITE ergosine, and also ergosinine, produce the same
train of symptoms in the cat as does ergotoxine.

Dogs. Few experiments have been done with large doses. STAENKE? injected
dogs daily with ergotamine during five months, starting with 0.025 mg./kg. and
gradually raising the dose to 0.4 mg./kg. Already after a week the animals were
emaciated ; they finally lost one third of their body weight. Dogs are apparently
more sensitive to ergot alkaloids than are rabbits, but develop a similar tolerance.
In dogs after quite small doses of ergotamine (0.25—0.5 mg. per animal) You-
MaNs and TRIMBLE* observed mydriasis and often vomiting. FARRAR and DUFF5
generally saw vomiting a few minutes after an intravenous injection of 0.13 to
0.4 mg./kg. ergotamine; there was profuse salivation, the pupil remained widely
dilated for nearly 24 hours; there were tremors, extensor rigidity and an accelerated
heart beat. According to Zunz and VESSELOVSKYS®, ergoclavine is slightly more
powerful than ergotamine in producing vomiting. HATCHER and WEIss? produced
with 2 mg./kg. ergotoxine intramuscularly rapid respiration and inco-ordination.
The legs were spread apart, the animals walked with difficulty. One hour after
the injection there was excitement and the hair on the spine was raised. In such
a condition apomorphine failed to cause vomiting, although there was unmistak-
able nausea. STAHNKE’s dogs at first vomited after every injection, but later
not even after higher doses, nor after apomorphine. HATCHER and WEISs conclude
that in the higher animals vomiting is practically always due to reflex action,
and that ergotoxine paralyses not only efferent, but also afferent sympathetic

1 BARGER, G., and H. H. DaLk: Cit. p. 102.

2 GILMAN, A.: Proc. Soc. exper. Biol. a. Med. 31, 468 (1934).

3 STABNKE, E.: Klin. Wschr. %, 23 (1928) — Arch. f. exper. Path. 128, 132 (1928).
4 Youmans, J. B.,, and W. H. TRIMBLE: J. of Pharmacol. 38, 121 (1930).

5 FARRAR, G. E., and A. M. DuFF: J. of Pharmacol. 34, 197 (1928).

6 Zunz, E., et O. VESSELOVSKY: C. r. Soc. Biol. Paris 119, 534 (1935).

7 HaTcHER, R. A,, and S. WEiss: J. of Pharmacol. 22, 172 (1923).
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paths, thus blocking the passage of impulses from peripheral organs to the
centre; in this way the emetic action of apomorphine is indirectly inhibited.

Cocks. The effects of ergotamine (DALE and SpIro!, see addendum fig. 532;
RorHLIN3) are very like those of ergotoxine observed by DALE, but the former
alkaloid seems to be distinctly the more potent. KREITMAIR? found the doses
of ergotamine, ergoclavine and ergotoxine, necessary for the production of
maximal cyanosis, to be per animal in the proportion of 5:6:7 respectively
(approximately 0.2, 0.24 and 0.3 mg. per animal). ROTHLIN considers ergotamine
to be also distinctly more potent than ergotoxine in producing gangrene of the
comb, which regularly resulted after 2—3 mg./kg. whereas DALE killed a cock
with injections of 10 mg. /kg. of ergotoxine phosphate, without producing gangrene,
but obtained it with 19 mg./kg., spread over five days; BROWN and DALE®
remark that three injections of ergotoxine on successive days, a total of 11 mg./kg.,
“already’ produced gangrene. According to ROSSLER and UNNA® the minimal
lethal dose of both sensibamine and ergotamine for cocks is 2.4 mg./kg. intraven-
ously. Doses of 1 mg. on six successive days produced the same degree of gangrene
with either alkaloid; after a fortnight the necrotic part of the comb was marked
off, and it was shed after four weeks. This weaker effect of ergotoxine, as
compared with ergotamine, in producing gangrene, seems to be together with
its greater effect on the body temperature of rabbits, the chief differential feature
in the pharmacological properties of these alkaloids. The other symptoms
mentioned by ROTHLIN for ergotamine and by RossLErR and Unna for ergot-
amine and sensibamine, viz. accelerated respiration (to 200 and more per
minute), ataxia, uncertain gait, salivation, defecation, drowsiness, an open
beak, were already described by DALE for ergotoxine. ROTHLIN saw neither
miosis nor hyperthermia. According to WHITE, ergosine produces in the fowl
the same symptoms (including gangrene and particularly drowsiness) as does
ergotoxine; ergosinine is less toxic and slower in its action. In several respects
the canary behaves like the fowl to both these alkaloids.

The production of cyanosis in the cock’s comb has been much used for assay
purposes. It was first employed qualitatively by the earlier European investiga-
tors and was adopted some forty years ago by American manufacturers for the
routine testing of ergot in more quantitative fashion?. Its extensive use led to
a detailed investigation by EpmuNps and HALE® and to its inclusion in the
American Pharmacopoeia, tenth revision, 1926. Cocks show considerable in-
dividual variation in their reaction, but nevertheless fairly accurate results are
obtainable (GITTINGER and MuncH?). PATTEE and NELSON!? and Swanson!!
reported a good agreement with the method of BRooM and CLARK, GERLOUGH!?
a moderate one with the chemical colorimetric. SMITH and STOHLMAN?® as well
as SwoaP, CARTLAND and HArT! however found the cock’s comb method

! DaLg, H. H., u. K. Spiro: Arch. f. exper. Path. 95, 337 (1922).

2 Since vol. IT of this Handbook contains no good illustration of the effect on the
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10 PATTEE, G. L., and E. E. NELsoN: J. of Pharmacol. 36, 85 (1929).

11 SwansoNn, E. E.: J. amer. pharmaceut. Assoc. 18, 1127 (1929).

12 GErLoUGH, T. D.: Amer. J. Pharmacy 103, 644 (1931).

13 SmitH, M. 1., and E. F. STtoHLMAN: J. of Pharmacol. 40, 77 (1930).

14 Swoap, O. F., G. F. CARTLAND and M. C. HEART: J. amer. pharmaceut. Assoc. 22, 8

(1933).
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distinctly inferior to the colorimetric method and to that of Broom and Crark.
Cyanosis is produced by all the potent alkaloids, including ergometrine (see p. 182),
and what is more serious, also by histidine (Crawford and Crawfordl and
particularly Thompson2). When this amine has been removed the alkaloidal
content of ergot extracts can be determined with an error of 20 percent. A suitable
coloration is produced by about 0.5 mg. of ergotoxine.

Monkeys. See the section in ergotism, p. 194.

Man. The effects of 6therapeutic” doses of ergotamine and ergotoxine
(0.25—0.5 mg. intravenously) in human subjects consist in a slight giddiness,
slight feeling of frontal pressure in the head, weariness and depression, lasting
for several hours. Indeed, the lassitude and lack of energy may be enough to
interfere with a normal subject’'s usual activities for two or three days (patients
with thyrotoxicosis suffer less). In many cases there is cyanosis of the skin,
especially of the hands and feet; according to Kauffmann and Kalk3 this is
more marked with ergotoxine than with ergotamine (on the cock’scomb ergotamine
is the more active). Two hours after the injection soreness and pain in muscles
sets in, particularly on walking. There may be pains in the joints, neck and
gastric region. Not infrequently there is nausea and sometimes vomiting,
20— 30 minutes after the injection. These symptoms have been encountered by
various authors4 who have investigated the effect of ergotamine on the blood
pressure and pulse in normal men (see the section on the circulation) and by
obstetricians. The more serious effects of larger doses
are discussed under ergotism, pp. 195—203.

Muscle and Nerve. According to Dominguez and So-
1omjanb, adrenaline increases the amplitude of the con-
tractions of fatigued striated muscle of Leptodactylus
ocellatus. This “ action defatiguante” is annulled by per-
fusing ergotoxine (1:1000).

Effects on the Circulatory System. Isolated Vessels.

Arterial rings, other than pulmonary, are constricted
by ergotoxine (Cow6€). There is complete antagonism
to adrenaline: Macht7 found for instance that rings
of the pig’'s carotid are constricted in Locke’s solution
by 10“4 ergotoxine phosphate and are then relaxed
by adrenaline of the same concentration. According
to Rothi1in8 ergotamine abolishes not only the con-
strictor effect of adrenaline on isolated strips of the
mesenteric artery, but also its dilator effect on the coro- FHg 1 Mesenteric \ein
nary artery (of cattle); the latter was an early example m(ﬁwp-pdre
of the abolition of the inhibitory action of adrenaline. relire 1:100000. Lower
Rings of the mesenteric vein of sheep are constricted by %q“ﬁ,r\{e'ié' .'mmsedf%
2x10"“5 ergotoxine phosphate and expar_1d when sub- mé&?nm%
sequently exposed to the same concentration of adrena- mm'mlﬁoﬁc}to%

line (Frank1in9; see fig. 1). ﬁnﬁzrorgagrr?nmm*.)

1 Crawford, A. C, and J. P. Crawford: J. amer. med. Assoc. 61, 19 (1913).

2 Thompson, M. R.: J. amer. pharmaceut. Assoc. 18, 1106 (1929); 19, 11, 104, 221, 436
(1930).

3 Kauffmann, F., u. H. Kaik: Cit. p. 101.

4e.g. Youmans, J. B.,, W. H. Trimbie and H. Frank: Cit. p. 101.

5 Dominguez, E., et A. S. Solomjan: C. r. Soc. Biol. Paris 95, 1083 (1926)

6 Cow, D.: J. of Physiol. 48, 125 (1911).

7 Macht, D. I.: J. of Pharmacol. 6, 591 (1915). 8 Rothlin, E.: Cit. p. 100.

9Franktin, E. J.: J. of Pharmacol. 26, 215 (1925).
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Perfused Vessels. The vaso-constriction observed by DALE after intravenous
injection of ergotoxine (compare his plethysmograph tracing from a cat’s leg,
this Handbuch II, 2, p. 1305) can be demonstrated by the perfusion of isolated
organs with RINGER’s or TYRODE’s solution. This was first done by PEARCE!
Ergatorin in the frog’s leg with ergotoxine
7:700000 ___1:100000 ___ 1:700000 1:100000 in normal TYRODE solution: the

! ! ! ! moderate vasoconstriction was

much increased when -calcium-

Q

ergotoxine in RINGER’s solution

A A A
free saline was used. A moderate
constriction was also observed
in the same preparation with
o A | —

by Masupa see p. 109 and fig. 2;

vor waihrend Adrenalindurchstromung .
2:7Million also by MoNoNOBE? and with
ergotamine by Mepici® (10-7
Llitild s -
TZ Y6 8Mm and 10-8 ergotamine reduced

Fig. 2. Ergotoxine phosphate 1:100,000; 0.3 c.c. constricts the the flow by 10—20%). RoTHLIN
vessels of the frog’s legs in their normal condition, but when blished h .
these vessels are being perfused with 1:1 milion adrenaline, PubIlShed a curve s. owing vaso-

Lhe same amotnt of crgtogine, ghen sepotedly, ot e constriction as the primary effect
of drops per minute. (From MASUDA*‘.) of perfusing the rabbit’s ear with
ergotamine.

When defibrinated blood is used instead of RINGER’s solution, complications
arise owing to the presence of ““vasotonins” or ‘vasoconstrictins” (BATTELLIS,
0’ConnoRr®). The action of these bodies, like that of adrenaline, is reversed by
ergotamine, so that the alkaloid appears to cause vaso-dilatation. Thus BUrRN
and DALE?, on perfusing the cat’s leg with ergotamine in defibrinated blood,
found an effect, opposite to that observed in the same organ of an intact animal
by means of the plethysmograph. Similarly HEYyMaNs and REGNIERS® saw a
dilatation, considerable and immediate, when the vessels of the isolated head or
hind leg of a rabbit, cat or dog were perfused with ergotamine. Thus 0.3—1.0 mg.
added to the perfusion fluid, consisting of 150 c.c. of blood 4150 c.c. of RINGER’s
solution, increased the flow by 23—48% in an experiment on the rabbit’s head.
The explanation of these aberrant results was supplied by HEYMANS, BOUCKAERT
and MoraAES?, who, to begin with, confirmed DALE’s plethysmograph experiments
by the method of NoLF (with three manometers). They further showed that if a
frog’s leg or rabbit’s ear is perfused with RINGER, the addition of defibrinated
blood normally causes vasoconstriction, which may then be reversed by ergotamine.
Ergotamine alone, added to RINGER, causes constriction (compare ROTHLIN
above), but the same quantity added after the action of adrenaline, causes
dilatation. The vasotonins are largely inactivated by keeping blood for 24 hours
at +5° (BorNSTEIN!?) and thus von EuLER!, on perfusing a dog’s leg with de-

1 PEARCE, R. G.: Z. Biol. 62, 243 (1913).

2 MoNONOBE, K.: Arch. f. exper. Path. 128, 208 (1928).

3 Mepicr, G.: Biochem. Z. 151, 144 (1924).

4 Masupa, T.: Biochem. Z. 163, 27 (1925).

5 BarreLLl, F.: J. Physiol. et Path. gén. 7, 625, 651 (1905).

¢ O’CoNNOR, J. M.: Arch. {f. exper. Path. 67, 195 (1912).

7 BurN, J. H., and H. H. DarE: J. of Physiol. 61, 196 (1926).

8 HeymaNs, C., et P. REGNIERS: C. r. Soc. Biol. Paris 96, 130 (1927) — Arch. int. Pharma-
cod. 33, 236 (1927).

9 Heymans, C., J. J. BouckAERT et A. MoraEes: C. r. Soc. Biol. Paris 110, 993
(1932).

10 BORNSTEIN, A.: Arch. f. exper. Path. 115, 367 (1926).

11 BEuLER, U. S. voN: Arch. int. Pharmacod. 42, 259 (1932).
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fibrinated blood so inactivated, observed that ergotamine gave a powerful
vaso-constriction, its primary effect, as explained above. The discrepancy,
caused by the vasotonins, is therefore explained. Plasma merely rendered
incoagulable by heparin contains no vasotonins and in it ergotamine acts as
in RINGER’s solution.

The reversal of the vaso-constrictor action of adrenaline during perfusion
was first shown with ergotoxine by PEARCE! in the frog’s leg, and with ergotamine
by RoTHLINZ? in the a9
rabbit’s ear, see fig. 3.
In a LAEWEN-TREN-
DELENBURG preparation
a rather high concentra-
tion of alkaloid seems
necessary; MONONOBE?
found 0.5% ergotoxine
effective in stopping the

S
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oS g et =T
;i a \

Vel A~
constrictor action of b 1 t
5x10-7 adrenaline (but P SR .2 R K-
not of p-tetrahydro- 16300 300 ,F%'m‘ 1300000

. . a
T % % 3z _w_ W % & 77w &
naphthylamine  which .

acts on the muscles of Fig. 3. Perfusiog of Eahbit’s ear. Inhibition and reversal of the constric-
i tor action of adrenaline by ergotamine. Abscissa time in minutes; or-
the vessels) . The sensi dinate number of drops per minute. (From ROTHLIN %)

[
S
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tivity to ergotoxine soon
declines, see fig. 4 by Masupa?. Hence a considerable reduction, but not the
complete abolition of constrictor action in such preparations has been used as
an assay method for ergot alkaloids by Masupa%, by MaHN and REINERT?, and
by Forst®; the method is not accurate.
The antagonism between ergotoxine and *
adrenaline was demonstrated in a rather |mgomwrm !
different type of perfusion experiment by |7 i i
RanMAN and ABHYANKAR?. They used ,— N\

the waves of rhythmic contraction and \\

relaxation, which affect the tracing of the _/\_\\ —
perfusion pressure of a frog’s leg (McDo- wiihrend Adrenalindurchstrémung 1:1 Million
waLL8). These waves were obliterated and -tz

the perfusion pressure was raised by 107° g 4. The hind legs of a frog are being per-

-7 ine- -5 : fused with 1:1 million adrenaline which has
to 10 adrenahne’ 2x10 ergotoxme reduced the flow from 41 to 4 drops per mi-

greatly increased the amplitude and fre- nute. Successive injections of 0.3 c.c. 1:150,000,
f 1:50,000 and 1:150,000 ergotoxine phosphate
quency of the waves, but a SUbsequent’ are then made. The sensitivity to ergotoxine

1ti 1 . declines rapidly. Abscissa time in minutes;
addition of adrenaline lowered the perfu et nber of drors per minute.

sion pressure, instead of raising it sharply, (From MASUDA*.)

as before ergotoxine. DALY and voN EULER?

showed that in perfused isolated lungs of dogs ergotoxine reverses the rise in
pulmonary arterial pressure caused by adrenaline. The antagonism between ergo-
toxine and adrenaline does not seem to extend to superficial veins, which are

1 PEARCE, R. G.: Cit. p. 108. 2 RoTHLIN, E.: Cit. p. 100.

3 Mow~oNoOBE, K.: Cit. p. 108. 4 Masupa, T.: Cit. p. 108.

5 Ma=HN, J., u. M. REINERT: Biochem. Z. 163, 56 (1925).

¢ Forst, A. W.: Arch. f. exper. Path. 117, 232 (1926).

7 RAHMAN, S. A., and R. N. ABEHYANKAR: Indian J. med. Res. 22, 687 (1935).

8 McDowaLr, R. J. S.: J. of Physiol. 55, i (1921) (Proc. Physiol. Soc.).

? Davy, I. pE BurcH, and U. S. von EULER: Proc. roy. Soc. Lond. B 110, 92
(1932).
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indeed constricted by local application of ergotoxine, but are then not relaxed
by adrenaline, nor by nervous stimulation (DONEGAN?).

Ergosine reverses the action of adrenaline in the perfused hind limb of the cat,
and in the decerebrate animal greatly reduces the pressor effect of adrenaline.
Ergosinine has a much smaller action on the perfused limb, but seems all the
same to differ less from ergosine than ergotinine does from ergotoxine. (Private
communication from Dr. A. C. WHITE.)

Blood Pressure. The pressor action of ergotamine in the cat and its reversal
by adrenaline were found by DALE and SPIRO2 to be very similar to the
corresponding behaviour of ergotoxine.

(e 1 JV;- IS : ’Z’ s 2 RorrLN® showed that ergotamine fur-
£ ol SR SFF Of oF of ther resembles ergotoxine in having little
20— \\ﬁ% SR—NR—HE—S%—{ effect on the rabbit’s blood pressure, in

N ] contrast to that of the cat and dog
70 A (0.05—0.1 mg./kg. of ergotamine pro-
] l/’ duces a slight rise of pressure in rabbits,
= W% ,/\ larger doses cause a fall). That the rise
%0 A/ \ /] of blood pressure is accompanied by vaso-

4 VIS constriction was shown in unanaesthe-
0 / 4 / /| tised dogs by HERRICK?; he measured

V-1 /| the blood flow in one femoral artery by

20 NV means of REIN’s Electro-stromuhr and
~ v the blood pressure in the other artery;
60 / the flow was reduced by 25% and the
pressure raised by 10—46 mm. Hg after

50 an intravenous injection of 0.5—1 mg.

Fig. 5. Pulse rate, from March 1st to July 1st, of ergOtamiI}e- Entire dogs a'nd_ca't’s were
EE o, dnelng ol njections ofertnine.  also studied by GANTERS, using an in-
tamine.) direct method involving the use of von
FrEY’s pressure recorder; he concluded
that the specific effect of small doses of ergotamine (0.5—1.0 mg. per animal)
is vaso-dilatation which is however outweighed by an increased output of
the heart, so that the blood pressure rises. In dogs which had developed
a great tolerance to ergotamine, as the result of daily injections increased
at intervals during five months, STAENKE® found that even the largest doses
caused no appreciable rise of blood pressure and only a slight diminution
in the pressor effect of adrenaline; in these dogs the cardiac effect was however
retained for they responded to each increase of dosage by a slowing of the pulse,
which then gradually became more rapid as long as the daily dose was kept
constant, without quite regaining the rate induced by the preceding dosage
(see fig. 5).

The introduction of ergotamine into therapeutics led to numerous observations
in human subjects. KauFFMANN and KALKk7 regularly obtained a rise of systolic
and diastolic pressure of 20—60 mm. with 0.25—0.50 mg. ergotamine, given
intravenously; in some cases the effect began to decline in the first hour, in
others it lasted for several hours; see fig. 6. Youmans, TriMBLE and FrANKkS®

! DoNEGAN, J. F.: J. of Physiol. 55, 239 (1921).

2 DaLg, H. H,, u. K. Seiro: Cit. p. 106. 3 RorHLIN, E.: Cit. p. 100 and p. 102.
4 HERRICK, J. F.: Proc. Soc. exper. Biol. a. Med. 30, 871 (1933).

5 GANTER, G.: Arch. f. exper. Path. 113, 129 (1926).

¢ STaHNKE, E.: Cit. p. 105. 7 KaurrMaNy, F., u. H. Kaik: Cit. p. 101.

8 Youmans, J. B., W. H. TriMBLE and H. Frank: Cit. p. 101.
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injected 0.5 mg. subcutaneously into 9 normal subjects and observed an average
systolic rise of 7 mm. (maximum 16 mm.) and in diastolic pressure an average
rise of 16 mm. (maximum 34 mm.). They consider that the lowering of blood
pressure observed by some authors in man was due to a failure to secure basal
readings at the start of the experiment. After intramuscular injection of 0.5 mg.
BAGNARESI! obtained rather inconstant results in 20 normal subjects, in so far
as concerns the systolic pressure, but nearly always a rise of diastolic pressure
(5—15 mm.) and always a very distinct rise of venous pressure (20—70 mm.).
FrREEMAN and CARMICHAEL? gave intravenous injections of 0.375 mg. ergotamine
to 24 young healthy males and obtained in something like 80% of the cases an
average rise in the systolic pressure of 13 mm., in the diastolic of 16 mm.; the
pressure was highest from 7!/, to 12 minutes after the injection. Similarly
Poor, von StorcH and LENN0xX3 found a rise of systolic and diastolic blood
pressure in migraine patients and in normal controls.

There is thus substantial agreement that

ergotamine raises the blood pressure in the A~ e
normal subject, and that the diastolic is ‘t” v
raised rather more than the systolic. You- 79 a
MANS, TRIMBLE and FRANK emphasise the &%
fact that the permissible dose and therefore §™I——~4
the effect, is small in man compared with ™’ N
animals. In thyreotoxicosis the blood pres- :1; |
" S A
sure may be lowered (RtTz4; compare You- Mituipy
MANS, TRIMBLE and FRANK). According to g} /TN 4
IMMERWAHRS and to BARATH® the effect of

. e ege Zeit-10% R ¥ oy 2R @ 2% g
ergotamine depends on the initial level; Fig. 6. Increase of systolic and diastolic blood
MEeAxkINS and SCRIVER? obtained in cases of  pressure after intravenous injection of 0.5 mg.
. ergotamine in human subjects.
hypertension a fall of blood pressure by (From KAUFFMANN and KALK®.)
20—40 mm. after 0.5—1.0 mg. ergotamine
intramuscularly. BRUCKER® reports a lowering of blood pressure in two normal
subjects, already within 5—10 minutes after the ingestion of 3 mg. of ergotamine.
This observation scarcely agrees with that of CRoNYN and HENDERSON® who
found 2 mg. of ergotoxine by the mouth to be without effect in man, and of
RoraLIN, who found the same for 2 mg./kg. of ergotamine in rabbits.

The Vasomotor Reversal. Effect on the Vessels in Various Organs. As already
indicated (p.99) the vasomotor reversal is an example of the preferential de-
pression by ergotoxine and related alkaloids of the augmentor, in comparison
with the inhibitor effects on the same plain muscle. With incomplete production
of this reversal, adrenaline may have a pressor effect at low blood pressures and
a depressor effect at high ones. That the fall in blood pressure due to adrenaline
does not simply occur because the blood pressure has been previously raised to a
high level by ergotoxine, was shown most conclusively by DALE!!; after a dose of

1 Baanarest, G.: Rass. Ter. e Pat. Clin. 3, 426 (1931).

2 FreeEMAN, H., and H. T. CarRMICHAEL: J. of Pharmacol. 58, 409 (1936).

3 Poor, J. L., T. J. C. vox StorcH and W. G. LENNOX: Arch. int. Med. 57, 32 (1936).
4 RuTz, A.: Med. Klin. 22, 736 (1926).

5 IMMERWAHR, P.: Med. Klin. 23, 1693 (1927).

8 BarirH, E.: Z. klin. Med. 104, 713 (1926).

? MEAKINS, J., and W. bE M. Scriver: Canad. med. Assoc. J. 25, 285 (1931).
8 KaurrMaNN, F., u. H. KacLk: Cit. p. 101.

9 BRUCKER, R.: Z. exper. Med. 67, 100 (1929).

10 CronyN, W. H., and V. E. HENDERSON: J. of Pharmacol. 1, 203 (1909).

11 Darg, H. H.: J. of Physiol. 46, 291 (1913).
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ergotoxine sufficient to complete the paralysis of vaso-constrictors, the de-
pressor effect of adrenaline occurs even at a pressure, lower than one at which
adrenaline normally exerts a pressor effect. In a spinal cat 0.025 mg. adrenaline
raised a pressure of 130 mm. (by 105 mm.); after 10 mg. ergotoxine 0.1 mg. adre-
naline then lowered a pressure of 110 mm. (by 30 mm.; see fig. 7). The existence
of sympathetic vasodilators, at first questioned by some, has been fully recognised
(compare e.g. Cannon and Rosenbluethl). The vasomotor reversal involves
the algebraic sum of the effects on the heart and the blood vessels. According
to Raymond-Hamet2 the first injection of adrenaline into a strongly ergot-
aminised dog often produces a fairly large rise of blood pressure due to cardiac
stimulation temporarily obscuring the effects of vaso-dilatation (see also Burn,
below, and the section on the heart). That vaso-dilatation however exists from
the outset can be shown according
to Raymond-Hamet, by rendering
the blood in coagulable and observ-
ing that the flow from a branch of
the femoral artery is increased by
adrenaline; before the administra-
tion of ergotamine, adrenaline great-
ly diminishes the flow. The vessels
in the various parts of the body are
not equally sensitive to adrenaline,
nor are they to the ergot alkaloids.
Raymond-Hamet3 has shown by
simultaneous records of the volumes
of the kidney and leg, fig. 8, or of
the rate of flow from the renal and
femoral veins, that as the result of
an injection of 0.5—0.6 mg./kg. of
ergotamine methanesulphonate, the
renal vessels may be constricted,
while the vessels of the leg are dilated.
Similarly the vasomotor effect in va-

Fig. 7. Pithed cat; carotid blood-pressure. Upper curve rious organs is paralysed or reversed
O e Le'ore' merauns DY Very different doses. Raymona-
time in half minutes. (From Dale4) Hamet5 had observed earlier that

in the kidney of the dog the vaso-

constrictor effect of adrenaline is paralysed with particular ease by 0.017 to
0.033 mg./kg. of ergotamine, a small fraction of the amount required for the
abolition of the pressor action of adrenaline on the whole animal. Rothl1in6
found the splanchnic vessels to be easily paralysed and W oods, Nelson and
Nelson7 consider that these vessels are even more sensitive to ergotamine than
are the renal. A comparison of the abdominal viscera and skeletal muscle was
made in experiments by Rosenblueth and B. Cannon8 who after a dose of
3 mg./kg. of ergotoxine to a spinal animal, found that 5y of adrenaline caused

Cannon, W. B., and A. Rosenblueth: Amer. J. PhySIOI 104, 569 (1933)
Raymond-Hamet: C. . Soc. Biol. Paris 113, 1472 (1933)

Raymond-Hamet: C. I. Soc. Biol. Paris 123, 918 (1936)

Dare, H. H.: Cit. p. 111

Raymond-Hamet: C. . Acad. Sei. Paris 182, 1046 (1926)

Rothiin, E.: Arch. f. exper. Path. 138, 115 (1928).

W oods, G. G, V. E. Netson and E. E. Ne1son: J. of Pharmacol. 45, 403 (1932)
Rosenblueth, A, and B. cannon: Amer. J. PhySlOI 105, 373 (1933)
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a rise of blood pressure, but if the aorta was clamped at the diaphragm, a fall
resulted from the same dose of adrenaline. On releasing the clamp the blood
pressure fell sharply and then adrenaline produced a rise of blood pressure.
The depressor action of adrenaline is not due to the higher blood pressure caused
by clamping, but to the exclusion of the abdominal viscera from the circulation.
Rosenblueth and Cannon conclude that the pressor effect obtained from
adrenaline after a moderate dose of ergotoxine is primarily localized in the
splanchnic area, while in the rest of the organism the depressor response is do-
minant. The splanchnics are considered to have primarily vasoconstrictor action
and sympathetic vasodilators to distribute mainly to skeletal muscle. W oods,
Nelson and Nelson consider that the vessels of the spleen and of the liver are
not much less sensitive to ergotamine than are the splanchnic and renal (Datel
had already shown the _

reversal in the case of the

spleen, and Neubauer?2

the antagonistic effect of

ergotoxine on the hyper-

aemic action of adrenaline

in the liver). On the other

hand van Dyke3 had ob-

served, by stimulation of

the relative nerves, that A

the vessels of the nasal

mucosa are much more o de it gt Ko

resistant than the splan- t :

chnic vessels to paralysis

by ergotamine, and this

W oods,NelsonandNel-

son confirmed by means

of adrenaline injections.

The vessels of the skin

are also resistant. Those

of voluntary muscle are

dilated by small doses of ) ] .
adrenaline and possess 1'?% 8 g o ia g uckr chiorlose (012 9/ka.) b"m‘@'\,&i‘n#g

- neck, artificial respirationy (@) tine I O ki
sympathetic vaso-dilators ﬂsf,fmet: Qvoiire of Ioht m%%%&‘?g% p,e'}';‘)g
(compare Rosenblueth mﬂﬁellﬁd&%ﬁlﬁﬁa}e%f (¢ \Binblot%og mrgTrue*N
and Cannon, above). 1N Tansuppartis in 7 & of veter. Between | ard 1Y 75 Soerte e
the experiments ofW oods, elaped  (From Raymond-Hamet4)
Nelson and Nelson the
dilatation by adrenaline was in most cases decreased after the administration of
ergotamine; the vaso-dilators of skeletal muscle seem thus to be paralysed by
ergotamine, but not readily. The accelerator and augmentor effect of ergotamine
on the heart is also not antagonised by doses adequate to abolish the vaso-
constrictor effect of adrenaline in the splanchnic region.

