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INTRODUCTORY REMARKS

Sl\ch e turn of the century, the Biochemical approach
hay come 1o ACGUITC an CVeT JTenter sigmficance e the
field of medicine  With the new technggues of biochem-
istry 1t has heen possshic 10 isolate and synthesise a farge
number of active Substanees HUTANG 31 the linang or-
gansm.  Moreorer the processes of novmal and patho-
logial merabohun hae been analysed and the mode of
action of mamy bwlogially actine substauces has been
elucidated, The snformauen derned from these studies
has made posaible a planned search for new drugs Puog-
ress has not, of cowrse, been cqually sapud 1 atl fields
Whtle many gaestions cat He regarded 23 sartually settded,
st 1s only in the last few years that rescarch mto the bio-
Jomcally active polypeptides has got properly under way,
mamly because 3t has had to awatt the vefined methods
of modern chemstry  Such methods are gradually makmng
these mteresting compouneds accessihie to the physiologsts
and planmacologiss and, ndeed, a tew of them are al-
ready avalable to the Uumsoans  The progress that has
been made 10 vecent years w the fickl of posterior pitustary
hormones, meluding oxytoun, hears witness to the preat
impetns that an be guen to physiologmieal and chncal
research by a major Hwochemtcal advance

Rentewing the most IMpoTLant SWges 1 OXyoan e
search {Tabile 1), we sce that the effect of posterior prtu-
itary gland extract on the nterus was discorered n 1906

3



4 Itecent Progress in Oxytocin Research

(DALE), and its mammary gland effect shortly aftcrwards
in 1910 (Ot and Scorr) Nearly twenty years went by,
however, before Kanat and his co-workers (1928) suc-
ceeded in obtaining a posterior pituitary extract, Pitocin,
which consisted mainly of oxytocin, i.e., was largely, but
not entirely free from vasopressin. Yet another score years
passed before pure oxytocin was solated from animal
pituitary glands (Liversore and Du ViGNEAUD, 1949). A

TABLE 1
Soxe IMPORTANT DaTES 1N Onyrocts Ristaren
1906 Action of posterior pituitary extracts on the uterus—H H Dale
1910 Action of posterior pituitary extracts on the mammary gland—
I Ottand J C Scott
1928:  \ posterior pituttary extract (Prtocin) contarning manly oxy tocm,
1e, relatuely free from sasopressn—0Q Kamm el al
1949 Isolation of pure oxytocin—A H Livermore and V' Du \sgncand
1953 Synthests of oxytoein—V Du \igneaud ef af
1955 Process for ndustrial synthews of ovytoun (Syntocinomi-—R
Bosonnas ef al
1956 Synthetic analogues of ovytorin—R Boissonnas ef af, J Rudinger
etal

few years later 1its structural formula was clucidated (Du
VIGNEAUD ¢t al , 1953c, Turey, 1953) and, finally, oxytocmn
was synthesned (Du VIgNEAUD f al., 1953b) Du Vignran
and lus colleagues thus won the distinction of having
achieved the first synthesis of a polypeptide hormone—a
fitting reward for years of patent rescarch  For this fine
achievement, nightly hailed by the Biretish Medical Journal
as “a major triumph of the brochemusts,” Du Vievraup
was honoured with the Nobel pnize for chemistry in 1953

In that same year a method was developed for the produc-
tion of oxytocin on an industrial scale (Botssosaas et al
1955), and since February 1, 1936, the synthetic hormone
has been available to the chmictan under the trade-name
of Syntocinon. The first ana’ogucs of oxytocin were lthe



Intraductary Remarky 5

wise synthesised in 19536 (Botsossas ef al, 1956; Rue-
R el al, 1956).

s the following haplers will shovw, the suessful
clucidation of the chendeat aspects of the ovyiocin prob-
Temy was of special importance in furthering the progress
that has been made 1w this fickd. Tt will be appropriate,
therefore, 1o discuss Brst some questions velating to the
cientistry of aytocin, We shall then examine the findings
that fiave been forthcommg from plysiologial and phar-
micologreal studies and deat wih some questions of cln-
wat interest. The author has sought to trace a thread of
toherence thrangh the evoluuon of the oxyroom problem
aver the last fow years. howeser, sio attemupt bas been made
16 give an exhaustine 1eview of the Hteratnre,



II

CHEMICAL STRUCTURE AND
BIOLOGICAL ACTIVITY OF
OXYTOCIN AND RELATED

POLYPEPTIDES

O\n rocis 15 a polypeptide amude (Du Vieztauwn el al.,
1953b) which, on hydrolysts, yields a mixture ol eight
amino-acids and ammoma The components are arranged
i pepude hnkage to form a 20-membeied g of five
aminoacids (a cyclic pentapeptide moiety contamning
cysine with one free ammo group) and a side-chamn of
three ammo-aads (Fig 1} Oxytoan isolated from human,
bovine and porane posterior pituitary 15 chemcally iden-
teal (Liontt and Du VIgNeAup, 1938y  The molecular
weight 15 1007 An important chemical property ol oxy-
tocn s that the 20 membered ming can be reversibly
opened by reducuon ol the -$ S- of the cysune residue o
-SH HS-, 1 e to form two cystemne restdues  The question
naturally arises as to how far the ring structure contributes
to the specific brologial actnity of oxytoan * A penta
pepude amide which represents the cyclic morety ol
oxytocm (Fig 2) has been synthesised (Rrssirg, 1956)
and found to have a measurable, though only very weak

*[he biological acmans of oxitoan and telated compounds 15 X
prowed i intemattonal umts (1L = 10* U = 10 uU) Ty umi
the speofic owtoce actinity corresponding to that of 05 mg of the In

ernanonal Standard Prtuuan (Posenior Lobe) Powder

6
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8 Recent Progress in Oxytoctn Research

‘asopressin, the other posterior pituitary hormone
(Fig. 3), is likewise an octapeptide amide (Du Vicnzaup

TYROSINE

PHENYLALANINE

Co-—tr,

| NH

GLUTAMINE

NM e €= NH——— CHy— CH;~— CH;— CH
o co

ARGINTE

QLYGINAMIDE

Fig 3 The structural formula of sasopressin - Thes 1y the “hovine’

ype of the hormone or ‘argimne vasopressin™ OCCUITIng in many

anymals and in man Ihe “porane” tpe of the hormone or “lysine

sasopressin® found an the pig contamns hsme instead of argmine m
the side chain

et al , 1933a) with 2 20-membered ring of five ammo-acuds
and a sidechain of three amino aads  Vasopressin differs
trom oxytocin only 1n two of its amuno-aads mstead of
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iso-leucine in the ring structure it has phenylalanine, and
instead of Jeucine in the side chain it has arginine (human,
monkey, 0%, camel, dog, sheep, rabbit, rat) or lysine (pig)
(VAN Drar et al, 1957). \s might be expected, therefore,
pure sasopressin possesses A certain osytocic activity (Vas

Uterotome  Depressor  Milkejecting  Préssor  Antdiuretc
fratmwitro)  (fowlin mitu) frabbit (n su) {ratin mtu)  (dog n situ}

