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INTRODUCTION

The scarcity of snough erude ergot high in alkaloidal
content, even in normal times, wakes any synthetic prepara-
tion of this nature worth investigation. Today, with the
War, the problems of transport and the devastation of the
rye fields of Poland, Russia and Spain, as well a8 the
depletion of menpower in these countries, make it imperative
that other sourees of supply of this important medicinal be
found. Sailmamn (1) quotes Stoll, without citing the refer-
ence, that "the richest source, Spanish ergot, never yields
more than 60 mg. of this alkalold (ergonovime) per Kgm.
Portuguese ergot yilelds lecs, and none can be obtained from
Folieh and Ruasian ergot. On the other hand, good ergots
yield 2 OGm. of the ergotamine and érgotoxina group per Kg.
The small yield and limited source of ergonovine would be
inadequate for medical use, if this smployed ergonovine ex-
eluéively“. In view of the limited supply of ergot compounde,
the attention of clinicians and investigators is turned hope-
fully to the promige of a golution of this problem by the
synthetlie chemist and pharmecologlst. From a biochemor-
phologle (2) standpoint many profitable poseibilities of
such synthesle are offered. Once the chemistry anc
pharnacology of the sctive ergot alkasloids is understood,
then the development of more ideal ergot compounds nay
follow, the toxie and therspeutic actions of these drugs
further msparated and the various desirable and spe¢ific

actlone more readily differentiated.
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In this inveetigation the amount of materisl avail-
able for study has been limited. Because of thie, it has
been considered preferable to cover a large field of
experimental work by doing a few each of several differ-
ent experimente in order to obtzin a general piéturﬂ of
the pharmacelogy of this new ergot drug. When more drug
is‘availabla Tor tha}adﬁitian of & few more trisle,
several of these separate studies will each be suiteble
for publication at s latér date. The pmall amounte of

the drug so far received here have come from Switzerland,

available from a manufacturing laboratory in this country.
Aleo further quantities of related synthetic ergot com-
pounds, which have been only partly investigated, are
avallable now, Thus an opportunity is offered for an
investigation on a broader scope which may reveal, by
comparison of the pharmaseologic actions of the various
slde chains of lyserglc mcid, what oombinations are
responeible for the diverse aaetions of thé natural al-

kalolds of ergot.



HISTORY

Ergot and ite pharmacclogic actione in man have long
been known. Since anolent timees, the gangrencus, convulsive
snd oxytooic sotions of this phytochemically aetive pube
stence have been recognized and more recently other actions
have become apparent. Few other botanicals have perved as
& source of more pharmacologically sctive components, It is
interesting to note that several drugs now well known and
generally obtained from other sourses were first discovered
through chemical invéstigatione on ergot. Ergosterol owss
its name te¢ the fact that it wae originally found in ergot ;
ergothlonlene, now a subject of biochemical interest, and
potent pharmacologic agents such as histamine, tyramine,
and acetylcholline were either discovered or early identified
thréugh regearches on its chemistry. While considerable
work has been done on the isolation (3), identification and
determination of the exact chemical composition of all the
constituents of this fungus, its shemical investigation
remaine incomplets. Even the exaet chemical formula of a
slngle one of the several alkalolide of ergot is undetermined
with complete certainty. Today, research in this fisld is
being actively pursued in the hope of obtaining either
synthetie erget»alkalaids or more ideal ergot-like subgti-
tutes (4), BSo far, some progress has been méde in aynthe-
sizing certaln active compounds. Search has revesled that

some ergot-like alkaloids susch as yohimbine and sensibamine
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(8), while Stoll sndBumekbant (9) dizcovered ergotamine in
1920, With the lsolation of these alkslolde and other non-
oxytocle components of erget, it was thought at this time
that all the ép@mi?&c utero-active components of ergot had
been identified. Based on usual pharmasologic pregepts, it
wag therefore expected that these purified active principles
ghould provide sonme advanta@as over oruds ersgot for obste-
trical use. However, with the increasing cliniceal use of
ergotoxine, and, particularly, ergotewine in the next few
years certaln workers began to cuestion the efficacy of the
pure alkalolds over the fluid extraet of crude ergot and
concluded that the latter was more effective., As Rothlin
(10) so aptly states, "the entire situation with respect to
the ergot alkslolds was made somewhat aquestionable in 1932
when Molr published his work", Moir {11) compared the
effects of verious preparstions of ergot on the puerperal
humen uberus by means of inserting a balloon and studying
the activity over & period of time. He found that the or-
dinery fluidextract of ergot, or watery extraots remaining
after the sotive slkalolds ergotoxine and ergotamine had
been removed produced an immediate, intensive and proloenged
uterine motor sction which was not the case even after
large doses of ergotoxine and ergotamine. He thus con-
cluded that the claesieal uterine respones to ergot could
not be aseribed wholly to the alkaloids such as ergotoxine

and ergotamine thus far discovered., In a classical descrip-

u‘"@

tlon by Dudley and Moir (12) in 1935 it was demonstrated
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that there was another hitherto undiscoversd principle present
in ergot which was wore utero-active than ergotamine. These
workers named this substance “Ergometrine". The intensive
search that followed loir's report in 1932 for this other
active component of ergot resulted in the simultaneousz an-
nouncement of its isolation in four different medical centers
in 1935 (13). While credit for this dissovery of this new
alkaloid should properly go to doir, the other workergs had
gome juetiflable claims to priority of discovery of the ac-
tual compound as well, However, 1n order to clarify the
unfortunate condltion which had arisen from the faet that
each of the four different discoverers had glven this drug

a distinet name, it was decided in this country by'the Coun=~
ell on ?ﬁarmaay and Chemistry of the American Hediecal
Assoclation to gilve the product the non-therapeutically
suggestive and non-proprietary name of Ergonovine. Ergo-
novine is now included in the latest revision of the United
States Pharmacopoeia.

Since its dlscovery in 1935, ergonovine has been the
subject of a few further pharmacologiec studies, but, on the
other hand general interest in this drug has resulted in
a voluminous literature dealing with ite clinicsl usefule
nege, methods of assay, methode of isolastion from ergot, the
elucidation of its chemical structure, and attempte to syn-
thesize compounds of this general structure. Jacobs and
Craig (3) of the Rockefeller Foundation have‘bQEn pare

sularly active in the chemical ressearch on ergonovine and
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thevother ergot alkalolde. They have presented a smeries of
experimente to show that lysergic acid, = compound found
common to all the active ergot =lkaloids, may be looked
upon as the common denominastor, so to speak, of the uteroe
active alkalolds, In faot, these workers state that "Ly~
serglc acid is anQﬁ@stimnably the component of the ergot
alkalolds to which they owe their pharmacodynamic ection”.
While the formula for lysergic acid is now consldered al-
most certain (14), no more than an empirical formula for
any of the ergot mlkaloids has been propoaed. Most inves-
tigators are in agreement with Jacobs and Craig that
ergonovine is hydroxy isopropylamide lysergic seid, though
a doubt 2s to linkage may exist. Although several of the
simpler lysergic acid compounds have been synthesized thus
far, there are ne reports to dete that thie writer can find

esoribing the suceessful synthesis of ergonovine or =n

£

ergonevine substitute other than the one concerned in this
paper. 5toll (15) reports the synthesis of ergobasinine,
an isomer of srgobssine (ergonovine) and claims he can
obtuin ergobasine from this synthetic product but this
work awaits substentiatlon. Greenhill in his recent re-
vielon of De Lee's "Textbook of Obetetrics” (16) states
that ergonovine is now synthesized but he admite that this
ia'an error#, Some of the other compounds of lysergic

acld recently investigated such ag ergine and lysergine are

# Personal Communication



apperently lasking in oxytoole effect (17).