The various factors which determine the reversal of the effect of adrenaline
on the systemic pressure are therefore very complex. Some of these factors,

as well as their combined effect, have been repeatedly used for assay purposes.

1 Dale, H. H.: Cit. p. 85.

2 Neubauer, E.: Biochem. Z. 52, 118 (1913).

8 Van Dyke, H. B.: J. of Pharmacol. 2T, 299 (1926).
4 Raymond-Hamet: Cit. p. 112, note 3.

Handbuch der Pranrekologie.  Erg.-\Werk, Bd.VI.
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The vasomotor reversal itself was used by Burn?, by voN WERrz2 and by RoTa-
LINS, in order to ascertain the extent to which ergot alkaloids are absorbed from
the intestine. BURN attempted to determine the average dose of ergotoxine
necessary for producing the vasomotor reversal in spinal cats, and the smaller
dose necessary for completion of the reversal in cats which had received 1 g.
of ergot by mouth 18—20 hours before. The difference between the two amounts
injected to bring on the reversal, was taken to represent the ergotoxine absorbed
from the intestine; BURN concluded that this was about 0.75 mg. or 30% of
the amount present in 1 g. of good ergot ingested. This conclusion is not accepted
by RotHLIN. The first difficulty is to ascertain the minimum dose required to
produce the reversal in a particular animal. BuUrN tested for it by injecting
0.02 mg. adrenaline, but since this always tends to raise the blood pressure by
cardiac action, he made not a single, but a series of adrenaline injections while
the cardiac effect still persisted ; when the later injections caused a fall of pressure,
the vasomotor reversal was considered to be established. The various doses of
the alkaloid should succeed one another rapidly; the full effect of the vasomotor
reversal does not last for more than 4—5 minutes, so that it is difficult to make
divided doses really cumulative. A second and more serious difficulty is the
great individual variation. BurN found in a series of 20 cats the dose necessary for
the reversal might be as low as 0.12 mg. [kg. ; in a few cases it could not be obtained
with 1.07 mg./kg. ROTHLIN’s limits are even wider: 0.02 and >2.0 mg./kg. (the
failure to produce a reversal by such high doses is attributed by RoTHLIN to
cardiac action). Hence the average dose of 0.5 mg./kg. deduced by BurN, which
happens to accord with that frequently employed by DALE, is of little value for
assay purposes. VON WERZ found 0.11—0.14 mg./kg., also in spinal cats, for
ergotamine; the difference is due to his adoption of a less stringent criterion
(incomplete reversal).

Since the general vasomotor reversal cannot be used quantltatlvely, RoraLIN
considered other criteria for the absorption of the alkaloids. The blood pressure
is not affected by 2 mg./kg. absorbed gradually from the intestine. The slowing
of the pulse is characteristic, but unsuitable for assay, and hence he preferred
the paralysis of the splanchnic, or more conveniently, of the renal vaso-constric-
tors, which sets in well before the general vasomotor reversal. He concludes that
the alkaloids are absorbed in 10—40 minutes from the duodenum and jejunum,
rapidly also from the rectum (in agreement with voN WERz), but hardly from
the stomach. They are absorbed both from solution and from powdered ergot,
but not from suppositories.

The individual variations, indicated above for the vasomotor reversal in cats,
apply also to the vasoconstrictor effect in the kidney, for which RaymMoND-
HamEeT? gives 0.016—0.033 mg. /kg. in dogs and WuLp and NELSON® find much
wider limits (0.0054—0.11 mg./kg. for a smaller series of dogs). RAYMOND-
HameT® nevertheless used this method to determine the activity of ergotinine
of which 5—10 mg./kg. is required to paralyse the renal vaso-constrictors, i.e.
300 times as much as ergotamine. RaymMoND-HaAMET employs vagotomised dogs
under chloralose; the carotid blood pressure and the kidney volume are recorded.
A few injections of 0.05 mg. adrenaline are given, which produce a rise of blood

1 BurN, J. H.: Quart. J. Pharmacy 2, 515 (1929).

2 VoNn WERz, R.: Arch. f. exper. Path. 161, 368 (1931).

3 RotHLIN, E.: Arch. f. exper. Path. 171, 555 (1933).

4 Raymonp-HameT: Cit. p. 112, note 5.

5 Wurp, G. A., and E. E. NeLson: J. of Pharmacol. 42, 143 (1931).
¢ RAYMOND- Hamer: Bull. Acad. Méd. Paris 96, (iii), 90 (1926).
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pressure and an equally evanescent diminution in the kidney volume. After a
suitable dose of ergotamine, the systemic rise of blood pressure caused by 0.05 mg.
adrenaline may be scarcely affected, but the vaso-constrictor effect of adrenaline
on the kidney may be diminished, or abolished, or reversed. W ulp and Nelson
do not consider that, as long

as adrenaline still exerts a

pressor effect, one can say that

the renal vasomotors are pa-

ralysed by merely inspecting

the oncometer tracing, which

records the algebraic sum of

active constriction and passive

dilatation resulting from con-

striction elsewhere. Yet the

stage at which the kidney vo-

lume is no longer changed by

adrenaline may be taken as

an arbitrary end point. This

is however difficult to deter-

mine, for the effects of suc-

cessive doses of ergotamine

seem to be even less cumula-

tive than in the vasomotor

reversal discussed above (com-

pare Wulp and Nelson and

fig. 9).

A double inversion of the
effect of adrenaline is described
by Raymond-Hametl; after
corynanthine has brought
about the first reversal (analo-
gous to that discussed above),

0.3 mg./kg. of ergotamine cau-
ses a considerable rise of blood
pressure and renal vasocon-
striction (this, according to
Raymond-Hamet, shows the
musculotropic nature of vaso-
constriction by ergotamine).
If now adrenaline is again
injected there is a very con-
siderable rise of blood pres-
sure, instead of a fall occurring
before the ergotamine was
injected. The explanation of this peculiar phenomenon seems obscure.

The vasomotor reversal is not brought about with equal ease in all species.
Dale already showed that the rabbit is particularly resistant; according to
RothlinZ1—2 mg. ergotamine per kg. merely lessens its pressor response to
adrenaline, whereas 0.2—0.5 mg./kg regularly produces complete vasomotor

1 Raymond-Hamet: C. . Soc. Biol. Paris 119, 1367 (1935)
2 Rothtin, E.: Cit. p. 102.
3 Wulp and Nerson: Cit. p. 114.
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reversal in the cat and dog. BraUN! found the same difference which is in
accordance with the high lethal dose of ergotamine for rabbits. According to
M. I. Smrra? the vasomotor reversal is brought about in dogs, subjected to
histamine or traumatic shock, by much smaller doses of ergotamine than in
normal dogs; an incomplete reversal may be rendered complete by histamine;
he considers that the sympathetic vaso-constrictor mechanism is damaged first.
On the other hand narcosis makes the reversal more difficult; HAuscHILD and
LenpLE?® found that when the pressor response to adrenaline had been abolished
in cats, decapitated under avertin, ether restored it.

Naturally ergotamine also antagonises or inverts those pressor effects which
are due to the outpouring of adrenaline from the suprarenal gland (stimulation
of splanchnics, DALE; nicotine, ROTHLIN%; experimental cerebral embolism,
VILLARET, JUSTIN-BESANgoN and DE SizES).

The effect of the ergot alkaloids on cerebral vessels is discussed in the section
on the central nervous system (p. 145), their action in producing gangrene on
pp. 104, 106, 197 and 198.

Whilst ergotamine reverses the pressor action of adrenaline, the similar
pressor action of other sympathomimetic amines is, as a rule, not reversed.
TAINTER® indeed distinguishes sympathicotropic drugs by the fact that their
action is reversed by ergotamine (and increased by cocaine). This group seems
to comprise only catechol derivatives; TAINTER? found his criteria satisfied by
the first three members in the following table:

1. H(?(BDCHOH-CHZ-NH-CH?, adrenaline
HO

2. HO@CHz-CHz-NHz 3:4 dihydroxyphenylethylamine
HO

3. HO{;>CH2-CH2-CH2-NH2 3:4 dihydroxyphenylpropylamine

4. H0{__SCHOH-CH,NH-CH, sympathol

5. H0{ _ SCH,CH,NH, tyramine

6. < SCHOH-CH(CH,)-NH.CH, ephedrine

7. 7N/ \NH, B-tetrahydronaphthylamine
49

On the other hand TAINTER found the pressor effect of Nos. 5 and 6 not reversed;
BurN and TAINTER® found the same for the constrictor effect of (5) tyramine
in the perfused leg of the dog, and DALy, FogeiE and LupANY?® observed no
effect of ergotoxine on the rise of pulmonary artérial pressure produced by
tyramine in isolated perfused lungs of dogs. Cocaine has no effect either, but

1 BRAUN, A.: Miinch. med. Wschr. 1924, 1641.

2 SmrtH, M. I.: J. of Pharmacol. 34, 239 (1928).

3 HauscHILD, FR., u. L. LENDLE: Arch. f. exper. Path. 178, 366 (1935).

4 RorHLIN, E.: Schweiz. med. Wschr. 40, 978 (1922).

5 VILLARET, M., L. JUSTIN-BESANQON et S. DE S2zE: C. r. Soc. Biol. Paris 106, 1211 (1931).

¢ TAINTER, M. L.: J. of Pharmacol. 46, 27 (1932).

7 TAINTER, M. L.: Quart. J. Pharmacy 3, 584 (1930).

8 BurN, J. H., and M. L. TainTER: J. of Physiol. 71, 188 (1931).

9 DaLy, I. pE BurGH, P. FoaaiE and G. VON LUDANY: Quart. J. exper. Physiol. 26, 235
(1937).
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the combined action of these two alkaloids results in a curious potentiation of
the action of tyramine. Even the action of (4) sympathol (which differs from
adrenaline only by the lack of one phenolic hydroxyl) is not reversed, according
to Aizzi-Mancinil It is therefore not surprising that the action of (7) /?-tetra-
hydronaphthylamine (which is structurally much more remote from adrenaline)
is not reversed either. Thus Bouckaert and Heymans2 found in a cat under
somniphene that after 0.2 mg./kg. ergotamine intravenously, 1mg./kg. of
j3-tetrahydronaphthylamine raised the blood pressure, whilst 0.01 mg. adrenaline
lowered it; this is quite in agreement with the inactivity of ergotamine on the
hyperthermia and hyperglycaemia caused by the naphthylamine.

The case of ephedrine has given rise to some controversy. Kreitmair3found
that when in a decapitated cat the response to 0.01 mg./kg. adrenaline had been
inverted by 0.5 mg./kg. ergotamine, 1mg./kg. ephedrine still caused a rise of
blood pressure. This was confirmed by de Eds and Butt4, also by Tainter.
Curtis5 argues however that the pressor effect of ephedrine is almost entirely
due to the heart, the accelerator mechanism of which is particularly resistant
to ergot alkaloids (see p. 120). Moreover according to Curtis a comparison should
be made between doses of adrenaline and ephedrine more closely comparable
(Kreitmair used 90 molecules of ephedrine to one of adrenaline). In cats which
had received enormous doses of ergotamine (7 and 15 mg.) Curtis was indeed
able to obtain a fall of blood pressure after ephedrine, and he states that under
suitable conditions the antagonism between ephedrine and ergotamine can also
be demonstrated on the uterus. Schretzenmayr6 Using Ganter’s method of
determining vascular tonus in intact cats and
dogs under urethane, is also of the opinion that
the pressor action of ephedrine (and of tyramine)
can be reversed by ergotamine, and that, con-
trary to the general view, these sympathomi-
metic amines act on the same structures as
does adrenaline. Beccari7 does not agree with
Curtis and Schretzenmayr, as the result of a
determination of the amounts of ergotamine
necessary to paralyse sympathetic nerve endings
(0.1—0.2 mg./kg.) and cardio-vascular reflexes Fig. 10. Perfused frog's heart; after

sympathetic paralysis by ergotamine,

(04 mg/kg) in dOgS. one drop of 1:1000 adrenaline is added
. . at (a); at (b) spontaneous recovery.
Action on the Heart. Soon after the discovery (From Amsler8)

of ergotamine, Amsier8 found that this alkaloid

has little or no effect on an isolated frog's heart beating optimally under the
influence of adrenaline. If adrenaline has not been previously applied, ergo-
tamine causes a slight depression of cardiac activity, which cannot be removed
by atropine and is due to paralysis of the sympathetic. If, after treatment
with ergotamine, the heart is now perfused with adrenaline, its action is
greatly depressed (see fig. 10). This inversion of the effect of adrenaline on the
frog’s heart, by 10“5ergotamine, was confirmed by Roth1in9 and for the same

1 Aizzi-Mancini, M.: Boll. Soc. ital. Biol. sper. 4, 225 (1929).

2 Bouckaert, J. J., et C. H eymans: Arch. int. Pharmacod. 35, 137 (1929)

3 Kreitmair, H.: Arch. f. exper. Path. 120, 195 (1927).

4 de Eds, F., and E. M. Bute: Proc. Soc. exper. Biol. a. Med. 24, 800 (1927).
5 curtis, F. R.: J. of Pharmacol. 34, 37 (1928).

6 Schretzenmayr, A.: Arch. f. exper. Path. 152, 210 (1930)

7 Beccari, E.. Arch. int. Pharmacod. 50, 195 (1935).

8Amsler, C.: Cit. P. 100. 9Rothlin, E.: Cit. p. 100.
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concentration of ergotoxine by Opal; lower concentrations of ergotoxine (10-7
and 10-%) had a slight stimulant effect. AMSLER suggests that the inverted
effect of adrenaline is due to this drug stimulating the vagus endings which
stimulation however only becomes evident after the antagonistic sympathetic
has been paralysed. The inverted effect of adrenaline is prevented by atropine,
but the slight depression of the heart by ergotamine alone is not so prevented.
According to KoLm and Pick? the relative influence of the sympathetic and vagus
depends on the composition of the perfusion fluid; a deficiency of calcium ions
makes the sympathetic less sensitive, the vagus more so and adrenaline is then
negatively inotropic and finally arrests the heart in diastole. Conversely excess
of calcium chloride so sensitises the sympathetic that adrenaline produces contrac-
ture of the ventricle, while the auricles continue to beat strongly; now this con-
tracture is also inhibited by ergotamine. Thus the sympathetic of the frog’s heart
may be put out of action both by ergotamine (AMSLER) and by a deficiency of cal-
cium ions, which moreover stimulates the vagus (KoLm and Pick). These two in-
fluences were combined in the experiments of AgNoLi3, who found that, in the
absence of calcium much smaller concentrations of ergotamine suffice to bring
about a diastolic stoppage, than in normal RINGER. AGNOLI concludes that
ergotamine not only paralyses the sympathetic but stimulates the vagus endings;
the stimulation only becomes evident in the absence of calcium ions. The
antagonism between ergotamine and calcium ions was also demonstrated with
the smooth muscle of the frog’s oesophagus by AeNoLI and others (see p. 129).
The amphotropic action of ergotamine was studied on the toad’s heart by
Russo4, who discusses various explanations and the relations of this action to
the effect of ergotamine on smooth muscle, such as the Molluscan heart (see below).
Whilst there is agreement about the primary effect of ergotamine on the am-
phibian heart, there is some doubt about the seat of the action.

The negative chrono- and inotropic effect of 10-% ergotamine on the heart
of the Japanese toad and the fresh water fish Ophiocephalus argus is not influenced
by atropine, but promptly abolished by adrenaline, according to MATSUMURAS.
Much the same was found by MezEy and StTaUB® for strips of the musculature
of the frog’s ventricle, and these observations are in agreement with those of
AMSLER and others. MEzEy and StaUB found however no reversal of the action
of adrenaline, and consider that ergotamine probably acts on the heart muscle.
On the other hand this action is considered by MATSUMURA to be on intra-cardial
ganglion cells (modified histologically by ergotamine); it is not shown by chick’s
embryos till the fifth day, when nerves can first be demonstrated by CasaL’s
method and the formation of ganglion cells inferred. The Molluscan heart is
not known to have any nervous accelerator mechanism and when it is isolated
in sea water, its thythm and the strength of its contractions are increased by
small concentrations of ergotamine, just as they are by still smaller concentrations
of adrenaline; the antagonism between these two drugs is only shown by the
vertebrate heart. BacqQ? showed its absence for the isolated median ventricle
of Loligo Pealii and KruTa8 for that of Sepia officinalis. The effects of the two
drugs are additive; that of ergotamine is much the more prolonged (doutless

1 Opa, Y.: Fol. pharmacol. jap. 6, 19 (1927).
2 KorM, R., u. E. P. Pick: Cit. p. 100.

3 Agworr, R.: Cit. p. 100. 4 Russo, G.: Cit. p. 100.
5 Marsumura, T.: Jap. J. med. Sci. Trans. IV. Pharmacol. 4, 46*—47* (1930); 5, 92}
(1931).

8 Mezey, K., u. H. StauB: Arch. f. exper. Path. 182, 183 (1936).
7 BacQ, Z. M.: Arch. int. Pharmacod. 38, 138 (1934).
8 KruTa, V.: J. Physiol. et Path. gén. 34, 65 (1936).
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because the alkaloid with its considerable residual valency, is more firmly ad-
sorbed than adrenaline, and cannot be readily washed out).

The effect of ergotamine on the sensitivity of the cardiac nerves to electrical
stimulation appears to have been first investigated by Rothiinl who found in
the cat under urethane that the depressor nerve became less sensitive and the vagus
more so (see fig. 11a to c); these effects passed off after fifteen minutes. Ergot-

Cc

Fig. 11ato c. Cat under urethane. Time marked every 3 seconds, (a) shows the normal depressor phenomenon

after central stimulation of the vagus, coil at (V.20). At 1 in curve (b) 0.5 mg atropine sulphate; rise of

blood pressure; central vagus stimulation (V. 20) causes a greater fall of blood pressure than in (a). At 2 in

curve (c) 0.2 mg. ergotamine tartrate is injected intravenously; rise of blood pressure; the depressor phenomenon
(V. 20) has been practically abolished. (From RothlinXx)

amine also potentiates the action of acetylcholine (seefig. 12a and b). This action
of ergotamine, in so far as concerns the vagus mechanism in the frog, was confirmed
by Loewi and Navratii2, who connected it with the much more powerful effect
of physostigmine; both alkaloids inhibit the action of the choline esterase in
blood and of the two, ergotamine is much the weaker (Matthes 3). Indeed, according
to Gayet and Minz4, the inhibitory action of ergotamine on choline esterase

1 Rothtin, E.: Cit. p. 100.

2 Loewi, O, u. E. Navratir: Klin. Wschr. 5, 894 (1926) — Pflugers Arch. £14,689 (1926).
3 Matthes, K.: Cit. p. 99.

4 Gayet, R., et B. Minz: C. r. Soc. biol. Paris 1£3, 1160 (1936).
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cannot account for all the phenomena. They find that 0.5 mg./kg. ergotamine
injected into an eserinised dog increases the acetyl choline content of the blood
from the pancreatic vein (measured on leech muscle), but not from the carotid
artery, the jugular or femoral veins. The increase persists for some 40 minutes
and is not observed in the blood from the pancreatic vein of a dog which is not
eserinised, even when that blood is received into a vessel containing eserine
(physostigmine;. Hence they conclude that ergotamine has a cholinergic action
of its own.

The accelerator nerve is rendered less sensitive by ergotamine (Navratill)
but the effect only comes on after about 20 minutes, and is then very persistent
(owing to strong adsorption of the ergotamine). Hofer2 repeated Navratil's
experiments on the frog with a new method for isolating the accelerator fibres,

Fig. 12a and b. Dog under morphine. Curve (a) shows the action of 1 c.c. of a 1:10,000 solution of acetyl
choline before, and curve (b) that of the same dose of acetyl choline after the injection of ergotamine.
(From Rothlin3)

and obtained complete abolition of the effect of electrical stimulation; sensitiveness
was partly restored by perfusion with 10"4 caprylic alcohol (exchange ad-
sorption?).

The accelerator mechanism of mammals is much more resistant to ergot
alkaloids. That the cardio-accelerator effect of adrenaline is not abolished in
cats by doses of ergotoxine, sufficient for the vasomotor reversal, was already
established by Date. Otto4 failed to induce even partial paralysis of the
accelerator nerve in cats and dogs by enormous doses of ergotoxine (110 mg./kg.
in cats!) one hundred times as great as those which paralyse the vaso-constrictors
(compare also Henrijean and Waucomont5). W oods, Nelson and Nelson6
found that the accelerator effect of adrenaline was often actually increased by
ergotamine (before ergotamine the heart rate per minute was changed by
adrenaline from 162 to 186, i.e. by 24; after 0.45 mg./kg. ergotamine from
126 to 165, i.e. by 36); ergotamine hardly influenced the augmentor effect of
adrenaline measured by Cushny’s myocardiograph. The conclusions of Andrus
and Martin7 are somewhat different; they report the disappearance of the
response to 0.1 mg. adrenaline in dogs shortly after giving 0.1—0.2 mg./kg.

1 Navratir, E.0 Cit. p. 99. 2 Hoter, B.: Biochem. Z. 246, 46 (1932).

3 Rothiin, E.: Cit p. 102. 4 otto, H. L.: J. of Pharmacol. 33, 285 (1928).
6 Henrijean, F., e R. Waucomont: Arch. int. Pharmacod. 38, 618 (1930)

6 W oods, G. G, V. E. Ne1son and E. E. Nerson: Cit. p. 112.

7 Andrus, E. C, and L. E. Martin: Cit. p. 101
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ergotamine. Following the functional exclusion of the vagus, by section and by
atropine, ergotamine slowed the rate of sinus rhythm, depressed auriculo-
ventricular conduction and delayed transmission of excitatory processes in the
auricle. CoeLHO! found slowing of the heart, abolished by adrenaline. This
question how far ergotamine paralyses the sympathetic or inhibits the action of
adrenaline on the accelerator mechanism of the mammalian heart, has been
approached indirectly by D. C. Smrre? in a study of ventricular fibrillation in
the cat under dial, induced by direct faradization of the heart for 2 seconds.
Adrenaline consistently shortens the period of the resulting fibrillation, and
ergotamine antagonises this effect of adrenaline.

The balance of evidence is that the slowing of the heart by ergotoxine (DALE)
and ergotamine (DALE and Spiro3, ROTHLIN?) is not the result of accelerator
paralysis, but is due to vagus stimulation. Thus ViorTI® found that the slowing
of the isolated rabbit’s and particularly the guinea pig’s heart, caused by 10-¢
ergotamine, was abolished by atropine. A similar atropine effect with relatively
small doses is mentioned by GANTERS®, by ANDRUS and MARTIN?, and by YoumMaNs
and TRIMBLES. The latter authors observed a sudden, marked slowing of the
heart in trained dogs, in the absence of any anaesthetic, after an intravenous
injection of 0.25—0.5 mg. ergotamine; 0.05 mg./kg. atropine entirely prevented
or abolished this slowing. They consider it principally due to a stimulation of
the vagus mechanism. With the vagi cut ergotamine still causes a slowing, but
less than in intact animals, and the authors attribute this to the unopposed
accelerator tone having made the accelerators more sensitive to ergotamine.
Moore and CanNoN? found that 1 mg./kg.
ergotoxine lowered the basal heart rate of o[---

unanaesthetised cats from 95 to 80, the <

90

maximum rate after struggling from 240 to

169, but in animals vagotomised by a pre- s A
vious operation there was no change. In 3 Ao LT AN
cats similarly sympathectomised the same AT T
dose of ergotoxine lowered the basal rate  t+——ff ¥ & A

to something like 50 and that after a ¥ 4 7

struggle to the neighbourhood of 90. One
of the effects of ergotoxine must therefore /
be to stimulate the vagus centre. The

effect may extend over a prolonged period ~ &% ¢f 7w 2 1 & 5 ¢

3 10 Fig. 13. Lowering of the pulse frequency
(compare the expenments of STAHNKE ’ after intravenous injection of 0.5 mg. ergot-

50| {’

. 110). amine tartrate in human subjects. Abscissa:
P time in h
. ime in hours.
The effect of ergotamine on the pulse (From KAUFFMANN and KALE™.)

rate in man has been frequently investi-

gated, and with more concordant results than its effect on the blood pressure.
Intravenous or intramuscular doses of 0.25—0.5 mg. ergotamine consistently
lower the pulse rate, on the average by something like 10 per minute, but there
is much individual variation. The most important investigations, on a consider-
able number of healthy subjects, are by KaurFFMaNN and Karx™ (see fig. 13),

1 CoeLHO, E.: C. r. Soc. Biol. Paris 99, 937 (1928).

2 SmrtH, D. C.: J. of Pharmacol. 58, 312 (1936).

3 Daig, H. H., u. K. Spiro: Cit. p. 106. 4 RotHLIN, E.: Cit. p. 102.

5 Viorr, C.: Cit. p. 100. ¢ GANTER, G.: Cit. p. 110.

7 Axprus, E. C,, and L. E. MarTIN: Cit. p. 101.

8 YouMaNs, J. B., and W. H. TRIMBLE: J. of Pharmacol. 38, 133 (1930).

9 Moorg, R. M., and W. B. Can~on: Cit. p. 101.

1 StanNKE, E.: Cit. p. 105. 11 KaourFMANN, F., u. H. Kack: Cit. p. 101.
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by Youmaxs, TRiMBLE and FRANK!, by BAGNARESI? and by FREEMAN and
CarMIcHAEL3, subsidiary observations by PooL, voN StorcH and LENNOXY, by
Zorn® and by BRUCKER® (after oral administration). A slowing of the pulse
occurs in thyreotoxicosis (Youmans, TRIMBLE and FRANK, LEV and HAMBURGER?
[electrocardiogram], ADLERSBERG and Porces?, PorRGES?, MERKE and EISNER!,
RorascHILD and JAcoBsoHN!!, RiTz?) and in obstetrical patients (WETTER-
wALD®). In cardiac disease the pulse rate may be raised (BAGNARESI!). The
effect of an intravenous injection is maximal in a few minutes, that of an intra-
muscular requires half an hour (BAGNARESI); it is remarkable that BRUCKERS
reports a slowing of the pulse from 80 and 85 to 60 in two adults, 4—6 minutes
after drinking a solution of 3 mg. ergotamine in water. The blood pressure is
affected rather more slowly than the pulse, whatever the route. Other investiga-
tions are by BARATH!® and by IMMERWAHRIS,

Ergotamine diminishes the frequency and amplitude of the contractions of
an isolated strand of the auriculo-ventricular bundle and then the action of
adrenaline is inverted; the typical increase in frequency caused by strophanthin
is also impaired (SPUHLERY). Ergotamine further diminishes the capacity of the
sinus-free frog’s heart (STannIUs’ first ligature) for spontaneous activity (Isa-
vaMal®). The absolute refractory period of the isolated frog’s ventricle is always
increased by adrenaline, and at high stimulation frequencies ergotamine has the
opposite effect; with a slow rhythm the effect of ergotamine is inverted, and the
drug then behaves like adrenaline (DE VisscHER and FaBrvy??). Ergotamine does
not affect the chronaxy of the isolated frog’s heart (NARAYANAZ0),

Action on Cardio-Vascular Reflexes. RoTHLIN? found that ergotamine dimi-
nishes the depressor reflex in the cat (see fig. 11, p. 119); during some fifteen minutes
after the injection stimulation of the depressor nerve has a smaller effect on the
blood pressure than before. WriGHT?? confirmed this; small doses of ergotamine
prolong the latent period of the reflex, decrease the rate and extent of the fall
of blood pressure, and finally abolish it .completely. With larger doses WRiGHT
could abolish the pressor reflex elicited by stimulating the central end of the
popliteal nerve. The effect of ergotamine on the depressor reflex has also been
demonstrated in the rabbit by JoNnNEsco and JONESCU2 (not in man, as stated
in a monograph). The carotid sinus reflex, evoked by compression of the common
carotid (HERING) and resulting in vaso-constriction and rise of blood pressure,
was found by GANTER? to be abolished in dogs and cats by ergotamine. This
abolition was further examined by WricHT, and particularly by HEymans and

1 Youmans, J. B., W. H. TRiMBLE and H. Frank: Cit. p. 101.

2 BaeNaREsI, G.: Cit. p. 111.  ® FREEMAN, H., and H. T. CarmicHAEL: Cit. p. 111.
4 Poor, J. L., T. J. C. vo~ StorcH and W. G. LExNox: Cit. p. 111.

5 Zorwn, W.: Klin. Wschr. 6, 204 (1927). 8 BRUCKER, R.: Cit. p. 111.

7 Lev, M. H,, and W. W. HAMBURGER: Amer. Heart J. 8, 32 (1932).

8 ADLERSBERG, D., u. O. PoraEs: Cit. p. 101.

? PorGES, O.: Med. Klin. 23, 200 (1927).

10 MErkE, F., u. W. EisNEr: Dtsch. Z. Chir. 210, 239 (1928).

11 RoTtascHILD, F., u. M. JacoBSoHN: Z. klin. Med. 105, 406 (1927).

12 RoTz, A.: Cit. p. 111. 13 WETTERWALD, M.: Cit. p. 101.

14 BagNarEesI, G.: Cit. p. 111. 15 BarirH, E.: Cit. p. 111.

16 TMMERWAHR, P.: Cit. p. 111.

17 SPUHLER, O.: Arch. f. exper. Path. 181, 472 (1936).

18 Tsavama, S.: Z. Biol. 82, 157 (1924).

19 pg VisscHER, M., et P. FaBry: Cit. p. 101.

20 NarAYANA, B.: C. r. Soc. Biol. Paris 118, 1226 (1935).

21 RorHLIN, E.: Cit. p. 102. 22 WricHT, S.: J. of Physiol. 69, 331 (1930).
2 JonnEsco, T., u. D. JoNEscu: Z. exper. Med. 48, 490 (1926).