Oxytocin . .
7 3
Vasopressin ° . .
30 85 100

hig 1 Dingram sllustrating the brological actintty of axatacin and
argimne vasopressin i different tests 1he surface areas are propor-
tienal 1o the potency in terms of the USF standard per mg sub
stance  The figures are those published by Vax Dake e¢ al (1855

ke et al, 19533) and pure oxytocm excerts very shght.
hut measurable vasopressor and anudiuretic cffects (Vax
Dy RE et al, 1955, Gyervikn and FFRFIE, 1955, BrrpE and
CFRLETTI, 1936; KonzeTT ef al., 1936). This can be seen
from Figure 4 In addition to the utcrotontc, i e, the true
oxytocic effect (sce Chapter V), two other properues are
regarded as characterstic of oxytoun, nawmely its action
on the mammary gland (see Chapter VI) aud 1ts depressor
effect on avian blood pressure (sce Chapter VII). The
pressor and antidiuretic activities ate typical propestics
of vasopressin.
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Particular interest attaches to those synthetic oxytocn
analogues which differ from the natural hormone in only
one amino-acid (Fig 5), since a comparison of the pharma-
cological propertes of such compounds gives some insight
into the refationship between their chemical structure and
tiological activity.

Synthenc orytocm Cy$~Tyr-Neu-Giu (NH,}-Asp (NH,)- CyS~Pro-Leu-iy (NH,)
Phenylalanyl analogue Cy5-Tyr-Phe Glu(NH,)-Asp(NH,)-CyS-Pro-Leu-Gly{NH,}
Levey) analogue CyS-Tyr-Leu-Ghu{NH,)-Asp (NH,)~Cy§ -Pro-teu-GlylNr}
Valyt analogue  valyl oxytoem ) CyS-Tyr-Val -Gla (NH,}-Asp(NH,)-CyS-Pro-Lev-Gir(NH,}
Glutaminy) snalogue CyS-Tyr-lleu-Glu (NH,}-Glu [NH;}~CyS-Pro-Leu Giy(NH,}
Isaghlaminyl analogue o,mu; u{m (1@ i”_‘ﬂ'ﬁﬁf Fro-Leu Giy{NH,)

(iia wtands for magiutam ne by anslagy ta fleu for woleucr

Fig 5 The sequence of anno aads 1n oxytoan and its analogucs

Pharmacological studies of these oxytocin analogues
have shown that quite minor changes in the oxytoun mole
cule can result i a loss of the spectfic nological activity,
though this 1s by no means always the case  Thus the poly
peptide 1n which so-glutamine replaces glutamme (Ress
Ler and Du Viexratp, 1957) has none of the actions of
oxytocin and vasopresstn 1n the conventional tests. Sum
larly, the oxytoan analogue with glutamne replacing
asparagine—one of a series synthestsed mn the Sandoz labor-
atortes (Borssossas ¢t al . 1936)—1s also practically with
out activity (Berpt ef al. 1957) It «an therefore be as-
sumed that the glutaminyl and asparaginy! residues are of
parucular importance with regard to the spectfic brological
activity of oxytocin
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Not so the #50 leueyl residue 1 the ninge if this is
replaced by other amino-acid 1esidues, the compousds ob-
tzined are biologically actine, though their properties dif-
fer to a greater m lesser extent from those of oxytocin
(Berr ef al., 1957). For instance, the phenylalanyl ana-
Jogue has a less powerful oxytocic effect and a greater vaso-
pressor and antidiuresic activity than oxytocs. This s
not surprising, for the phenylalanyt analogue is intermedi-
ate in chemical structure between oxytoan and yvaso-
pressin. it is an octapeptide compnising the cyclic moiety
of vasopressin and the tripepude amide side-chain of
oxytoon  Quanuative data on this analogue are gven
in Table I1.

This same compound has alo been prepared and
studied 1 a number ol Wiological tests by KATsoyas~Is
(1957) who gave it the name “oxypressin ” KA140yANNIS
(1957) hikewise found thus polypeptide to have a higher
Tatio of pressor to oxytoud actnaty than oxytoan; al-
though, quanutatinely, Ius findings duffered somewhat
from those pubhished from this laboratory (BErRpe et al,
1957).

The substitution of leucne for sso-leucne m the ovy-
tocin molecule leads ta essentially the same changes in
activity as the replacement of 1so-lencine by phenylalanine
the oxytoein properties are attenuated and the vasopressin
properties are cnhanced  On the whole, however, the
Yency! analogue 1s Jess acuve than the phenylalanyl com-
pound (Table IT)

One of the compounds synthesised by BorssoN~as ef
al. (1956) merus special attention, namely the oxytocin
analogue with valme replacing o leucne (Fig 6). This
compound, “valyl oxytoan,” has atmost negligible pressor-
antidruretic activity, but retains high oxytocic potency; its
actenty m various tests can be seen in Table 11 The most
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interesting feature of vabybovytecin from a hiological
point of view is that it possesses & more powerful ovytoxic
actnaty e vive than in vitte Oxvytoun preparations are

o
Tty ety
R ¢S
| ", c‘m T
L
) c
1 T
! Ll
! 1 l
[ |
Oy ony
| |
S T T
b {3
L pro—— L —
GLUTAMINE

w

co—m,
QUTCINAMDE L —ronmrd

Fig 6 The structural formada of sabboxytous

usuatly standarcdised agamnst International Standard Pata-
mary {(Posterior Lobe} Fowder, for winch purpose both
the United States Plurmacopera (19353) and the Bruwsh
Pharmacopoesa {1933) recommmend an assay method based
on the depression of blood pressure in the chucken (Coon,
1939)  An ahiernauve test suggested mn the British Pharma-
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cofrocia (1953) employs the rat uterus 1n vitro (HoLtox,
1948). If other methods are used to assay oxytocin—based
for example on the cat uterus 1 situ or the milk-ejection
pressure—practically the same values are obtamed as with
the pharmacopocia methods. However, valyl-oxytocin be-
haves differently than the natural hormone: its oxytocic
effect measured on the cat uterus in sifu or on the milk-
ejection pressure 1 the lactating rabbit 1s appreciably
higher than the salues found by the pharmacopoeta
methods (BErDE et al., 1957)

Y sl

Fig 7 Charactersstic postare of a doe rabbit dunng delisery  the

anmnal puts ats head between ts hund legs, licks 1ts gemtals before

the expulsion of the foetus, then hicks the new-born offspring and
eats the placents and the membranes

For tlus reason an attempt was made to devise a
method which would make 1t possible to measure the po-
tency of oxytourhike substances under physiologal con
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ditons and on the smme function on which such sub-
stances would act in man (Bexror and Crrirrri, 1938a).
1tis Anown that fabour ean he induced in pregnant rabbits
near tenn by adaunistration of a posterior pitnitary ex-
smact (Raavs, 1926), or of pure onvytocin {Csavo, 1933).

o01 803 oosn o) o2 o1
Toas 2
e
-8
T
10
6 3
.60 £

-3
v

voz oom vose  of [T LR
Do m smineg ay vtern in witeo)
e Prtocn o— Syntactesn smaee ValyRGaytocn
Fiz 8 Deseresponse cunes of Sintoanon  {ssnthelic nainany
Proem (natural oxvincin) and wabloxseocta asaved by the anduc-
ton af fabour method  In s test vahloxitoan s tuice a5 potent
2s when assayed by the comenuonzl methnds for the Liological
standardisatton of oxytocn (Resve and Crrurrr 1938a)