Pe?haps the nearest approasch to mrQVi&iﬂu a synthetic
aampmua‘ poszensling aetive oxytocic effecte is found in the
recent work of Etell and Hoffman of Basel, Switzerland. As
& result of their exhaustive investisetione of gynthetic
lyserglic aclid derivatives they hav: prepared two of promise
--- @ 1lysergic scld 1.3 dihydroxy 2 trimethylense amide and
‘4 lysergzic acid d 1 hydroxybutylomide 2 (18). The latter
coumpound was sent to this laboratory for pharmecologic
study and, sc far &3 ie known, this is the only non-clinical
investigation on this new gynthetic ergot-llke drus now
belng carried out. This compound differs froam wost of the
active alkalolds of ergot in that it is not laeve-rotatory
and from ergonovine in that it possesess a hydroxy buty-
lamide radicsl in place of the iso prapylamide group. No
other informaticn with respect to ite chemistry or phyeical
properties has been furthaom&ﬁg from Basel. Becauss of the
unwieldly chemical nanme, hereafter the term methergine, by
which this aruﬁ will probably be knowm, will be uged to
deslignate 4 1§gargie seid 4 1 hydroxybutylasids 2,

This thesis deals largely with thé pharmacolegy of this
new synthetle drug. Sinee i1t has a definite chemical rela-
tlonship to the ergot alkaloide, it is considered important
to camparé it frou certain sspects similar to those which
have been followed in investigating ergotamine and, espsciale

ly, ergonovine.
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EXFERIMENT &L

1. Ghemieal Studles. The provose: etructural formilas
for lysergzic acid, ergonovine and setherzine are ghown in
Fipure 1.

Stoll and Boffmsn describe this compound ae being ob-
trined by condensine leolysersic scid szide with 4 2 amino
1 butanol snd subjecting the produst thue formed to & tronge
position trestment ae by the ume of scetie aeid, phosphoric
acid, sodium hydroxide or notassiunm hydroxide, The product
ie diffioultly soluble in ethyl aloohol and scetone and
glves Feller's and Van Urk's color resction { a solorimetris
method for ertlmetlion of erpot slksloide), The tartrste saltes
and other saltr are easily soluble.

The only waterisl avallable for gtudyine the phyelenl
and chemlesl rroperties of metherzine wae th@ solution,
cont-ined in sesled ampules, 0,2 mgm/ee, and a snall amount
of bulk solution in the game concentration. This solution
ehoweu the followins nroperties: The réactiwm was falotly
agid. Under ultraviolet light & distinet blue fluorescence
wag noted, No nprecipitates were obeerved with the following
alkeloldel reagents --~ Mayer's, Wercuric ehloride, tannie
aeld, alkelie, Rgold ahloride; gold btromide and poteseium
ristinuez bromide, With Lugol'e an amorphous precipliate wee
obtained, The alknlinized soluti-n wae not soluble in
the following --- ether, ethyl acetuate, and lsoamyl sleohol.
The alkalinized waterial was soluble in hot benzene and

appesred as a white crystalline recidue whioh started to
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melt at 168° C, It also is seluble in scetone and ethyl
aleohol. In genoral; the material does not follow the
usual alkaloldsl resctions. Fable I 1s presented to show
the comparison of the so far determined phyalesl and
cheniosl propertier of methergine with ergonovine.

S4nee thle 18 not & chemicel investimstion primerily,
the work on thie phase ig brief., It may be thet the
chemleal resction will be further slusidated in the pemr
future. With ergonovine, th@.trQﬁ alkaloidrl nature ag
well ne ite definite chemiesl regotlione wae not at fipst
apparent. It too was not conaidere! alknloldel, but
later wap found to precipitate slkaloidel ressents when &

a very high concentratinn of test materlsl was used,



4 COMPARISON OF THR PHYSICAL AND CHEMICAL CHARAC

OF METHERGINE ARD

PABLE 1,

ERGONOVINE

i,

PERISTICS

Ergonovine P Methergine
Cheracteristics Bagaw Base
Bmpiricel Pormula 019,530, € ogfos00H5

Chemical Constituents

Optical Rotation

dater Solubility

Reaction

Fluorescenece

Solubility in
organic solvents

Crystals

Helting Point

Alkaleoidal Reagents

Color Tests

iysergic acid d~2-
eming propanol 1

laevo~rotatory

{salt is dextre)
colorisss, tasteless,
odorless, crystalline
substance

Appreciably sol.
{13 200=300 at 20°C,)

definitely alkaline
bluish

d4il. aqueous solutions,
solubility:
ethyl acetate -
'ﬁh&'l aleohs =
acetone =
e%har w
bensene - 4
¢hloroform = Ge80l1e

long fine needles from
chloroform and benzens

with decomposition at
159-163° ¢,

PPte by Mayer's in dil-
utions less tham 1:5,000
Keller's = o
Van Urk's - 4

d Iysergic acid
4=-1 hydroxybutyl
enide 2

diff. sol. in Hp0

bluish under ultra~

violet
dils, alk,. Iﬂl"

insol.
goluble
soluble
insol.

80ls in hot
ingol,

grystals

liqusfies at
168%°¢,

not ppts in dilute
ions used

/

* For the alkaloidai base of Ergonovine. From R‘Smith

of Ergonovine, Jeholishe, 1938,

s The Present Status
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II. Pharmacologle Studiee., Active ergot compounds

posgese two outstanding pharmacologilc actions on the animal
body; one, a motor effect on the uterus and the other a
general stimulation of smooth muscle, particularly thst of
the circulatory system. Other lese important pharmacologic
actions are the stimulatory or depressant effects, depending
on the test animal used, on such gtructuree as the intes-
tinal Btriylcr the irie of the eye, and on the boedy tempera-
ture. Most of the ergot alksloids cause discoloration of
the cock's comb. In general, because some of these effests
are pésuliar to ergot, the pharmacology of ergot and ite
alkaloids may be appropriatsely considered in the following
order:
Le Téxiaity --« gnimals and man.
2. Cangrene producing effectis --- rat's tail
and cock's comb,
2 ﬁéstamic effects on circulatory eyetem; sffect
on sywmpathetic nervous system.
4, GSystemic effects on other organs --- respirae-
tion, heat production, the iris.

5. Oxytocle effects in various animals and man.

1. ZIToxleclty. With respect to the toxiecity of ergone
ovine in swall animals, relatively little information is
available. Rothlin (10), Smith (19), Nelson and Calvery {(20)
and others present eome data., From this information, Soll-

mann and Hanzllk (21) give the following toxicity figures:
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He Fo Do ~-~ Youge, 250 mgm. per kilo intrave;cualy using a
1% solution; Quinea Pig, 80 mgm. per kilo intravenously
using a 2» solution; and Rooster, = dose less than 10 WEm .
per kilo ziven 1., M. Smith (19) states that ergonovine ape
pears to be fronm thre@ to four times less toxic in mice,
rets and rabbits thsan ergotamin@ and ergotoxine. Gn COM-
parison with ergotamine 1t ie ten timss less toxic in the
cock, given intramuscularly, but of spproximately equal
toxicity 1n the eat subcutaneously.