24 GANTER, G.: Cit. p. 110.
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his collaborators. WRIGHT, using cats, was of the opinion that the action of
ergotamine consists in a paralysis of the synapse between the centripetal and
the central neurones of the reflex arc, but HEYMANS, REGNTERS and BOUCKAERT!
located the paralysis in the periphery. They perfused the ““isolated’’ head of one
dog (A), only connected with the trunk through the spinal cord, with the blood
from another dog B. Injection of ergotamine into the cephalic circulation of A
has but a slight effect on the vasomotor reflexes from the carotid sinus of this
animal, whilst injection .into its somatic circulation completely abolishes these
reflexes. It should be noted that WRIGHT used cats, that HEYyMANs and his
collaborators used dogs, and that the two species may have a different relative
sengitivity of the centre and periphery to ergotamine. Moreover whilst 0.01 mg./kg
in the somatic circulation was enough to abolish the reflex in dogs, large doses
have a depressant action on the vasomotor centre itself and injection of ergotamine
into the third ventricle of the brain can also suppress the vasomotor reflex
(compare also BEccari2).

In addition to the vasomotor reflex there arises from the carotid sinus a
cardio-inhibitor reflex; this, according to HEymaNs and REGNIERSS, suffers a
fugitive exaggeration by ergotamine, during 10—15 minutes (comp. RoTHLIN?).
This was confirmed by VANDERLINDENS®, by means of the perfusion method of
Heymans, REGNTERS and BoOUCKAERT, described above. When the depressor
and the carotid sinus nerves are cut on both sides rabbits develop a permanently
high blood pressure; if the common carotids are then occluded, they show a
further rise of blood pressure and extra systoles, which according to REGNIERS®
are abolished by ergotamine (2 mg. intravenously). Dogs, in which a high blood
pressure has similarly been established by cutting the four nerves some days
previously, react to a subcutaneous injection of ergotamine by a fall of pressure,
e.g. from 250 mm. to 165 mm. in the course of half an hour, as found by HEYmMANS
and BOUCKAERT?; according to these authors ergotamine also inverts the rise
of blood pressure of pure hypercapnia, due to inhalation of oxygen -+ 10% carbon
dioxide. GANTER® and BoUcCkAERT and CzaRNECKI® had already shown that
the rise of blood pressure in asphyxia is inverted.

Dermatographia dolorosa, a typical vasomotor reflex, is rendered more
pronounced by ergotamine in young adults; the peripheral form, of local origin,
is not affected (BRUCKER).

Effects on the Alimentary Canal. After some experiments on the stomach
and intestine of anaesthetized or pithed animals by DALk in 1906, the effects
on the alimentary canal were not examined until 1923 when KAUFFMANN and
Karx!! were led to their investigation by noticing that an intravenous injection
of 0.2 mg. ergotoxine was frequently able to abolish severe abdominal pain in
human patients, suffering for instance from gallstone colic; they ultimately
arrived at the view that the pain disappears as the result of the relaxation of
smooth muscle. They experimented mainly with ergotamine, but ergotoxine

1 HeymMaNs, C., P. REGNIERS et J. J. BOUCKAERT: Arch. internat. Pharmacodynamie 39,
213 (1930).

2 Becoarr, E.: Cit. p. 117.

3 Heymans, C., et P. REGNIERS: Arch. internat. Pharmacodynamie 36, 116 (1930).

4 RorauIN, E.: Cit. p. 102.

5 VANDERLINDEN, P.: C. r. Soc. Biol. Paris 110, 574 (1932).

¢ REGNIERS, P.: Arch. internat. Pharmacodynamie 39, 371 (1930).

7 HeymMaNs, C,, et J. J. BoUORAERT: Arch. internat. Pharmacodynamie 46, 129 (1933).

8 GANTER, G.: Cit. p. 110.

9 BOUCKAERT, J. J., et E. CZARNECKI: Ann. Soc. sci. Brux. 47, Série C, 91 (1927).

10 BRUCKER, R.: Cit. p. 111. 11 KaurrMaNN, F., u. H. Kawk: Cit. p. 101.
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yielded identical results, at least in so far as concerns the alimentary canal.
In rabbits, an injection of 0.5 mg. of ergotamine brought about a short period
of increased motility of the stomach, which was observed directly after resection
of the abdominal wall. This motor effect was followed by complete quiescence,
lasting for something like one hour. Most of Kauffmann and Kalk's experiments
were however carried out on human adults who received a barium meal and an
intravenous injection of 0.25—0.5 mg. of ergotamine; peristalsis was observed
roentgenographically on a fluorescent screen (see fig. 14). Here again, after
increased movement for 1—5 minutes after the injection, the stomach became
motionless for /2—112 hours, during which time its tone declined somewhat.
In almost all cases there was a spastic closure of the pylorus, accompanied by
pain in that region, and the emptying of the stomach was delayed by 2—3 hours.
Pyloric spasm could also be
inferred from the observations
of Rothiinl that after fatal
doses of ergotamine (exceeding
3 mg./kg.) the stomach of
rabbits was ruptured and that
its contents entered the body
cavity, but not the intestine.
This spasm was further de-
monstrated roentgenographi-
cally in rabbits by Fromme12
Fig. 14. Human stomach (a) before ergotamine, (b) 8 minutes after with smaller doses of ergot-
injection of 0.5 rrk%rg;’(‘-)rﬂoggﬂr;eaﬁcr)] 7a6nrgir}ll;t:-3ig§terthe injection. amine; after a subcutaneous
injection of 0.25mg. per ani-
mal the pylorus remained closed for 10 hours, after an intravenous injection of
3 mg. for 48 hours (compare also Bagnaresi4). Whilst there is thus agreement
about the occurrence of pyloric spasm, its mechanism remains obscure. Various
authors have, in other cases, attributed the closing of the pylorus to sympathetic
paralysis and the predominance of parasympathetic tone resulting therefrom,
but Frommel, by injecting 5—20 mg. of atropine along with ergotamine, could
not abolish the spasm. He concludes that either the sympathetic was not complete-
ly paralysed, or that the ergotamine acted on the smooth muscle of the sphincter.
In any case the behaviour of this sphincter differs from that of the ileo-colic
and internal anal sphincters, studied by Dale; both these have a sympathetic
innervation and are relaxed by ergotoxine.

Kauffmann and Kaik further found that peristalsis was stopped in the
duodenum, but not quite so rapidly as in the stomach; in the colon movements
became more vigorous for 15—20 minutes, but then here also a contraction
generally set in and peristalsis ceased. These authors consider that the effects
of small doses of ergotamine suggest sympathetic stimulation and are in fact
similar to those of adrenaline on the motility of the stomach (E11iott5 Kiee6)
and on gastric secretion (Hess and Gundlach7). This somewhat aberrant
explanation was controverted by Stahnke8 who from experiments on dogs

1 Rothtin, E.: Cit. p. 102. 2Frommel, E.. Cit. P. 101.
3Kauffmann, F., u. H. Kark: Cit. p. 101.

4 Bagnaresi, G.. Arch. Scienze med. 55, 1 (1931).

5E1iott, T. R.: J. of Physiol. 32, 401 (1905).

6Kiee, Ph.: Pfligers Arch. 154, 552 (1913).

7 Hess, W. R.,, u. R. Gundrach: PfIUgerS Arch. 185, 122 (1920)
8 Stahnke, E.: Cit. p. 101.
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sympathetic and that the effects on the stomach are due to vagus stimulation.
In dogs which received for a period of 5 months daily injections of ergotamine,
from 0.4 mg./kg. upwards, STAHNKE! found the emptying of the stomach ac-
celerated, and no action on the intestine. At first the animals vomited after
every injection, but later not even after very high doses, only made possible by
considerable tolerance. When this had been acquired, they did not react to
apomorphine, so that ergotamine had put the emetic centre out of action.

SaranT and his collaborators? experimented with the intestine in sitw by
the TRENDELENBURG method and with the isolated intestine, using the method
of MaaNUs. An intravenous injection of 0.1 mg. ergotamine per kg. in cats,
and rather less in rabbits, stimulated peristalsis, at least if the respiration was
not depressed. Since atropine prevented this stimulation, an action of ergotamine
on the parasympathetic is indicated. Repeated doses of ergotamine have little
further effect, and may cause inhibition, which latter is reversed by intravenous
calcium chloride. The isolated intestine on the other hand (of cats, rabbits and
rats) is depressed by 1:200,000—1:500,000 ergotamine in LockE’s solution,
but if blood is added, the depression is greatly diminished, whence SALANT
concluded that blood probably contains: “a substance that modifies the action
of ergotamine.”” Whilst ergotamine (1:10° to 1:10%) at pgy 7.2—7.3 in the
presence of 0.014% calcium chloride decreases the tonus, the alkaloid causes a
marked increase of tonus when the calcium chloride is doubled or quadrupled
and the py changed to 6.5. Potassium ions have the opposite effect; by doubling
or trebling their concentration, the depression of the intestine by ergotamine
becomes more pronounced. A similar conclusion had already been reached by
RosenMaNN?® who found the effect of ergotoxine on the isolated intestine of the
rat, after previous treatment with adrenaline, to be an increase of tonus in the
absence of potassium ions and a decrease of tonus in calcium-free RINGER
(compare also AGNOLI’s experiments on the isolated oesophagus of the frog, below).

Ergosine lowers the tone of the isolated intestine of the rabbit (Dr. A. C. WHITE,
private communication). In this respect ergosine behaves like ergotamine. The
isolated intestine of the guinea-pig on the other hand responds to ergosine
(1:150,000) by an increase in tone, whilst ergosinine has the opposite effect and
can completely antagonise lower concentrations of its isomeride. There is as yet
no indication of a similar antagonism between ergotoxine and ergotinine, per-
haps because the latter alkaloid is practically insoluble.

In contradistinction to the investigations on the alimentary canal so far
dealt with, the following are more particularly concerned with the antagonism
between the ergot alkaloids and adrenaline. DALE originally considered that
the paralysis of the myoneural junctions of the sympathetic was ‘“limited to
those of motor function, leaving those concerned with inhibition relatively or ab-
solutely unaffected.” Hence CUSHNY wrote in this Handbook (Vol. I1, 2, p. 1307):

,,Darmbewegungen . .. kénnen durch Reizung der N. splanchnici oder durch Adrenalin
in derselben Weise wie vor der Injektion von Ergotoxin gehemmt werden, obgleich die
Hemmung von ziemlich kurzer Dauer zu sein scheint.*

McSwineEy and Brown¢ likewise failed to abolish with ergotamine the in-
hibitory effect of adrenaline on isolated strips of the stomach of the rabbit, cat
and dog in Tyrode solution.

1 StaBNKE, E.: Cit. p. 105.

2 SavanT, W., and H. NAGLER: Proc. Soc. exper. Biol. a. Med. 27, 336 (1930). — SALANT,
W., and W. P. Parkins: J. of Pharmacol. 44, 369 (1932); 45, 315 (1932).

3 ROSENMANN, M.: Z. exper. Med. 29, 358 (1922).

¢ McSwiNEY, B. A., and G. L. Brown: J. of Physiol. 62, 52 (1926).
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Machtl after describing the first example of the reversal JFadrenaline action
on a peristaltic organ (the pig’s ureter) remarked that “the intestine does not
lend itself to this, as . . .its . . . supply is exclusively inhibitor. ” These statements
imply an increasing belief in the impossibility of antagonizing the inhibition
resulting from sympathetic stimulation. Later work has shown quite definitely,
that this inhibition can in most cases be antagonized; it is not “absolutely”
unaffected by ergotamine (except perhaps in the isolated uterus of the virgin
guinea pig and especially of the rat). In some cases it is little affected, relatively
to the prominent action on motor function, as implied by Date in 1906; in
others, notably that of the intestine (and the amnion, see p. 141), the inhibition
due to adrenaline is greatly affected by ergotamine, and Dale2 in his latest
paper agrees that ergotoxine in a concentration of 1in 105weakens the inhibitor
action of adrenaline on the rabbit’s intestine.

The abolition of inhibition was first shown by Pranerites3 on the guinea
pig’s small intestine, put under slight hydrostatic pressure by the Trendelen-
burg method. The delicate peristaltic movements thus registered were almost
completely inhibited by 1:107 adrenaline in the outer fluid, but after adding
1:105ergotamine, washing out with Tyrode solution, adding adrenaline 5 minutes
later and readjusting to the optimal hydrostatic pressure, there was again a
powerful peristalsis. Rothl1in4 reached the same conclusion independently, by
employing the intestine of guinea-pigs (see fig. 15) and rabbits, and the simpler

method of Magnus. In a
paper mainly devoted to
the uterus, Langecker5
incidentally confirmed the
effect on the rabbit’s small
intestine (1:106ergotamine
annulled the inhibition
due to 1:107 adrenaline);

Fig. 15. Isolated large intestine of the guinea-pig. Time markings Tokieda6 did the same.
every 6 seconds. At 1 normal action of 1:50,000,000 adrenaline. The
arrow indicates washing out of the preparation. At 2 addition of Planelles already con-
ergotamine tartrate 1:2,000,000; slight increase of rhythm. At H H _
3 adrenaline 1:50,000,000 is tested again; its inhibitory action has sidered .the U.SE of the iso

been abolished. (From Rothlin*) lated intestine for the

assay of ergot alkaloids,
and its application for this purpose was developed by Issekutz and Leinziger7;
Leinziger and Kelemen8 assayed a number of ergot preparations by this
method. Extremely low concentrations of adrenaline (1 in 2.5 or 5 X 108) are
employed, which merely reduce the spontaneous contractions, registered by
Magnus’ method, to one or two thirds of their original amount, without loss
of tone (see also Nanda, below).

Largely in contradiction to the above papers Mendez9 concluded that ergot-
amine, in concentrations sufficient to abolish almost completely augmentor
responses to fairly large doses of adrenaline, does not alter various inhibitor
responses. He did not deny that high concentrations of ergotamine may diminish

1Mache, D. I.: J. of Pharmacol. 8, 155 (1916).

2 Brown, G. L, and H. H. paie: Cit. p. 103.

3 Pranettes, J.. Arch. f. exper. Path. 105, 38 (1925).

4 Rothtin, E.: Cit. p. 100.

6 Langecker, H.: Arch. f. exper. Path. 118, 49 (1926)

6 Tokieda, K.: Fol. pharmacol. jap. 5, 8 (1927), German abstract.

7|ssekutz, B. von, U. M. von Leinziger: Arch. f. exper. Path. 128, 165 (1928)
8 Leinziger, M. von, U. J. von Ketemen: Cit. p 95,

9Mendez, R.: J. of Pharmacol. 32, 451 (1928).
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the inhibitor actions of low concentrations of adrenaline, but considered the
latter antagonism negligible in comparison with the abolition of the augmentor
actions. The difference in the

>

antagonism of ergotamine to 0aS.A
the two effects of adrenaline £22.0s
would thus be one of degree, g G§
or relative, as pointed out ;sug
above, and subsequent work %f
has been largely concerned JhSaj]I&
with the quantitative rela- I's §)-UE]1
tions between ergotamine and :S-QSS
adrenaline in their actions on J%iog
isolated organs. Thienesl, in 593.2 o
a s_ho_rF note stated that _the Sfl£5a
inhibition of the rabbit’s als]|
and cat’'s small intestine by ﬂ‘(")l”a’(‘f
1:750,090—1:10,000,000adre- & « ai
naline is wholly or largely %rl\;léﬂgg
abolished by 1:250,000 to 38»*]J
1:500,000 ergotamine; in the S - s
colon of these animals and of 22 a Mo
- - - g g 0Q «ft
the guinea pig the inhibition » N Qv
was not influenced even by r?g%gf

1:20,000 ergotamine, which

Thienes attributed to a dif- a0 X
ference of innervation. Roth- ds%g’&?
1in2 greatly extended his mla |-Sof
earlier observations; in the w \
small intestine of the dog (see £n* . i
fig. 16) and the rabbit in situ ,98'8‘-3_
t_he inhibition due to adrena- 53gOH
line was partly or completely 2 ®2
antagonized by the minimal % A
dose of ergotamine necessary Q%A O’g
for the vaso-motor reversal, § %
in some cases the inhibitory -1 ®
action of adrenaline on the 6 @t
intestine was more strongly l§</|5£23
affected than its pressor ac- B0 * a
tion. In the isolated small and
large intestines of the rabbit § gle SAT
and guinea-pig, used accord- S 0
ing to Magnus, the inhibition on.5
was abolished by ergotamine in « B
a concentration 1.5—2 times <22z
»A Gd 2

as great as that of the adre-
naline which had produced
it; the ergotamine was allowed to act for 5—10 minutes. This is about
the same ratio as obtains in the abolition by ergotamine of the motor action
of adrenaline in the rabbit's isolated uterus. In the case of the non-

1 Thienes, C. H.: Proc. Soc. exper. Biol. a. Med. 26, 501 (1929).
2 Rothtin, E.: J. of Pharmacol. 36, 657 (1929).
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gravid uterus of the cat, dog, guinea pig and rat the proportion of ergotamine
is greatly increased ; instead of the adrenaline being counteracted by double the
quantity of ergotamine, 10—40 times as much may be required. The inhibition
in other cases, such as that of the rat’s uterus, is hardly affected at all, which
would correspond to an almost infinite amount of ergotamine. That ergotamine
readily abolishes some of the mhlbltory actions of adrenaline on the gut was
confirmed by NaNDAl (working in the same laboratory as MENDEz, who had
come to a different conclusion). In a MAGNUS preparation the effect of adrenaline
on the duodenum of the rabbit consists chiefly of a fall in tonus, that on the
ileum of an inhibition of pendulum movements; the latter effect is much more
readily antagonized by ergotamine than the former (compare ISSERUTZ and
LEINZIGER’s assay method, above). In the colon adrenaline produced almost
exclusively a fall in tonus which was only affected by very high doses of ergotamine;
NaxDa’s results on this organ are intermediate between those of THIENES who
found that 1:20,000 ergotamine did not influence the response to adrenaline,
and those of RoTHLIN, who found this response influenced by much lower
concentrations. A feature of the work of MENDEZ and of NANDA is their attempt
to equilibrate the actions of adrenaline and ergotamine, not for a single pair
of concentrations but over a whole range. They find that if A; and A, represent
the concentrations of adrenaline needed to produce a given action, respectively
before and after the administration of any particular concentration (E) of

—Ai e approximately constant (see also CLARK?). This constant

. A,
ergotamine,
has for reactions of various tissues the following values:

Motor response of the rabbit’s uterus. . . . . . . 40
» 5 guinea pig’s vas deferens . . 0.14
Inhibitor response of the rabbit’s illeum. . . . . . 7
s » ’ » duodenum . . . 2
s ’ I, » colon. . .. .. 0.02

The figures are naturally very rough; 40 was found both by MENDEZ and NANDA,
but 7 is the mean of values ranging from 2—10, and 2 is the mean of a range
from 1.4—3.8; 0.02 is a maximum value3. In any case, however, the antagonism
is of a very different order in different parts of the intestine. It should be empha-
sised that MENDEzZ and NANDA determined the concentrations of adrenaline,
needed to produce a given arbitrary action before and after the administration
of ergotamine, e.g. in the case of the rabbit’s ileum the inhibition of a single
pendulum movement; these concentrations ranged from 2—100 parts per 108
of adrenaline, for an ergotamine concentration of 10 per 108; they are most
comparable with those used by IssekuTz and LEINZIGER to bring about a
certain fractional diminution in the pendulum movements. ROTHLIN on the
other hand estimated the concentration of ergotamine acting for 5—10 minutes,
which was necessary to abolish completely the effect of a certain adrenaline
concentration; his and THIENES’ experiments are less comparable with those of
Naxpa. The main conclusion from all these experiments is however well estab-
lished : certain inhibitor actions of adrenaline are antagonised by ergot alkaloids,
just as are its motor actions. ROTHLIN considers the positive findings on the
gut more important than the negative results on certain uteri, which are not

1 Nanpa, T. C.: J. of Pharmacol. 42, 9 (1931).

2 CLARK, A. J.: The mode of action of drugs on cells. p.237. London 1933, and this
Handbook IV, pp. 186—187 (1937).

3 Compare CLARK, A. J.: This Handbook IV, 187 (1937).
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physiologically constant; in them the inhibition by adrenaline in the non-gravid
state changes to a motor action in the gravid or parturient condition.

The powerful motor action of uzara on the rabbit’s small intestine is not
abolished by ergotamine, but is increased, so that uzara does not act on the
sympathetic (RoTHLIN and Raymonp-HaMmEeT?).

The antagonism between ergotamine and calcium ions is best shown on the
heart (see p. 118) but was illustrated on the gut by SALANT (see above). AGNOLI?
had previously shown it in the isolated oesophagus of the frog, and less clearly,
in the part of the intestine adjoining the pylorus; 1:10° ergotamine in normal
RINGER’s solution caused relatively rapid contractions during some hours, which
diminished and disappeared in calcium-free RINGER. RaBBENO and CISBANI3
registered only the longitudinal contractions of the frog’s oesophagus and
employed more concentrated ergotamine (1:10%) for but a few minutes. Adren-
aline and ergotamine, alone or together, always produced a lengthening of the
preparation and lessening of rhythm, attributed to a direct action on the muscle.
Quinine causes a contraction, which ergotamine does not modify (ZEETTI?).
The above observations apply to Rana esculenta; it is remarkable that the
isolated oesophagus of a Silician frog Discoglossus pictus on the other hand
always responds to ergotamine by contraction (GATTO3).

The isolated stomach and especially the rectum of Loligo pealii react to
ergotamine by increased tonus, and more numerous, more vigorous contractions,
just as they react to adrenaline. These observations by BacqQ® are used by him as
arguments for his theory that ergotamine modifies in lasting fashion the physico-
chemical properties of the cells in the same way that adrenaline modifies them.

Gall-bladder. BaINBRIDGE and DALE? found that chrysotoxin (of which the
active constituent was ergotoxine) caused some rise of tone and increase of
rhythm in the gall-bladder of the dog ¢n wivo, during the stimulant phase of
its action. When paralysis was complete, adrenaline still caused perfect inhibition
of the gall-bladder without rise of blood pressure, and it was only under these
conditions that the motor effect of the vagus could be definitely and regularly
observed. These results were thus closely similar to those obtained by DALE
with the small intestine of cats and dogs. BAINBRIDGE and DALE’s observations
were confirmed much later by LugrH, Ivy and KrosTER® with ergotamine; on
very slowly injecting 0.2—1.5 mg. of the tartrate into dogs under barbital they
saw a slight contraction of the gall-bladder; BrRuascH and HORSTERS® in similar
in vivo experiments on dogs, observed only a very slight increase of pressure
inside that organ. Other experiments have been done in vitro. On the isolated
gall-bladder of guinea-pigs and the bile duct of dogs, BrRuascH and HORSTERS
found adrenaline by itself to be without action, but ergotamine caused a definite
contraction, abolished by atropine. KaLk!? observed with ergotamine a gradually
increasing, very powerful contraction of the isolated guinea-pig’s gall-bladder;
ErBsEN and Damm!! however found ergotamine to be without effect on this

RoraLiN, E., et Raymonnp-HameT: C. r. Soc. Biol. Paris 103, 199 (1931).
Agroir, R.: Cit. p. 100.

RaBBENO, A, e A. C1sBANI: Arch. internat. Pharmacodynamie 43, 268 (1933).
ZEETTI, R.: Arch. internat. Pharmacodynamie 45, 151 (1933).

GatTO, A.: Boll. Soc. ital. Biol. sper. 14, 205 (1936).

Bacq, Z. M.: C. r. Soc. Biol. Paris 115, 716 (1934) and Cit. p. 99.
BainsrinGE, F. A., and H. H. DaLe: J. of Physiol. 33, 138 (1905).

LuetH, H. C., A. C. Ivy and G. KLOoSTER: Amer. J. Physiol. 91, 329 (1929).
BruascH, TH., u. H. HorsTERS: Arch. f. exper. Path. 118, 267 (1926).
Kark, H.: Z. klin. Med. 109, 156 (1928).

ErBsEN, H., u. E. Damm: Z. exper. Med. 53, 748 (1927).
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organ, which responded to pilocarpine by contraction, to atropine by relaxation.
Thus, except in the last mentioned investigation, a slight or moderate motor
effect of ergotamine was observed; the parasympathetic innervation is however
the more important. The results of Brugsch and Hoérsters might be used as
an argument for the amphotropic action of ergotamine.

Urinary Bladder. Streulil examined the behaviour of the isolated rabbit's
bladder, filled with saline solution. Ergotoxine alone, when added to the bath,
caused marked inhibition; the automatic movements continued at first during
the relaxation, and then ceased. After very small doses of ergotoxine, which only
produced a slight loss of tonus and did not impair the automatism, Streuli
could show that adrenaline no longer produced a stimulant effect, in accordance
with Dale’s in vivo experiments on cats. Streuli however also observed that
ergotoxine distinctly decreased the powerful action of pilocarpine, and hence
concluded that the alkaloid does not act exclusively on the terminal mechanism
of the sympathetic. Macdonald and M’'Crea2found the motor response elicited
by stimulating the hypogastric nerves to be abolished by ergotamine, after which
adrenaline caused relaxation, as in Dale’s experiments with ergotoxine. They
consider it noteworthy that ergotamine by itself causes considerable increase of
tonus of the bladder, with reduction of rhythmic movements.

Ureter. Macht3 found that isolated rings of the pig’s ureter show increase
of tone and rhythm in Locke’s solution, on addition of ergotoxine to make a
concentration of 1:25,000 or 1:50,000. Adrenaline then gave a slight relaxation
instead of its motor effect observed in the absence of ergotoxine. He claims that
this was the first demonstration of the reversal of adrenaline action by ergotoxine
in a peristaltic organ.

Action on the Uterus. The great activity of the ergot alkaloids on the isolated
uterus was first discovered by Spiro4in the case of ergotamine, and since ergo-

Fig. 17. Two uterine horns of a virgin guinea-pig. Action of ergotoxine and ergotamine 1:125,000,000.
(From Dale and Spirob5)

toxine had not been closely studied in this respect, there was at first an impression
that it was less active. Dale and Spiro5 by a careful comparison could however
find no difference of activity between the two alkaloids; both induced powerful
contraction of the isolated virgin guinea-pig’s uterus in Ringer’s solution in a
dilution of 1.25X 108 (see fig. 17), of the virgin cat’s uterus in one of 2.5X 106

1 Streuti, H.: Cit. P. 99.

2 Macdonatd, A. D., and E. O. m'crea: Quart. J. exper. Physiol. 20, 379 (1930).
3 Mache, D. 1. Cit. p. 126.

4 spiro, K.: Schweiz, med. Wschr. 2, 737 (1921).

5Dbatre, H. H., u. K. spiro: Cit. p. 106.
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(see fig. 18), of that of the rat in a dilution of 1.25 X 107. Schubel and Gehlenl
likewise found ergotoxine and ergotamine to be qualitatively and quantitatively
equivalent in their effects on the puerperal cat’s uterus. It takes 0.125—0.25 mg.,
often even 0.5 mg. to produce a marked effect, which developes in 30—45
minutes after intramuscular injection. Such doses are less active on the
sixth or seventh day after birth than on the first. Ergotoxine causes a persistent
tonus, little broken by rhythm, in the isolated uterus of the hamster in a dilution
of 75X 104 (Brown and Dale?2). It has little direct effect on the non-pregnant
rabbit’s uterus, but increases the tonus
and rhythmic contractions of the gravid
uterus after a rather long latent period
(Rothlin3); the same was found by
Knaus4 for the isolated, puerperal
uterus of the rabbit. It lowers the s .,
tone and abolishes the rhythm in the
ferret’s uterus (Daleb).

The direct action of ergosine on the
isolated uterus of the rabbit and on 0 05 mymErgotoxin
that of the guinea-pig is very similar
to that of ergotoxine, according to
Dr. A. C. White (private communica-
tion). On the uterus of the latter
species concentrations of 1:3,000,000
and 1:6,000,000 were quite active;
the lowest Ilimit of direct activity
was not determined, but by the ]
Broom and Clark method (see below) 0 =05 nym Bgotanin
ergosine was found to be 1.87—2.21
times or about twice as active as Fig. 18. Two uterine horns of a virgin cat. Action

ergotoxine Ergosinine by the same of ergotoxine and ergotamine 1:2,500,000.
) (From Bale and Spiro6.)

method showed only 115th of the

activity of ergotoxine, i. e. Y30th of that of its isomeride ergosine.

Most investigators have been concerned with the effect of the ergot alkaloids
in reversing the uterine response to adrenaline. This response varies with the
species and the physiological condition of the organ; it is motor in the pregnant
cat’s uterus and Dale already found in 1906 that such a uterus in situ is inhibited
by adrenaline after the injection of ergotoxine. The same applies to the isolated
uterus of the ferret (Dale) and to the pregnant or post partum uterus of the bitch
in situ (Rudolph and Ivy7). Utilizing a similar inhibition in the case of the
isolated (preferably non-pregnant) uterus of the rabbit (see fig. 19), Broom and
Crark8worked out a zero method for the assay of ergot alkaloids, of which the
concentration is determined, which just abolishes the contraction normally
caused by adrenaline. A uterus can be divided into several strips, with which
tests can be carried out simultaneously and repeated many times. A discrim-
ination of 25% is generally said to be obtainable; some authors claim that with
practice and patience differences as small as 10% may be distinguished with

1 Schubel, K., u. W. Gehlen: Arch. f. exper. Path. 132, 144 (1928).

2 Brown, G. L., and H. H. Dale: Cit. p. 103. 3 Rothlin, E.: Cit. p. 100.
4 Knaus, H.: Arch. f. exper. Path. 134, 225 (1928).
5Date, H. H.: Cit. p. 111. 6 Date, H. H., u. K. spiro: Cit, p. 106.