Moreoser, even m non-pregmant rabluts, oxytoun evokes
a behaviont partern which i many respects js fem miscent
of labour {Favrg, 1837) A method was duly developed
in which induction of tabous m the sabbst is vsed 1o assay
oxytacic substances  the test substances are adminstered
to rabbits on the 3tst day of pregnancy and the nme of
onset of lzbour 15 vecorded (Fig 7) Like other n vivo
methods this new test gae a higher potency for \ahl
ovytoam than the pharmacopoeia methods (Fig &)
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The phenomenon of higher activity un vivo is demon-
strated to particular advantage when the uterotonic ac-
tivity of valyl-oxytocin is compared in the same species
both 11 vivo and an vitre. In the cat and in the rat the
effect of valyl-oxytocin is some three times more powerful
on the uterus in site than on the isolated organ. In con-
trast, oxytocin has the same activity in both types of ex-
periment, The face that the two compounds should dif-
ler so radically in this respect is all the more interesting
when we consider that valyl-oxytocin has only one methyl
group less than oxytocin, but is otherwise identical in
structure ¥ The high 1z vive oxytocic activity of valyl
oxytocin—which, incidentally, has recently been corrob-
orated 1n the human female (Fig. 9) (Sayth, 1958b)—1s
sttll more impressive when compared with the almost
neghgible pressorantidiuretic effect of this analogue
And, furthermore, the ratio of the oxytocic effect to the
blood pressure lowering activity in the human female (sec
Chapter VII) 1s hlewise higher (ie., clinically more
favourable) for valyl-oxytocin than for oxytocin (SsyTH.
1938b). The mmplication of these findings 1s that the
oxytocin molecule (an he modified to gne a substance
wihich, from the obstetricran’s viewpomt, 1s superior to
the natural hormone

The valyl and leucyl analogues of oxytoan have also
been synthesised by Rupinger et al. (1956), but these

*Another mstance has recently come to light of the way m which 1e
placement of an amino acid residue by a vah] sesudue can markedly alter
the properties of 2 protein In uckle cell anacmia, 2 serious blood disease,
the hacmoglobin m the ers throcytes duffers in chemical structure from that
of normal blood The differcnice wnolies only one of the nearly 300

- o e =« 't cell haemo
. : by a valyl
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workers hine not yet published detailed quantituive data
on the biotogical activities of these compounds.

Q- TYNTQUNON B (3 (ITRE,
SYNTCCINGN 334 IUTAE X VALYL OXYTOOIN (U LITRE
‘ i
L
“ 2 |
06 e Pimemmoon
o - »a i
2 a ]
I I e T
k4
=
& Eumn sruansg
b {
Z-
o
[
3
O SYNTOCINON 81U HITRE
swroe awpnrme | X VALYS OXYTOCHN 2 14 KITRE
. '
' },?/,.
3 ‘/ «
c [
[ . e P
a e 0 0 0 5 o © kol 30 4 ®

INFUSION AATE DROPS FER KINUTE 47 Led)

g 9 Comparison of synthetu ovytoan  (Syntounon} and salvl-
owloun m {our mmirz peartum patienis at wrm  The acwaty of
both preparatsons 15 gren i Internatianal Unuy as deternuned by
the phasmatopoesa methoils In equal toneentrauons valvloxytoem
1 constderably more potent than exytocin {curve Oy Drlized 8 wmes
{eurse A) vabdoxytossn 1 noticedbly less potent, awd at 4 uwmes
diluton (curse D) there is no percepuble dilference (v, 1938h)

Recapuulatmg pharmacological studies of a number
of oxytooin analogues lrave revealed that if the glutaminyl
or the asparaguiy! residue 1 the oxytocn molecule 1s re-
placed by some other ammoactd all exytocie potency 13
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The phenotmenon of higher activity in vivo is demon-
strated to particular advantage swhen the utcrotonic ac-
tivity of valyl-oxytocin is compared in the same species
both in vive and in vitre. In the cat and in the rat the
effect of valyl-oxytocin is some three times more powerful
on the uterus ¢ sitn than on the isolated organ. In con-
lrns't, oxytocn has the same activity in both types of ex-
periment. The fact that the two compounds should dif-
fer so radically in this respect is all the more interesting
when we consider that valyl-oxytocin has only one methyl
group less than oxytocin, but 1s otherwise 1dentical 1n
structure * The high 1n vive oxytocic actnaty of valyl-
oxytocin—which, incidentally, has recently been corrob-
orated in the human female (Fig. 9) (S aTh, 1958b)—is
still more impressive when compared with the almost
neghigible pressor-antidiuretic effect of this analogue.
And, furthermore, the ratio of the oxytocic cffect to the
blood pressure lowering activity in the human female (sec
Chapter V1) is hkewise higher (i.e, chmcally more
favourable) for valyl-oxytocin than for oxytocin (Syy1r,
1958b) The imphcation of these findmgs is that the
oxytocn molecule can be modified to give a substanee
which, from the obstetrician’s viewpomt, 15 superior to
the natural hormone

The valyl and leucyl analogues of oxytoun have also
been synthesised by RUDINGER ¢f al (1936), but thesc

« \nother mstance has recently come to light of the way i which r¢
placement of an amino aad sesidue by a vahl sesidue can markediy alier
the properties of a protein 10 sickle cell anacmia, 3 serions blood disease
the hacmoglobin 1n the ery throcytes differs i chemical strustare from that
of nommal blood The difference amobes onh ane of the nearly 00
amino acids that make up the haemaglobin molecule 1 sickle cell haemo

globin, a glutamny? sesidue of the Rormal protein 15 reptaced by a valyl

residue (Incra, 1937)
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disulphide ring than oxytocin and vasopressin but none
of their activity, inhibits the pressor effect of vasopressin
on the rat blood pressure.

Fig 11 Conwractions ehented i the nolated rat uterus by oxytoan,
lubited by 4 nonapeptide At intenals of 5 min (indicated by
the wiute spots), 12 mlU of synthetic oxytoan (Syntocnon) was
introduced into the organ bath (30 ml) wlhich was washed out
when the contraction had tiken place At 1, 003 ml and at 2,
01 mi of nonapeptide solution was added tw the bath, 30 seconds
before the next dose of axstoun  The smallcr dose of nonapeptide
reduced the ampliude of the contracton by about 50%, while the
lurger dose almost fully inhibuted the contractson
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lost. O the other hand, weplacement of the fsadencine by
othet amino-acids yields octapeptides with modified bios
logical activity, One of these octapeptides—salyl osytocin
—stirpavses the natisal hormone as an owytoti
Research it synthetic higher hamalogaes of oy
tocin has not yet progressed so far as the stady of oxytocin
analognes, but nevertheless one finding of some impor-
tance has emesged. A nonapeptide has secently been syn
thesised in the Saudoz labaratories which contains alf eight
aming acids of the natwal hotmone and, in addition, a
secotid tytosyl tesidue inthe ting (Fig. 10). This noua