In‘thia gtudy the investigstion of the toxieity of
methergine was not only limited b, the emall amount of the
solution aevailable but slso because the powdered drug wasg
not supplied. Uethergine was given subcutaneously in
doses of 0.25 mgm. per 10 grams (the full therapeutic dosge
used for humane ie 0.25mgms.) to three white rats, each
welghing 50 grame., No toxic symptome were noted although
the snimsle appreared uncomfortasble, Control rate with
saline also were dejected and rumpied, so the effect was
considered due to the quantity of fluid imjéc%@ﬁ which wae
10 per cent of the body weight,

In rabbite the intravenours injection of ineresasing
dosea of 0.25 mgm.; 0.5 mgm.; 0.75 mgm.; and 1,0 ngm of
methergine to two animals averaging 2.2 kilograme was with-
out apparent 11l effeot, although it was noted that ths
respiratory rate was incremsed, Brown and Dale (22) state
that ergometrine (ergonovine) injected intravenously in the

rabbit in a2 dosage of 1.8 to 2.8 mgm. per kilo caused



mydriasls, elevation of temperature, tachypnea, crawling
instead of hopping, in many ways resembling beta tetrahydro
naphthylamine. De Beer and Tullar (23) have prapaﬂedv
pyrexis as a supplementary assay orocedure for ergonovine
inssmuch as this particular regponge occure regul#rly. In
order t o check these findings for methergine, a rabbit was
given 2 mgm. per kilo of this drug intrasvenously. No excite-
ment, no erawling and an incresse of only 0.4° P, (rectal)
wae observed, but tachypnes and mypdriasis were definite. No
untoward effects were observed. Table 2 shows the tempera-

ture and pupillary changee following an injection of

methergine,
Table 2
Room Temp.
Time Interval tgmp‘ Rectal. Remarks
ming. Fe .
10:40 - 68 102.2 Normal
10:45 - 68 102.4 Normal
10:5%0 - 68 102.4 Norgal
10:55 - 68 102.4 Normal
10:58  mMethergine, immediately
2 mgm./kg. 1.v. increased resp.,
11:12 14 68 102.4 pupils dila-
ted,
11328 27 68 102.8 ¥ "
11:43 45 68 102,.6 " 8
12:08 67 68 102.4 less dilation.

#hile De Beer and Tullar obtained anlgverage tempera-
ture increase rectally of 4.59°F,, in four rabbite glven a

dose of 1.6 mgm. per kilogram, it is evident from the above
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table that the hyperthermy with 2 msu, per kilograsm of methe
ergine ie much less,

In humans no untoward or toxic syuptoms have been noted
in over one hundred sdministrations of methesrgine to women
pomtwp&rtum when doses of 0,25 mgm. {1 ampuls) hove been gilven
intravenously, The largest total dsily dose used Tor these
patiente was 0,75 mgm, Thie compares favorably with ergon-
ovine whlch has been regulerly sdminietersd 1n sinmilsr doses
in many thouesnds of cases. Recently mr@l sGminietration

wan tried, and no toxic effects or side mctions were noted.

2: I G3 « Another lmportant factor
to be conaldsred in evaluating the toxlioity of ergot com-
pounds ie whether or not they poasesgs the ability to
produce gangrene. LRothlln (24) of lasel firet poilnted sut
in 1923 that ergotamine piven subeutansously in seversl
divided doees to white rate would produce repulsrly gan-
grene of the tsil within =& week or two. Loewe and Lenke
{25) of New York repeated this work snd demonstrated that
by administration of 2 total doee of 50 mgm. per kilo of
8 asliné eolution of the powdsrad orgotamine giﬁan in
three divided domes dally over a perjed of three daye, rat
tall gémgrene could be produced regularly. Yalpsth {(26)
iater substantisted theee findings. This section 1o impor.
tant in that s correlation existe in ergotamine setion on
human peripheral etructures, gopgrene of the toes and feet

beline not only of historieal intersst, tut sleo hse been

A
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recently reported in therapeutic uses (27}, In thies labora-
tory, ewgdnavine solutlon and methergine solution were tried
on groups of five rats eaéh,tn deternine if these two druge
could produce tall gaugrene aim&lmrly to ergotamine, A doae
of 20 mgm. per kilogram divided into two doses daily and
glven for a pericd of seven days to meke a totsl of 140 TIEW o
per kilogram for each of the two drugs wae ue2d. The druge
were administered subcuteneously to the rate. Although this
total dose 1e over twice that used by Loewe snd Lenke for
ergotasmine, gangrene was not produced in any of the rate by

grgonovine or methergine,

3. gGirgulatory Effegts. One of the most intereating,
if not clinically applicable effeete of ergot ie its stim-

~ulatory effect on sympathetic 1nnarvatad gtructures, partic-
ulerly on the blood vessels., Dale {28) in 1996 first showed
that ergotoxine causes & primary stimulation of plain muscu-
lar tissue, especially the arteries, the uterus and the
sphincter of the pupil. +“his primary stimulation was short
lasting and followed by a secondary selective paralysis of
thevﬁff&ctor or motor elements innervated by the true aym-
pathetlice and stimulated by adrenslin. uvsle demonstrated
the vasoeonestrlctor and the later parslyzing effects of
ergotoxine on cats with the brain deetroyed and kept alive
under artificiel respiration. Later work, mainly by Stoll
(859 showed ergotamine to have identicelly the same effecte

&8 ergotoxine. Ergonovine, however, while possessing some
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vaaosonstrictor effect on the girculation éésa not, howaver,
18ad to » secondery paralysie of the motor elesments to the
blood vessele, Thue, followine ergonevine, thers ia ne
lnhibition of the typleal rise in blood pressure caused by
the administration of adrensiin., Rathﬁr, as Sothlin (10)
pointe out, ergonovine may lesd to = slizht but spprecisble
enhancement of the adrenalin effect (l.e., adrenergic)

when the latter drug le given immediately afterwards.

Two rabbite undsr light sodium pentobarbitsl snege
theris were prepared for recording blood pressure changes
on & kymograph drus by mesns of 2 &arntiﬁ'eannuln connasted
to & asroury menometer., A membrane tambour connected to
the traches recorded the chenges in the resplrstory rate
and excursione. “hen methergine wee ndministered in doses
of 0.25 mem. and 0.5 mgm. Lo the anizmals the changes noted
in the bloed pressure were insignificant but there woe gome
inerease in the respiratory rate and volume. Similar teo
ergonrovine, the asdminietration of sdrenslir after methergine
showed e definite inoreses, more notlceable with suceceeding
doses, of the rise in blood preuéure normally nroduced by
e glven dose of adrenalin. Effecte on the adrenslin curve
is better illuetrated by the work on dogn.

Using the eame experimentsl progedure, six doge were
given doses of methepgine, erzonovine, srgotemine, and 4i-
hydreergotamine (another synthetic with ergotamine-like
sotion). Figzure 7 demonstrstes the effects on the blood