7 Rudolph, L, and A. C. Ivy: Amer. J. Obstetr. 19, 317 (1930).
8 Broom, W. A., and A. J. Clrark: Cit. p. 94.

9*
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certainty. (For practical details see Burnl) The method has been employed by
Rothlin and Schegg?2 Schegg3, Braun4 Langecker5 Gaddum6, Burn and
Enlis7, Linnell and Randle8 Harmsma9 Prybill and Maurerl) Pattee
and Nelsonll, W okes12 Swansonl3 Thompsonl4, Schubel and Manger15 Smith
and Stohlmanls Wokes and Crockerl/, Swanson, Powell, Stevens and
Stuartl8 Swoap, Cartland and Hartl9 Lozinski, Holden and Diver2),
Stevens2l An attempt by Stroband2 to find a better test object in the uteri
of the cow and hedgehog, or the vagina, uterus and vas deferens of the pig was
unsuccessful; all these organs are inferior to the rabbit’s uterus. Whilst Broom
and Crark’'s method estimates the combined alkaloids of large molecular weight,

Pig. 19. Isolated uterus of rabbit. Time markings every 6 seconds. At 1 adrenaline 1:5,000,000 causes

increased tonus. The arrow indicates washing out of the preparation. At 2 ergotamine tartrate 1:5,000,000

causes increase of tonus and strengthening of rhythm. At 3 adrenaline 1:5,000,000 causes fall of tonus and
cessation of rhythm (adrenaline reversal). (From Rothl1in23)

it does not take account of the more recently discovered chief therapeutic
principle of ergot, ergometrine, and hence its importance has greatly diminished.

It has been pointed out in the section on the alimentary canal, that the ergot
alkaloids can antagonize the inhibitory actions of adrenaline as well as its motor

1 Burn,J. H.: Biological Standardization. Oxford: University Press 1937. (Deutsche
Ubersetzung von Edith Bulbring. Berlin: Julius Springer 1937.)

2 Rothlin, E., «. K. E. Schegg: Wien. klin. Wschr. 75, 2018 (1925).

3 Schegg, K. E.: Z. exper. Med. 45, 368 (1925).

4 Braun, A.: Arch. . exper. Path. 108, 96 (1925).

5 Langecker, H.: Cit. p. 126.

6 Gaddum, J. H.: J. of Physiol. 61, 141 (1926).

7 Burn, J. H.,, and J. M. Ertis: Pharm. J. 11s, 384 (1927).

8 Linnell, W. H., and D. G. Randle: Pharm. J. 119, 423 (1927).

9 Harmsma, A.: Diss. Leiden 1928 — Pharmaceut. Weekbl. 65, 1114 (1928).

10 Prybill, A.,, u. K. Maurer: Arch. Pharmaz. 266, 464 (1928).

n pATIEE, G. L., and E. E. Nelson: J. of Pharmacol. 36, 85 (1929).

2 Wokes, F.: Quart. J. Pharmacy 2, 384 (1929).

1B Swanson, E. E.: J. amer. pharmaceut. Assoc. 1s, 1127 (1929).

14 Thompson, M. R.: J. amer. pharmaceut. Assoc. 1s, 1106 (1929); 19, 11, 104, 221, 436
(1930).

155 Schubel, k., u. 3. Manger: Arch. . exper. Path. 132, 144 (1928).

16 Smith, M. I., and E. F. StohIman: Cit. p. 93.

I7 Wokes, F., and H. Crocker: Quart. J. Pharmacy 4, 420 (1931).

18 Swanson, E. E., C. E. Powell, A.N. Stevens and C.H. Stuart: J. amer. pharmaceut.
Assoc. 21, 229, 320, 1003 (1932).

19 Swoap, D. F., G. F. Cartland and M. C. Hart: J. amer. pharmaceut. Assoc. 22, 8 (1933).

D Lozinski, E., G. W. Holden and G. R. Diver: Quart. J. Pharmacy 6, 395 (1933).

2l Stevens, A. N.: J. amer. pharmaceut. Assoc. 22, 940 (1933).

2 Stroband, H. J.: Arch, internat. Pharmacodynamic 34, 224 (1928).

2B Rothlin, E.: Cit. p. 100.
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actions, and this applies also more or less to some uteri which are inhibited by
adrenaline. Thus Tokiedalfound that the inhibitory action on the rat’s uterus is
antagonised by ergotoxine, and Rothlin2extended this observation to ergotamine
and the non-gravid uteri of the cat (see fig. 20), bitch and guinea-pig. The
complete abolition of the inhibitory effect of adrenaline is however much more
difficult than in the case of the same effect on the isolated intestine or its motor
effect on the rabbit’s uterus. Whilst in Rothltin’s experiments these two latter
actions of adrenaline were abolished by double the quantity of ergotamine, the
amount of ergotamine required in the case of the non-gravid uteri of the cat,
dog and guinea pig was 10—40 times the amount of adrenaline and in the case
of the rat’s uterus complete abolition of the inhibitor action of adrenaline was

Fig. 20. lIsolated uterus of a non-gravid cat. Time markings every 6 seconds. At 1 adrenaline 1:20,000,000;

very marked relaxation and stoppage of the rhythmic contractions. After washing tonus increased again.

Ergotamine tartrate was then allowed to act for 15 minutes, after which adrenaline 1: 20,000,000 was added
at 2. The distinct inhibition caused by adrenaline is stopped. (From Rothl1in2)

impossible. Crark and his pupils have attempted to explore further the quanti-
tative relationship between the amounts of adrenaline and those of ergotamine
counteracting them. They find that 40 parts of ergotamine are required to
abolish the motor action of 1 part of adrenaline on the rabbit’s uterus, instead
of 1.5—2 parts of ergotamine in Rothlin’s experiments. These figures are only
semi-quantitative, but the discrepancy in the two investigations seems to depend
mainly on the difference in the experimental conditions and the criteria of
abolition (see p. 128 and the table there). The alkaloids enter the uterus slowly,
at least they require some time to act; the degree of paralysis goes on increasing
(Braun3, Langecker4) and is only complete after 20 minutes contact (Gaddumb5).
On the other hand ergotamine produces its full action on the isolated intestine
of the rabbit in a few minutes. Likewise the penetration is not readily reversible,
the alkaloids can only be washed out with difficulty6 (more difficultly than in
the case of the isolated intestine). Braun indeed claims that ergotamine cannot
be washed out, and that for a given degree of paralysis, the product of the
alkaloidal concentration and the time during which this acts, is constant. Gaddum
thinks this may be so, but Langecker does not admit the constancy of the
product. In any case the arbitrary duration of the action affects the results.
That it is the slow penetration of ergotamine which delays the pharmacological
action, rather than the slowness of adsorption, was shown by Gaddum, for the
passing in of the alkaloid into the uterus can be completed outside the bath,
and its rate depends on temperature. After an exposure to ergotamine for

1 Tokieda, K.: Cit. p. 126. 2 Rothlin, E.: Cit. p. 127.

3 Braun, A.: Cit. p. 132. 4 Langecker, H.: Cit. p. 126.
5 Gaddum, J. H.: Cit. p. 132.

6 Lipsciiitz, W., ii. F. kK 1ar: Arch. f. exper. Path. 114, 241 (1934).
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4 minutes, one horn of a rabbit’s uterus was kept at 2° and then gave a smaller
response than the other horn kept at 37°, but when both had been kept for
10 minutes in RINGER’s solution at 37°, they registered an equal response.

The divergence of opinion which has been expressed in respect of the reversal
of the pressor action of ephedrine by ergotamine (p.117), extends to the reversal
of its action on the uterus. According to KREITMAIR! an ergotaminised rabbit’s
uterus, relaxed by adrenaline, consistently contracts under the influence of
ephedrine, but according to CURTIS? the motor responses to ephedrine of the
isolated uteri of the rabbit, cat, rat and guinea-pig — virgin, non-pregnant or
pregnant — are all abolished by adequate doses of ergotamine. He concludes
that ephedrine acts, if not on the same receptors as adrenaline, at any rate on
receptors susceptible to ergotamine.

Vagina. When the isolated vagina of the rabbit has been immersed for
10 minutes in a bath containing ergotoxine, adrenaline no longer causes an
increase of tone and rhythmic activity, but a decrease (WADDELL3). The
ergotoxine can be removed by prolonged washing, when the original reaction
to adrenaline is restored. VAN DyYKE? similarly found with the rabbit’s uterus
in situ, that the effect of stimulating the hypogastric nerves could be inverted
by intravenous injection of ergotamine (0.025 mg./kg. in most animals; less
frequently 0.05—0.075 mg./kg. was required). After small doses hypogastric
stimulation resulted in a slow contraction of the vagina, but after large doses
such stimulation resulted in relaxation.

Seminal Vesicles and Vas Deferens; Uterus Maseulinus. According to ROTHLIN®
the isolated seminal vesicles of the guinea-pig are a very suitable preparation
for showing the reversal of the motor action of adrenaline, which reversal can
be brought about by ergotamine in a concentration equal to that, or to half
that, of the adrenaline employed. The preparation can thus be used for assaying
ergotamine and ergotoxine (it was used for this purpose by CAFFIER®; see also
p. 191). MENDEz? considers that with the vas deferens of the guinea-pig such
an assay can be made more rapidly and conveniently, if less accurately, than
with the rabbit’s uterus. BacqQ® has confirmed ROTHLIN that in the guinea-
pig’s seminal vesicles, and also in the vas deferens, suspended in LOCKE’s
solution containing glucose, small concentrations of ergotamine invert the action
of relatively large doses of adrenaline. The preparation is inhibited by calcium ;
in this case an increase in the Ca/K ratio exceptionally does not act like adrenaline.

The uterus masculinus of the rabbit is according to LANGLEY and ANDERSON?
the homologue of the seminal vesicles in other species, and behaves according
to WADDELL® in the same way to liquid extract of ergot as it does to adrenaline.
Immersion of sections of the uterus masculinus in the diluted extracts caused
a marked increase in the amplitude of the contractions and a moderate, tardily
developed increase of tone, but even prolonged contact failed to paralyse the
mechanism through which adrenaline acts. WADDELL! obtained similar results
with pieces of the vasa deferentia of various animals, which illustrates the un-
satisfactory nature of the liquid extract for pharmacological research.

1 Krerrmaigr, H.: Cit. p. 117.

2 Currrs, F. R.: J. of Pharmacol. 35, 333 (1929).

3 WaADDELL, J. A.: J. of Pharmacol. 9, 411 (1917).

4 Vax Dykg, H. B.: Cit. p. 113. 5 Rorurn, E.: Cit. p. 100.

6 CAFFIER, P.: Zbl. Gynikol. 51, 2659 (1927). ? MenbpEz, R.: Cit. p. 126.
8 Bacq, Z. M.: Arch. internat. Pharmacodynamie 4%, 123 (1933).

9 LaNGLEY, J. N, and H. K. AxpERsoN: J. of Physiol. 19, 124 (1895).

10 WabpeLLn, J. A.: J. of Pharmacol. 9, 171 (1917).

1 WabprLL, J. A.: J. of Pharmacol. 8, 551 (1917).
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Prostate Gland. Both adrenaline and ergotoxine cause powerful contractions
of surviving strips of this organ in Ringer’s solution, and after the action of
the latter, that of the former drug in reversed (Machtl). The gland here behaves
as plain muscle innervated by the sympathetic. Experiments of Waddell,
with liquid extract of ergot, were less satisfactory and induced him to consider
that the prostate has also a parasympathetic supply.

Bronchial Musculature. The broncho-constriction which Jackson?2 observed
as the ultimate result of moderate doses of ergotoxine in the dog (mentioned in
Cushny’s article), was confirmed by Baehr and Pick3 in isolated guinea pig’s
lungs, perfused in situ with Tyrode solution in which the drug was dissolved;
the lungs were ventilated with
Meyer’s respiration apparatus.

The constriction or spasm of the

bronchi was abolished by sub-

sequent perfusion of adrenaline

through the blood vessels, in con-

tradistinction to the slight effect

of adrenaline on the cat’s iris

after constriction by ergotoxine.

Macht and Giu-ching Ting4 also

observed a powerful constriction

by ergotoxine of rings of pig’s

bronchi, dissected free from car-

tilage, cut open and suspended in

Locke’s solution, see fig. 21. The

preliminary broncho-dilatation ob-

served by Jackson (and attributed Fig. 21. Bronchus of pig. Marked contraction produced by
by him to an Outpouring Of adren' 2 mg. of ergotom(nFergr:os'\;)::Eet |gn2ds ;:V.icr.]go:)Locke s solution.
aline from the suprarenal gland)

was not seen by Golla and Symes5, who invariably obtained constriction with
ergotoxine. In alater paper Jackson6found that ergotoxine had very little effect
in modifying the action of other drugs (adrenaline, arecoline, pilocarpine). He
concluded, in so far as the action of drugs is concerned, that broncho-constrictor
nerves 4always respond true to the vagus type” (i.e. are cholinergic in Dale's
parlance) and broncho-dilator nerves always react in a manner exactly analogous
to that of the visceral thoracico-lumbar sympathetics (i.e. are adrenergic). There
seems to have been little recent work on the effect of ergot alkaloids on the
bronchioles (see however addendum p. 219).

Action on the Eye. The characteristic ergotoxine miosis in the cat (Handb.
IT, 2, 1311) was not seen by Dale in rabbits; ten years later Githens?7, in ex-
periments on the body temperature, incidentally noticed that 2 mg./kg. ergotoxine
brought on within one minute after the injection a dilatation of the pupil, which
was soon almost maximal; in cats he saw miosis like that described by Dale.
The difference in the behaviour of various species, shown also in the effects of
ergotoxine on other organs, should not be lost sight of. Further work was not
done until after the discovery of ergotamine, which Dale and Spiro8 found to

1 Macht, D. I.: J. of Urology T, 409 (1922).

2 Jackson, D. E.: J. of Pharmacol. 4, 69 (1912).

3 Baehr, G, u. E. P. Pick: Arch. f. exper. Path. 14, 57 (1913).

4 Macht, 1). I, and Giu-ching Ting: J. of Pharmacol. 1s, 373 (1921).

5Gotta, F. L., and W. L. Symes: J. of Pharmacol. 5, 87 (1913).

6 Jackson, D. E.: J. of Pharmacol. 5 507 (1914).
7 Githens, T. S.: Cit. p. 104. 8 Date, H. H., u. K. Spiro: Cit. p. 106.
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act on the cat’s pupil in quite the same way as ergotoxine. Zunz! carried out
a number of denervation experiments, mainly on dogs, and besides injecting
ergotamine intravenously or subcutaneously, he instilled it into the conjunctival
sac; by the latter method he could readily produce miosis in cats, but only rarely
in dogs, which reacted to injections of small doses by mydriasis; he drew no
conclusions as to the way in which this was brought about, except that it was
peripheral. DALE had already considered two such ways: sympathetic paralysis
and direct action on the sphincter muscle; since the former was incomplete, even
after large doses, he attached essential importance to the latter. A third mechan-
ism for establishing the miosis was postulated by HEss? and by Poos3. The
former used cats and observed much the same effects as DALE had done; since
instilled ergotamine was still miotic after extirpation of the superior cervical
ganglion, HEss concluded that, in addition to sympathetic paralysis, para-
sympathetic stimulation must be a second factor. Poos worked mostly with
rabbits, which however respond to ergotoxine (GITHENS) and to ergotamine
(Jorns?) by mydriasis. Poos had previously® shown that the tonus of the isolated
sphincter of the calf’s eye is increased by ergotamine. Later he found the same
for the isolated dilatator of the rabbit; when the effect of ergotamine (10-4)
was maximal, an addition of adrenaline (10-°) caused a still further contraction.
From this experiment and from subconjunctival injection he inferred that
ergotamine acts on the rabbit’s eye like a typical sympathetic stimulant of the
adrenaline type, that it there does not paralyse the sympathetic, that ergotamine
cannot be regarded as the ‘““atropine of the sympathetic’’; for a reply see RoTH-
LIN®; the discussion is “rather abstract and literary” (KopPANYI). In the cat’s
eye Poos considers ergotamine to have a ““ physostigmine-like action ”’, to stimulate
the parasympathetic, as Hess had concluded; the human eye was found to be
intermediate between those of the cat and the rabbit.

The subject entered a new phase through the experiments of KopPANYI?,
who, in order to avoid the side reactions resulting from systemic administration,
and the delay due to instillation, injected 0.05 c.c. of 1:1000 or 1:500 ergotamine
tartrate directly into the anterior chamber in cats under slight ether anaesthesia.
He did not observe the brief initial dilatation (seen by DALE and by HEss),
which he attributes to excitement; DALE had already shown its absence after
removal of the superior cervical ganglion. In 10 minutes the pupil was slitlike
and remained so for 12 hours. After reanaesthetisation and exposure of the
cervical sympathetics, faradic stimulation on the side of the injected eye caused
only very slight dilatation; stimulation of the other cervical sympathetic nerve
caused maximal dilatation in the normal eye. The same difference between the
two eyes was observed after intravenous injection of 0.1 mg. adrenaline, and
after asphyxiation. When the normal eye was made miotic by instillation of
physostigmine, its pupil could still be dilated by faradic stimulation. KopPPANYI
attributes the lack of dilatation in the ergotaminised eye to sympathetic paralysis.
Whilst cats showed no preliminary sympathetic stimulation and dilatation,
guinea-pigs reacted with maximal mydriasis to the instillation of ergotamine
into the conjunctival sac and thus resemble the rabbit rather than the cat.

1 Zunz, E.: C. r. Soc. Biol. Paris 90, 379; 91, 392 (1924).

2 Hess, W. R.: Klin. Mbl. Augenheilk. 75, 295 (1925).

3 Poos, Fr.: Klin. Mbl. Augenheilk. %9, 577 (1927) — Graefes Arch. 134, 295 (1935). —
Poos, Fr., u. G. SanNTORI: Graefes Arch. 121, 443 (1929).

4 Jorns, G.: Z. exper. Med. 54, 179 (1927).

5 Poos, Fr.: Arch. f. exper. Path. 126, 307 (1927).

6 Rorarin, E.: Klin. Mbl. Augenheilk. 80, 42 (1928).

7 KorrAny1, TH.: J. of Pharmacol. 38, 101 (1930).
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Koppanyi denies that in the eye ergotamine causes active parasympathetic
stimulation characteristic of pilocarpine and physostigmine. In considering
examples of this kind of stimulation, e.g. of the vagus, alleged to result from
ergotamine (the heart, Rothlinl; the stomach, Stahnke?2) the difference between
active stimulation and the paralysis of the antagonistic mechanism should be
borne in mind. Whilst other animals may behave differently, Koppanyi considers
the cat’s iris a reliable test object for determining whether a drug acts on the
sympathetic system; thus he concludes that ephedrine is sympathotropic,
because the ergotaminised pupil was unaffected, and the untreated became
dilated after the intravenous injection of 25 mg. ephedrine, in the same way
as after 0.1 mg. adrenaline. Although Koppanyi does not deny that ergotamine
may in other cases stimulate the parasympathetic, he considers that sympathetic
paralysis sufficiently explains the miosis of the cat’s eye, and does not concern
himself with the direct action on the musculature of the iris.

This was done by Y onkman3, who used isolated strips of the iris of steers,
cut along the margin of the pupil across the radial fibres, so as to include only

Pig. 22. Sphincter iridis of steer; tonus increased by ergotoxine, see text. (From Yonkman3)

the sphincter. Such strips gradually acquired an increased tonus in 1:7500
ergotoxine, no matter whether 1:10,000 atropine had been applied before, nor
did large amounts of atropine abolish the tonus which was however promptly
overcome by 10~6 adrenaline, producing dilatation (see fig. 22). In these ex-
periments on the isolated sphincter no difference was observed between ergotoxine
and ergotamine, but in a further series, carried out by intraocular injection on
cats, Y onkman found the latter alkaloid to be the more active. In normal cats
a subsequent dose of atropine had but little effect on the miosis resulting from
the injection into the anterior chamber of 0.12—0.20c.c. of 1:1000 ergotamine,
or from a larger intravenous dose. In others “physiological” denervation was
carried out by removal of one superior cervical ganglion and injection of atropine
(instead of excision of the ciliary ganglion); ergotamine injected into the dener-
vated eye then caused the same degree of miosis as occurred in the normal eye
(see fig. 23 and 24). Y onkman considers that all three kinds of experiment
support his conclusion that “ not only paralysis of motor sympathetic end organs,
but also stimulation of the sphincter muscle is responsible for the extreme miosis
produced by ergotoxine.” A somewhat different argument for the effect on the
musculature was adduced by Bolsi and Visintini4. They found that 0.5 mg./kg.
ergotamine, injected into rabbits, increases the chronaxy of the muscle fibres

1 Rothlin, E.: Cit. p. 100 and 102.
2 Stahnke, E.: Cit. p. 101. 3 Yonkman, F. F.: Cit. p. 101
4 Bolsi, D., e F. Visintini: Boll. Soc. ital. Biol. sper. 9, 253 (1934).
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of the iris and thus diminishes the excitability of the dilator system. It should
be noted that these authors were concerned with the dilatator pupillae of the
rabbit, and YoNKMAN with the sphincter of cats and cattle.

Typical Protocol. Ergotamine and Atropine.

Time Left pupil | Right pupil | Remarks
9:00 a.m. 6—7 mm. 6—7 mm. Normal pupils

9:10 a. m. Ergotamine tartrate (0.15 mgm.) intraocularly in left eye under light ether

9:20 a. m. 0.5—1 mm. 6—7 mm. Light reflex present in right pupil
9:22 a. m. Atropine sulphate (2 to 10 mgm.) subcutaneously

! @
9:42 a. m. 0.5—1 mm. 10—12 mm. No response to photic stimulation

9:45 a. m. Atropine sulphate (2 mgm.) intraocularly in left eye under light ether

. . Left pupil temporarily increased
1 9:46 a. m. 1—2.5 mm. 10—12 mm. from 1 to 2 mm.
10:00 | ‘
to 1
10:30 a.m. | 0.5—1 mm. 10—12 mm. Left pupil back to slitlike dimensions

w
10:40 a. m. Ergotamine tartrate (0.15 mgm.) intraocularly in right eye under light ether

10:50 ] ] Complete miosis in right eye also,
to — but effected more slowly after
11:10 a. m. | 0.5—1 mm. 0.5—1 mm. atropine mydriasis

Fig. 23. Miosis in the cat. (From YONKMAN'.)

In unanaesthetised dogs the subcutaneous or intravenous injection of small
doses of ergotamine causes mydriasis (0.1—1 mg./kg. Zuxz; 0.13—0.4 mg./kg.
FARRAR and Durr2; 0.125—0.5 mg. per animal, YouMans and TRIMBLE?®); with
5mg./kg. ZuNz obtained an initial mydriasis followed after some hours by
prolonged miosis and the symptoms of excitement, characteristic of the effect
in cats. MENDEz? found that even after an exposure for one hour to 10-*
ergotamine the isolated frog’s eye still reacted as before to the dilator action of
adrenaline. BYRNES® has shown that in man and animals a brief dilatation is
the first phase of the pupillary light reflex. In cats (gr. 3/;, in a cat of 5 lbs.
= 1.6 mg./kg.) ergotoxine did not abolish this phenomenon completely, but
made the preliminary dilatation extremely short, “apparently merely as a
hesitancy in constriction.”

1 Yonkman: Cit. p. 101, 2 FARRAR, (. K., and A. M. Durr: Cit. p. 105.
3 Youmans, J. B, and W. H. TriMsLE: Cit. p. 105. 4 MenDEZ, R.: Cit. p. 126.
5 BYRNE, J.: Amer. J. Physiol. 61, 368 (1922).
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The miotic effect of light on the iris is to some extent analogous to its positive
phototropic effect on the pigment epithelium of the retina. Kusuwoxi! finds
that an injection of 1 mg. of ergotoxine in a frog causes the pigment of the

Typical Protocol. Ergotamine and Atropine on Partially Denervated Iris.

Time Left pupil Right pupil Remarks
Six and fourteen days after excision
. . of left superior cervical sympathetic

ganglion. Pupillary response to light
10:00 a. m. 4—5 mm. 7—8 mm. present in both eyes

10:10 a. m. Atropine sulphate (3 to 5 mgm.) subcutaneously.

10:30 () .
to

10:40 a. m. 5—7 mm. | 8—12 mm. Light reflex absent in both eves

10:42 a. m. Ergotamine tartrate (0.15 mgm.) intraocularly into left eye under light ether

10:57 | ‘
to Left pupil slitlike but required more
11:15a. m. | 0.5—1.5mm. 8—12 mm. time than normal iris.

11:20 a. m. Ergotamine tartrate (0.15 mgm.) intraocularly into right eye under light ether

11:30 a. m. | 0.5—1.5mm. 0.5—1 mm. Pupils almost identical

Fig. 24. Miosis in the cat. (From YONEKMANZ.)

retina to move from the position of darkness to that of light; after 2.5 mg. the
movement is more rapid and is later reversed; 5 mg. is apparently a paralytic
dose for it interferes with the positive phototropic movement when the animal
is brought from darkness into light, and prevents the action of adrenaline on the
movement during a period of 8—18 hours.

The effect of ergotamine on intraocular pressure has been studied experiment-
ally in animals, as the result of its clinical application in glaucoma by THIEL?
and by Hem® SzAsz® considers that the first effect of ergotamine is always
a rise of pressure, later followed by a fall; TAKANO® found in rabbits after ergo-
toxine a conspicuous lowering, attributed to a constriction of the vessels of the
eye; ImacHI and Koromari? likewise observed a fall in intraocular pressure,
after a very large dose of ergotoxine (5 mg./kg.) in rabbits; they attribute the
effect to abstraction of water by the eyeball, as shown by increased viscosity
of the vitreous humour.

Nictitating Membrane. The retraction of the nictitating membrane in the
cat, mentioned by DALE as the result of the injection of chrysotoxin, has been

1 KusuNokI, A.: Acta Soc. ophthalm. jap. 34, 797 (1930) from Rona’s Berichte 58, 621.

2 YonkmaN: Cit. p. 101.

3 Tuier, R.: Klin. Wschr. 5, 895 (1926) — Klin. Mbl. Augenheilk. 93, 753 (1926).

¢ Hemv, H.: Klin. Mbl. Augenheilk. %9, 345 (1927).

5 SzAsz, A.: Arch. Augenheilk. 108, 511 (1934) from Rona's Berichte 84, 683.

6 TakaNo, M.: Acta Soc. ophthalm. jap. 3%, 1959 (1933) from Rona’s Berichte
1Y, 662.

7 ImacHI, K., and S. Kotomart: Acta Soc. ophthalm. jap. 38. 126 (1934) from Rona’s
Berichte 81, 155.
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studied by RoSENBLUETH! with ergotoxine of which large doses (up to 9 mg./kg.)
caused a long persistent contraction of the smooth retractor muscle. With one
superior cervical ganglion removed six days before, and denervation at the time
of the experiment on the other side, the retraction was much the same in both
membranes. Injected adrenaline caused a slight transitory dilatation. Bacq?2
obtained similar results after 0.1-—0.5 mg./kg. ergotamine; cocaine' does not
influence this action. Its reversal by adrenaline was seen fairly regularly, but
is very slight in cats. Ergotaminine (3—5 mg./kg.) had only a very slight effect
on the nictitating membrane.

Pilomotor Museles. By stimulating the sympathetic supply to these smooth
muscles in a cat’s tail, the hairs are erected, but this no longer happens after
a sufficient dose of ergot alkaloids has been injected intravenously (DALE).
Caxvon and Bacq? utilised this paralysis by ergotoxine and ergotamine, together
with the resistance of the heart to these alkaloids, to demonstrate that stimulation
of the pilomotor nerves, although without any apparent effect on the hairs,
nevertheless causes the pilomotor muscles to discharge “sympathin’ into the
circulation, which discharge reveals itself by an acceleration of the heart. It
would appear therefore that ergotamine interposes a block between sympathin
and the contractile apparatus of the pilomotor cells (i.e. that sympathin is derived
from the excitatory, not from the contractile process) and that the sympathin
which does not act locally may escape and act on the heart, because the contractile
apparatus of the heart still remains active.

Chromatophores. In vertebrates the chromatophores are functionally modi-
fied smooth-muscle cells under the control of the sympathetic. In frogs RoTHLIN*
observed that the skin became pale as the result of an injection of a large dose
of ergotamine (0.1—1.0 mg. per 30 g. frog; the higher dose was fatal after some
days); under these conditions the chromatophores would be constricted by
ergotamine. The antagonism between ergotoxine and adrenaline was demon-
strated in an interesting manner by SPAETH and BARBOURS, on the isolated
melanophores of the common “killi-fish”’, Fundulus heteroclitus L. These at
once become contracted when immersed in 1:10,000 adrenaline (fig.25 A).
In 1:3000 ergotoxine they slowly become half expanded (B; after 1!/, hours).
If they are then placed in adrenaline they expand fully (C) instead of contracting.
Somewhat similar effects were obtained by Bacq® with the cat fish Ameiurus
nebulosus. Normally the chromatophores expand as the result of a subcutaneous
injection of ergotamine, whilst adrenaline causes contraction. As a result of a
transverse cut in the tail region, the sympathetic supply behind the cut de-
generates and when after six days 0.25 mg. ergotamine was injected, the whole
animal became dark except the denervated portion behind the cut. Denervation
thus abolishes the antagonism between ergotamine and adrenaline, so that both
drugs now have the same effect.

In Cephalopods there is a different state of affairs. Stimulation of a palleal
nerve causes the mantle on the same side to become brown in Eledone moschata,
according to Bacq7”; but when ergotamine has been injected subcutaneously, the
site of the injection remains light in colour; in course of time the paralysed area
gradually extends. After section of the nerve, injection of adrenaline causes a

1 ROSENBLUETH, A.: Amer. J. Physiol. 100, 443 (1932).

2 BacQ, Z. M.: Arch. internat. Pharmacodynamie 49, 118 (1934).

3 Caxvon, W. B, and Z. M. Bacq: Cit. p. 99. ¢ RorHLiN, EK.: Cit. p. 102.
5 SpaETH, R. A., and H. G. BarBOUR: J. of Pharmacol. 9, 431 (1917).

6 BacQ, Z. M.: Biol. Bull. 65, 387 (1933).

7 Bacq, Z. M.: C. r. Soc. Biol. Paris 111, 223 (1932).
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local brown coloration, which does not occur, if ergotamine is injected at the
same time. The chromatophores of Octopus are much more resistant to ergotamine
(compare also Serenil). The chromatophores of the dorsal face of the mantle
in Loligo pealii are more sensitive than the rest and when isolated in sea water
show rhythmic, isolated pulsations, when either adrenaline or ergotamine is
added to the bath (Bacq2).