Quytoen B4 Tyt Culhat] Asp(thi) Oy o Low QN

Honnpeptifo Cr Tor Ty bou QUMY AspNB4] o8 Pro Lev Gy it

Ly 10 e sequence of the anpmoadids in oxytoan and m a
notape ptide which wliints wane effeces of oxviacin

peptide has been tound to hase a certam hibitory effeat
on oxytoom when given shortly belore the latter i some
ests, e cliicken Blood pressure, rabbic and ta ateras o
wmho (Fig 11) (Gurisans et al | 157 Koszrn, 197
For the moment (his o of purely theateucal interest
What dee clinician requires 1s an oxytecin mhibitor with
a prolonged action m mvo which condd be wed for empo
tary suppeession af utetwe matthey, None the less, these
finelings suggest that synthete polypeptides related 1o ovy
touin may ad s moout scach tor wch a compound,
The nonapeptide may whibut the dcnon of oxytoom
by some compentng mechansm. It is tempting to specn
Tate whedher the mdubaory actnity of this higher homo
laguie 15 due o the lager swe of the isuipiode ning This
possilulity bas been Junted at by Resster amd Racing
(1a78) who forud that the se-ghatanime somes ol ovy
oo (Choglutme oxytoan) which abso has @ Jarger
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THE PRODUCTION OF OXYTOCIN
IN THE ORGANISM

Smch Lorwr’s (1921) classical mvestigations on the fiog
hieart, it has been known that the endings of peripheral
nerves release chemical mediators which transmit impulses
hom the nervous system to the organs The effect of
acetylcholine liberated by cholinergic nerves 1s confined
to the mmediate vianty of the nerve endings [Ihe
mediators released by adrenergic nerves, on the other
hand, are metabolised more slowly than acetyleliolme and
can therefore evoke systemic effects Noradrenahne, for
example, 15 present 1 adrenergic nerves and 15 liherated
at the endings of such nerves, a part of it finding 1ts way
mto the blood stream and affecting the funcuon of distant
ogans (lor detatls, see von EULER, 1956) Ilere, then, we
have a hormone that 1s produced and hberated by pen
pheral nervous clements,

In recent years numerous ivestigations mto the pro
duction of ovytocin and the production of posterior pitut
tary hormones n general, have pursucd the possihiliy
that such hormones might likewise be a produce of ner
vous elements, namely of neurones in the hypothalamus
The production of hormones m the centtal nervous sys-
tem 1s called neurosecretion

It has been known for a long tme that the hypo
thalamus and the preartary gland are artnnately connected
If the posterior pituntary 1s denenated, 1t atrophies and

20
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includes the mfundibular stem and the median emmence
of the tuber cinereum (see Fig 33). There is no histo-
logical evidence to suggest that any of the cellular ele-
ments of the neurohypophysis are secretory cells (gland
cells) capable of producing hormones. On the other hand,
the nerve endings are intimately associated witlr the blood
vessels (Bopiax, 1951). And, indeed, there 15 now much
evidence to support the view that oxytocin and vasopressin
are actually produced in the brain, or to be more precise
in the anterior hypothalamus, and that they are merely
stored m the neurohypophysts

Invesugations by E. and B. Scuarrer (1928, 1932,
1954a, 1954b) and by Bareman~ (1951, 1954, 1958a) have
shown that in both invertebrates and vertebrates, includ-
ing mammals, certain hypothalamic neurones produce
granules of neurosecretory material which are transported
along the axons This neurosecretory material progresses
along the axons at a rate of about 3 mm. per day. BaRrG-
stann (1949) made the important discosery that the neuro-
secretory granules are selectively stamned by GOMORI'S
chrome-haematoxylin phloxine With tins staining tech-
nique, the supraoptic and pam\emriculnr nucler of vart-
ous anmnals, induding mammals, can be shown to contain
abundant neurosecretory material (Fig 13), and, more
over, the granules can be traced along the supraoptico-
hypophyseal tract down to the perivascular nerve endings
Indeed 1n one spectes, the giraile, they have been observed
in the capillaries (Haxstrost, 1957), but in other ammals,
e.g, the horse, no granules have been found in the lumen
of the vessels (Kivaro and Tarasti, 1957) Be that as
it may, the accumulation of neurosecretory material n
the posterior piurtary, massed around the capillaries, has
been demonstrated m all speaes mvestigated  Inaden
tally, neurosecretory granules have cven been demon
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It was pointed out some years ago {eg, by Anft.
1921) that hypothalamic and posteriar pituitary extracts
possessed simatar biological actions.  When hisological
data began to accumulate, this questian bhecame the ohject
of systemaric vescarch (Hup and Zererr, 1931, 1952,
1053a, 1933L; Vas Dake et al, 1937). Exwracts of the
supraoptic and paraventricular nuclei and likewise of the
tuber cinereum were found to possess oxytocic, anti-
dinretic and vasopressor properties, whereas the tissues
surrounding these structures were devord of hormone, The
activiny (i ¢, hormone content) of these brain structures
was, howeser, less than that of the neurohypophysis. This
was first demonstrated in the dog. but it applies ako 0
a number of other animats and to man (Tables 11T and
1V}, There s a certamn correfaton between the amount

TABLE 1%

Horsont Conting oF 1y fluas Postrxtor Prrvmasy v 1V e
Tamistot sl (HiLp ano Zextex 1952)

o A acopressin Adwretin Oy tonin
1 807 8 00 10 80
z 3 40 6 00 9 00
3 176 380
+ 28 06 30 80
s 10 28 1200
H 15 00 a6
3 b 00 180
0 6 40 38
Mean 13 1018 10 33
= 9 4082 T13475,) 8 43(82,)
=y 355N 2 BB(2977) 3194314,)

o = standard deviation
= = ytandard error of the mean
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1955), the granules range in diameter from 50 to 200 my;
in ox hypophysis they show a greater variation in damcter
(ScrursLEr, 1952). Recent data published by BaRGMANN
(1958b) indijcate a diameter of 120 to 180 mg for the gran-
ules in the cat.

It is reasonable to suppose on the strength of thesc
histological studies alone, that the so called posterior pitu-
itary hormones might quite well be hypothalamic hor-
manes, generated in the supraoptic and p:lravcmricular
nuclei, transported along the avons, and released into the
blood vessels of the neurohypophysts  Additional evidence
to support this view s forthcoming from physiological
investigations

TABLF 111

Hokvont CoNTINT or 1HL Avtcrior Homan Hyronmatames v 1U
PI R INDIVIDUAL (HILD AND Z1 TLI R, 1952)

No | Vasopressun J Adretin
S i /
il o 0 166 0 480
2 J 0316 o2 " oast
3 0 120 0018 I nast
4 | o 0271 I o
5, o020 0120 © 0164
6 I a0 0 008 0034
7 ’ 0 208 0 167 0120
8 | 05w C o184 0 600
o | o8 0 104 L0120
o 018 0 105 0 180
Mewm | 02 013s 0255
+o | 0 1095(48,) 0 0672(50",) 0 1810(71%,)
e | 0 0HG(IS) 0 0238(18°,) 0 0550 (22,5

o = standard dexntion
¢ = standard epror of the mean
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solubility studies that the nenrasecretory material cannot
be identical winb the hormones, but must be regarded as
a carsier substance (o and Zeger, 1933b). It is not
et clear whether the Govori-positive cartier substance is
idenucat with *neuraphysine”, a biologically inert protein
present i some neurohypophyseat estracts, which is said
ta be somehow associated with oxytocin and vasopressin
(Acrter, 1938),