pressurs ellcited by metheryine snd, partioulerly, the
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Contact print from originel smoked lgmmograph regord.
Habbit, Sodium Pentobarbital anesthesia. Blood
pressure record takem from right cerotid. Iin imtra-
venous injection of Hethergine, U.20 mgm., was given
at arrow, with indefinite effects. Indentations shown
on bottom line do not indicate injections of drug but
$ime vhen respirstions were being counted.
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enhangement of the adrenalin bleod pressurs rise, When
repeated injeotions of the same amount of sdrenslin are
given previous to methergine and ﬁhan»fﬁllswiﬁg it, it le
eclearly evident that methargiﬁa is not adrenolytie, i.e.,
it doee not inhibit the response to adrenalin, but, ra-
ther, often ineremses it. This corresponée with the
ciroculatory effecte seen when adrenalin follows ergonovine
but not with the sdrenolytic setion of ergotoxinse and
ergotamine, In the emimal used for procuring the record
shown in Figure 3, the protocol provides mdded informatioen
not included in this figure, Provious injectiocne of 0.1
g0, of adranalin in 1:10,000 dilution gave the following
woxinal inerespes in blood pressure over the nermal as
follows: after the first injection, a rive of 36 mms. of
mercury; a second injection after 7 minutes interval gave
8 rise of 36 mme. of mercuryj the third injection 4 min-
utes later showed a rise of 30 mpme. of mercury; the fourth
after 4 minutes, 2 rise of 34 mme. of meroury; the fifth,
6 minutes later, a rise of 36 mme., of nereury. Methergine
in a dose of 1 mgm. wae then injected two minutes after
the last sdrenslin administration. Only o elizht rise of
6 mme. of mercury followed by a drop of 10 mme. of mersury,
ae shown in Figure 3, was produced by the metherging. A-
drenalin wae given agaln 4 minutes lster, this time produc.
ing a rige in the bloa& pregseure to 50 mus. of mereury. An
injection of 2.0 ao. of phyeiologiesl saline after the

edrenalin wae without effect, indiesting that no adrenalin
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Fige 8o

m- Be

Photograph of smoked kymograph recording. Deg E, Sodium
Pentobarbital anesihesia, 30 mgms. per kilogram. Blood
pressure record from right carotid. Respiratory changes
recorded by tracheal canmule and tambour. Showing '
enhancement of adremalin effect after intravenous inject-
ion of 1 mgm, of Nethergine (M.E, 277)

Photograph of smoked kymograph recording. Dog 4, Sedium
Pentobarvital anesthesia, 50 mgms. per kilogram. Blood
presmure record from right carotid. FHespiratory changes
recorded by tracheal canmula and tambour. Showing adren~
elytic effcot when epinephrine is injected after dihydro-
ergotamine (D.H.E, §45).
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had remained at the injection site to be washed into the
ecirculation by subsequent sduministrations. A& second dose
of the same amount of adrenalin given 15 minutes after the
previous one increased the blood pressure to 56 mms. of
msrcury while the third injection 5 minutes later insressed
1t to 60 mms, of mereury. Similar results were obtained
with methergine in experiments on}thm other doge.
' The circulatory changee produced by the intravenous
injection of ergonovine into the dog corresponded to those
seen with methergine. Figure 4 is a record of the bilood
ﬁrﬁsgmre changes following injection of ergonovine., It ie
eseen that there ie litile direect effect on the blood Preg-
sure which shows only a very slight rise followed by a drop
of about 8 mms. of mercury. "hen adrenslin was given before
and after ergonovine, the risge in the blood préssure before
ergonovine was 40 mms. of mercury, while that 10 minutes
after this drug and caused by adrenalin was 52 mns. of
mereury, and again, 6 minutes later it wag 50 mme . of mercury.
On the other hand, ergotamine injeetion resulted in a
definite suetained rise in the blood pressure and was fol-
lowed by the typical adrenolytic or epinephrine imhiblﬁiaﬁ
when this latter drug was givsn afterwards, Thie is well
shown in Figure 5 where dihydroergotamine (D. H. Z. #45)
wae used. Injsction of adrenalin previoue to dihydroergot-
amine gave the typical adrenalin response in the rise of
bleod pressure. Following this, the injection cf Je5 mgm,

of dihydroergotamine (D. H. E. #45) gave a slight, transient
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Pig. 4 Contact print from original smoked igymograph reoord.
Dog 1, Sodium Pentobarbital amesthesia, 30 mgme. per
kilogram. Blood pressure record from right carctid.
Respiratory changes by tracheal canmula and tambour.
Showlng indefinite effect on blood pressure by inject=-
ion of Brgonovine Tartrate, 0.2 mgms., intravenously.
The seconi adrenslin injection curve shows a definite
enhancement of the adrenslin effect afler srgonovins.
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rise in the blood pressure and produced a definite adrenc-
iytlie effect, since subsequent inguétiwna el adrenalin
showed coneiderable deoresse in the rige of blood pressure
coumpared with that obtained before dihydroergotemine,

Five more injectlons of adren=lin given in succession at
about 2 minute intervels all falled to give a blood pres-

sure response as great se the originsl injection.

5. Qeepiratory Effegta. In previous sections of

thie thesie, mentlion ir made that the intravensue injection
of methergine into rabblts resulted in an inerease in the
réspiratory rate and velume. 7hile the respirstory changes
were regorded when the clreulatory effests of methergine,
ergonovine and ergotamine were sbudied in the dog, the
depresalon caused by the sodlium pentobarbital anesthesla
prevented marked changee. In other studies on the intsct,
unanesthetized rebbit (reported later under uterine effects)
it wae noted alec that injection of methergine wes attended
by congiderable inoreass &n»tha respiratory rate and thor-
aglc excursions. Oince the rabbit asppeared to be a sulteble
test animal for demonstrating the respiratery effecte of
these druge, it was decided to carry out further experimente
on this animal, The Ureser technic wss uged for thile pur
poge on rebbite under 1light sodium pentobarbital anesthesis.
Thie t-ehnic coneistes in counting the number of expirstions
poer sinute and in =easuring the volume of water diepleced

from a tall glasee oylinder per winute of tive., ¢aple II



TABIE IIT

RESPIRATORY EFFECTS IN RABBITS FOLIOVWING INTRAVEROUS
IBJECTION OF 0.5 MILLIGHAMS OF METHERGINE USING THE
DRESER APPARATUS.

TTRIAL WO, RESPINATORY  REGPIRATORY

RATE VOLULE
min, ees.
Hormal #1 42 950
#2 44 900
3 &4 900
4 46 200
Hethergine,0.5 mgn,
injected at 4125 P,l,
422 Pli, b4 1000
41@ Poli, G0 1100
4333 P., 87 1110
4:35 P, 57 1200

4142 P, 42 960
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ghows 2 graph of the reeulte obteined for the normsl res-
piratory rate and volume of & rabbit anu after sdainistering
sucoessive doses of methergins, It 1s spparent that methe
ergine hee » definite stimulstory effeect on both the

regpirantory rete and voluwme,

5. JZeelated Oulnes Pie Jutesting. ‘drenalin causes

an inhibitlion of centractions snd 2 relaxation in tone,

It wan Lhought worth while to test a few strips of the

isolated guines pig intestine for this sdrenergic effect.
For this purpose leolated sirips of Jejunun wepe prép&r@ﬁ
in 2 muscle bath an degeribed lster
uterine stripe, The addition of either ergonovine or
methergine to the Locke's golution were found to cause
relaxation ap shown in Flgure 6. Thic shows the same
type of agtion esthat produced by sdrenalis and agreaé
with other indinws indieatins that methersine hes s

alirhtly adrenergic effeat.

6. 2 === Uterdoe Agtivity, Several
different wethods may be used for studying the effecte of

thess druge on the uterus. Isolated strire suspsnded in
Locke'e solution and ettached to a lever writing on & smoked
drum may be ueed. The motlility of the iutset uterus may

be studied under snesthesie by the Barbour (29) techale

or in the normal, unsnesthetized rablbit by the uterine
fletule teshnic of Reynolde {30) ae recently modified

by Kirchhoef and David {31). The Lorand toco-
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Pig. 6 Contact print from original smoked kymograph record.
Guinea plg intestinal strip in 30 ce. lLocke's solution.
Upper recording shows depression of normal intestinal

activity wvhen Methergine is added to mmscle bath solut-
ion.