A B C

Fig. 25. Melanophores of Fundulus. (A) Normal effect of adrenaline solutions, complete contraction; (B) normal
appearance after prolonged treatment with ergotoxine phosphate, about half expanded. (C) complete expansion
produced by adrenaline solutions following an immersion in ergotoxine phosphate. (From Spaeth and Barbour3)

Amnion. This delicate membrane is stated to be a pure smooth-muscle
structure, free from nerves. Twisted strips of the amnion of the goose and fowl
show rhythmic movements in Tyrode 's solution, which are inhibited by adren-
aline. This inhibition is abolished by ergotamine, according to Bauri.

Glands. More or less profuse salivation is a feature of acute ergot poisoning
in various animals (cat, dog, rabbit, domestic fowl) but is not produced by
ergotamine in guinea-pigs (Rothlin5). In chronic poisoning, after many daily
injections of ergotamine into dogs, Stahnke6 observed the opposite effect; the
snouts of the animals became quite dry. In the cat’'s submaxillary gland, Dalte?7
(with large doses of ergotoxine) could inhibit the effect of sympathetic stimulation,
but not that of stimulating the chorda tympani. On the other hand Chvoles
and Dmitrijev8 found that quite small doses of ergotamine (0.2—0.25 mg.)
caused salivation in dogs, which was inhibited by adrenaline; atropine somewhat
delayed salivation. After exstirpation of the higher ganglia of the cervical
sympathetic, ergotamine alone, or with adrenaline, produced the same effects
as before exstirpation. An exclusive action on the sympathetic mechanism has
not been found in other glands. Thus the sympathetic supply to the sweat
glands is not readily paralysed by ergotoxine, and Frohtich and Zak9concluded

1Sereni, E.: Z. vergl. Physiol. 13, 329 (1930).

2 Bacq, Z. M.: Cit. p. 118. 3 Spaeth, R. A, and H. G. Barbour: Cit. p. 140.
4 Baur, Max: Cit. p. 99. 5 Rothtin, E.: Cit. P. 100.
6 Stahnke, E.: Cit. P. 105. 7 Bale, H. H.: Cit. P. 85.

8 Chvoles, G, n. I. Dmitrijev: Med.-biol. Z. 4, 54 (1928), Russian, from Rona's Berichte
48, 140 (1929).
9Frontich, A, u. E. zak: Arch. f. exper. Path. 16s, 620 (1932).
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that in these organs the parasympathetic may be stimulated by ergotamine.
They found that, after section and degeneration of the sciatic nerve, an injection
of 1/3pmg. into the pad of a cat produced sweating which was stopped by
atropine.

The effect of ergotamine on gastric secretion in human subjects has been
variously reported on. KAUFFMANN and KarLk! found the secretion diminished
for an hour or two after the injection of 0.5 mg. ergotamine and the juice contained
no hydrochloric acid. GoLpMAN? likewise found diminished acidity, but CoELHO
and CaxpIipo DE OLIVEIRA®, by means of a self-retaining tube and test meals
observed in most cases an increase, sometimes considerable, in the quantity and
acidity of the juice. Since the main stimulus to secretion is vagal, no great effect
could be expected from the ergot alkaloids; a subsidiary stimulus however is
the presence of food in the stomach, which condition obtained in the experiments
of CoeLHO and CANDIDO DE OLIVEIRA, but not in those of KAUFFMANN and KALK.
The former authors leave open the question whether the increased secretion
observed by them is the result of sympathetic paralysis or of parasympathetic
stimulation.

As regards pancreatic secretion STAHNKE observed that there was more
amylase and lipase in the juice of dogs chronically poisoned with ergotamine,
than in normal juice; adrenaline greatly diminishes the amount of these enzymes.

Diuresis. It may be said in general that ergotamine, ergotoxine and ergo-
clavine diminish the urinary flow and that ergometrine increases it. The effect
of the first named alkaloids seems to be more evident in dogs than in rabbits,
in accordance with the resistance of the latter species to ergotoxine and ergotamine.
MicuricicH? already noticed rather incidentally that ergotoxine somewhat
diminishes the urinary flow in fasting rabbits, but that it did not stop the effects
of diuretin (theobromine sodium salicylate). A more pronounced effect was
observed by ARNSTEIN and REDLICH® with ergotamine in bitches with vesicular
fistula. The diuresis due to ingestion of water, or of sodium chloride solution,
was diminished, and the blood was diluted, as shown by its lower haemoglobin
content. These effects are similar to those of adrenaline (see fig. 26, effect on
diuresis due to 250 c.c. ingested water). Hence ergotamine and adrenaline are in
this case not antagonistic; indeed, they actually reinforce each other, for the
diminution of diuresis was most marked when the two drugs were given together.
Similar results were obtained with ergotamine in human subjects by KAUFFMANN
and KarLk®; the absolute output of sodium chloride and often also its concen-
tration in the urine were lowered; these authors suggested that the effects might
be caused by constriction of the renal vessels, especially studied by RaymonND-
HaMmEeT. In most cases there was urobilinuria. A detailed study, involving other
ergot alkaloids, was made more recently by Zunz and VESSELOVSKY? who found
that ergotamine diminishes the output in the fasting dog and also the diuretic
action of urea. Ergoclavine behaves like ergotamine, except that it has no
influence on diuresis due to urea. Ergotaminine does not change the diuresis
due to ingested water, but sometimes considerably increases the output of urine
in the fasting animal. Sensibamine showed an action intermediate between that

1 KaurrMANN, F., u. H. KaLk: Cit. p. 101.

2 GOLDMAN, M.: Arch. Mal. Coeur 21, 204 (1928).

3 CoeLHO, E., et J. CANDIDO DE OLIVEIRA: C. r. Soc. Biol. Paris 98, 1608; 99, 938 (1928).

1 MicuLicicH, M.: Cit. p. 159.

5 ARNSTEIN, A., u. Fr. REDLICH: Arch. f. exper. Path. 97, 15 (1923).

¢ Kaurrmany, F., u. H. KacLk: Cit. p. 101.

7 Zunz, E., et O. VESSELOVSKY: Arch. internat. Pharmacodynamie 53, 388; 54, 75
(1936).
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of the isomerides composing it (ergotamine and ergotaminine). Ergometrine has
a quite different action; already 0.01 mg./kg. may increase the diuresis due to
ingested water (300 c.c.); 0.04—0.08 mg./kg. increases the urine flow in fasting,
as well as the diuretic effects of sodium chloride (250 c.c. 2% NaCl) and of urea
(100 c.c. of a 10% solution). Zunz and VESSELOVSKY used bitches with a
permanent bladder fistula. Ergometrinine is much less active than its isomeride;
ergine has no constant effects, except that it increases the diuresis due to
ingested waterl.

There is thus a marked contrast between ergometrine and the more complex
sympatholytic ergot alkaloids, and it would appear that the antidiuretic action
of the latter depends on sympathetic paralysis. This is further suggested by the
behaviour of certain synthetic amines such as diethylaminomethyl-3-benzodioxan,
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Fig. 26. Diuresis in a bitch, resulting from the oral administration of 250 c.c. of water (at arrow). Top line,

without any drug. Middle line, with six half-hourly injections of 0.2 mg. adrenaline. Bottom line, with

six half-hourly injections of 0.1 mg. ergotamine. Abscissa time in hours, ordinate urine secreted per 10 minutes
in c.c. (From ARNSTEIN and REDLICH?.)

which paralyse the sympathetic and at the same time inhibit diuresis in bitches,
according to ZuNz and JoURDANS. Similar but less definite results had already
been obtained by Arima* with thymoxyethyldimethylamine and thymoxyethyl-
allylamine, apparently in rabbits (the German abstract does not mention the
species; animals of 2 kg. were used). ARrRIMA confirmed that ergotamine con-
sistently diminished the output of urine and sodium chloride from the kidney
but EpSTEIN®, with rabbits, found no appreciable effect of this alkaloid after
the ingestion of water; the diuresis due to thyroxine was however generally
diminished.

Central Nervous System. The excitement, seen especially in cats, and various
other central effects of ergotoxine and ergotamine, have already been described
(p. 27). Ergotoxine (0.5 mg. intravenously prevents adrenaline apnoea in cats,
according to MELLANBY and HUGGETT®; they consider that this apnoea is caused
by constriction of the blood vessels supplying the centre, probably independently
of any sympathetic supply. Ergotoxine in larger doses (3 mg. intravenously)

1 Zunz, E., et O. VeEssELOovsky: C. r. Soc. Biol. Paris 123, 116 (1936).

2 ARNSTEIN, A., u. Fr. REprIiCH: Cit. p. 142.

3 Zunz, E., et F. JourDAN: Arch. internat. Pharmacodynamie 48, 383 (1934).
4 Arima, K.: Fol. pharmacol. jap. 19, 44 (1934).

5 EpsTEIN, E. Z.: Arch. f. exper. Path. 142, 227 (1929).

¢ MELLANBY, J., and A. STG. HuaerTT: J. of Physiol. 57, 395 (1923).
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itself produces stoppage of respiration (Robertsl). Ergotamine apnoea has been
investigated by Bouckaert and Czarnecki2 in dogs under chloralose, after
1— 1.5 mg./kg. which is nearly lethal. The apnoea persists after the pneumo-
gastrics are cut and is probably due to a direct action on the respiratory centre.
Smaller doses, themselves insufficient to cause apnoea, not only stop apnoea
due to adrenaline, as Mellanby and Huggett had shown, but may invert it,
so that a further dose of adrenaline does not slow respiration, but accelerates it
(see fig. 27). According to Villaret, JusTTN-BESANgoN and Cachera3 an
intravenous injection of at least 0.5 mg./kg. ergotamine sensitises dogs to acetyl-
choline apnoea, of which drug 0.1 mg./kg. will then produce fatal apnoea, whereas
one hundred times that dose is required in normal animals.

Fig. 27. Respiration of adult mongrel dog, 15 kg., under chloralose. In the upper curve the arrow indicates

the injection into the saphenous vein of 0.5 mg. of adrenaline. In the lower the arrow marks the injection

of the same dose of adrenaline, 18 minutes after the injection of 15 mg. of ergotoxine. Reversal of adrenaline
apnoea by ergotamine. (From Bouckaert and Czarnecki2)

Sleep may be caused in dogs by the injection of 1mg. ergotamine into the
lateral ventricles of the brain, or into the third ventricle; the arterial pressure
falls by 2—3 mm. These experiments by Marinesco, Sager and Kreindler4
are considered by them to involve a stimulation of the predominantly para-
sympathetic sleep centre (but sympathetic paralysis may also play a part).
One hour after the intraventricular injection an intravenous injection of ergotamine
has the well known pressor effect, due to peripheral vasoconstriction. Y amauchi5
found that 0.5— 0.8 mg./kg. ergotamine (as well as much larger doses of yohimbine)
sensitise rabbits to morphine and to chloral hydrate so that otherwise ineffective
doses become effective. The vomiting centre in dogs is not affected even by
large doses of ergotoxine, according to Hatcher and W eiss6 (see p. 105). Accord-
ing to Hasama?, the effect of heat on the tuber cinereum, which results in profuse
sweat, is abolished by atropine, and the effect of cold, which causes less sweat,

1 Roberts, FF.: J. of Physiol. 5T, 405 (1923).

2 Bouckaert, J. J., et E. Czarnecki: J. Physiol, et Path. gen. 25, 654 (1927).
3Vittaret, M, L. JusTiN-BESANgoNet R. Cachera: C. r. Soc. Biol. Paris 103, 879 (1930).
4 Marinesco, G., O. Sager and A. Kreindier: Cit. P. 101.

5 Y amauchi, S.: Fol. pharmacol. jap. 16, 25 (1933).

6 Hatcher, R. A.,, and S. Weiss: Cit. p. 105.

7 Hasama, Bun-iciii: Arch. f. exper. Path. 146, 150 (1929).
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is abolished by 3 mg./kg. of ergotoxine in the cat; he connects this with the
double innervation of sweat glands.

Certain central effects of the ergot alkaloids are clearly due to an action on
blood vessels. Epileptic crises, mostly thought to be accompanied by cerebral
vasoconstriction, may be simulated according to TINEL and UNGAR! in guinea
pigs by 0.4 mg./kg. ergotamine intravenously, followed by 0.05 mg. adrenaline;
in 1—2 minutes clonic convulsions occur, lasting five minutes, and followed by
paralysis, beginning in the hind legs and extending forwards; recovery takes
place in half an hour. In rabbits there is only transitory paralysis but the
observation of the diameter of the arteries in the pia mater (after trepanning)
showed that, although adrenaline alone caused no visible change, and ergotamine
alone only slight dilatation, adrenaline after ergotamine greatly constricted the
arteries. Section of the cervical sympathetic also causes slight dilatation and
sensitises to adrenaline.

Sympathetic paralysis, resulting in dilatation of the meningeal vessels, has
been advanced as an explanation of the well-established beneficial effect of
ergotamine in many cases of migraine headaches. Clinical papers are by MAIER2,
TrAUTMANNS, TzaNCK ¢, KOTTMANNS®, LENNOX$; the dose is 0.5 mg. subcutaneously
or 1—2 mg. by the mouth. According to KoTTMANN only those migraines, which
are due to sympathicotony, yield to treatment, but against the exclusive import-
ance of the sympathetic LENNOX quotes cases in which bilateral sympathectomy
did not influence the headaches, yet ergotamine cut short each attack. The
subject has been investigated experimentally by LENNOX, PooL and their
collaborators, who did not however find a satisfactory explanation of the
therapeutic effect. PooL and Nason? directly observed the diameter of arteries
of the pia mater and dura mater of cats through a cranial window, and also of
the skin; small doses of ergotamine had an inconstant effect on the pia mater;
0.012—0.119 mg./kg. produced a 25% constriction of the vessels of the dura,
and a 39% in those of the skin; the cerebrospinal fluid pressure was sometimes
increased, sometimes unaffected. LeENNOX, GiBBs and GiBBs®, by means of
blood gas analysis, and by a thermoelectric flow recorder, studied the blood
flow in the internal jugular vein of unanaesthetised patients, after an injection
of 0.25—0.5 mg. ergotamine. The former method showed mostly a moderately
increased flow through the brain, probably a secondary result of increased
systemic pressure. PooL, voN STorcH and LENNox? studied the pulse, blood
pressure and spinal fluid pressure in migraine patients and in normal controls.
In the latter ergotamine raised the spinal fluid pressure by an average of 31 mm.;
in the migraine patients it was on the average 14 mm. below normal, and was
raised 13 mm. by an injection of 0.256—0.5 mg. ergotamine (the systolic and
diastolic blood pressures were also raised, the pulse was slowed). These changes
did not, in the opinion of the authors, adequately explain the relief from headache
in 12 out of their 15 patients. UrEcHIA and DraGoMIR!9, on the other hand,
report an insignificant increase in the spinal fluid pressure after 0.5 mg. ergotamine

1 TINEL, J., et G. UNgar: C. r. Soc. Biol. Paris 112, 758, 1286 (1933).

2 Maier, H. W.: Revue neur. 33, 1104 (1926).

3 TRAUTMANN, E.: Miinch. med. Wschr. 75, 513 (1928).

4 TzaNOK, A.: Bull. Soc. méd. Hop. Paris 1928, 1057.

5 KorrmaNN, K.: Schweiz. med. Wschr. 14, 572 (1933).

¢ LenNox, W. G.: New England J. Med. 210, 1061 (1934).

7 PooL, J. L., and G. I. Naso~N: Arch. of Neur. 33, 276 (1935).

8 LennNox, W. G., E. L. GmBBs'and F. A. GiBBs: J. of Pharmacol. 53, 113 (1935).
% Poor, J. L., T. J. C. voNn StorcH and W. G. LENNox: Cit. p. 111.

10 UrecHIA, C. I., et L. DragoMiRr: C. r. Soc. Biol. Paris 99, 1069 (1928).
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in most patients suffering from various mental diseases; adrenaline produced
a rather more definite rise of 5 mm.

Effect on the Body Temperature. DaLE! first noticed incidentally that “the
high temperature at and after death seemed to be a characteristic effect of fatal
doses” of ergotoxine. In three rabbits an intravenous injection of 1.7, 3.4 and
2.8 mg./kg. of ergotoxine phosphate raised the body temperature to 44°, 44.5°
and 42° respectively, and the first two animals died. In a cat an intramuscular
injection of 1.5 mg. produced a temperature of 41.5°; a cockerel, having received
20 mg. in the breast muscle, died with a cloacal temperature of 44.5°. MICULICICH?2,
with intravenous injections of ergotoxine in rabbits, recorded a temperature of
40.4° after 2 mg., of 43° after 1 mg., rises of 0.3° after 0.25 and 0.5 mg.; sub-
cutaneously a rise of 0.7° after 0.66 mg.; all doses per kg. of body weight. Cro-
ETTA and WASER? were troubled in their attempts to suppress adrenaline hyper-
thermia by ergotoxine, because the ergotoxine by itself raised the body temperature
on intravenous injection. GITHENS* investigated the effect more fully, by intra-
venous injections into rabbits and cats and subcutaneous into other rabbits,
rats, mice and pigeons. Of all species except cats, he observed controls, in which
the temperature varied only by 1° (rats) or 1.5° (mice). Of ten rabbits, receiving
2 mg. per kg. of ergotoxine phosphate intravenously, eight survived after showing
an average rise of temperature of 3.4° to 42—42.5°. The temperature was
highest from 2—21/, hours after the injection and became normal again in
6—8 hours. The other two rabbits showed a more rapid rise of temperature,
to 43.6°, and died. Subcutaneous injections of 2 mg./kg. gave similar results
more slowly; one rabbit died after 4 hours with a temperature of 43.4°. The
hyperthermia is partly, but not wholly, the result of the muscular tremors which
characterise the ergotoxine poisoning in the rabbit, for after curare there was
only an average rise of 0.6° (highest 1.5° to 40.7°; lowest 0.2°). The hyper-
thermia is caused by direct action on the heat regulating centre, for when this
centre was removed by decapiatation, tremors still occurred after 2 mg. intraven-
ously, but the rise in temperature was slight. In cats immobilised by ether,
ergotoxine had absolutely no effect on the body temperature, which is in accord-
ance with the abolition of cocaine hyperthermia by chloral, observed by Mosso.
When the dose was reduced to 1 mg. per kg. there were no nervous effects,
except dilated pupils and hyperpnoea, and the temperature rose on the average
by 2° (instead of 3.4° with 2 mg.). In cats 2 mg. of ergotoxine phosphate per kg.
given intravenously, produced a rise of 1.5—1.7°; in rats 1 mg./kg. (0.3 mg. per
rat) subcutaneously produced an average fall of 2.9° and 4 mg./kg. a fall of 4°
(from 37.5° to 33.0—33.8°); in mice, a subcutaneous injection of 2 mg./kg.
always caused a fall, in one case of 3.4° after 1 hour. GITHENS remarks that the
hyperthermia due to ergotoxine is more intense than that resulting from any
other drug. The coldness of the skin suggested heat dissipation, perhaps the chief
factor in cats; in rabbits the tremors point strongly to increased heat production
as the chief factor.

RIGLER and SILBERSTERN® examined both ergotoxine and, for the first time,
also ergotamine. The former raised the body temperature but in the vast majority
of experiments with the latter, and by any method of injection, the temperature
was lowered. The effective dose was 1—3 mg./kg. in rabbits, and 5—10 mg./kg.
in rats, well below the lethal amount; excitement and tremors did not occur in
rabbits, as they do after ergotoxine, and while the temperature was depressed

1 BARGER, G., and H. H. DavE: Cit. p. 102. 2 Mrcuricicy, M.: Cit. p. 159.

3 CLOETTA, M., u. E. WasEr: Cit. p. 150. ¢ Grruexs, T. S.: Cit. p. 104.
5 RIGLER, R., u. E. SILBERSTERN: Arch. f. exper. Path. 121, 1 (1927).
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for 2—10 hours, the only abnormal symptom was accelerated breathing. Thus
2.2 mg. ergotamine per kg. caused a fall of 3.0°, 3.6 mg. one of 3.6° in 3 hours;
in rats a fall of 1.7° was obtained. In rabbits kept at 28° there was a less
pronounced fall. Section of the spinal chord in the dorsal region produced no
difference, but when the cervical region was cut, ergotamine no longer produced
an effect. Intracranial injection was rather more effective than intravenous.
Hence RiGLER and SILBERSTERN concluded that ergotamine lowers the body
temperature by paralysing the sympathetic portion of the heat regulating centre.
Later BRINK and RIGLER! claimed to have cleared up the “apparent ’’ discrepancy
between ergotoxine and ergotamine, in so far as subcutaneous injections are
concerned. They found that a newly prepared specimen of ergotoxine phosphate
lowered the body temperature by 1.4°, whereas a specimen, kept for 2 years
as powder, without special precautions, raised it by 3°; the old specimen was
also more active in producing excitement and other nervous symptoms. The
difference between ergotoxine and ergotamine

remained however when the alkaloids were .

injected intravenously. Eight rabbits re- ¢
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body temperature differ more than they do in hours. (From ROTHLIN®.)

in the many experiments which had suggested :

a “pharmacological’ identity. RIGLER and SILBERSTERN’s explanation of the
difference between their old and new specimens of ergotoxine phosphate is less
convincing ; they considered that in the old specimen decomposition products had
been formed, which raise the body temperature after subcutaneous injection.
RoTHLIN’s? view seems much more likely; in agreement with all experiments
(except the subcutaneous of BRINk and RIGLER) he finds that pure ergotoxine phos-
phate always raises the body temperature, whether given intravenously or sub-
cutaneously, and that ergotamine may do the same, provided the dose is large
enough ; ergotamine is, according to RoTHLIN3, only half as active as ergotoxine
in raising the body temperature (see fig. 28), and is only half as toxic. If this
be so, it is intelligible that 3 mg. of ergotoxine phosphate produced a much
greater effect in the intravenous experiments of BRINK and RIGLER, than 3 mg.
of ergotamine tartrate. It is not clear, however, why these authors consistently
found a rather considerable lowering of body temperature with ergotamine.
On the other hand, according to BouckaerT and HEYMANS?, 3—4 mg. intraven-
ously per rabbit produces neither hypo- nor hyperthermia. If a lowering of body
temperature by small doses does occur, it would be in accordance with the fall

1 BriNg, C. D., u. R. R1GLER: Arch. f. exper. Path. 145, 321 (1929).
2 RorHLIN, E.: C. r. Soc. Biol. Paris 119, 1302 (1935). 3 RotHLIN, E.: Cit. p. 104.
4 BOUCKAERT, J. J., et C. HEYmaNs: Cit. p. 156,

10*
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in oxygen consumption, observed by MARINE, DEuTCH and Crera! in rabbits.
The lowering of metabolism by ergotamine in rats (ABDERHALDEN and WERT-
HEIMER 2, ORESTANO?) is also in accordance with its effect on the body temperature
(compare GITHENS? for ergotoxine, RIGLER and SILBERSTERN® for ergotamine).
Normal and sympathectomised cats were studied by SAWYER and SCHLOSSBERG¢;
in both an intramuscular injection of 0.5 mg./kg. ergotamine lowered the body
temperature by 0.6—1.1° C. In a hot room at 40° the temperature of sympath-
ectomised animals rose more than that of normals, and the temperature of
ergotaminised animals was still higher. In a cold room the temperature control
of the ergotaminised was, on the other hand, better than that of the sympath-
ectomised.

With sensibamine, RossLER and UNNA? found great individual variations in
the effect on the body temperature of rabbits; moreover the same animal reacted
less vigorously after
“ FIFF —— an interval of 8 days
{ (see fig. 29). They con-
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Fig. 20. Temperature effect of 2 mg./kg. of sensibamilvle intravenously molecular compound of
on rabbits. (From ROSSLER and UNNA?.) ergotamine and ergot-

aminine, and since in
various respects the latter alkaloid has one hundredth of the activity of the former,
sensibamine should have half the activity of ergotamine, instead of being much
more active, as ROSSLER and Un~a state. If the latter authors are right, the
activity of sensibamine is not merely the mean of the activities of its two con-
stituents, as ROTHLIN assumes, but has been greatly enhanced by chemical com-
bination; see however p. 173. A direct comparison of sensibamine with an equi-
valent mixture of ergotamine and ergotaminine might be of interest. Ergometrine
is particularly active in raising the body temperature of rabbits, but not of rats,
mice or guinea-pigs (see p. 180).
Dr. A.C. WHITE (private communication) has examined the effects of various
ergot alkaloids on the body temperature of mice and of rabbits, and insists on
their great individual variation. On account of the after-effect of a previous

1 MarINE, D., M. DEvurcH and A. Crera: Cit. p. 151.
2 ABDERHALDEN, E., u. E. WERTHEIMER: Cit. p. 151.
! 3 Oresrtavo, G.: Cit. p. 152. ¢ GrreENs, T. S.: Cit. p. 104.
5 RIGLER, R., u. E. SILBERSTERN: Cit. p. 146.
¢ SawyEer, M. E. MacKay, and T. ScHLOSSBERG: Amer. J. Physiol. 104, 172 (1933).
7 ROSSLER, R., u. K. Un~a: Cit. p. 103. 8 Srorr, A.: Cit. p. 85, note 9.
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dose (compare RossLER and UNNa, above) he on principle never injected an
animal twice. Some 600 mice were used and in agreement with GITHENS (p. 146).
WHITE never observed a rise of temperature in this species, but always a fall if
the dose was effective at all. A comparison of the various alkaloids was made
by injecting groups of ten mice with decreasing doses, until a group showed no
average significant fall in rectal temperature; controls were injected with water.
The comparison was principally made between the two members of each pair
of isomerides and the following doses were found which in the case of the
laevorotatory isomeride (of the ergotoxine series) still lowered the body tem-
perature, while the dextrorotatory (of the ergotinine series) was without effect:
ergotoxine 0.05, ergotamine 0.05, ergosine 0.025, ergometrine 0.2, iso-ergine 0.075,
all in mg./20 g. Hence these figures represent the dosage at which the above
alkaloids may be expected to depress the temperature, and at which ergotinine,
ergotaminine, ergosinine, ergometrinine and ergine have no effect. Lysergic and
iso-lysergic acids were inactive in a dose of 0.2 mg./20 g. These figures do not
bring out the (smaller ?) difference between ergotoxine and ergotamine, found in
rabbits by RoTHLIN and confirmed for this species by WHITE. They show
however that in mice ergosine is something like twice as active as ergotoxine
(and ergotamine); the same ratio applies to the rabbit’s uterus (see p. 172). These
figures further show that ergometrine is much less active on the body tem-
"perature of mice. Whilst the simplification of the molecule from ergotoxine to
ergometrine thus results in decreased activity, the further simplification, to
iso-ergine, again enhances the potency. (Iso-ergine is the lysergic amide cor-
responding to ergotoxine, ergine is analogous to ergotinine.)

In his experiments on rabbits WHITE measured the rectal temperature every
two minutes with a thermopile. A comparison of all his results with ergotoxine
ethanesulphonate and ergotamine tartrate, injected intravenously, shows ‘“that
one obtains a rise in temperature more consistently with lower doses of ergo-
toxine than one does with ergotamine, but that at any dose level there is a
considerable scatter of results. It was noted that in some of the rabbits, when
one could have expected a hyperthermia, there was none, but that polypnoea
might be extremely intense’’. WHITE thus confirms ROTHLIN qualitatively,
without making any quantitative statement as to the relative hyperthermic
effect of ergotoxine and ergotamine. The ‘‘scatter’’ may be illustrated by the
deaths from ergotoxine: with 3.2 mg./kg. two animals died out of three, with
1.85 two out of four, with 1.6 all three died, with 0.8 one out of two, with 0.4
one out of three. Smaller doses caused no deaths; 0.2 mg./kg. had no significant
effect on the body temperature and 0.1 mg./kg. produced a slight initial fall.
Experiments on some 20 rabbits with ergotamine showed even less regular re-
sults: sometimes there was a steady fall, sometimes an initial fall followed by
a rise, or the. reverse, or a rapid rise from the outset, e.g. after 3.0 mg./kg. a
delayed fall and recovery, but after 2.5 mg./kg. a rapid rise and death. Evi-
dently a very large number of animals would be required to obtain precise data,
but it seems clear that ergotoxine has the greater effect on temperature and is
more toxic than ergotamine (see further especially p. 171). In its hyperthermic
action (and toxicity) ergosine seems to be nearer to ergotoxine than to ergot-
amine, perhaps slightly less active than the former, but definitely more active
than the latter. As in the lowering of the body temperature of mice, so also
as regards the rise in rabbits ergometrine is much less active than ergotoxine,
ergotamine, and ergosine; again iso-ergine on the other hand is remarkably
potent: 8.9 mg./kg. of the acetone compound of ergometrine caused a fatal rise
to 44° in two hours, but already 1 mg./kg. and 0.72 mg./kg. of iso-ergine pro-



150 G. BArRGER: The Alkaloids of Ergot.

duced a similar lethal effect. Lysergic and iso-lysergic acids, 3.5 mg./kg. had
little or no effect. The isomerides of the ergotinine series were again much less
active; 2—3 mg./kg. of ergosinine caused a fall of temperature but no death,
8.5—10mg./kg. of ergometrinine nitrate had no effect, 1 mg./kg. of ergine in-
duced a slight rise.

In general it may be said that in rabbits, with high doses of a potent alkaloid
(e. g. ergotoxine) a rise of temperature may be expected. Lower doses and al-
kaloids less potent in this respect (e.g. ergotamine) are more likely to produce
a fall, or no effect. The great difference between the activities of the two members
of each pair of the more complex isomerides (e. g. ergotamine and ergotaminine)
seems to be less accentuated in the simpler pairs (e. g. iso-ergine and ergine).

A few authors have studied the effect of ergotoxine, and of ergotamine, on
experimental hyperthermias. D6BLIN and FLEIscHMANN? found that ergotoxine
had little effect on the body temperature of normal rabbits, more so when one
adrenal had been removed; it however inhibited the hyperthermia resulting
from an intravenous injection of sodium chloride, and also that due to an injection
of adrenaline. CLOETTA and WASER? failed to confirm the last conclusion; after
an intravenous injection of 2—3 mg. of ergotoxine had raised the body temperature
by about 1° in 20—30 minutes, and the latter was only rising slowly, a further
rise of 0.2—0.3° could be produced by adrenaline in 4—6 minutes. If ergotoxine
causes peripheral sympathetic paralysis, and adrenaline produces hyperthermia
by acting centrally on the brain, as CLOETTA and WASER supposed (in contra-
distinction to DOBLIN and FLEISCHMANN), no antagonism between the two could
be expected. ,

Ergotoxine had a still more pronounced effect in intensifying the fever due
to B-tetrahydronaphthylamine, so that rabbits which had previously had a
temperature of 40.4° and 41.2° from the naphthylamine alone, succumbed to a
temperature of 43.5° when to the amine was added 1.5 mg. of ergotoxine per kg.
Using ergotamine instead of ergotoxine, BouckAERT and HEymMANS3, and also
SkowrONsKI?, failed to observe any effect on B-tetrahydronaphthylamine
hyperthermia in rabbits (the former authors gave 3—4 mg. intravenously per
animal, the latter 0.3—0.5 mg. per kg.).