Paraventrcular nucleus

Opue chasma

Supraoptc nuclews  Sechon through the hypophysesl stalk

Postenor lobe

Fig 14 Daagram showing what occars when the hypophyseal stall

s cur In the proxamal stumps of the fibres descendimg from the

supraoptic nuclens and the paraventricular nuclens there 1y an

accumulation of neurosecretory mueral  The distal ends of the
fibres are devaud of granulivon (Rareviass, 1958}

Extracts of the supraoptic nucleus, hike extracts of the
paraventricular nuclens, possess both ovytocic and pressor-
antidiwretic properties (Van Dyke et al, 1957) This
would scem to mdicate that oxytocin and asopressin are
not produced n different, clearly defred regions of the
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ol neurosecretory material that can be demonstrated and
the brological activity of the extracts (Hio and ZETLER,
1952), which umplies that there is some connection be-
tween hormone production and the generation of neuro-
secretory material, In heeping with this, it has recently
been obseried that chlorpromazine in doses affecting
diuresis, leads to a reduction in the amount of neuro-
secretory material in the neurohypophysis (Kivaro et al.,
1058)

A cogent prece of evidence in support of the neuro-
secretory theory is available in studies on dogs whose
puurtary stalks had been secttoned (Hup and ZFrire,
19532) Mechanical interruption of the hypothalamo-hypo-
physeal tract leads to a thickening of the fibres n the
proximal part of the pathway and an accumulation ol
neurosecretory material m the thickened stumps ot the
fibres. In the distal part of the pathway the amount of
Goxor-positrie material decreases This would suggest
thae there s a flow of neurosecretory matetial along the
fibres (Fig 14) The hormone content of the hypothala-
mus 15 markedly reduced atter a lengthy period ol waiet
deprivation  When such thirsting stalk-sectsoned animals
are supplied with water, the amount of Justologically dem
onstrable neurosecretory material wncreases proxumal to
the pomt of sectiomng, and the biologial actnaty al
hypothalamic extracts rises Distal to the point where the
stalk was sectroned, there 1s no wmcrease mn the quantity
of neurosecretory material, nor 1s there a rise 1n the bio
logical actinty of extracts (Hup and ZyTrLer, 193%2), It
might therelore be mmagined that the granules revcaled
by the spectfic staimng technique were the actual hor-
mones, 1€, that the neurosecretory matersal was perhaps
@enucal with the proteohormones shown up by the
Govort stam.  However, 1t has been demonstrated by
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solubility studies that the neurmsecretony matetial aannot

be identical with the honnones, but mwt be terded as

2 carrier substance (Hnp and 7ettie, 19331, fuis not
yet clear whether the GouoRI-positive carmer sulstance is
identical with “neurophysine™, a biologically iners protein
present in some neurohypophyseal extracts, which is said

10 be somehow associated with oxytocin amd vasopressin

(Acuer, 1938).

Partvertrcutar nacsen )
t

i
Optic chasma

| .

Supraoplic nucleus  Secton trough 1 bypopyseal #ak Posteror by
Fig 11 Diagram showing what occurs when the hypophyseal stalk
1s cut In the proximal stumps of the fibrey descunding from |:l
supraopuc nuclcus and the paraventricular nucleus |T|crc ¥ -
a:(u\m\llzlion of neuroscaetory material. The distal ends (‘ -:"

fibres are devmd of granulation (Baxeneans, 1938) o e

Exu-:.cls of the supraoptic nucleuns, like extracts of the
par.a\cnmcnlar nucleus, possess both oxytocic and press :
antiduretic properties (Vas Dy&E ef al, l‘]l'v7)p ’]‘;’{.
would seem to indicate that oxytocin and \’m«; Tessi .
not produced in dilferent, clearly defined rcgi[()m: ::; ;t\l‘xcc
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hypothalamus, Nevertheless certain findings (Orivicrosa,
1957) suggest that the paraventricular nucleus is of par-
ticular importance as regards the production of oxytocin,
at any rate in the rat: it this nucleus is destroyed, the
oxytocin content of the pituitary gland decreases, whereas
the vasopressin content is unchanged. The blood of such
animals Jikewise contains less oxytocin than that of normal
animals (Duceas and Reen, 1938).

Centrifuge studics (PArpoE and WEATHFRALL, 1935)
have revealed that the hormones in the pituitary gland
are probably bound to mitochondna and not to micro-
somes; moreover oxytocin and vasopressin seem to be con-
tained in different mitochondria. This has an important
bearing on the question of whether the hypothalamus pro-
duces two different hormones with a molecular weight of
about 1,000 or whether the protemn with a molccular
weight of about 30,000 extracted by Van Dyvke et al
(1912) is the true pre-formed hormone (1 oxytocte unit
per 61 xg) This protem possesses all the biological prop-
erues of the posterior pitnitary hormones, and Jf 1t were
the true hormone, this would mean that the oxytoun
{mol wt. 1,007, 1 oxytocic unit per 2 pz ) and vasopressin
isolated by Dt Vicapaup were merely frazments of the
large molecule

Houwever, Van DyiF's proten can be resohed nto
two fractions, one with oxytocic, the other with raso-
pressor-antudiuretic properties, by gentle methods such
as electrophoresis and counter<urrent distnbution which
do not involve hydrolysis (Acurr et al, 19562, \cirr
and Frovactor, 1937)

There is additional evidence to suggest that the pos
terior pitmtary hormanes are discrete enuttes i some
ansmal spectes the 1atio of Vasopressor 10 oXytocie acuty
\aries greatly from onc part of the neurosecretory system
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to another; and, moreover, the vasopressin:oxytocin ratio
in a given part of the neurosecretory system varies from
one species to the next, sometimes quite considerably
(Dickrw and Thisr, 19530; Vas Dawy et al, 1957). Thus
in the dog the ratio of vasopressin to oxytocin is 15 in
the parasentricular nucleus, 21 1 the supraoptic nucleus,
14 in the tuber cinercum, and L3 in the posterior lobe
of the pituitary, This ratio in the hypothalamus is 17
for the dog, 5 for the rat, and 1.1 for the camel. In the rat
the vasopressinioxytocin ratio shows characteristic changes
during the ocstrous cycle (Fig 13) (Hrrieg, 1957a), par-
turition, and lactation (Dicker and Tr1¥R, 19582; AcHFR
etal ,1956h) The variable ratio of vasopressor to onytocic
activity of human blood (Disser and Lir, 1957) is addi-
uonal evidence that the octapeptides are the actual hor-
mones and that they are produced largely independently
of each other
Many sumuli are known to bring about a release of
oxytoan. dilatation of the cervin and body of the uterus,
cottus or mechanmical stimulation of the uterus and vagina,
suckling or mechamical stimulauon of the mamalla, certain
emotional sttmuli, thirst or a rise 1n the osmotic concen-
tration of the blood, acetylchohne, nicotine, anaesthetics;
electrical sumulation of the supraoptico-hypophyseal tract
Apparently each stimulus that causes secretion of oxytocm
ehars a simultaneous release of sasopressin. This is true
of coitus (Harris and Pickies, 1953 Frirsrre, 1933),
suchling (Cross, 1931; PEETFRs and Covssens, 1930, Kai-
tALa and Karvones, 1951) and milhing (Cowsr and
Forres, 1057), thirst (Sivox, 1931 and osmot sumuh
(ABRAILANMS and Prcerorp, 1954, Hotrasp ef al , 1958),
emotional factors (Fig. 16), acetylcholine (Arratianes and
Prcarorp, 1934), micotine (Brsser and WaLker, 1957),
anaesthetics (CHAUDHURY and WALKER, 1938) and sumu
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larion of the hypothalamus (Harsis, 1918, 1955, ASDERs-
soN, 1957)