Lower recording shows similar depression of normal

intestinal activity vhen Ergonovine tartrate is added
$o mscle bath solution.
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graph may be upel for rscording uterine contreetions Lis the
human during laber. Ancther method for studying uterine
aeblvity and used practically by the obstetrielsn is Lhe
eslination of the blood loze oscuring Trom the time of the
delivery of the bauby %o the birth of the plagcenta in humesne;
thie ie an indirect method but provides impertant informs«
tlon na t¢ the tone ana aaatraetility of the ulerus.

ez effectes of methergine on uterine @motility have

been studied by the above various methods,

8o umm_umns_mm Becaure of the rela-

fenship of asthergine to ergonovine and other argot alkse
leolde throusgh ite lyesergic asid frootion, it wae expected
that the study of the uterine sctivit .y of methergine
should prove of conaiderable importsnce. With ergonovine,
as well ag the other nlkalolds ergotoxine and ergotanine,
it ﬁas been shown that marked differences in sensitivity
and response to the drug exiet when uterine ptrips fros
various species are tested, ss well as from animal to
snlmel in the same epecies. The rabbit and the guinea
vig are beet muited lor denonatrating the oxytocic effect
on isolated strips. Of these two, the isolasted gulnes pig
uterue ile the mos: sensitive, but it is leee reliable,
generally epesking, than the rabbit wierus for couparative
asaay of oxytocle activity.

in thie study numerous estrips froz 2 number of differ.

ent animols were used. The method of teating soneleted of
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placing 2 thin, longitudinal strip in 30 ce. of Locke's
aalatiﬁn (32) contained in » glaes musole bath tube, The
solution wes kept at 37.5° q. by immersing the pglsse oof
tainer in 2 large thermostatieally controlied water bath,
The free end of the uterine etrip waes atteched by a thread
to 2 long lever writing on & smoked drum, Thé drug solution
to be tested wae sdded to the 30 ce. of Locke's in verious
amounte teo glve desired dilutions, After teoting and
gtudying the effecte of one drug on the strip, the solu-
tlon wee washed out of the glagr gontainer, freah warm
Lnﬁké’e sdded and sllowed to stand in ocontact with the
strip for a few minutes and then agsin wached out. After
this, Locke'r was agaln added end then smother drag

tested on the atrip in order to have » éampmriga& with

the action of the first drusr used. It waes found that

the response to both druge deerease. with the age of the
8trip after renoval from the anims1, slthough unused

6trips were immersed iln ioed Locke's for preservation.

(1). Zuipea Piz. Comparable effeots were obtained
ror‘arganavine and methergine when tested on the seme
strip from a virgin guines plg, ss shown in Flgures 7
end 8, It will be noted for btoth druge thet the sotion
Gouee on promptly and that the type of setlion elicites ie
very simlilar in degree. In the dilutien of drug used,
1:150,090, the result was ususlly a prolonzed tetanie

contrsotion. Vhen older strips were used, it wae found
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Fig. 7

Contact print from original smoked kymegraph record.
Uterine strip from virgin guinea pig in 30 ces. Locke's
solution. Showing respomse to l: 156,000 dilution of
Hothergine, This same uterine strip was used in making
the record shown in Flgure 8.
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- Fig. 8 Contact print from original smoked kymosraph record.
Utorine strip from virgin guinea pig in 30 ccs, locke's
solution. Showing response to Ergonovine malloate
{Ergotrate~Lilly) 4in 1: 150,000 dilution. This same
uterine strip was used for making the record shown
in Plg. 7.
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thet the drugs oecaeionall; incressed the rhytheieity and
exeureion of the contrasetione with & leer pronounced tetanie
effeet. Vhen used in higher &ilutions, beth druge wers
found to be laocking in the tetanic effect noted with the
lower dilutions but, however, caused an inscrease in ths
helght of the gsontractione asg waii ap their frequency with
fresh strips, nand to show little response when older etrips
were studied.

Similar compariscne betwesn the two druge, as shown
in Pigures 9 and 10, were cobtained vhen strips froa & poste
partun guinea pilg were used,

It hag beon shown that syspsthetic stimulante {adren
ergic) sueh as adrenalin inhibit the motlility of the gulnea
pig uterue but, in the rabbit and cst ellelt a typlesl
stimulatery effect on the uterus, Furthermore, the variable
responges - inhibition or stimulation of the uterus - pro-
dused in different animale by edrenalin mey be nrevented
after erpotanine or ergotoxine. The came responss, L.6,.,
inhibition of the adrenslin effeet after ergotamine or
ergotoxine, is noted for the blwod pregsure changes #9
previocusly mentioned. However, it wes found in this work
that aédltiaﬂ of epinephrine to the Locke's selution in
the bath caused relaxation of the strip of e gulnes pig's
uterus both before snd after-methergiﬂn, fiinge ayotemi-
eally erconovins and wmethergine have an asdrenergic effect,
and thie effe¢t producec by adrenalin on the stripe of

guinea pig uterue resulte in relaxation, the contraction of
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Fig. 9 Photograph of smoked kymograph record. Uterine strips
post partum [ B days ) guinea pig in 52 cos. Locke's
golution showing comparative effects of Lrgonovine
Partrate (Basergin=Sendosz) end Methergine. Two cos.
containing 0.4 mgm of the drug were used in each case
and added to 30 ces. Locke's, meking the total amount
of solution in the muscle bath 32 ccs. The amount
indicated for lethergine, 0.5 mgm., is in error.

Pig., 10 Comtact primt of original smoked kymograph record.
Uterine strip guinos pig, post partum, showing comparat—
ive effects of Mothergine {M.Z., 277) and Ergonovine when
used in dilutione of 13 15G,000.
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the strip by wmethergine oan only be expluined ap being due
ie¢ the action of the drug direstly on the musculature it-
sell, Vorsower, the splunephrine mediated relaxation after
motbherginge further demonsirstes the differences between this
drug and the ergotsmine-ergotoxine group whish paralyze the

sdrenalin response.

(2). Rabkbit. 7The isolsted rabbit uterus hss become
o gtandard method of assay for the ergot alkaloide. Swanson,
Hargreaves, and Chen (33) have compared geveral methods for

ageay of erpot nlkalolde and have concluded thet the isoe

b s n il

isted rabbit uterus 16 the best for practicsl use, IHrown

Pl d

end Dale (22) find thst etrips from the rabbit ulerus
regularly give s motor responge to adrenalin and alse show
a coneistent axeitatbry responsivéness 0 ergonovine.
These workers record sctivity in an ileolatsd rsbbit strip
with dilutions of sergonovine as bigh me 1l: 750,000, #hile
Thompeon (%4} got sontractions in the most senpitive uteri
with dilutione of 1:3,000,500 of erponovine, he gives
1:1500,000 as the amount of ergonovine needed to met an
sprreciable effect in moel strips. Some difficulty, howe
ever, ip occaslionally encountered in the use of rsbbit
uterine etripe since some arse insensitive and do not gmive
the ususl normsl rhythmic contraetions in Locke's solution.
This objection may be overcowe by using the method of Wiek
and Fowell (35) who clalm they can seneitize the uterus by

glving swall amounts of estrogenic meterial to rabbits for
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several deys preseding testing, J8ing this technie, with
Theelin se the estrogenic subetsnce, it wes found thst
the etripe wesd in this study ususlly gava good aetivity.