Effect of Ergotamine on Metabolism. Probably it might already have been
inferred from early observations on the effect of ergotoxine on the body temper-
ature that this drug may, in certain circumstances, influence metabolism. Such
an influence of ergotoxine was further indicated by the work of DoBLIN and
FrEIscHMANN! and of CLOETTA and WASER? on the hyperthermias caused by
injections of adrenaline (see previous section, above). Subsequent investigations,
more definitely concerned with metabolism, were all carried out with ergotamine,
except for experiments on tissue respiration by voN EULER who used both
alkaloids (see below). Their specific paralysing effect on sympathetic actions
led to the administration of ergotamine in hyperthyroidism, and it was found
that in patients suffering from GrAVES’ (BASEDOW’s) disease, there is often a
definite lowering of the basal metabolic rate (ADLERSBERG and PorRGES5, MERKES,
LAwRENCE?, CaPo®). NovoNs and BOUCKAERT? emphasised the tendency of

1 DoBLIN, A., u. P. FLEISCHMANN: Z. klin. Med. 78, 275 (1913).

2 CLOETTA, M., u. E. WasEgR: Arch. f. exper. Path. 79, 30 (1915).

3 BOUCKAERT, J. J., et C. HEymans: Cit. p. 117.

4 SKOWRONSKI, V.: Arch. f. exper. Path. 146, 15 (1929).

5 ADLERSBERG, D., u. O. PorGEs: Klin. Wachr. 4, 1489 (1925) — Med. Klin. 26, 1442(1930).
¢ MERKE, F.: Schweiz. med. Wschr. 5%, 833 (1927).

? LAWRENCE, R. D.: Cit. p. 164. 8 Caro, R.: Cit. p. 160.

% Novoxs, A. K., et J. P. BouckaEgrT: C. r. Soc. Biol. Paris 95, 1133 (1926).
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such patients to recover spontaneously, and at first doubted the results published
at that time, but satisfied themselves by means of a differential calorimeter,
which gives a continuous record of the loss of heat in the experimental subject,
that the basal metabolic rate is indeed lowered quite distinctly by ergotamine
in most cases of hyperthyroidism (12 female patients were given 0.25—0.40 mg.
ergotamine).

In other conditions a smaller depression of metabolism was recorded by
MicHAIL, BENDESCU and VANCEA! (eye diseases) and by LaBBE and RUBINSTEINZ2;
the latter authors observed a lowering of the basal metabolic rate by 3—15%,
after an intramuscular injection of 0.25 mg. ergotamine. On the other hand
quite negative results were obtained by Youmans, TRIMBLE and FrRANKSZ, both
in normal persons and in patients suffering from thyreotoxicosis. They gave four
times 1 mg. per day by the mouth for several days, and considered that the
dose permissible in man is too small to evoke the effects which had meanwhile
been described by others in animals. In their opinion the alleged influence of
ergotamine on the basal metabolic rate of patients suffering from Graves’
disease was inferred from experiments, during which the patient was not com-
pletely at rest. They suggest that when fully rested, the sympathetic is without
function and cannot be inhibited.

Animal experiments were not carried out until after the first clinical ob-
servations had been made. BOUCKAERT4, in a single dog after injection of 0.5 mg.
ergotamine, found a considerable fall of heat production (to —19%) after it
had been raised by thyroid (to +26.4%), but could not lower the heat production
of the normal dog. ABDERHALDEN and WERTHEIMER® also observed a striking
antagonism between ergotamine and thyroxine; a rat of 150 grams received for
instance 0.4 mg. thyroxine +4-0.3 mg. ergotamine subcutaneously, and a similar
dose of ergotamine alone next day; this abolished the effect of thyroxine for a
few days in succession. Injection of ergotamine into a normal rat lowered the
temperature for a few hours by 1.5—3° but subsequent injections produced
a much smaller fall or even a slight rise of body temperature. The first fall in
body temperature synchronised with a fall in the output of carbon dioxide,
which output soon rose again with the temperature. The effect of thyroxine
on metabolism however continued to be suppressed for a much longer time
than that during which the CO, output was indeed affected. From this ABDER-
HALDEN and WERTHEIMER inferred that ergotamine must have an action on
metabolism which is not reflected in the gaseous exchange, an action on tissues
innervated by the sympathetic, resulting in changes in the intermediate meta-
bolism, which do not affect the CO, output. They accordingly did some preliminary
experiments on the effect of ergotamine on the respiration of minced muscle,
but found no inhibition here. (Compare EULER’s work, discussed below.) In the
same year as ABDERHALDEN’s work there appeared a paper by MARINE, DEUTCH
and Crpra®, in which a striking fall in heat production was described in normal
rabbits after 0.125—0.5 mg. ergotamine; thyreodectomized rabbits showed a
similar but less striking fall. In dogs, however, YouMaNs and TRIMBLE? obtained
negative results (as they, in conjunction with FraNk3, also obtained in human

1 MicHAIL, D., T. BENDESCU et P. VaNcEA: C. r. Soc. Biol. Paris 98, 1468 (1928).

2 LaBBE, M., et M. RuBINSTEIN: C. r. Soc. Biol. Paris 112, 1152 (1933).

3 Youmans, J. B.,, W. H. TRiMBLE and H. Frank: Cit. p. 101.

4 BOUCKAERT, J.: Rev. méd. Louv. 1926, 179.

5 ABDERHALDEN, E., u. E. WERTHEIMER: Pfliigers Arch. 216, 697 (1927).

6 MARINE, D., M. DEurcE and A. Crera: Proc. Soc. exper. Biol. a. Med. 24, 662
1927).
( 7 Youmans, J. B, and W. H. TriMsLE: Cit. p. 121.
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subjects, see above. YoUuMaNs and TRIMBLE measured the oxygen consumption
in normal dogs, trained to breathe through a mask into a RoTH-BENEDICT
apparatus. The experiment was not started until the heart beat had reached
a basal level, and then the oxygen consumption was measured one, two and
three hours after the intravenous injection of 0.25 mg. ergotamine tartrate,
but not during the first hour, on account of the physical and mental unrest,
nausea and vomiting, which the drug may produce. Nearly all experiments
showed an increased oxygen consumption (up to 21%), particularly at the end
of the first hour. Three hours after the injection the metabolism had again
nearly reached the basal level. In some experiments atropine was administered
along with ergotamine, without producing any change. Youmans and TRIMBLE’s
negative conclusions are in accordance with the experiment of BOUCKAERT on
a dog, but not with those of ABDERHALDEN and WERTHEIMER on rats, nor with
those of MARINE, DEUTCH and CIPRA on rabbits. It was pointed out in the
previous section, that there may perhaps be a considerable difference in the
effect on the body temperature as between the subcutaneous route (used by
ABDERHALDEN and by MARINE for rodents) and the intravenous (employed by
Youmans and TRIMBLE for dogs) ; the change in the body temperature is moreover
not in the same direction in all species. The most important difference between
the positive results on rodents and the negative on dogs would however seem
to be in the dosage, which by itself might explain the discrepancy; doses much
larger than those used by Youmans and TRIMBLE in dogs, are required to alter
the body temperature of rabbits.

The antagonism between adrenaline and ergotamine in their effects on
respiratory exchange has been examined by Caro! who concluded that ergotamine
does not much modify the increased oxygen consumption due to adrenaline,
but rather brings about an appreciable diminution of the carbon dioxide output,
and a lowering of the respiratory quotient, as a result of increased combustion
of fats. These results do not entirely agree with those of ORESTANOZ, who saw
in rats a depression of 30% follow a subcutaneous injection of 10—20 mg.
ergotamine per kg. The effect showed itself chiefly in the second and third
hours after the injection. Unlike LaBB£ and RUBINSTEINS, who record a lowering
of the respiratory quotient in some patients, and Caro, OrRESTANO found this
quotient unaffected. The latter’s paper is chiefly concerned with the antagonism
between ergotamine on the one hand, and adrenaline and pilocarpine on the
other. The enhanced metabolism due to the last two drugs is naturally depressed
more readily than is normal metabolism; the respective minimum doses of
ergotamine required to produce partial inhibition were 0.6—1.1 mg./kg. in the
case of a metabolism stimulated by adrenaline, and 0.3—0.5 mg. when it was
stimulated by pilocarpine, as compared with 3 mg./kg. required to depress a
normal metabolism to any appreciable extent. Much larger doses of ergotamine
(10—20 mg./kg.) are required for the complete suppression of the effect of even
a small dose of adrenaline, which, by itself, would raise the metabolic rate by
20—30%. The effect of ergotamine is greatest when injected simultaneously
with the adrenaline; when the adrenaline precedes the ergotamine, larger doses
of the latter (e.g. 22 mg./kg.) produce only a partial, transient inhibition, and
the same is true when the ergotamine is injected first. The antagonism to
pilocarpine, more pronounced than that to adrenaline, as shown in these ex-
periments, led ORESTANO to regard the action of ergotamine as amphotropic
(compare pp. 100 and 101).

1 Caro, R.: Cit. p. 160. 2 ORESTANO, G.: Boll. Soc. ital. Biol. sper. 8, 1148 (1933).

3 LaBBE, M., et M. RuBINSTEIN: Cit. p. 151.
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The antagonism between adrenaline and ergotamine, in their effects on
metabolism, thus shown in intact animals, had already been established by
experiments on cellular metabolism, in an isolated organ and n wvitro. The
antagonism was first indicated in experiments by AHLGREN? on the respiration
of minced frog’s muscle by the methylene blue method ; these experiments were
further elaborated by U. voN EULER? who found that among the various con-
centrations examined, 1:101% ergotamine and also ergotoxine gave the most
rapid decolorisation of methylene blue. The alkaloids by themselves thus
stimulate tissue respiration to some extent, but they also completely inhibit the
(more powerful) stimulus of adrenaline in the same direction. Obviously in tissue
respiration there can be no question of a central effect: voN EULER leaves it
undecided whether the effect of ergotamine and adrenaline is exerted on structures
innervated by the sympathetic, or is a direct effect on cellular metabolic processes.
The antagonism was also demonstrated by voN EULER? by perfusion of the isolated
hind leg of a dog, by means of a DALE-SCHUSTER pump and analysis of the blood
according to HALDANE; such a preparation normally consumes 2—3 c.c. of
oxygen per kg. per minute. When the concentration of adrenaline in the blood
was >10-8% vaso-constriction occurred, with a large initial fall in the oxygen
consumption, but at 10-2 or 10-10 a rise of 22.5% took place. After perfusing
for a time with 0.5 mg. ergotamine in the 700 c.c. of circulating blood, and
noting an oxygen consumption of 2.9—2.7 c.c., voN EuLER perfused with
adrenaline at 10-°3 for 10 minutes, after which the oxygen consumption slowly
declined instead of undergoing an increase of over 20%, seen in the absence of
previous perfusion with ergotoxine.

The depressant action of ergotamine on the metabolism is made more evident
when the animal is exposed to cold. SaArzaNo0* found that 3.5 mg. of ergotamine
per kg. had no effect on the basal metabolism of fasting pigeons at 29°, but
after exposure to 4—7° C. for 1!/, hours, these animals suffered a decrease of
45% in the rate, and 1.5 mg. of ergotamine per kg. induced a more transitory
lowering of something like 30%. The respiratory quotient was not appreciably
affected and remained at an average of 0.78. The greater effect of ergotamine
on the metabolism at low temperatures was already indicated by the experiments
of p1 Macco and SARDO®; compare also the observations of CALTABIANO® on the
way in which ergotamine influences the hypoglycaemia resulting from exposure
to cold.

Certain nitrophenols have an enormous effect in stimulating metabolism;
with dinitro «-naphthol voxn EULER? obtained an increase of 100—200% in his
perfusion experiments, above referred to. Zuvmmo and Pacano® found that a
subcutaneous injection of 5 mg. of dinitrophenol quadrupled the metabolic rate
in a rat and was always lethal. If, as soon as the increase in metabolism began
to show itself, 0.25—0.5 mg. of ergotamine was injected, the action of the nitro-
phenol was completely inhibited for a limited time, depending on the dose;
later the hypermetabolism re-established itself and always proved fatal.

The most delicate test for the effect of ergotamine on metabolism in human
subjects seems to be, not the effect on the metabolic rate itself, which according

1 AHLGREN, G.: Klin. Wschr. 3, 667 (1924).

2 voN EvuLER, U.: Arch. f. exper. Path. 139, 373 (1929) — Skand. Arch. Physiol. (Berl.
u. Lpz.) 59, 153 (1930).

3 voNn EvurEr, U.: Cit. p. 108.

4 SARzANO, G.: Arch. ital. Sci. farmacol. 4, 329 (1935).

5 p1 Macco, G., e M. Sarpo: Cit. p. 165. ¢ CarraBIaNo, D.: Cit. p. 165.

7 von EuLER, U.: C. r. Soc. Biol. Paris 108, 249 (1931).

8 Zummo, C., e A. Pagano: Boll. Soc. ital. Biol. sper. 9, 344 (1934).
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to Youmans, TRIMBLE and FRANK! cannot be influenced by permissible doses,
but its effect on the change of the metabolic rate due to the ingestion of glucose.
According to EDERER and WALLERSTEIN? this is enhanced by something like
12%, within half an hour after 2 grams of glucose per kg. has been taken by
the mouth (specific dynamic action). When however 0.3 mg. of ergotamine had
been injected 20 minutes before the ingestion of the glucose, the metabolic rate
was lowered, instead of being raised; 0.15 and 0.1 mg. ergotamine annul the
effect of glucose and leave the metabolic rate unchanged; only doses as low as
0.05 and 0.025 mg. were without effect in counteracting the rise due to the
sugar. The specific dynamic action of protein is also inhibited by ergotamine,
either partially or wholly. EDERER and WALLERSTEIN conclude that the intensity
of the specific dynamic action depends on the tone of the sympathetic system.
Since the action shows itself very rapidly it cannot be due to the combustion
of the ingested sugar, which merely acts as a stimulus for the mobilisation of
depot substance, and as such the liver glycogen must be considered, for the
action does not occur when the liver has been depleted of glycogen. In order
to mobilise this glycogen rapidly, the organism employs a reflex stimulus through
the sympathetic, starting probably from the duodenal mucous membrane, in
much the same way as alimentary hyperglycaemia is produced according to the
reflex theory discussed below, p. 163. The inhibition of the specific dynamic
action of glucose through ergotamine was also observed by KERrTIS.

An example of the effect of ergotamine on intermediate metabolism is perhaps
provided by the work of BRAUNSTEIN and PaARscHIN* on phenol poisoning.
Rabbits received in 8 injections a total of 250 mg. of phenol, and some animals
on successive days also 3 0.5 mg. ergotamine. In the controls the conjugated
phenol constituted 10.3% of the 145 mg. excreted; in the animals treated with
ergotamine it was 30.9% of a total of 90 mg. excreted. The authors suggest that
the increased conjugation due to ergotamine is a result of local changes of the
circulation in the liver, brought about by sympathetic paralysis, and causing
a change of metabolism. A further example of such change in the intermediate
metabolism is indicated by the observation of MEDNIKIANZS, that the increase
in the residual nitrogen, given off by a bull’s testis perfused with RINGER-
LoCKE’s solution, under the influence of adrenaline in a concentration of 10-¢,
is abolished by 10-5 ergotamine; the protocols are howewer not very convincing.

It should be noted that the above experiments (with the exception of one
on tissue respiration by voN EULER) have all been done with ergotamine; since
ergotoxine differs from ergotamine in its effects on body temperature (at least
quantitatively), its effects on metabolism may also well be different.

Effect on the Sugar Content of the Blood of Normal, Fasting Animals and Man.
The only paper on blood sugar mentioned in CusaNY s article (Vol. II, 2, p. 1312)
is that by MrcuricicH®, who showed in 1912 that ergotoxine prevents the
glycosuria and diminishes the hyperglycaemia due to adrenaline. Since then
numerous papers have appeared dealing with the effects of ergotoxine, and
particularly of ergotamine, on the blood sugar content of normal animals and
human subjects, as well as with their action in various hyperglycaemias. In so
far as concerns normal fasting animals, there is a great lack of agreement and

1 Youmans, J. B.,, W. H. TriMBLE and H. Frank: Cit. p. 101.

2 EDERER, ST., u. J. WALLERSTEIN: Biochem. Z. 206, 334 (1929).

3 KerTi, F.: Wien. klin. Wschr. 41, 1119 (1928).

4 BRAUNSTEIN, A. E., u. A. N. ParscHIN: Biochem. Z. 235, 342 (1931).
5 MEDNIKIANZ, G. A.: Arch. f. exper. Path. 136, 370 (1928).

¢ MicuricicH, M.: Cit. p. 159.
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investigators may be divided into three categories: those who claim that the
ergot alkaloids lower the blood sugar content, those who deny that there is a
significant effect, and those who assert that the blood sugar content is raised.
The evidence for each of these views will be examined and since papers of very
unequal merit are often quoted side by side, it will be best to abandon the chrono-
logical order and begin in each section with those which seem to have the greatest
evidential value. The change in the blood sugar content will be expressed as
% of the initial value (4 denoting a rise, — a fall), and, in order to avoid con-
fusion, the absolute blood sugar content is expressed as mg. per cent. (parts per
100,000 of blood).

Normal (fasting) rabbits. A fall of blood sugar was observed by the following
authors:

No. of Dose mg. %_change
rabbits per kilo. min. } max. l mean
LESSER and ZreF! . . . . . . . . 6 3—19 —7.7 —17.6 —14.1
SEmEL2. . . . ... ... ... 6 0.4—1 —8.7 —23.1 —13.2
Ric6 and VESZELSKY® . . . . . . 7 0.5—1.5 | —11 —31.5 —18.7
do. . ... ..o 6 2—2.5 +9.6 +27.3 +13.7

In the above experiments ergotamine was given in every case hypodermically.
The greatest change in blood sugar occurred usually in the second hour after
the injection. LESSER and Z1pPF used enormous doses; already with much smaller
doses R1a6 and VESZELSKY obtained a rise in the blood sugar, which was rather
more persistent than the hypoglycaemia resulting from their smallest doses.
The following authors were primarily concerned with other questions but
incidentally also observed a fall of blood sugar: LAURIN%, in a single rabbit,
found a gradual fall from 130 mg. per cent. to 80 mg. per cent. (—39%) during
51/, hours, after 0.5 mg. ergotoxine given subcutaneously; Kikuna?®, after the
same dose of ergotoxine, also subcutaneously, an average fall of 8.6%, but
when the drug was administered intravenously, he observed a rise of blood sugar,
sometimes after an initial fall. On the other hand Burano and MasiNi® with
0.1—0.2 mg. ergotamine, intravenously, found that after half an hour hypo-
glycaemia began, and became pronounced after 2—2!/, hours. CARBONARO?,
with 0.25—1 mg./kg. ergotamine subcutaneously, found distinct hypoglycaemia
after fifteen minutes, lasting for 3—4 hours. The first to state that ergotamine
has no significant effect on the blood sugar of rabbits was RoTHLINS. He not
only carried out numerous acute experiments, but also injected four rabbits at
first on alternate days, then daily, with 1 mg. ergotamine subcutaneously during
two months, without observing any definite effect. Next SAKURAI® stated that
his countryman MasaMUNE could find no effect with ergotoxine (Japanese
publication). He himself, with 0.5—1 mg. ergotoxine subcutaneously, obtained
an average fall of 4% after 4 hours, but his nine experiments range from +7%
to —15% and the hypoglycaemia is well below the possible error (discussed

1 Lesser, E. J., u. K. Zrer: Biochem. Z. 140, 612 (1923).

2 SEIpEL, W.: Arch. f. exper. Path. 125, 269 (1927).

3 Rig6, L., u. L. VEszeLSKY: Arch. f. exper. Path. 139, 10 (1929).

4 Lavrin, E.: Biochem. Z. 82, 87 (1917).

5 Kixuna, K.: Jap. J. med. Sci., Trans. IIT Biophysics 2, 126* (1931).

¢ Burano, M., e A. Masint: Riforma med. 43, 891 (1927).

7 CARBONARO, G.: Arch. Farmacol. sper. 52, 241 (1931).

8 RoTHLIN, E.: Klin. Wschr. 4, 1437 (1925) and in much greater detail Rev. Pharmacol.
et Thér. exp. 1, 103 (1928).

9 SAKURAL T.: J. of Biochem. 6, 487 (1926).
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below). Other authors, working with ergotamine, often give little detail or
merely state that they confirmed RoTHLIN in failing to observe a decisive effect.
Such are CaNNAVO!, MoreTTI2, BoOssa® (0.05—2 mg./kg.), BOUCKAERT and
HeymaNns4 (1—3 mg. per rabbit intravenously) and WuLr®. The results of
SILBERSTEIN and KESSLER® likewise show no effect but these authors mention
a lowering from 100 to 79 mg. per cent. by a second injection of 0.5 mg. ergotamine
given 5 hours after the first. Bucciarpi? found something similar in guinea-pigs
(see below). SILBERSTEIN and KESSLER actually tabulate the dose as “ Ergotamin
0.0005 c.cm. i.v.”

For a rise of blood sugar in rabbits there is little evidence. FARBER® quotes
a single experiment, in which ergotamine (0.4 mg./kg.) raised the content from
112 to 138 mg. per cent. in 21/, hours; in splanchnicotomised rabbits the already
low blood sugar level was temporarily depressed still further, according to FARBER
by the vagus gaining the upper hand after the cutting out of the antagonistic
mechanism. On the other hand KiruNa® observed a 12% increase in the blood
sugar in rabbits 23—58 days after bilateral splanchnicotomy or section of the
hepatic nerves, as the result of a subcutaneous or intravenous injection of 0.5 mg.
ergotamine. MESSINAL® records a slight rise with 0.25 mg. ergotamine subcuta-
neously; he obtained a more definite hyperglycaemia in animals suffering from
uranium nephritis. ARAKAWA!! investigated the effect of the alkaloids sinomenine,
para-sinomenine and quinine on the hyperglycaemia produced by 1.5 mg. ergo-
toxine tartrate per kilo of rabbit. The German abstract of his paper does not
enable us to clear up the discrepancy between the postulation of a hyperglycaemia,
used as the basis of further experiments, and the above quoted negative results
of MasAMUNE and SAKURAI, who also employed ergotoxine. As already indicated
R166 and VESZELSKY obtained a slight hyperglycaemia with their highest doses.

The effect of ergotamine on the blood sugar of normal dogs has been much
less studied than that in rabbits, although as WULF observes, the excitability of
the rabbit might cause ‘‘psychic hyperglycaemia’. On the other hand more
care has been bestowed on experiments with dogs than on those with rabbits;
this applies especially to the next two investigations, which both arrived at the
result that ergotamine causes no significant change in the blood sugar content.
YoumaNs and TRIMBLE!? carried out 22 experiments on 8 trained dogs of about
10 kilos body weight, which had either fasted, or had been fed a few hours
before the injection, subcutaneous or intravenous, of 0.125—0.5 mg. ergotamine
per animal. In no case was a significant effect observed, i.e. greater than the
maximum variation of 12% in the blood sugar content in normal controls during
3 hours. Controls, all too rare in the experiments on rabbits, were also made on
dogs by Epal®, He used 5 animals and did with each two control experiments;
he also gave to each two subcutaneous and two intravenous injections of 0.5 to

1 CanNavO, L.: Boll. Soc. ital. Biol. sper. 2, 774 (1927).

2 MorerTtr, E.: C. r. Soc. Biol. Paris 97, 320 (1927) — Klin. Wschr. 7, 407 (1928).

3 Bossa, G.: Boll. Soc. ital. Biol. sper. 3, 1114 (1928).

4 BOUCKAERT, J. J., et C. HEymMaNS: Arch. Physiol. 4, 654 (1928) — Arch. internat.
Pharmacodynamie 35, 137 (1929).

5 Wuorr, H.: Biochem Z 214, 382 (1929)

8 SiLBERSTEIN, FR., u. S. KESSLER: Biochem. Z. 181, 333 (1927).

7 Bucciarpi, G.: Boll. Soc. ital. Biol. sper. 3, 77 (1928).

8 FARBER, B.: Z. exper. Med. 49, 525 (1926).

? KikuNa, K.: Cit. p. 155.

10 MEssiNA, R.: Arch. Farmacol. sper. 54, 262 (1932).

11 ArarAWwWA, Y.: Fol. pharmacol. jap. 17, 1 (1933). (German abstract.)

12 Youmans, J. B.,, and W. H.. TRimBLE: Cit. p. 105.

13 Epa, G.: J. of Biochem. 10, 101 (1928).
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1 mg. ergotamine. In these three categories the average changes were: controls
—6, subcutaneous —19, intravenous —6 mg. per cent.; this paper records over
800 blood sugar estimations. The dosage in the experiments on dogs, so far
quoted, is low. Youmans and TRIMBLE were interested in doses of the same
order of magnitude as those which can be given clinically. Thus their maximum
dose of 0.5 mg. per 10 kg. dog compares with the maximum dose of 0.5 mg. for
a man of 70 kg. It is therefore of interest that STAENKE! incidentally also found
no effect on the blood sugar of dogs treated during 5 months with enormous
doses of ergotamine tartrate. STAENKE thought carnivores preferable for his
experiments, which were not primarily concerned with blood sugar. The course
began with 0.025 mg. /kg. per day (in dogs of apparently 9 kg.); this is about the
lowest dose used by Youmans and TRIMBLE. During the first two months and
a half the dose was gradually increased to 0.4 mg./kg., and this was kept up
daily for another period of the same length. There is considerable tolerance
resulting from habituation, for doses beginning with 0.13 mg./kg. per day and
raised rapidly soon made the animals very ill. (Habituation was already indicated
in clinical experiments by ADLERSBERG and PorGEs2.) Even the more chronic
experiments resulted in 5 months in a loss of one third of the body weight. In
contrast to the above three investigations, in which the blood sugar remained
unaltered, FARrRAR and Durr?® found that unanaesthetized dogs, receiving a
single intravenous dose of 0.13—0.4 mg. of ergotamine per kilo invariably showed
hyperglycaemia; the average increase in the blood sugar was 25 mg. per cent.
This hyperglycaemia was established in one hour and lasted for two hours more.
The chief difference from the conditions employed by Youmaxs and TRIMBLE
would seem to be the higher dosage. Finally RoTHSCHILD and JACOBSOHN*%
obtained with 0.5 mg. per dog subcutaneously a slight hyperglycaemia (from
86 to 94) and SHPINER®, having observed in some cases a fall of blood sugar,
“suspected” that ergotamine causes hypoglycaemia in normal dogs; he was
mainly concerned with depancreatized animals. Lo GrRUTTAS also observed a
slight fall.

Guinea-pigs have been little used. Bucciarpi?, with doses up to 0.5 mg./kg.
intraperitoneally, saw no effect; with larger doses up to 50 mg./kg. there was
sometimes a fall (at most of 22%), sometimes a rise (at most 41%) in the blood
sugar content. These changes came 20 minutes after the injection, and lasted
for 45—70 minutes. If hyperglycaemia occurred, a second dose of ergotamine,
40 minutes after the first, brought the blood sugar back to normal or even
induced hypoglycaemia. The influence of ergotamine on the blood sugar level
of normal fasting men has been principally studied by Youmans, TRIMBLE and
FraNkS8, on young male adults in bed. They did not observe any definite effect.
In most other investigations of this kind the subjects were hospital patients,
normal as to their carbohydrate metabolism, but not in every other respect.
With four such subjects Epa? did eight experiments after the administration
of 0.25 mg. ergotamine, and an equal number of blood sugar determinations at
the same hour of the day and under the same conditions, but without injecting
the drug. The blood sugar was estimated in each experiment six times during

1 StAaHNKE, E.: Cit. p. 105. 2 ADLERSBERG, D., und O. Poraes: Cit. p. 150.

3 FARRAR, G. E., and A. M. DuFr: Cit. p. 105.

¢ RorHScHILD, F., and M. JacoBsorn: Cit. p. 122.

5 SePINER, L. B.: Amer. J. Physiol. 88, 245 (1929).

8 Lo GRUTTA, L.: Riv. Pat. sper. 3, 206 (1928) from Rona’s Berichte 49, 369 (1929).
7 Bucciarpy, G.: Cit. p. 156.

8 Youmaxs, J. B., W. H. TriMBLE and H. Frawnk: Cit. p. 101.

® Epa, G.: Cit. p. 156.
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the course of 3 hours; with ergotamine there was a fall of 1 mg per cent, in the
controls of 9 mg. per cent. Epa remarks that slight variations in the blood sugar
level occur anyhow, and are not connected with the drug. In all other investiga-
tions the experiments seem to have been less numerous and less carefully
controlled; they were often carried out in connection with diabetes. Bossal,
CorBIni2? (with 0.5—1 mg.) and MoRrETTI® found no appreciable effect, GINOUIL-
HAC* sometimes obtained a fall, sometines a rise, sometimes neither. The following
consider that ergotamine has a definite hypoglycaemic action in normal fasting
man: HETENYI and PocANY® with 0.5—0.75mg. obtained falls up to 20mg. per cent.
(= 18%). SEIDELS®, with 0.25—1 mg. a fall of 14% BuranNo and MasiNi?, with
0.25—1 mg. a fall after 2 hours. According to CzEzowska and GOERTz® 0.25 mg.
ergotamine induces a biphasic reaction in the normal subject ; from 60—90 minutes
after the injection they observed a hyperglycaemia of 37—58% (much more
than due to the finger prick alone). The blood sugar level then falls to normal
and finally to below this (6—12%); 1 mg. of atropine, previously injected,
suppressed the hyperglycaemia and accentuated the hypoglycaemia. BarATH?®
with 0.2—0.5 mg. observed in a few experiments a rise of 40 mg. per cent., in
others there was no appreciable effect.