“The mechanism of action of most of these stimult is
not yet understood. It is, however, known that the supra-
optic and parasentricsdar uucled are situated in that pant
of the hypothalamus which is sensitive 1o Jocal asmotic
stimuli (VERNEY, 1958)  The mjection of eserine or driso-
propyt fi phospt utto the

praoptic nucleus of the

Unine fiow
{ml e}

Utering conirsctions
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Frg 16 The effecs of emoton on untne flow and utemne moulitn
m a dog Upper recard unne flow  Lower record Ieequency of
utenne ONYALUOR AL rern time 300 m) warer by mouth  During
penod \ preparanons were made for an mracaroud mjection which
was not gnen Followsng thes emononal sumulus decrease of urine
secretion {release of vasopresumy as well as wicrease of uterme Mo
ubon (release of axvtocin) can be obsened (Aesamsavys and Pica-

FEn, 1934)
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dog causes increased uterme motility, from which it can
be assumed that cholnergic transmission is mvolied m
the central mechanisms responsible for the Iiberation of
oxytocin (Asranams and Pickrorp, 1956). Studies with
nicotine and hexamethonium have shown, however, that
this particular synaptic transmission mechanism differs
from that in the peripheral autonomic ganglia (Bisser
and WALRER, 1957; WALKER, 1958)

Irrespective of the “logical purpose” ol a given stimu-
lus, the amount of oxytocin released from the neurohypo-
physis 1s always greater than the amount of vasopressin
The ratio varies from 4 . 1 for electrical stimulation
of the hypothalamus to 100 . 1 for suckling (Harris,
1955). For the time being this phenonienon remarns an
enmigma If oxytocin and vasopressin were always released
in constant proportions, it could be assumed that the
cytochemical processes by which they are produced were
so 1ntimately geared that the two hormones could only
be bunlt up and released in a fixed rauo Houerver, this
15 not the case: the organism appears to be able to regu-
Iate the production and hiberation of each hormonce separ-
ately Why then 15 oxytocin released along with vaso-
pressin after an osmotic stimulus and why are both
oxytocin and vasopressin released during suckhing? Could
it be that some sort of interaction between the two poly
peptides at the effector organs 1s of greater mmportance
than we suspect?



v

THE FATE OF OXYTOCIN

O\rmc(\ released from the neurohypophyses 1s car-
Tied in the biood stream to the organs where it exercises
s specific biologieal actions 1t s still not known with
certainty m what form onytoan s transported n the
bload, but there are grounds for believing that it enters
mnto Joose combination with the seram protemns: v di-
alysis expeniments (Hroier, 1957a) ovytocin disappears
at a faster rate from Kress-EncresTons sohition than from
human plasma (Fig 17) Inuhn winch s vot bound to
the serum protems diffuses out of both systems at the same
Tate.

The estmanon of oxytocn tn bolomial flids ac-
quires 3 special importance when we come to study the
fate of the hormone. Quantitame data on the ovytocmn
content of the blood show considerable vartation and are
often difficult to mnterprer. This s due, n part at least,
to difficulties mherent tn the assay procedure  Present
day methods for determining the onytocn content of the
blood (Bisser and WALKER, 1934, DBisser et af , 1936) are
based on measurement of thae part of the uterotome ac-
uvity of blood extracts which 1s not due o other substances
Lnown to act on smooth muscle, ¢ g potassium. ions, hsta-
mine, 5-hydrosy-tryptamune, acetylcholine or adrenahne,
and 1s abolished by thioglyeolate  This method s founded
on sound brolagical principles, nevertheless st lacks the
ingh degree of certawncy that could be attamed by means

a3
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dog causes increased uterine motility, from which it can
be assumed that cholinergic transmission 1s miolied in
the central mechanisms responsible [or the liberation of
oxytocin (ApraHAMS and Pickrorp, 1956) Studies with
nicotine and hexamcthonium have shown. however, that
this particular synaptic transmission mechanism differs
from that in the peripheral autonomic ganglia (BISSET
and WALKER, 1957; WALKER, 1958).

Irrespective of the “logical purpose” of a given stimu-
lus, the amount of oxytocin released from the neurohypo-
physis 1s always greater than the amount of vasopressin.
The rano varies from 4 : 1 for electrical stimulation
of the hypothalamus to 100 . 1 for suckling (Harris,
1955) For the time bemng this phenomenon remamns ai
emigma If oxytocin and vasopressin were always released
in constant proportions, it could be assumed that the
cytochemical processes by which they are produced were
so mntumately geared that the two hormones could only
be built up and released 1n a fixed ratio  Howerver, this
is not the case, the organism appears to be able to regt-
late the production and liberation of each hormone separ-
ately. Why then 1s oxytocn released along with vaso-
pressin after an osmotic sumulus and why are both
oxytocin and vasopressin released during suckling? Could
it be that some sort of interaction between the two poly-
pepuides at the effector organs 15 of greater mportance
than we suspect?
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sov, 1936) and from the hypothalamus—=but not the pitu-
itary gland—of various animals (Roser1soN and Hawrrr,
1957). Unlike ozytocin this substance is not inactnated
by thioglycolate. Clearly, this finding stll further comph-
cates the interpretation of data on the oxytocic activity of
blood and tissue extracts,

In the rat blood from the pitmtary gland drams into
the external jugular vem, so that the blood i this vessel
would be expected to have a higher oxytocn concentra-
tion than that n other vens and arteries  In anaes-
thetised rats the oxytocn concentration of blood from
the external jugular vemn ranged from 2 to 7 mU /ml
{Bisser and Watner, 1931) In the same vem m the cow,
the oxytocin concentration was 120 to 300 pU./ml. and
increased after stunulation of the uterus and vagma to as
high as 420 to 850 uU /m] (FirzraTrick, 1937). In man
blood from the pituitary gland finds its way o the
mternal jugular vein  The oxytoun concentration of
blood from this vein was about 12 mU /ml 1n anaes-
thetised men and women (BisskT et al, 1956) In non-
anaesthetised subjects the oxytoan content of blood from
this vein was lower (Table V), while that of blood from
peripheral vems was still less always below 04 mU /ml
(BisseT and Lrr, 1957) Other mvestigators (HAWRER
and Rogertsos, 1936) have found considerably higher
oxytocin concentrations in female venous blood: 02 to
78 mU /m!l 1n non-pregnant women, 095 to 43 mU /ml
in pregnant women, and 01 to 1.17 mU /ml during the
first stage of labour If we compare the values of Bisser
and Lee (1937) for non pregnant women with those of
Hawker and Rosertson (1936), we see that the discrep-
ancy is of the orderof 1 . 10