Since both ergonovine and methergine do nol have an
inhibitory effeet on the adrenalin moior response, the
assay method of Eroom and Clark {36) for ergotoxine and
ergotamine on the rahbiﬁ_u&erus would not be appliesble
here ,

Uilutione of methergine up to Lli 3,100,000 were Gefin.
itely stimulant to the rabbit uterine strip., Figure 11 showe
an asssy procedure using ergonovine snd methergine in this
dilution on the seme strip. It wae 2lso found that ree
peated administration of methergine did not inhibit the COf-
traetion saused by adrenslin (Pigure 12, It ie seen on
Gomparing the activity of ergonovine anc methergive in the
same dilutions on the rame atrip thet the results are
aporoximately equ-l (Figure 11}, or superior to -rganmvina,
and this wee noted for all the experimente perforsed, &
total of 10 strips esch were used from S different rabbite
for this comparieon. It wae found that the regponse
slicited ie in proportion to the dllution of the drug in
Locke's, weak dilutions producing less sffect than stronger
concentrations, Dopending on the gsensitivity snd age of
the ebrip, wesk dilutlons gave seme ineresse in the fre-
quency of the rhythmic contractions and 2 plisght inerease
in the asmplitude or heighﬂ of contractione. Uilutions of

greater ¢ oneentration {1:150,700) alwaye produced an
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Pig, 11 Contact print from original smoked kymograph record.
Isclated uterine strip of rabblt in locke®s solution,
showing & comparison of the actions of Metherging and
Brgonovine when used in dilutioms of l: 3.1 x 105
The imcreased activity of the ulerime strip is slightly

greater when Nethergine is used,
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Pig. 12 Contect print from original smoked kymograph record.
Uterine strip from rabbit in Locke's selution. The
previous solution in the mmscle bath contained Mether-
gine 1: 150,000 and the first part of the record shovs
the response obtained, Addition of epinephrin to the
masels bath in 13 160,000, without washing out, gave
a marked response showing that Mothergine does not
inhibit adrenalin effect on the rabbii uterine strip.
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incrense in tone slthough the smplitude or extent of the
centruotions wae less Gus to the ineresssd tonleity.
Figures 13 and 14 show typlcal responeés of the rabbit
uterue to varylng dilutions. The range of effective dilu-
tion Tor wethergine is higher tham that given by Thompaon
f34) tor srgonovine, He founa ﬁiiutiana ag hi@h'ai
1:3,000,000, which aporoximately coincldes with the resulte
obtained in this laborstory, ss the 1@&5& effective cone
centration for producing a response to ergopovine, Hepulbe
were ooenslonally obtained using a solution somewhat more
dilute then Thompson'e figure for ergonevine, whiéh can
perhaps be explained on the basis of ilmproved methode of
purification since hie work in 1935,

dgolated “respant Isbbit Uterus. When tested on
the lsolated pregonant rebbit uterus tsken on the twen-
tieth ﬁay of gestation, methsrgine w g found to be effec~
tive in a dilution higher then has been reported Tor
ergonovine. The highest dilutlon glven for that substange
is 1s 3 x 1&6 by Thompeon (34), ¥ith methergine it was
found that = dilutien of 11 4.1 x 10° was aefinitely
stimulant when stripe from the pregnant prsbbit were used,
This ie shown in Figure 15, In spite of the high &ilution
ussd, the effeot is clearly dissernible for the two hour
period beginning from the time the drug was sdded umtil
the reoording was stopped, a very slow moving drum being

used,
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Pig. 13 Contect print from original smoked kymograph record.
Rabbit uterine astrip in locke’s solution from Habbit
Hos 3, strip being used fiyst day after isolation.
Addition of Hstherglnme in dilutiom of 15 300,000

inoreased motility of strip,
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Plg. 14 Contact print from original mmoked kymograph record,
Isolated strip from rabbit uterus in locke's solution,
For purposes of comparison, the effects of lethergine
and Ergonovine used in the same dilution, 138,100,000,
and on the same sirip are showm
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Pige 15 Contact print from original smoked kymograph record.
Isolated strip from pregnant rabbit uterus (20 days
gestation}. The first record {left hand) shows stimalat~
ion of strip vhen & dilution of 134,100,000 of Methergine
is nsed., The second record shows the reversal of the

sdrenalin response by previous treatment with dihydro=
ergotamine.
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{33, daglated Dog Uterus. The puerperal dog'e
‘uterus in situ hae been found sensitive to arganevinu, but
the virgin dog's uterus does not give a reliable response.
4n lsoleted strip of virgin dos uterue showed no effeot
et he administration of metherpine (Vigure 16)., The sgasme

was true for ergonovinhe.

{4), lsplated Rat Uterus. It was found that the isoe

lated rat's uterus wes unreeponsive aleo to methergine and
Lo ergonovine éven when used in high concentrations. It
appesresd that the administration of ergonovine snd methere
gine relaied the uteri somewhet, slthoush this wes not as
marked as that cecuring after adrennlin or trasentin. On
the éﬁher hand, & parseywpathetic stimulant, furfuryl trl
methyl ammonlum jodlde caused contraetile regponses in the

isclated rat's uterus,

b. Intect Rabblt Uterus., (1) Leynolds Preparation.

Five multiparous rabbits were prepsred by the ileynolds
method (30) which consists of transeating the vegins,
slosing the distal end, and grafting the upper part just
below the eervicee to the ebdominal wall., 7The ovaries
woere removed at the saume operation sna aatrﬁgania Bube
etance (Theelin in oil, P.U, & Co.) sdminiptered daily.
On the I'ifth poet operative day the skin stitches were
ramovad.ané ot the geventh day the sninsl wee resdy to
ues for uterine recordinse without sunesthesia,. Regords

were mede by the Kirehhof snd Levid {%1) teohnic far phot o=
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Fig. 16 Contact print from original smoked lkymograph record.
Isolated unterine strip from dog's uterus in Lecke's

solution showing lack of response to eddition of
Methergine,
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graphic mweasurement, ¥ith this method, the manometer levels
fluetusting in a Pine glose tube record uterine voluume ahar«
ges of the degree of 0.1 c0. as & level change of 2 ome.,

& magnification of 20. |

In sach of the 5 animale studied, methergine produced
en inereasse. tone of the uterus but the contrectione wers
decressed in amplitude snd not of a pericdle or regular
frequency., The inecreased teone, which lagted for about 5
minutes after an intravenous injection of 0,05 to 0,28 HED
of methergine, snd the type of contraotions produged were
gsimilar to those geen after ergonovine., The average dis-
plagenent Trom the intra-uterine balloon in one horn wae
G5 oo, of water, the pressure in the balloon in all 4ine

etunees being mealntalned at 15 ocms., of water.

(2). Erezosnt Sabbit Uterus. The method of Osttel

and Bachman (36) was modified for use on three pregmeut
rabbite. One week after breeding, the uterus was grafted
1o the abdominal wall as desoribed sbove. Rﬁaﬂrdznga
were then made on the date of expected delivery, Figure 18
shows cuch 2 resording wherein it ies seen that 4 minutes
after administration of methergine contractions were
initieted which pesulted in the birth of 2 viable foti,

& period of two minutes belng taken from the start to the
delivery of the first through the fistulous cervix. All
of the three rabbite 8o prepared deliverel in a short tinme
after the administration of the drug, although no BPON -
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Fig. 18 Photograph {(reduced) of photographic record obtained
from pressure changes in an intrauterine balloom.
Loft uterus, pregnent rabbit at term. Pour mimtes
following injection of lMethergine (M.B. 277) two
viable foti were born end intrsuterins balloon expelled.
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taneous labor contrsctions were pregent before the drug

aduinistration.

o. Ziudles op Humans., (1) Lpoograph. £ toco-
graphic record was made on & primipara at Serm, but not
in lsbor, 1a order to study the effescte of oral adminis-
tration of methergine on the uterus’. A solution of 0.2
mEm. per 6¢. wag used, th& dosege used being the same #g
the amourt 2nd echedules recoamendsd for ergobeasine
{38), This wae an oral dose of one miniz followed im
- one«-kalf hour by two minims, then after another one-half
hour 5 minime, snd then 3 mininme not oftener than at one-
half hour intervels for % more dosen, The tocographie
recording showe. that with the 3 minim doses there was an
inereace of motility &hd tone starting from 5 to 10
ainuter after adminlstration of methergine and returning
to normal in from 15 minutes to 30 minutes from the firaet
observed activity. That this effeect was not due to the
pngel of spontanacus labor contragtione war rpown by the
fact that the patient 43d not go into true lsbor until
2 daye later.