The numerous experiments with ergotamine and ergotoxine on the blood
sugar of normal animals and human subjects have been mentioned in greater
detail than their intrinsic importance for the most part deserves, in the hope of
clearing up some of the alleged discrepancies. It would seem from the above
review that the balance of evidence very distinctly supports the conclusion that
ergotamine and ergotoxine have no significant effect on the sugar content of the
blood. This applies particularly to dogs and to the human subject, where the
carefully controlled and numerous experiments of Youmans and his collaborators,
and of Epa, are available. In the case of the rabbit, much used but probably less
suitable, the evidence as between a definite hypoglycaemic effect and no signi-
ficant action is, at first sight, more evenly balanced. The evidence for a hyper-
glycaemic effect is altogether too slight. The problem resolves itself into the
question whether an observed lowering by 14 or 18% has any real significance.
The chemical accuracy is sufficiently great; the few authors who discuss the
probable error of their determinations place it at about 3% of the total sugar
to be estimated. The spontaneous variations in the blood sugar of controls, the
““biological errors”, are however much greater (see ROTHLIN’s second paper,
quoted above). Youmans and TRIMBLE in normal control dogs observed variations
up to 12% during 3 hours. WULF injected a dozen normal rabbits with 0.1—1 c.c.
of physiological saline and estimated their blood sugar nine times at intervals
during 6 hours. He “almost without exception” found a hypoglycaemia of
about 12%. EDA’s numerous controls show an average fall in the blood sugar
of 11% in men and 6% in dogs. Such figures make it impossible to attach any
significance to the hyperglycaemia observed by LEsSER and Z1PF, and by SEIDEL.
Hence their claim that there is a ‘‘sugar tonus” cannot be upheld. Whilst
nearly all the experiments on blood sugar were acute, the chronic experiments
of RoTHLIN with rabbits, and of STAENKE with dogs, likewise failed to reveal

1 Bossa, G.: Cit. p. 156.
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8 CzEZOWSKA, Z., et J. GOERTZ: C. r. Soc. Biol. Paris 98, 148 (1928).

9 Bard4TH, E.: Cit. p. 111.
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a hypoglycaemia. BUCCIARDI considered that the effect of the first injection
of ergotamine in guinea-pigs is surpassed by that of a second dose, administered
soon afterwards, and SILBERSTEIN and KESSLER quote a similar experiment
with a rabbit. As regards dosage, it should be noted that LEssEr and Zrer
injected very large amounts; further that Ric6 and VEszELSzZKY regularly
observed hypoglycaemia with smaller and hyperglycaemia with larger doses;
this was also indicated less definitely by the experiments of SILBERSTEIN and
KESSLER.

Effect on Adrenaline Hyperglycaemia. Whilst ergotamine and ergotoxine
must be considered to have no appreciable effect on the normal sugar content
of the blood, it is certain that they lower the blood sugar level in many varieties
of hyperglycaemia, notably in that due to adrenaline. The latter effect was first
observed by MicuLicicH! in 0zt
1912; his work has been abun- .
dantly confirmed and opened
up the whole subject of the
glycaemic action of the ergot
alkaloids. He carried out both
preventive and curative experi- o
ments on rabbits, with 1 to ; "\
1.5 mg. adrenaline injected sub- ,'// \
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vented glycosuria completely,

and in doses of 0.5—1.0 mg. delayed it for 5—6 hours. In the curative
experiments, 3—4 mg. ergotoxine injected intravenously 10 minutes after the
adrenaline still prevented glycosuria permanently, but injected after the lapse
of an hour, similar doses merely delayed its onset for some hours. A sub-
cutaneous dose of ergotoxine given after adrenaline, shortened the duration
of glycosuria. In a few experiments MicULICICH also determined the blood sugar,
obtaining with 4 mg. ergotoxine subcutaneously a hyperglycaemia of 10% as
compared with 80% in the control. LAURINZ was the first to repeat these ex-
periments; using only 0.2 mg. adrenaline and 0.3 mg. ergotoxine, and estimating
blood sugar, he concluded that the optimum effect is obtained by giving the
ergotoxine 30 minutes before the adrenaline. When the ergotoxine was injected
an hour before the adrenaline, or at the same time, or afterwards, he failed to
obtain an appreciable modification of the blood sugar level (see fig. 30). This
failure of curative experiments is doubtless due to the smallness of the dose,
as compared with those given by MicuricicH. LAURIN considered that extracts
of the posterior lobe of the pituitary behave very much like ergotoxine in inhibit-
ing adrenaline glycosuria. The time relations were much the same in both

1 MicuricicH, M.: Arch. f. exper. Path. 69, 133 (1912). ? LavriN, E.: Cit. p. 155.
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inhibitions; half an hour before the adrenaline injection was the best time for
pituitrine also. In some experiments LAURIN used half the.effective dose of
pituitrine together with half the effective dose of ergotoxine, and found a
complete summation of their effects (see fig. 31). He considered that these two
drugs and adrenaline all act on the same structure (and speculated on the identity
of the pituitary active principle with ergotoxine!). Ergotoxine was also used by
SAKURAI! (rabbits, 0.5—2 mg. ergotoxine per kilo, 0.2 mg. adrenaline); as an
example he obtained a hyperglycaemia of 75% with ergotoxine, and of 200%

in the control. According to KuNira2 adrenaline hyperglycaemia may definitely
be prevented in rabbits by
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siders that ergotamine abo-

lishes adrenaline hyperglycaemia more completely than does pituitrine. TESCHEN-
DORF found that this hyperglycaemia is already inhibited by doses of ergot-
amine too small to have any effect on the pressor action of adrenaline (but in
the rabbit the vaso motor reversal is not readily brought about). BoUCKAERT
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and HEYMANS observed after an intravenous injection of 0.3 mg. adrenaline
per kilo a blood sugar content of 159—389 mg. per cent which was often entirely
reduced to the normal, and in all cases greatly diminished by 1.5—4 mg. ergot-
amine tartrate per kilo. N1TZEscu and MUNTEANU noted that whilst ergotamine
prevents the appearance of excess blood sugar, it does not prevent the occurrence
of excess of lactic acid in the blood, resulting from muscle glycogen under the
influence of adrenaline.

All the above experiments with rabbits are in general agreement with those
of MicuricicH; so are those of CLEVELAND?, who found that the hyperglycaemia
and glycosuria, resulting from the faradic stimulation of the superior cervical or
stellate ganglion, is prevented in most cats by a previous injection of 0.5 to
1.5 mg./kg. ergotamine. Four papers dealing with dogs and published in the years
1928—1930 show, however, a lack of concordance. On the one hand NrrzEscu?
inhibited adrenaline hyperglycaemia in dogs by injecting 1 mg./kg. ergotamine
50 minutes before the adrenaline, and SHPINER3 could reduce the hyperglycae-
mia from 225 to 140 mg. per cent while the urine became sugar free; on the other
hand the experiments of FARrRAR and DUFF4, and of Youmans and TRIMBLE?,
did not result in any diminution of blood sugar by ergotamine. Asregards FARRAR
and DUFF’s experiments, it has already been pointed out that these were peculiar
in showing already a hyperglycaemia through ergotamine alone, without adren-
aline. In their experiments with adrenaline they gave only 0.01—0.02 mg. /kg.,
much less than most other workers and less than the effective minimum for a
suitable hyperglycaemia of at least 30% ; according to Youmans and TRIMBLE
this minimum is 0.03 mg./kg. It is therefore perhaps not surprising that FARRAR
and DUFF only obtained a rise of 15% (from 113 to 130 mg. per cent) and
that this low level was not reduced by comparatively small doses of ergotamine
(at most 0.4 mg. /kg., or two fifths of the dose used by N1rzescu). The experiments
of Youmans and TRIMBLE were more numerous and more fully controlled than
any on this point. In 16 experiments on dogs which had been shown not to
undergo any glycaemic change through ergotamine alone, 0.25—0.5 mg. ergot-
amine was injected intravenously, or 0.5—1,0 mg. subcutaneously per animal.
From 5 to 30 minutes later 0.03—0.15 mg. adrenaline per kilo was injected;
they state that their lowest dose is the minimal effective one for a 30% rise;
they found considerable variation among different dogs, and at various times
in the same dog. In half the ergotoxine experiments the blood sugar varied
less than 12%, the maximum spontaneous variation during 3 hours in dogs not
under the influence of any drug. In 5 experiments there was a rise of 13—22%
and these all started with an initial sugar content <71 mg. per cent; in five
others there was a fall of 13—26%, and these all started with an initial sugar
content >80 mg. per cent. In the same animal there was sometimes a fall,
sometimes a rise in the blood sugar. The significant changes occurred in the
first hour, which was also the case in FARRAR and DUFF’s experiments.

Youmans and TRIMBLE’s dogs weighed about 10 kg. so that their maximum
dose of ergotamine per kilo was something like 0.1 mg.; this may be compared
with 1 mg. in dogs (NIrzEscu); 0.13—0.4 mg. in dogs (FARRAR and DUFF);
circa 0.5—2.5 mg. ergotoxine in rabbits (MicuLicicH), 0.3 mg. minimal effective
dose of ergotoxine in rabbits (KUNIKA); all these are subcutaneous doses per kilo
of body weight. The reason why Youmans and TRIMBLE did not observe any
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inhibition of adrenaline hyperglycaemia lies presumably in the smallness of their
ergotamine doses; they were mainly concerned with a not too wide departure
from the ‘““clinical ” doses which it is possible to give to man. As it was, in all
but two instances their dogs vomited and showed other general symptoms of
poisoning. Clearly rabbits are preferable for this particular demonstration of
the ergotoxine-adrenaline antagonism. Bucciarpi' has shown it in guinea-
pigs, but strangely enough, states that ergotamine after adrenaline suppresses
hyperglycaemia, whilst adrenaline after ergotamine produces it. Here cure is
better than prevention, which is opposed to the results of MicuLicicH, LAURIN
and others. Bossa?, working with rabbits, failed (like BucciarDpI with guinea-
pigs) to prevent adrenaline hyperglycaemia by a previous dose of ergotamine,
although he could abolish it if already established. According to CoELHO and
Canpio pE OLIVEIRA® ergotamine inhibits adrenaline hyperglycaemia in the
human subject; it also inhibits alimentary hyperglycaemia. They administered
to human subjects 50 gram glucose and 0.5 mg. adrenaline, and again the same
amounts of glucose and adrenaline, with 0.5 mg. ergotamine. The blood sugar
content was much lower with ergotamine than without it, but it is not clear
whether an alimentary, or an adrenaline hyperglycaemia had been inhibited,
or a combination of the two. The effect of ergotamine (0.5 mg.) on the hyper-
glycaemia caused by 1 mg. adrenaline was tried on eight hospital patients by
Lanpavu, FEJciN and BEILESs; in only two cases was there a pronounced effect,
e. g. adrenaline alone raised the blood sugar from 100—180 mg. per cent,
adrenaline half an hour after ergotamine raised it from 96 to 121. This paper
is mainly clinical.

Soon after the work of MicuriciCH, the adrenaline-ergotamine antagonism
on blood sugar was demonstrated in quite another way by FrROHLICH and POLLAK.
The liver of frogs was perfused in situ through the abdominal vein with RINGER’s
solution for 30 minutes, to wash out blood and sugar. A perfusion with adrenaline
then mobilises sugar, which glycogenolysis is stopped if ergotoxine is added to
the perfusion fluid, e.g. ergotoxine phosphate 1:20,000 4 adrenaline 1:500,000.
Ergotoxine perfused first alone, diminishes the subsequent effect of adrenaline,
but does not wholly prevent it. This experiment was repeated by LESSER and
Zrpré with ergotamine, with the same results. By means of plethysmographic
experiments NEUBAUER’ showed that adrenaline increases the volume of the
rabbits liver through venous stasis resulting from constriction of the capillaries,
and that 1.5—2.5 mg. of ergotoxine decreases the liver volume. He tentatively
suggested that hyperaemia, stasis and asphyxia might be responsible for hyper-
glycaemia. Yoxrovama® found by perfusing a mixture of the two antagonists
that the vasoconstrictor action of 1x10-7 adrenaline is completely abolished
in the toad’s liver by 1x10-% ergotamine or ergotoxine, whilst glycogenolysis
is not entirely prevented by a ten times larger concentration of the ergot alkaloids.
ANDO, Issik1 and TaNAKRA?®? state that concentrated solutions of ergotamine, on
perfusion through the toad’s liver, mobilise sugar, whilst dilute solutions have
no such effect or may even inhibit glycogenolysis.

Alimentary Hyperglycaemia. Ergotamine has been used by various investi-
gators in attempts to elucidate the mechanism which produces an excess of sugar

1 Bucciarpi, G.: Cit. p. 156. 2 Bossa, G.: Cit. p. 156.

3 CoeLHO, E., et J. Caxpipo DE OLIVEIRA: C. r. Soc. Biol. Paris 99, 1527 (1928).

4 LaNDAU, A., M. FEjcIN et Is. BEILESS: Arch. des Mal. Appar. digest. 22, 370 (1932).

5 FROHLICH, A., u. L. PoLLAK: Arch. f. exper. Path. 77, 265 (1914).

¢ LessERr, E. J., u. K. Zrer: Cit. p. 155. ? NEUBAUER, E.: Cit. p. 113.

8 Yorovama, H.: Fol. pharmacol. jap. 21, 60 (1936).
9 ANDO, K., T. Issik1 u. J. TaNaka: Fol. pharmacol. jap. 12, 10 (1931).
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in the blood after ingestion of carbohydrate. Two explanations of this phenomenon
have been advanced. The original view considered it as self evident that part
of the exogenous sugar simply overflows through the liver into the circulation;
in that case the additional blood sugar would consist of the same molecules
which had been absorbed from the intestine (‘“Resorptionstheorie’’). Later,
in view of the facts that hyperglycaemia occurs very rapidly, five or ten minutes
after ingestion, and that the increment of blood sugar is large, compared with
the amount ingested, it was thought that the extra blood sugar is the result of
a stimulus, exerted by the exogenous sugar on the intestine (‘‘Reiztheorie”).
This stimulus might be conveyed by a nervous mechanism via the sympathetic
centres, or by a (pancreatic ?) hormone. Since ergotamine was found to inhibit
alimentary hyperglycaemia, at least partially (GRUNKE!, HETENYI and PogANY 2,
PorLrLak3, REDNIK?) the sympathetic is considered to be involved and this
constitutes one of the chief arguments for the stimulation theory. Most authors
therefore agree that the stimulus of exogenous carbohydrate is a factor in bringing
about hyperglycaemia, but POLLAK combines both theories and attributes a dual
origin to the increase in the blood sugar. He is of the opinion that the liver
possesses a mechanism, regulating the fixation of exogenous sugar, which can
take place very rapidly from the portal vein. Normally this mechanism is not
fully utilised; its action is limited and some sugar (glucose, also galactose and
fructose) escapes into the circulation. Ergotamine wholly or partially abolishes
this limitation, more sugar is assimilated, and the hyperglycaemia is decreased.
There is however a second source of extra blood sugar, the increased glycogenolysis
resulting from the stimulus exerted by the ingested sugar on the intestine, and
transmitted by a nervous or hormonal mechanism. HirscHHORN, PoLLAK and
SELINGER® have attempted to discriminate between these two sources of extra
blood sugar, the ‘“hepato-cellular’’ and the ‘neuro-hormonal”’, by oral administra-
tion of 40 grams of galactose to normal human subjects and to patients suffering
from hepatic disease. In both categories the galactosuria was nearly suppressed
by 0.25 mg. ergotamine + 0.5 mg. atropine, but the pure hepatocellular galactos-
uria is less affected by ergotamine than the other variety. BAUER and Wo0zASEK ¢,
whilst agreeing with HIRSCHHORN, PorrLAk and SELINGER in other respects,
were unable to discriminate between the two varieties. More definite results
were obtained by ErNsT and KARADY? in rabbits poisoned by phosphorus (see
below). Whether PoLLAK’s dual view is correct or no, it seems certain that the
sympathetic intervenes in the production of alimentary hyperglycaemia, because
of the effects on it of ergotamine. GRUNKE was the first to show that a sub-
cutaneous injection of 0.25—0.5 mg. ergotamine diminishes the hyperglycaemia
resulting from the ingestion, 30—60 minutes later, of 20 grams of glucose. Since
ergotamine is known to decrease the mobility of the stomach, and may cause
spasm of the pyloric sphincter, he carried out a few experiments in which the
sugar solution directly entered the duodenum through a tube; in these ex-
periments there was also inhibition of hyperglycaemia,albeit somewhat diminished.
According to LOEFFLER® the intervention of ergotamine consists in an alteration
of the circulation in the liver; it cannot be a direct action on liver cells. HETENYT

1 GRUNKE, W.: Z. exper. Med. 52, 488 (1926).

2 HETENYI, S., u. J. PoadnNy: Cit. p. 158.

3 PoLLAK, L.: Klin. Wschr. 6, 1942 (1927) — Arch. f. exper. Path. 140, 1 (1929).
4 RepNik, T.: Z. klin. Med. 109, 720 (1929).

5 HirSCHHORN, S., L. PoLLAK u. A. SELINGER: Wien. klin. Wschr. 43, 390 (1930).
8 BAUER, R., u. O. Wozasek: Wien. klin. Wschr. 43, 1337 (1930).

7 ErNsT, Z., u. ST. KARADY: Biochem. Z. 245, 299 (1932).

8 LOEFFLER, L.: Z. exper. Med. 54, 313 (1927).
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and PocANy, like GRUNKE, obtained inhibition of alimentary hyperglycaemia
in man, with 0.5 mg. ergotamine and glucose given 35 minutes later by the
mouth. When the ergotamine was followed by intravenous (instead of oral)
administration of 15 grams of glucose, the blood sugar rose in 10 minutes to a
much higher level than in the oral experiments, and the hyperglycaemia lasted
longer. With ergotamine LOEWENBERG! failed to suppress alimentary hyper-
glycaemia in dogs, but it was abolished in these animals by extirpation of the
adrenals. In man it was sometimes inhibited or delayed. An inhibition of
alimentary hyperglycaemia was likewise obtained in some cases but not in all,
by MoreTTI? (men and rabbits) and by Epa® (men), more constantly by Burano
and Masint4, CoELHO and CANDIDO DE OLIVEIRA®, LANDAU, FEJGIN and BEILESSS,
and by LAWRENCE?; the latter however considers it clear, that ‘“the supposed
action of ergotamine in increasing carbohydrate tolerance is really due to the
delay of the sugar meal in the stomach.” PoOLLAK used rabbits only and insists
on their great individual variation. Hence he performed in each case the main
experiment and its control on the same animal. In most cases he obtained a
lowering of hyperglycaemia with ergotamine, but never complete suppression,
when 1.5—b5 gr. glucose per kilo was given by the mouth. A similar inconstancy
was observed with atropine, but a combination of both drugs regularly abolished
the hyperglycaemia almost entirely (e.g. 2 mg. ergotamine subcutaneously;
30 minutes later 6 g. glucose by the mouth + 2 mg. ergotamine; five times
5 mg. atropine). In agreement with HETENYI and PoGANY, POLLAK obtained
no effect after glucose, administered intravenously; after subcutaneous injection
the results were intermediate between those obtained by the other routes. In
rabbits killed soon after the experiment he found a much delayed absorption
from the stomach, as the result of ergotamine, but not enough to account for
the ergotamine effect on hyperglycaemia. 10 grams of galactose alone raised
the blood sugar to 357 mg. per cent in 3 hours, but when 2 1.5 mg. ergotamine
was given as well, the maximum was 167 and had fallen after 3 hours to
138 mg. per cent. In general it would seem that hyperglycaemia is more readily
inhibited by ergotamine in man than in rabbits.

Ernst and KArRADY employed rabbits poisoned by subcutaneous injection
of phosphorus dissolved in oil, which puts the liver largely out of action and
depletes it of glycogen. One hour after 1 mg. ergotamine per kilo subcutaneously,
10 g. glucose, dissolved in water was given through a stomach tube; of this
5.8—7.8 g. was absorbed in 3 hours. Although this is only about half the normal
amount, the hyperglycaemia was as pronounced as in healthy rabbits, and it
was unaffected by ergotamine. ERNST and KARADY consider that their results
support the view of PorLAak and of GRUNKE, according to which the inhibition
of hyperglycaemia by ergotamine depends on an increased power of the liver
to assimilate sugar. In the animals poisoned with phosphorus this hepato-
cellular activity has been lost. The view that the action of ergotamine consists
in the inhibition of glycogenolysis is negatived by the consideration that in the
phosphorus poisoned rabbits there can be no glycogenolysis since their livers
contain no glycogen to mobilise. The pronounced alimentary hyperglycaemia
in these animals can only depend on a decreased power of assimilating the sugar
which has been absorbed.

1 LoEwENBERG, R. D.: Z. exper. Med. 56, 150 (1927).

2 MorerTi, E.: Cit. p. 156. 3 Epa, G.: Cit. p. 156.

4 BuraNo, M., e A. Masin1: Cit. p. 155.

5 CoeLHO, E., et J. CANDIDO DE OLIVEIRA: Cit. p. 162.

¢ LaNpavu, A, M. FejcIN et Is. Bemess: Cit. p. 162.
7 LAWRENCE, R. D.: Brit. J. exper. Path. 11, 145 (1930).
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According to BURN! 5 mg. ergotamine tartrate injected intravenously into
a rabbit, renders a small dose of insulin, given soon afterwards, much more
active. RoTHLIN? failed to confirm this; in 4 out of 20 rabbits the hypoglycaemia
due to the insulin was indeed intensified, but in other experiments the same
rabbits did not show the effect. MoORETTI® and others have claimed a potentiating
effect of ergotamine on (larger doses of) insulin in clinical experiments, but the
evidence for such potentiation is not strong (see RoTHLIN).

The effect of ergotamine on the threshold sugar level at which sugar leaks
into the urine has been examined by Epa?, who found when the threshold had
been raised in dogs by a fat-protein diet (by about 50 mg. per cent) 0.25 mg.
ergotamine usually lowered it by about 20 mg. per cent. In some cases in
which the threshold was not lowered, alimentary hyperglycaemia was nevertheless
inhibited. He considers that the threshold is principally lowered owing to a
diminution of sympathetic tonus and that the increased toleration of carbo-
hydrate depends partly on the sympathetic paralysis (‘“‘Ausschaltung der sym-
pathischen Erregung”) and partly on delayed absorption from the stomach.

Effect on other Hyperglycaemias and on Phlorizin Glyeosuria. The previous
section has dealt with the inhibition, by ergotoxine and ergotamine, of hyper-
glycaemia due to injected exogenous adrenaline. These alkaloids likewise depress
the high blood sugar level due to a variety of other stimuli. Most of these stimuli
are, however, known to cause an increased output of adrenaline from the supra-
renal, so that in these cases we are really dealing with a hyperglycaemia due to
endogenous adrenaline. As was shown by CANNON and DE LA Paz5, emotional
excitement leads to such an increased output of adrenaline, and Bucciarpi®
has made the curious observation that the hyperglycaemia shown by (Italian)
students awaiting an oral examination, is suppressed within half an hour by the
ingestion of 0.3 mg. ergotamine. It is peculiar that this hyperglycaemia can
only be inhibited when once established; its onset cannot be prevented by
ergotamine. The peculiarity also applied to Bucciarpi’s and Bossa’s observ-
ations on adrenaline hyperglycaemia in animals, referred to above, p. 162.

Diabetic puncture (piqire) also results in a greater adrenaline output, and
NEUBAUER? could prevent the resulting glycosuria by means of ergotoxine.
In the same way the hyperglycaemia resulting from exposure to cold is inhibited
by ergotamine (2 mg. intravenously in a rabbit), according to ROSENTHAL, LicHT
and LAUTERBACHS®. CALTABIANO? obtained inhibition of the same hyperglycaemia
in guinea-pigs with 0.7—1.5 mg./kg., and with 2.5—6 mg./kg. observed a hypo-
glycaemia. According to DI Macco and SARDO ergotamine prolongs the life
of guinea-pigs and rabbits, exposed to freezing, by a few hours.

The slight hyperglycaemia resulting from surgical operations under lumbar
anaesthesia is diminished, abolished or inverted by ergotamine, according to
RinponNEY, and that due to narcosis is reduced in dogs, according to Auvar!?
(BorNSTEIN and LOEWENBERG!? consider that narcosis hyperglycaemia is not

! Burw, J. H.: J. of Physiol. 5%, 325 (1923).

? RorauN, E.: Cit. p. 155. 3 MorerTr, E.: Cit. p. 156.

4 Epa, G.: J. of Biochem. 11, 13 (1929).

5 CannoN, W. B, and D. pE LA Paz: Amer. J. Physiol. 28, 64 (1911).

¢ Bucciarpi, G.: Cit. p. 156. ?” NEUBAUER, E.: Cit. p. 113.

8 RoSENTHAL, E., H. LicET u. FR. LAUTERBACH: Arch. f. exper. Path. 106, 233 (1925).
9 CALTABIANO, D.: Boll. Soc. ital. Biol. sper. 8, 104 (1933) — Riv. Pat. sper. 10, 359 (1933).
10 Dr Macco, G., e M. Sarpo: Boll. Soc. Biol. sper. 8, 102 (1933).

11 RINDONE, A.: Ann. ital. Chir. 10, 190 (1931).

12 Aver, G.: Clinica chir. 7, 262 (1931).

13 BORNSTEIN, A., u. R. D. LOEWENBERG: Biochem. Z. 186, 249 (1927).
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purely of sympathetic origin). Nitzescu! could diminish post-haemorrhagic
hyperglycaemia in dogs by means of ergotamine, and prevent it, if the loss of
blood had been small.

With respect to histamine shock there is a difference of opinion. On the one
hand La BARRE? considers the hyperglycaemia of guinea-pigs, resulting from the
injection of histamine, to be of parasympathetic origin; he found it inhibited
by atropine, but not by ergotamine; it persists largely after removal of the supra-
renals. In this respect peptone shock is similar to histamine shock (in anaphylactic
shock the blood sugar is not increased). On the other hand GEIGER3, using a
very different method, arrived at a conclusion at variance with that of LA BARRE.
GEeIGER found that isolated frog’s livers, perfused with 1:20,000 to 1:50,000
histamine, mobilise sugar, but do not do so when they have been previously
perfused with ergotamine (1:10,000). ANDO, Issikl and Tanaka* with toads’
livers, report that ergotamine in concentrated solution by itself mobilises sugar,
and in dilute solution inhibits the mobilisation. At certain concentrations
(1:100,000 and 1:200,000) histamine and ergotamine antagonise each other.
There thus seems to be a difference between the effect in the amphibian and
in the mammalian liver.

The action of ergotamine on the blood sugar level resulting from various
convulsant poisons (picrotoxin, aconitine, veratrine) was investigated by
RosentHAL, LIcHT and LAUTERBACH® in rabbits; an intravenous injection of
1.5—2 mg. of the tartrate prevented the development of hyperglycaemia. The
sympathetic origin of the latter follows also from the fact that it does not appear
on section of the spinal chord above, the origin of the splanchnic nerves, but
persists after cutting the chord at a lower level. The effect of ergotamine as
regards picrotoxin hyperglycaemia was confirmed by Epaé, who further showed
that the hyperglycaemias due to caffeine, sodium chloride, quinine, antipyrine
and pyramidone are also more or less antagonised by ergotamine. In the first
four cases a sympathetic origin was already indicated by the non-appearance
of the phenomenon after bilateral splanchnicotomy. The hyperglycaemia caused
by diuretin (theobromine sodium salicylate) was already inhibited by ergotoxine
in the experiments of MicuricicH? and this inhibition was confirmed for ergot-
amine by SAKURAI® and by Epa; here also splanchnicotomy had given a clue.

Finally there remains to be considered the effect of ergotamine on the hyper-
glycaemia of certain drugs which are primarily parasympathetic poisons, “Para-
sympathicusglykémie ’ of BORNSTEIN and VOGEL?, who discovered the phenomen-
on with pilocarpine, and showed that it also occurs with physostigmine, choline
and acetylcholine. Although adrenaline and pilocarpine each raise the blood
sugar separately, a mixture of the two in suitable proportions has no hyper-
glycaemic effect. SARKURAI confirmed that high doses of pilocarpine and physo-
stigmine raise the blood sugar in normal animals, but found that they no longer
do so after splanchnicotomy; hence he inferred a central origin of the effect.
He showed that when 0.5—1 mg. ergotoxine per kilo is injected into rabbits,
the blood sugar is lowered, instead of raised, by an injection of 1 mg. pilocarpine

1 Nirzescu, I. I.: C. r. Soc. Biol. Paris 100, 386 (1929).
s 2 LA BARRE, J.: Arch. internat. Méd. expér. 3, 41 (1927) — C. r. Soc. Biol. Paris 94, 1021
1926).

3 GEIGER, E.: Arch. f. exper. Path. 146, 15 (1929).

4 Anpo, K., T. Issikr u. J. Tanaga: Cit. p. 162.

5 RoseNTHAL, E., H. LicET u. FR. LAUTERBACH: Cit. p. 165.

¢ Epa, G.: J. of Biochem. 9, 285 (1928).

7 MicuricicH, M.: Cit. p. 159. 8 Sakural, T.: Cit. p. 155.

9 BORNSTEIN, A., u. R. VogeL: Biochem. Z. 122, 274 (1921); 126, 56 (1921).
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or of 50 mg. choline per kilo 10 minutes afterwards. Similar results were obtained
by Bucciarpi! with guinea-pigs, by Epa? with rabbits and by WurLr? (in Born-
STEIN’s laboratory), also with rabbits. The latter observes that ergotamine
completely inhibits pilocarpine hyperglycaemia, just as it inhibits adrenaline
hyperglycaemia and considers that a theoretical explanation must be left to
the future. Arecoline may be grouped among the parasympathetic poisons and
CaARBONARO* has found that the hyperglycaemia, caused by it, is also diminished
by ergotamine, provided that the latter (0.25—1 mg. in rabbits) be given half
an hour before the former. Ergotamine further inhibits the hyperglycaemic
action of magnesium salts (LANG and Ri1a6)5, and of sodium aspartate
(PoLLAKS®).