Oxytocin 1s eliminated by inactination or excretion.
If strong uterine contractions are induced 1n a woman
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of a specific chemical method of detecting ovytocin in the
blood, 1f any such method were available. ‘The short-
comings of the biological method are evident from the
fact that if a known amount of oxytacin is added to the
blood in vitro and an oxytocin assay 1s carried out, the
value found is invariably too low. This can be scen from
the last column of Table V' Morcover, it has recently
been reported that a second oxytocic substance can be ex-
tracted from human female blood (HAwkEer and RoBErT-

% aclwiy remaining within dualysis bag

dj 0
Dialys:s tme {hours)

o
-
@

Fig 17 Dulysis to equilibrium of synthetic oxytoun (Syntounon)

«——x 1n human plasma and o——o 1 hrebs Eggleston phosphate

saline buffer  Imual concentration of oxytoan mn dualysis bag

100 mU /ml Nopax casing (8/32) was used as the dialysis membrane

It was rotated at 200 rpm at room temperature  ActvIty was

esumated by means of (1 + 1) assays on the rar uterus (HELLER,
19572)
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s0%, 1956) and [rom the hypothalamus—hbut not the pitu-
itary gland—of various ammals (Rostrrsox and Hawkeg,
1937) Unlike oxytocin this substance is not inactivated
by thioglycolate. Clearly, this finding still further compli-
cates the interpretation of data on the onytocic activity of
blood and tissue extracts.

In the rat blood from the pituitary gland drains into
the external jugular vein, so that the blood m this vessel
would be evpected to have a higher ovytocin concentra-
tion than that in other vems and arteries. In anaes-
thetised rats the onytocin concentration of blood from
the external jugular vcin ranged from 2 to 7 mU./ml
{Bisser and Warker, 1931). In the same vein 1n the cow,
the oxytocin concentration was 120 to 300 xU./m! and
increased after stimulation of thie uterus and vagina to as
high as 420 to 850 pU./ml. (Frrzratricy, 1957). In man
blood from the puuitary gland finds 1ts way mto the
internal jugular vein. The oXjtocin concentration of
blood from this vein was about 12 mU /ml. in anaes-
thetised men and women (Bisset et al., 1936) In non-
anaesthetised subjects the oxytocin content of blood from
this vein was lower (Table V), while that of blood from
peripheral vems was still less: always below 04 mU /ml
(BrsseT and Lik, 1937) Other imestigators (Hawhir
and Rozrrrson, 1956) have found considerably hugher
oxytocin concentrations n female venous blood: 02 to
78 mU /ml in non-pregnant women, 093 to 43 mU /ml
in pregnant women, and 01 to 1.17 mU /ml. during the
first stage of labour If we compare the values of BisseT
and Lee (1957) for non-pregnant women with those of
Hawker and Roerrtsos (1956), we see that the discrep-
ancy1sof the orderof 1 10.

Oxytocin is eliminated by inactivation o1 excretion
If strong uterine contractions are induced 1n a woman
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body is dependent upon the Lidneys and organs ol the
splanchnic vascular area; in lactating rats the ovytocin
clearance is not solely dependent on this group of viscera.
At all events, cell-free extracts of hidney, liver and in-
testine destroy the posterior pituitary hormones (HELLER,
1957b).

£ 104 o
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E .
< oe-
gosy § ° o
=
g ]
§ o6
8
g
< 04

02

o

v T T T T

2 4 6 8 10
minutes after injection
Fig 18 The disappearance of mjected oxytoan from the blood
of rabbits  The amimals were anacsthetssed with urethane and blood
was collected from the caroud artery 200 mU /100 g oxytean
were injected 1nto the ear vein o normal rabbits, o rabbits whose
kidney vessels had been ligated (Crarpuury and WALker, 1937)

A factor mactivating oxytoan can hikewise be demon-
strated in human placenta (Hawxner, 1956). Extracts pre-
pared from fresh placenta with physiological saline will
mactivate considerable amounts of oxytocin when in-
cubated with the hormone at 37°C. The amount of hor-
mone activated depends upon the concentration of the
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near to term by intravenous drip infusion of oxytocin and
the infusion is interrupted, the activity of the uterus falls
by 50 per cent within about 15 minutes (CALDEiRO-
Barcta et al., 1957b). This gives a good ndication of the
duration of action of oXytocin on the human uterus, but
it 1s hardly permussible to draw any very definite conclu-
sion concerung the elimination of oxytocin from abserva-
tions of thus hind. The persistence of an effect does not
necessarily mean that the substance which elicited the
effect 1s still present in an intact form in the organ af-
fected Indeed another investigator (MuLLer, 1958b)
using a different—but also mdirect—technique came to
the conclusion that in the pregnant woman near to term
a small dose of oxytocin has a half-life of about 1 minute.
Both findings suggest that oxytocin is rapidly metabolised

A sumlar mference can be drawn from experiments
by Cuaupuury and WALKLR (1957) who admunistered
a known amount of oxytocin to rabbits and followed 1ts
rate of disappearance from the blood 10 minutes after
intravenous administration of 200 mU oxytocin per 100
g body weight. the hormone could no longer be detected
in the blood The halflife was 3 3 mmnutes In ths e
spect oxytocin resembles vasopressin which Itkewsse dis-
appears rapidly from the blood 1If the renal blood vessels
are hgated, the half ife of oxytocin mncreases to 97 mmn
utes (Fig 18) Though 1t 1s known that part of the -
jected oxytocin 15 excreted in the urine (Larsow, 1935),
most of 1t would appear to be mactivated 1n the kidney
tissues, as is the case with parenterally administered vaso-
pressin which 15 nactinated by the kidneys and by the
organs of the splanchnic vascular area (GInsBURG and
HELLER, 1953) Recently published data by GINSBURG

and Snvirra (1958) suggest that 1n male rats, as well as

female Tats 1n oestrus, the clearance of oxytocin from the
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aroused a great deal of interest  Further work has been
carried out in this field (Wrrtr et al, 1911, 1950, 1951,
1936, Seang, 1033, 1935, 1038, Pace, 1016, 1917) on the
assumption that the inactivation is due to an enzyme
(“osytocinase”™)  This property of pregnant serum to in-

0 NON PREGNANT
M 21 DAYS PREGNANT

PLASMA
SKELETAL
MUSCLE
E 3
KoY —
= =
LIVER
UTERUS
PLACENTA
! ; N N - ———

200 400 800
OXYTOCINASE ACTIVITY (DILUTION)
big 20 Comparison of oxytocimase activty i pregnant and non
pregnant rat tissue  The acuvity of utertne uissue s meresed
pregnancy (SAwvER, 1951)

activate oxytocan can only be demonstrated m man and
monkeys Attempts to detect any such property in the
serum of a large number of other species (the rat, guinea
pig. rabbu, dog, pig, cow and horse) during pregnancy
have failed The mactivating factor 1n the serum appears
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extract (Fig. 19). All placental extracts examined in this
laboratory showed tlis activity which was of the same
order for a number of specimens. The action is not
strictly specific for oxytocin, since the extracts will also