(2), [Effects of druge uged at delivery. Ancther
method ueed to estimate the effeot of exytoole druge 1ls

the indirect one where usasurement of the blood lese
from the time of the delivery of ¢t he baby until the time

“Thie trisl was made through the courtesy of Dr. ¥s. 7ilsen
and 9%, Vineent's Hospital.
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of delivery of the placenta ic made., Normally, without
the sontractile effect of oxytosic drugs on the uterus,
about 300 to 400 se. of blood is loet durilng this third
stage of labor. The sbility of an oxytocic drug to
fmnedistely eontract down the peptislly emptied uterus
recults in & hemostetic effset inamemuch as this contrage
tion of the uterur closee off many opened einuses and bleed-
ing spages. The decreased lose of blood geen when an
oxytoole is used may be usssured or estimated. Istimabted
tleod losses are not as reliabls ap measured blood losses,
but, at present, facilities in hosvitale are insufficient
te allow for the extra work required ito wessurse the blood
loes and to separate the blood from the smniotic fluids
by the several deseribed methods, (39), However, where
the pereon making the satimate of blood loiu iz a pregular
eperator doing mony deliveries sach weeok, the estinate
may show only & small errvor from the true msasure. In
this study, the blood loss from the time of delivery of
the child to the birthof the placentes was esti-ated, snd
these estinstes were made by Dootor Willism Wileon, who
hag had consideprable experienge in this work.

vethergine was glven intravenocusly with the birth of
the anterior shoulder of the baby in a dose of .2 mgm.
Table 3 shows the aversge time from the adminietration of
the drug to the time of ithe birth of the placenta, The
cases presented here were conssoutive with the exception

of & which were deleted, 3 because the drug was given
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intremusoularly inetsad of intravensusly which would lead
to sonfusgion, and 1 beocsuse of postepartun nem@r?hage
from pleeenta ageretsa, later proven by pathological section
and study. 0Cince thie lathr caee could not be congldered
due to uterins inertis, it wae vot ind uded,

The usual time given by moet authorities (40) fer
the birth of ithe plscents varivs from 5 to 20 minutes as
the averasge., From the time of injectlon of methergine
with preeentatlon of the anterior shouldsr to the birth of
the plagenta, an sverage intarval of 3,22 minutes wae noted
in the 22 casesn, In this series of camer no patlent showed
dslayed hemorrhage. Patiente who were given methergine
three times daily for three daye postepartun showed no 4in-

eresze in towmperature over that ususlly seen post-partus,

TABLE

DURATION OF THIRD STAGE OF LABOR AND BLOCL LOSS POLLOWING

ADMINISTRATION OF 0.2 Mous. wErpEroincg®

' AVERAGE HIGHEST LowEs?
DURATION OF
THIRD STAGE %.22 wmins. 6 uing, 1 min.
BLOCL LOES 150 ev. 350 oo, T5 oo,

“rhe drug wes given inmtravenously &t ¢t he time of the birth
of the snterior shoulder. This perise of patlents were
211 gelivered at Emanuel Hospitel,



49

DISQUEBIONR

Io this investigation on & new synthetic ergot~like
drug, the moet attention hes been given to thuua»amgsnta
which appéarad of the greatest prectical interest, Con-
sequently, emphasis hae been plaeed on the aatlaﬁ of
methergine, in comparison with the érgot slhkeloide, on
the uterus and on the e ywpethetic nerveus system. The
guinsa pig a2nd rabbit utufi are the best experiwental
orgene for demsnstrating oxytoolc esotivity sines moet
oxytocle druge effective in the humen lilkewiee produce a
definite etimuliatory setion on the uterus of these two
enimals. Other znlmsle are less gultable and dependable,
Stendard laboratory procedures were uced in studying
the uterine responges to thepe druge with the axbspﬁiun of
the technic developed in this laboratory for the photoe
graphlic neasurssent of uterine contraotions. This method
is an improvement on the usuarl in pitu methods for ulerine

gtudy anc ie conglderably more sensitive.

lethergine has been shown by these methods to be egusl
gr superior in setivity to srgonovine when studied in the
gulnea plg or rabbit. ¥ith further trisl on humans, 1t wes
efTestive in 2 limited veries of cases in reducing the time
of delivery of the plezcenta and to minimize post-partunm
bleeding. Fatal toxicity could not be demonatrated in swall
snlnale in the range of dones used and sdministration to

humans has been without untoward incident.
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The side aoctions of wethergline vae@mbze‘thaee of er-
gonovine, There ig o alightiy stisulesnt sotion on the
pyupathetics in which prespeet this drug differe greatly
from srgotanine, Leceuee of thie, ite field of clinieal
uspelfulness would be limited to uge in obstetrice. IJympe-
thico-~tonic dieesses, ouch e migraine, could not be
axﬁ«@t@d to be benefited by thie drug. The lack of syupa-
thisoviytic aotion of methergine was denonebrated in the
experinents dsseribed sbove on the ¢lroulstory studles on
doge, the fallure of methergine to inhibit Lhe adrenalin
action on isclated uteri, and the abllity of adrenalin to
inhibit the contrecticny of the gulnea pig intestine alter

nethorgline.

In studyling the verious actlone of methergine meny
pointe of intereat, some of less loport than othere, have
been Lnvestignted., In thie way a general oversll picture
of the mors obscure sctione along with the mors important
onee @licited by the drug hee been provided te allow s better
evalustion of this new oxytocic. =ith the information at
hand, it ie thus poseible to draw certsin conclusione sz to
the activity snd potensy of methergine in aampariwaﬁ with
ite congeners end to deduot frowm thie information ite

possible usefulneer elinically.

In addition, certain bipchemdrphologic conclusions
may be arrived at as e result of these inveetigastions., Ly-

esrgle acld, whiech, in itselfl, isa not atero-active, may be,
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in coubination with an allkyl anmide of low molecular weilmht,
made uteroc-active cad syspathiso-insciive as is the oase
for ergonovine and methergine., Or, lyssrzic seisd may ba
gonbined with wore complex side chaine to provide compounds
such a2 ergotoxine and ergotamine which ar™s both utern«soe
tiva and sympsthico-agtive. TFurther, the third poseibility
existe where by alteration of the ergotamine moleeule o
coupouns may be ocbtoined which hes loet its oteroesctivity
but retained itz sympathico.activity. uch & sompound se
this latier one would provide phavoscodynemicrlly reverse
netione to methergine., £ eormpound of thie type, possessing
little or no uterine stimulation end pood sympethleo-
eotivity has been provided this laborstery snd ie now belns
gtudied. This compound, dihydroergotamine (D, H, T, §45)
hao Leen used for ite sympntholytic effecte in several of

the lnvestigstions reported in this thesis.