According to BouckaERT and HEYMANS? ergotamine does not influence the
hyperglycaemia due to f-tetrahydronaphthylamine (nor the hyperthermia due to
this amine). Nevertheless MORITA® saw some indication of an effect on glycogen-
olysis; by perfusing a frog’s liver with 1:10,000 or 1:20,000 ergotoxine (not
ergotamine, as BOUCKAERT and HEYMANS state) he could prevent glycogenolysis
ordinarely caused by a 1:200,000 solution of f-tetrahydronaphthylamine, but
could not completely antagonize a solution of twice this strength. Similarly
glycogenolysis by 1:200,000 ethylaminoacetocatechol and dimethylamino-
acetocatechol was prevented, but again not of solutions twice as strong. In rabbits
MogriTA® could not entirely prevent the hyperglycaemia due to these and other
adrenaline analogues, and to f-tetrahydronaphthylamine, but could suppress
glycosuria by injections of 2—4 mg ergotoxine phosphate.

Phlorizin glycosuria has been attributed to a specific action on the kidney
and as it is unaccompanied by hyperglycaemia, it might not be influenced by
ergotamine. TESCHENDORF? injected 2 mg. ergotamine per kilo into buck rabbits,
after the animals had received 20—50 c.c. of water through a stomach tube;
15 minutes later 2 mg. of phlorizin was injected intravenously, and the urine
was collected continuously by means of a catheter. Controls (which only received
phlorizin) were later treated also with ergotamine and those which had already
received the alkaloid, were subsequently used as controls. Ergotamine in all
cases produced a marked inhibition of diuresis (see p. 142), but the sugar excretion
was inhibited on the average 15 times as much as the water. The blood sugar
remained constant or showed a slight tendency to fall. TESCHENDORF considered
that the great reduction in the sugar output was not merely a result of the
inhibition of diuresis; he therefore concluded that phlorizin not only acts on
the kidney but also on the sympathetic system, and finds support for this view
in his observation that phlorizin causes mydriasis of the isolated frog’s eye in
1/;—1 hour, persisting after washing, and prevented by 1:5000—1:1000 ergot-
amine. BECK!? could also diminish phlorizin glycosuria by means of ergotamine
(in children, according to ANDERSON and ANDERSON).

ANDERSON and ANDERSON!! were unable to influence phlorizin glycosuria by
ergotoxine and ergotamine; they consider that in TESCHENDORF’s experiments
the animals were not fully phlorizinised ; they themselves injected subcutaneously
50 mg. of the drug, suspended in olive oil, daily into rats, kept on a carbohydrate-

! Buccrarpi, G.: Cit. p. 156. 2 Epa, G.: Cit. p. 156.

3 Worr, H.: Cit. p. 156. 4 CaArRBONARO, G.: Cit. p. 155.

5 LANG, S., u. L. R1g6: Arch. f. exper. Path. 139, 7 (1929).

¢ PoLLAK, L.: Cit. p. 160. ? BOUCRAERT, J. J., et C. HEymaNs: Cit. p. 156.

8 Morira, S.: Arch. f. exper. Path. 78, 245 (1915).

® TescHENDORF, W.: Cit. p. 160.
10 Brck, R.: Magy. orv. Arch. 2%, 594 (1926) from Rona’s Ber. 39, 319 (1927).
11 ANDERSON, A. B., and M. D. ANDERSON: J. of Physiol. 65, 456 (1928).
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free diet. When after 3—4 days the ratio of sugar to nitrogen in the urine had
become constant, each rat (of about 200 gr.) received 5 or 10 mg. of ergotoxine
phosphate subcutaneously. This caused a fall in urine volume, total sugar and
total nitrogen, but the ratio sugar:nitrogen rose (on the average by 16%);
the fall in the sugar output is therefore relatively less than that in the nitrogen
output, and hence the authors do not agree with TESCHENDORF that phlorizin
acts on the sympathetic in the kidney.

The effect of ergotamine on the elimination of sugar in the bile under the
influence of phlorizin was investigated by ApLERSBERG and RoTH!. The bile
of normal rabbits is practically sugar free, and after phlorizin contains small
varying amounts; there is a more constant and pronounced glycocholia in ex-
perimental hyperglycaemia, but in no case was the glycocholia influenced by
ergotamine (1—1.5 mg. intravenously in a 2—3 kg. rabbit).

Effects on Blood Constituents other than Sugar. BraaDpY and BREHME?
concluded that an injection of 0.5 mg. ergotamine causes in human adults a
slight lowering of the lactic acid content of the blood, and connected this with
its hypoglycaemic action. It has been shown in a previous section that the
evidence for this alleged action of ergotamine on the normal blood sugar is
unsatisfactory; in any case the hypoglycaemic effect is slight, and so is the
rather inconstant effect on the lactic acid content, in BRAEHDY and BREHME’S
experiments. The sometimes very considerable increase in the blood sugar
resulting from an adrenaline injection, on the other hand, is consistently diminished
or abolished by ergot alkaloids, as numerous investigators have found. The same
applies to the increase in blood lactic acid caused by adrenaline, as GOLDBLATT3
showed in cats under amytal or urethane; he employed doses of 1—2 mg./kg.
ergotamine intravenously, and artificial respiration. The symptoms of ex-
perimental hyperventilation tetany, resulting from forced breathing in man,
were found by BREEME and Popoviciu? to be delayed and made very slight
after an injection of ergotamine (see fig. 32), but the considerable increase in the
blood lactic acid, which occurs in this tetany, was not much diminished by
ergotamine, in the experiments of BRAHDY and BREHME. The increase in the
serum calcium, and the decrease in serum phosphorus, which result from hyper-
ventilation, are both rendered less pronounced by ergotamine (Porovicru and
Porescu?®), but this alkaloid seems to have very little effect on the blood calcium
and potassium in normal animals (rabbits, CHEYMOL and QUINQUAD®; dogs,
RorascHILD and JACOBSOHN?); there may be a slight absolute and relative rise
of calcium in normal men after 0.5 mg. ergotamine subcutaneously, according
to Brack®. In Graves’ (Basepow’s) disease, on the other hand, the blood
calcium is lowered, and the potassium increased by ergotamine, according to
RorascHILD and JAacoBsoHN. In alimentary haemoclasis (accompanied by the
breaking up of white cells and resulting from the ingestion of 200 c.c. of milk).
Brack found a quite considerable, temporary change in the K/Ca ratio (2.03
without ergotamine, 1.00 when ergotamine had been injected). In most of the
investigations quoted, only a few experiments were done; it would seem that
ergotamine only then has a decided effect on the composition of the blood,

1 ADLERSBERG, D., u. E. RotH: Arch. f. exper. Path. 121, 131 (1927).

2 BrauDY, M. B., u. TH. BREME: Z. exper. Med. 59, 232 (1928).

3 GoLpBLATT, M. W.: J. of Physiol. 48, 96 (1933).

4 BreEEME, TH., u. G. Poroviciu: Z. exper. Med. 52, 579 (1925).

5 Poroviciu, G., u. H. Popescu: Z. exper. Med. 69, 1 (1930).

¢ CHEYMOL, J., et A. QUINQUAD: Arch. internat. Pharmacodynamie 38, 431 (1930).
7 RorescHILD, F., u. M. JacoBson~: Cit. p. 122.

8 Brack, W.: Z. exper. Med. 51, 544 (1926).
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when the latter has been temporarily or permanently modified by sympathetic

stimulation or tonus.

The effect of ergotamine on the blood cholesterol is trifling and uncertain;

RoTHSCHILD and JACOB-

soHN found a slight de-
crease in GRAVES’ disease
and in dogs, NEUMARK! an
increase in human subjects,
CaPrA?2 no pronounced
effect.

The production of spe-
cific antibodies in rabbits
is diminished, when the
animals have been treated
by oral or hypodermic ad-
ministration of ergotamine
(Mazzeo®). According to
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PaJEvVICY, an injection of
1 mg. ergotamine per ani-
mal has a pronounced effect
on the leucocytes; there is
hardly any change for two
hours but in the third they
increasefrom 6000 to 18,000;
the percentage of polynu-
clear rises somewhat more
gradually (from 25 to 70)
and does not decline in the
first six hours. Similar re-
sults were also obtained by

RuvuTH® with ergot extracts.
On the other hand F1escHI®
reports a considerable dimi-
nution of the leucocytes in
lymphatic leukaemia, set-
ting in five minutes after
the injection of ergotamine
and lasting for several hours.

Ratio of the Aectivities
of Ergotoxine and Ergot-
amine. Immediately after
the discovery of ergot-

amine, it was claimed that
the new alkaloid was more
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hyperventilation + adrenaline; right, hyperventilation + ergotamine. A, adrenaline; E, ergotamine;
lation; N, normal breathing; Sp, spasm. (From BREHME and POPOVICIU’.)

Fig. 32. Blood pressure resulting from hyperventilation in a normal adult; scale in m.m. of mercury. Left curve, hyper-
H, hyperventi

ventilation only; middle,

powerful in its action on the uterus than ergotoxine. This claim was based on
published statements concerning the activity of the latter alkaloid, but when

1 NEUMARK, S.: C. r. Soc. Biol. Paris 104, 1126 (1930).
2 CaPRA, P.: Arch. Pat. e Clin. med. 7, 367 (1928) from Rona’s Berichte 48, 410.

3 Mazzeo, M.: Boll. Soc. Biol. sper. 7, 638 (1932).

4 Pagevic, J.: C. r. Soc. Biol. Paris 113, 429 (1933).
5 RyuutH, L.: C. r. Soc. Biol. Paris 95, 1513 (1926).

¢ FiescHI, A.: Boll. Soc. Biol. sper. 9, 604 (1934).

7 BREHME, TH., u. G. Poroviciu: Cit. p. 168.
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both alkaloids were directly compared by DALE and SPIRO!, as a result of an
interchange of specimens, no difference could be detected. They found for
instance that both alkaloids acted on the isolated guinea-pig’s uterus in a con-
centration as low as 1:1 or 2X 108, a result confirmed some years later by
RotHLIN? Who found also no difference in their activity when tested in wvivo
on the rabbit’s uterus (by the method of Broom and CLARKS3), on the seminal
vesicles of the guinea-pig i vitro, by inhibition of the depressor phenomenon or
by the inhibition of vasoconstrictors of the kidney or gut. A few authors (BrRoom
and CLARK; RIGLER and SILBERSTERN?) alleged that ergotoxine has a weaker
action, but used impure preparations of its phosphate. Thus the two alkaloids
came to be regarded as ‘“pharmacologically identical ’. Some writers (e.g. YONK-
MAN®) have used the two names indifferently for describing the action of either;
in the present article the names have been specified in nearly all cases, but where
this is not so, it may be assumed that the statement applies equally to both.
This equivalence in the action of ergotamine and ergotoxine was found by Moir®
to apply also to the human puerperal uterus, as a result of graphic records
obtained in his clinical experiments. It would however be surprising if two
distinct chemical individuals had a pharmacological action absolutely and
quantitatively identical in every respect, and later close comparisons by the
method of BRooM and CLARK (essentially a zero method) indicate that ergotoxine
is the more active in inhibiting the motor effect of adrenaline on the isolated
rabbit’s uterus. The difference is small and it is necessary to calculate the amount
of the free bases in the various salts employed. The phosphate of ergotoxine
corresponds to Cg;H, ON,-H;PO,H,0 and since ergotoxine has been found to
retain one molecule of water very tenaciously, this may be written as
Cy;H4ON;-H;PO,-2 HyO containing 82% of base CgHzO,N,;. Ergotamine
tartrate is 2 C33;H,,0;N;-2 CH;OH-C,H,O, with 84.5% of base. Ergotoxine
ethanesulphonate is stated in the British Pharmacopoeia (1932) to contain 83.6 %
of free base (the formula CyHzO;N;-C,H;SO,H-H,0 would require 82.6%,).
Now BUrN and Erris? found 3.5 mg. ergotoxine tartrate to be equivalent
to 3.0 mg. ergotoxine phosphate, i.e. 2.96 ergotamine to 2.46 ergotoxine, whence
ergotamine would have 0.83 of the activity of ergotoxine. On account of an
erroneous formula for ergotamine tartrate they considered the two bases to
have practically equal activity. This error has already been pointed out by
ParreEE and NELSON® who compared ergotamine tartrate with “amorphous
ergotinine”” and found the latter to be equivalent to 1.33 parts of ergotamine.
This makes ergotamine to have 0.75 of the activity of (presumably somewhat
impure) ergotoxine. SwaNsoN?, from the average of more than a hundred tests
concluded that 1 mg. ergotoxine base has the same activity as 1.3 mg. ergotamine
base (cock’s comb and rabbit’s uterus tests); hence ergotamine has 0.75 of the
activity of ergotoxine. WokEs and CROCKER!? found ergotamine tartrate to have
80% of the activity of ergotoxine ethanesulphonate, which means that ergotamine
has 0.79 of the activity of ergotoxine. They also found ergotamine free base
was equivalent to ergotoxine ethane sulphonate which implies that ergotamine

1 DaLE, H. H., u. K. Semro: Cit. p. 106.

2 RorHLIN, E.: Arch. f. exper. Path. 138, 115 (1928).

3 Broom, W. A., and A.J. Crark: Cit. p. 94.

4 RIGLER, R., u. E. SILBERSTERN: Cit. p. 146. 5 YonkmaN, F. F.: Cit. p. 101.
6 Morr, CHASSAR: Brit. med. J. 1932, I, 1022.

7 BurN, J. H,, and J. M. Erris: Cit. p. 132.

8 PaTTEE, G. L., and E. E. NeLson: Cit. p, 132.

9 SwansoN, E. E.: J. amer. pharmaceut. Assoc. 18, 1127 (1929).

10 Wokrs, F., and H. CrockEr: Cit. p. 132.
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has 0.83 of the activity of ergotoxine. Further Swoap, CARTLAND and HART!,
“as a result of numerous assays’ concluded that one mg. of ergotoxine ethane
sulphonate is equal to 1.25 mg. of ergotamine tartrate, whence ergotamine has
0.79 of the activity of ergotoxine. Finally Dr. A. C. WHITE (private communi-
cation) found 20 y ergotoxine ethanesulphonate to be about equal to 25y ergot-
amine tartrate, which leads to the ratio 0.8 for these salts and the bases. Thus
we have for the activity of ergotamine, when that of ergotoxine = 1:

BurN and Erois. . . . . . . . . 0.83
PAarTEE and NELSON . . . . . . . 0.756
SWANSON . . . . . . . .. ... 0.756
Woxkes and CROCKER . . . . . . 0.79
” ’ v e e e e e 0.83
SwoaPp, CARTLAND and HART 0.79
WEITE . . . . . . ... 0.8
0.8

The above figures should not suggest an accuracy which the method of Broom
and CLARK does not possess. WOKES and CROCKER state that patience and
experience may reduce the error to 10%; commonly it may be much larger,
say 25%. Nevertheless we may safely conclude from the large number of ex-
periments in various independent comparisons, that on this particular preparation,
the rabbit’s uterus, ergotamine is the less active and has probably something
like four fifths of the activity of ergotoxine. The aberrant determinations of
M. I. Smrra2 which led to a ratio of about 1.1 and those of Lozinski, HoLDEN and
Diver3, who obtained a ratio of 0.6, have been excluded from the above
comparison; these determinations are unsatisfactory as regards the purity of
the salts employed, or as regards various assumptions made.

In their toxicity to mice these alkaloids differ even more: ergotamine has
only about two thirds of the activity of ergotoxine (see addendum fig. 54).

A still greater difference between ergotamine and ergotoxine than that
above indicated, has been observed by RorHLIN? in the effects of these alkaloids
on the body temperature. The hyperthermic effect of ergotoxine, discovered by
Davg, is according to ROTHLIN regularly found in rabbits after 0.5—1.5 mg./kg.
intravenously; in 1—2 hours the temperature may rise even to 45°; the same
doses of ergotamine have only a slight effect, or none, and much larger amounts
are required to obtain a considerable elevation of temperature. Accurate com-
parison is made difficult by individual variation and when non-fatal doses are
tested on the same animal, the first dose may modify the effect of the second
(see further p. 148). ROTHLIN concludes that ergotoxine is 2—3 times as active
as ergotamine in this respect, and, probably as a result of this, ergotoxine is
about twice as toxic to rabbits as is ergotamine. VARTIAINEN, Lassas and Pi-
TIALA® have confirmed this and even attribute to ergotoxine 3—>5 times the power
to modify the body temperature of the rabbit that is possessed by ergotamine.
Qualitatively these two alkaloids act in the same way, i.e. small doses (of ergo-
toxine 0.25 mg. /kg. intravenously or 0.75 mg./kg. subcutaneously; of ergotamine
1.5 mg./kg. intravenously) cause a fall of body temperature, large doses (of
ergotoxine 0.5—1.5 mg./kg., of ergotamine 3—5 mg./kg., both intravenously)

1 Swoar, D. F., G. F. Cartranp and M. C. Hart: Cit. p. 132.

2 SmrtH, M. I: Cit. p. 94.

3 Lozinski, E.,, G. W. HoLpEN and G. R. Drver: Cit. p. 132.

4 RorHLIN, E.: Cit. p. 104 and 147.

5 VARTIAINEN, A., B. Lassas and R. PATIALA: Acta Soc. Medic. fenn. “Duodecim” Ser. A.

Tom. XIX, Fasc. 3 (Reprint).



172 G. BaRGER: The Alkaloide of Ergot.

cause a rise. With ergotoxine the fall of temperature is best shown by sub-
cutaneous injection, ensuring slow absorption; the rise caused by ergotamine is
on the other hand only revealed by intravenous administration. Thus 9 mg./kg.
ergotamine subcutaneously caused a considerable fall lasting 7—8 hours, 10 mg. /kg.
intravenously an initial fall followed by a distinct rise. VARTIAINEN, Lassas and
PATIALA explain the anomalous results of BRINK and RIGLER! (see p.147) by the
assumption that the two year-old specimen of ergotoxine phosphate used by the
latter authors was actually more potent than their freshly prepared sample, so
that by the subcutaneous route the former did not affect the body temperature,
whilst (the really smaller dose of) the latter caused a fall; on intravenous injection
both specimens were given in quantities sufficient to cause a rise. VARTIAINEN
and his collaborators attribute the hypothermic effect of small doses of the
ergotoxine-ergotamine group to a lowering of metabolism and consequently of
heat production (see p. 151), resulting from paralysis of the sympathetic part of
the heat centre, as postulated by RIGLER and SILBERSTERN (see p. 147). In
accordance with this view ergometrine, which hardly has any paralytic effect
on the sympathetic, does not lower the body temperature even in small doses,
but only modifies it by a rise. The hyperthermia which all ergot alkaloids produce
in rabbits when the dose is large enough, must be of central origin and probably
depends on a stimulation of heat centres. These hyperthermic doses always induce
other symptoms of central stimulation, such as excitement, muscular tremors and
rapid breathing; These doses have however no effect on the body temperature of
a decapitated rabbit, in which a substance like dinitrophenol, acting peripherally,
nevertheless raises the temperature.

RoTHLIN ascribes equal activity to ergotoxine and ergotamine in inhibiting
the action of adrenaline on the rabbit’s uterus (although, as tabulated above,
ergotamine seems to have only four fifths of the activity of ergotoxine in this
respect). He further considers ergotoxine to have only half the activity of ergot-
amine on the uterus in situ, without giving details of his experiments. Such
a difference was not observed in the puerperal uterus of cats by ScHUBEL and
GEHLEN 2 between ergotamine and clavipurin (ergotoxine ?) nor by Moir between
ergotamine and ergotoxine on the human puerperal uterus.

In their experiments on human subjects KAUFFMANN and Karx? found no
difference between ergotoxine and ergotamine, except that the former seemed
somewhat more liable to produce cyanosis. DALE and Spiro* found some in-
dication that ergotoxine is the more active in producing gangrene of the cock’s
comb, and YoNKMAN? that ergotamine is the more active on intra-ocular injection.

Comparison of Ergosine, Ergoclavine and Sensibamine with Ergotoxine and
Ergotamine. Dr. A. C. WHITE (private communication) finds ergosine to be on
the whole very similar in activity to ergotoxine. The only quantitative com-
parison so far made, on the isolated uterus according to the method of Broom
and CLARK, shows a considerable difference. 7.5, 50 and 50 ¥ of ergosine were
found equivalent to respectively 20, 113 and 113 y of ergotoxine ethanesulphonate,
whence the ratio of potency of the free bases ergosine:ergotoxine = 2.21, 1.87
and 1.87:1 or on the average 2:1. Ergosine is therefore about twice as active
as ergotoxine on the rabbit’s uterus, and hence 21/, times as active as ergotamine.
Ergosinine has 1/,, of the activity of ergosine in this respect, so that ergoclavine
(the molecular compound of these two alkaloids) should be slightly more active

1 BriNk, C. D., u. R. RiGLER: Cit. p. 147.
2 ScrvBEL, K., u. W. GEHLEN: Cit. p. 131.
3 Kaurrmany, F., u. H. Kaik: Cit. p. 101.
4 DaLe, H. H., u. K. Sp1ro: Cit. p. 106. 5 Yonkman, F. F.: Cit. p. 101.
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than ergotoxine. This is indeed what KrREITMAIR! freports; he considers that
ergotamine, ergotoxine and ergoclavine all have the same activity in equimolecular
quantities (vollstindige qualitative und quantitative Ubereinstimmung . .. der
drei Mutterkornalkaloide am isolierten Kaninchenuterus bei Verwendung éiqui-
molekularer Lésungen). He thus does not recognise the well established difference
between ergotoxine and ergotamine, but this is in part due to an apparently
erroneous calculation of the amount of free base in ergotamine tartrate and the
ascription of the formula C;;H,,O¢N; to ergotoxine. A recalculation according
to the data on p. 170 would lead to the view, that ergotamine has 0.9 of the
activity of the same weight of ergotoxine. The minimal lethal doses for white
mice on intravenous injection were found by KREITMAIR to be for ergoclavine
approximately 0.02 mg./g. and (recalculated) 0.03 mg./g. for ergotoxine. As
regards potency in producing cyanosis of the cock’s comb, he considers ergotamine
to be somewhat stronger, and ergotoxine rather weaker than ergoclavine. In other
respects he found no difference, nor did VARTIAINENZ?. In their experiments on
diuresis Zunz and VESSELOVSKI3 noticed a distinct difference between ergoclavine
and ergotamine, in that the former did not influence the diuresis due to ingestion
of urea solutions. RoTHLIN% gives a table of relative potencies, according to
which ergoclavine is equal to ergotoxine in producing hyperthermia in rabbits;
this is entirely confirmed by VARTIAINEN, Lassas and PATIALAS, who found for
instance that 0.75 mg./kg. of either alkaloid intravenously caused a pronounced
rise of temperature. In the case of ergoclavine such a dose is the more likely
to be fatal. It might follow that ergosine has twice the hyperthermic potency of
ergotoxine, but this has so far not been shown.

Sensibamine at one time seemed to present a contradJctlon On the one hand
this molecular compound of ergotamine and ergotaminine was found by RGSSLER
and UNNA® to have only one third or one quarter of the toxicity to mice on
subcutaneous injection that KREITMAIR assigned to ergoclavine and ergotoxine.
Yet on the other hand they considered sensibamine ‘‘undoubtedly’’ more active
than ergotamine in raising the body temperature of rabbits, being in this respect
more comparable to ergotoxine. This latter conclusion was not confirmed by
VARTIAINEN, Lassas and PATIALA, who found 0.75 mg./kg. without effect, whilst
1.5 mg. /kg. caused a pronounced fall, like a similar dose of ergotamine. If this
be so, the above contradiction would disappear. In other respects, such as in
their toxicity to cocks and their activity on the rabbit’s uterus in the Broom
and CLARK test, sensibamine and ergotamine were found to be approximately
equal, both by RossLErR and UNNA and by VARTIAINENZ The rather slight
activity of ergotamine would lead one to expect that its mixture with ergotamine
would be less potent than ergotamine alone.

Comparison between the Potent and the Relatively Inert Isomerides. This has
been made chiefly between ergotoxine and ergotinine. Exact comparison is made
difficult by the very great difference in activity and by the fact that pure
ergotinine is a particularly unsuitable substance for pharmacological experiments.
If, on the one hand, it is injected into the blood stream in some neutral solvent
such as alcohol, nearly all the alkaloid is precipitated as soon as the solution
mixes with the blood. If, on the other hand, it is dissolved for injection by the

1 Krerrmair, H.: Cit. p. 103.

2 VARTIAINEN, A.: J. of Pharmacol. 54, 259 (1935).

3 Zunz, E., et O. VESSELOVSKI: Ann. de Physiol. 12, 795 (1936).
¢ RorHuiN, E.: Cit. p. 104.

5 VARTIAINEN, A., B. Lassas and R. PATiivA: Cit. p. 171.

8 ROsSLER, R., u. K. Unna: Cit. p. 103.
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aid of dilute acids, not only does a considerable proportion of this very feeble
base separate out on dilution by blood, but one cannot absolutely exclude the
possibility of ergotoxine formation. Even in dilute lactic acid ergotinine may
be completely transformed into ergotoxine, in the course of a few weeks. SIMONNET
and G. TANRET! (the son of the discoverer of érgotinine) overcame the difficulty
of precipitation by adding the lactate to a bath of equal volumes of horse serum
and RINGER’s solution and thus showed the activity on the isolated guinea-pig’s
uterus; the ergotinine was afterwards recovered with rotation unchanged.
Contractions were induced by a concentration of 1:37.500 but ergotoxine acts
in one of 1:1.25 X 108 and is hence something like 3000 times as active. RAYMOND-
HawMmET? attributes the relatively considerable activity observed by WERTHEIMER
and MaeNIN3, by PLumiEr? and by TIFFENEAU® to impure ergotinine or to the
use of lactic acid solutions not preshly prepared. It is thus not surprising that
the estimates of the activity of ergotinine vary greatly. DALES® already found
that 4—6 mg./kg. of ergotinine generally produced only a slight rise of blood
pressure and a mere indication of general vasomotor reversal in cats, when
0.5 mg./kg. of ergotoxine produced a larger rise of blood pressure and complete
reversal. RaYMOND-HAMET? found ergotinine to have 1/, of the activity of
ergotamine (and presumably also of ergotoxine) in paralysing the renal vaso-
constrictors in the dog. The activity is the same whether injected in 50 % alcoholic
or in lactic acid solution?. RoTHLIN® found ergotinine to have 1/,,, of the activity
of ergotoxine in inhibiting the action of adrenaline on the isolated uterus of the
rabbit; on the other hand WokES and CROCKER? considered it to be 1/, as active
as ergotoxine in this respect.

Ergotaminine. The ratio of the activity of this alkaloid to that of its isomer
ergotamine seems to be considerably larger than the value mostly assigned to
the ratio ergotinine:ergotoxine. ROTHLIN makes it !/;—1/; and comments on
the fact that in his experiments ergotaminine proved to be much more active
than ergotinine, although the latter is much more soluble in alcohol than the
former. According to WokEs and CROCKER ergotaminine has 1/;, of the activity
of ergotoxine on the isolated uterus of the rabbit.

A ““paradoxical”’ effect of ergotaminine has been described by RAYMOND-
HameTr?0, 1.25 mg./kg. injected into a dog brought about, that small doses of
adrenaline (7 ) produced a larger and more persistent rise of blood pressure
than before; he considers this due to paralysis of the mechanism regulating the
arterial pressure. BacqQ’s!! view that ergotaminine, unlike ergotamine, is not
sympathicolytic, is due to the employment of inadequate doses; RaYMOND-
Hamer and RoTHLIN® have both shown that in this respect ergotaminine and
ergotamine are qualitatively similar, although there is of course a large quanti-
tative difference.

Ergosinine. By the BRoom and CLARK test Dr. A. C. WHITE (private communi-
cation) found ergosinine to have /,; of the activity of ergotoxine, and therefore
1/3, of that of its isomer ergosine. Such symptoms as could be compared in the
canary and cockerel were similar for both isomers, but ergosinine is the less

! SimonNET, H., et G. TANRET: Bull. Sci. pharmacol. 33, 129 (1926).

2 Raymonp-Hamer: C. r. Soc. Biol. Paris 94, 373 (1926).
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5 TiFFENEAU, M.: Bull. gén. de Thér. 172, 103 (1921).

¢ BARGER, G., and H. H. DaiE: Cit. p. 102. ?” Raymonp-Hamer: Cit. p. 112, note 5.
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10 RaymonD-HaMET: C. r. Soc. Biol. Paris 122, 267 (1936).
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toxic and the slower in its action. The same applies to their effects on the monkey,
the cat and other animals. In the rabbit ergosinine produces polypnoea, but
its hyperthermic effect was much inferior to that of ergosine. An intracardiac
injection of 8.9 mg./kg. ergosinine caused a preliminary paresis of the hind limbs
in the guinea-pig, followed by extensor spasms; the animal recovered.

Ergosinine raises the blood pressure in the etherised and in the decerebrate
cat, and may reduce the response to adrenaline; the reversal of this response is
however not easily brought about, as it is by ergosine. Ergosinine reduces the
tone of the isolated guinea-pig intestine, whereas ergosine increases it. Thus in
one case 1:1,600,000 ergosine was more than antagonised by 1:75,000 ergosinine.
No such antagonism can be detected between ergotoxine and ergotinine, perhaps
because the latter is too little soluble. Both ergosine and ergosinine lower the tone
of the isolated rabbit intestine, but the action of ergosinine is much the weaker
and less well marked. This applies generally to the activity of ergosinine, which
is however stronger than that of ergotinine, and stronger than was anticipated.

Iso-ergine and ergine. These simplest amides of the two lysergic acids have
activities resembling those of the naturally occurring alkaloids, from which they
are derived by hydrolysis. Iso-ergine is mentioned first, because it belongs to
the ergotoxine series of potent isomerides; ergine is analogous to ergotinine.
The difference in potency, greatest in the ergotoxine-ergotinine pair, is somewhat
lessened in the ergosine-ergosinine pair and very much reduced in the case of
the ergines: iso-ergine is not much more active than ergine. Since the ergines
are the anhydrides of a molecule of ammonia and a molecule of a lysergic acid,
and still show great pharmacological activity, it is evident that the lysergi