“ith compounde of thie type, the twe mein therapeutic
indioantione for the use of ergot alkelolds w~-~ the oxytoole
effect and the ¢ yupathicolytlo <= could be made separste
in thelr trestment. Fgst-paprtunm hemorrhage and uterine
atony eould thue be treated with s drug more or lese gpecific
in ite asstion on the uterus and baving & minimsl smount
of gide aption, On the other hend, syapathico-toniz disor-
ders puch ae migraine could be treasted more effeetively and
without uterine side efTeete., Thet nromise of realization

of obtnining this seleotive setion with an erg@t~likn
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compound, insofer ae 1t spplies Lo trestoent of syapethico-
tonic disensee ie btorno oul by Herton (41) who hag sede a

brief report on the ellzical triel of dihydroergotoming.

The floal objectlive of eprgot resesrch wap thought to
have been achieved with the introduetion of ergotemine in
1920. ¥at thie conception and complacensy wae completely
upeet la 1935 when ergonovine wae digcovered., &incé then
no great advance in the field of ergot resesrch has been
wede. The recent litersture hes conelsted wainly of 2lu.

olidation of uinor polnts and reviews of the liternture,

it ¢ entlrvely poesible that with the demonstration of
the phernscodynunlcs of & synthetle erget«like compound that
apelher new ere in ergot reseurch snd study will be epened
Ur. Zf'tha blochemorphologic possibilitiss are not ex-
ploited, then, at least 1t is poseible to conoclude Trom
thiis fnvestigation that the production of ons coupound that
appears ag effective and non-toxic ase srgonovine for post
partus use has now been provided medlioine by synthetie
chenlstry. It remalnsz for the obetetrleinn, who ig to use
this ecoupound practically, te be the finsl judpge and make
the I inal decielion on this new synthetic after more aiini#nl
trial,



Lle

24

3

Se

6.

8.

9.
10,

il.

12,

13,

14,

15,
16,

17.

BIBLICGRAFHY

Sollmann, T., mﬂW’ Fhila.,
e B Saunders & Ce, 2 (pg. »

Enoafel, F. K., Lonergen, L. and Leake, C. D.,

Erge, See, Txp, Plol, Med,, 29:730, 1932.

Gould, R. 0., Crelg, L. C, and Jacobe, V. 4., Journ.
' a;ﬁlﬁﬁa#g7, 1942, Review, Helson and
ﬂ!i*@??, Hef. lg. 20,

Khagaseh, M. i‘n Stanger, D. %,, Eloodsood, V. r.; and
Legault, R, R,, EBolenge, 83:36, 1939; Jacebe, W. &,
and u!‘&lg, 3“ s«a, ibiﬁ P« 38

Barger, G., Lz ¥, " ﬁurn&y and Jsakson,
London, 1931.

Stearns, John, Medleal Revogitory of jiew York, 5:308,
1808, ’

Devie, %, E,, Adalp, F,. L., and Pearli, &,,
107:261 (July 25) 193637 Proest --- Ref, 38;
Ref. 38,

Derger, ﬂ,, and Carr, ¥, H., Ghealcal Hews, 5189
{fug. 24) 1906

ftoll s FLuy

Rothlin, ¥.,
19385,

Moly, J. © Ces aplt. led, Journ., 1:1119, 1932; dolr, C.
and Lele, H. H., Jpit, Jed. Journ., 2:119, 1932,

tudley, H. V., and Holr, C., Lﬁig‘_ggﬂlﬂigu:n. 1:520,
1935,

Kh&l’&sﬂ%ﬁ, He f—«, King, ﬁu% 5"911‘ e and ihemﬁﬁﬂh, MR,
83:206, 1936, { DLr. King acting in plece of
Lr. uuaisy who dled),

£

; lega, pE. 190, 1920,
B»s 6&39@7 {Egﬁ}}’ﬁtm}

Jagobe, . 4. snd Creig, L. C., Ref, no, 3 and no., 4.
-

Stold, 4., Junigoh, led, WYogh., 84 (1): 322, 1937.

LQUQ@Q Js B a, anad Graﬂnhillg I * 5y MM
§£2ﬂ11?l_ni_ﬁhﬁlliliﬂl' ‘e By Caunders & Go., Philas,
94%, (Ferpmonal comaunication from Loctor J. Greenhill.)

Rothlin, oo Areohs Zxper, 2athe. Ue Fharmekel., 181: 154,
1936*

e



18, United States Patent Ho., 2,265,217 and 2,265,207,
1.9& ﬁtﬂlth, ﬁi Gp’ MQ’ 3»112 2}2':}1 (L‘&Gy 133 19'3'8‘

20, VNelson, E. E., and Cslvery, H. U, Zhyaiocl, Hev.,
181 297. 1938,

2L, follmann, 7., snd Hanezlik, P, Ja, ﬁﬂnﬂﬁﬂﬂnﬁﬂ%ﬁgﬂi
iharmagology, W. B, Saunders & Co., ‘hila., 1937.

22, Brown, 0. Lo, 2nc Lale, O4r Henry, Erog, [oyal fog.
iond, B., 118: 44§, 1935»

23. BeBeer, T. J., and Tullar, 7, 5., rUs EXDs
&hﬂ:ﬂ; ?‘ g56, 1?41&

Q%u ﬁathliﬁ.

W
Thersp., 27:
5. Loewe, L,, and Lenke, E., Journ. Charm, ¥xp, Thera,
63: 9%, 1938, P d
26, MoGrath, Y. J., Arob. Jot. ded., 55: 942, 1935.
27. Osniz, V., ﬁﬂl:&-l!ntni_ﬂll4_iiﬂlnlt 195 657, 193504

ﬁauld, Ha Bey Frlee, A, ¥,, snd inehﬁrg, He luy
% g., 1061 16313 1936: Yater, . 4, and
~‘3h3~3~ » Je lay i.l—-.t—&?—.—l.a 106: 1625, 1930,

28. Dale, 8ir Henry, J. Puvpiol,., 34: 163, lQDG; Barger, G.,
and Lals, Sir Henry, Bloghes, Jeurn. <t 240, 1907,
29. Barbour, 4., Journ. Pharm. Fxp, ThHera., 7: 547, 1915.

30, Reynelds, 8, ¥. R., Jourp, Phyelol., 921420, 1930.

31, EKirchhof, &. C, 3 snd Devid, N, A., Uemt, Journ., Surs..
Obe. & Gyn,, 5i: 277, 19#3* ¢ .

2. Jackson, D. E;, ”.

1]

dedles, Uoaby &

35, Swanson, £, E., Hargreaves, C. C., and Chen., E. K.,
Jdourn, Amer, Pharm. Asen., 24: 835, 1938,

3‘& " whﬂmnﬁeﬂ ' o R @3 A £ Lgn # 24 4 ?#B'
1538,

- Wick, H, J., and Pﬁ'ﬁllg Co Eay j SRe k
Asgn., 31: 46, 1942,



36.

7.

38.

39.

40,

b1,

ﬁrl}ﬂﬂ, We Lay and Clark, 4. Jay

alera,, 22y 59, 1923.

Oettel, H., auauachmsnn, H,,
Phers,, 18%5: 242, 1937.

ideighsrdt, L., Zgég_ﬁgnih*; 66: 1618, 1942; Probet, V.,
Akoll, S¥0ske. 1 594, 1942,

Fortin, F. s, mmm; 35: T61,
19;33 Pastore, J, B., Quep. Jours, OPg. & GyDa., 293 866,
g

iritseh, J, L., end Behm, K. H., Joer, Journ, Obe, &
G¥ne, 34 676, 1937,

na-tan. Bs Ty ratera, Gy fsy and Elumenthel, L. S,
nr-d‘ A &1 -1 n —kﬁ eny ¥ 1..}-3 3&2"’

g
i |
L 3