60+

70

ED QO43mi/mt

“ age ol ong nal actwity

@
8

0‘025 OIOS Dll

mi eatract/ml total volume

Fig 19 Inactvation of synthetic oxytocin (Syntocnon) by a physt
ological saline extract of human placenta A 01 I'U/ml solution
of Syntocinon was incubated with sarious amounts of the exeract
at 87°C for 00 minutes, whereupon the residual activity was deter
ouned 1 ml of extract corresponded to 08 g of placental ussue,
dry substance = 3%, total-N = 408 mg/m!, protun-N = 386

mg /ml

inactivate valyl-oxytocin (Brepe and ZEHNDER, 1958). It
is mteresting to note that the capacity of the rat uterus to
nacttvate oxytocin shows a certain increase during preg-
nancy (SAWYER, 19534) The same does not apply to sheletal
muscle, iver and renal tussue (Fig 20)

The discovery that the serum of pregnant women is
able to inactnvate oxytocin and that its capacity to do so
increases as pregnancy advances (FExere, 1930, 1932),
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findings in mind, the changes in oxytocinase actisvity could
be regarded as one of nature's protective measures for
keeping the wterus at rest during pregnancy. The ovy-
tocinase would guard the uterus against oxytocin present
in the blood and released from the neurohypophysis in
considerable amounts in tesponise to certain stimuli. It
bas actually been demonstrated that when oxytocin is in-
fused for five to ten Nours, the ovytocinase activity of the
plasma ncreases (Carnryro-Barera and PosFwa, 1958).

OXYTOCINASE ACTIITY

7

Lo )

NON 7T0AYS  14DAYS 21 DAYS AT 1DAY
PREGNANT 1 PRUGNANT ———t TERM  POST
PARTUM

Fig 21 Oxytoumase actnity of the myometrium an rats at dif-
{erent stages of pregnancy (SAwstx, 1951)

This enzymatic mechanism would be an extraauterine
protectine arrangement dunng pregnancy. It would be
complementary to the well-known hormonal mechanmism
protecting the uterus (Kaavs, 1930), whereby utenne irri-
tability is reduced, possibly as a result of suboptimal intra-
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to differ from the inactivating factors occurring m various
other parts of the body, e.g. in the erythrocytes, pancreas
and ovaries. The serum factor does not pass from the
maternal into the foetal circulation., When pregnant
serum is subjected to vertical electrophoresis, oxytocinase
is found on the cathode side of the albumin stream. The
large molecules of serum oxytocinase cannat be dalysed,
the enzyme is precipitated by 33 per cent saturation with
ammonium sulphate, is unaffected by ultra-violet radia-
tion, but is sensitive to heat, It is rapidly destroyed by
boiling and is slowly nactivated by heating at 57°C. Ox-
wdation also leads to loss of activity. The oxytocin inacti-
vation cune conforms to that of a first order reaction
Above 10°C the rate of the reaction increases with Tising
temperature The optimum pH hes between 65 and 7.5
and 1s rather sharply defined Cysteme and glutathione
activate serum oxytocinase, but chelatng agents, such as
ethylenediamine tetraacetate, mhibit the enzymatic ac-
tion  Managanese, cobalt and zinc 1ons restore the lost
activity Another chelaung agent, 8-hydroxyqumolne,
hikewise 1nhibits serum oxytocinase Cyanide, however,
does not affect the enzymatic reaction

For the time being 1t 1s difficult to say anything about
the physiological significance of the oxytocm-inactivating
factor ot pregnant serum This 1s mainly because the dif-
ferent authors disagree as to the serum oxytocinase ac-
uvity m the last weeks of pregnancy and durmng labowt

According to Dicker and TyLER (1956) the capacity
of pregnant serum to mactivate oxytoon decreases {rom
the 28th week, and 1n most cases no such acuvity can be
detected at term. There 1s a certain paralle]l between this
finding and the observation that the capacity of the rat
uterus to nactivate oxytocn ncreases during gestation,
but 1s low at term (Fig. 21) (SawYER, 1954). With these
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Fig 22 Plasma oxytounase levels i normal pregnancy  Ordinate
units per ml plasma (values below 01 not illustrated)  Abscissa
weeks of pregnancy, dating from conception (PAcE, 1916).
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cellular potassinm jon concentration and the cflect of
the latter on the cell membrane (Csaro, 1936). The de-
cline in serum ovytocinase activity near to term would
provide a convenient explanation of the increase in uterine
sensitivity to oxytocin.

It must, however, be pointed out that most investi-
gators have not found a decrease in serum oxytocinase
activity at the end of pregnancy, but the opposite. Ac-
cording to Wrree and Sent (1956), oxytocinase activity
can be detected with certainty in the serum [rom the sec-
ond month of pregnancy. It remains at roughly the same
level from the third to the eighth month and then begins
to increase again until at birth serum oxytocinase activity
is sixty times higher than at the end of the second month
According to another nvestigator (Pace, 1946), oxyto-
cmnase activity 1s 2 thousand times higher in the thirty-
cighth week than i the fourth week, He found a con-
tinuous TIse 1N serum oxytocinase actnuty (Fig 22) with-
out a plateau between the tlnrd and eighth month Yet
another team of investigators (Carpeiro-Barcia and
Poseiro, 1958) has found oxytocinase activity to be at a
maximum at term  Hence the increasing sensitivity of the
uterus to oxytocin towards the end of pregnancy can
hardly be explained on the basis of changes in serum
oxytocmase activity  According to most investigators the
mactivating factor only begins to dechine after delivery

Tupry and Nesvappa (1957) have recently shown that
the effect of pregnant serum on the oxytocin molecule 15
probably to open the ring between the cystine and the
tyrosine residuc (Fig 23) From this it would appear that
the inactivating factor 1s an aminopeptidase And, in fact,
aminopeptidase substrates, viz. the A-naphthylamides of
glycine, pr-alanine, L-deucine and L-cystine, were hydro-
lysed more rapidly by the serum of pregnant women 1n
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the thirty-seventh to fortieth weeh than by the serum of
non-pregnant women (Table VI). Since the activity of
the serum varied depending upon the enzyme substrate
employed, it must be assumed that the serum contained
more than one aminopeptidase. This type of investigation
takes us an important step towards a solution of the “oxy-
tocmase” problem, for it makes use of well-defined reac-
tions permitting accurate chemical determination of the
various aminopeptidases in the serum at different stages
of pregnancy.

CyS-Tyr-lu~Glu (NH }-Asp (NH,}-CyS-Pro=Leu-Gly(NH;}
[P S |

Pregnant serum  ——>
CyS Tyr~lisu-GlulNH,)-Asp (NH,}-CyS-Fro-Leu-Gly (NH,)
[ A e

Tig 23 The action of dalysed pregnant serum on the oxytoas

molecule (Tuery and Nisvaona, 1957) The mactnaung prmaple

acts on the peptle hnk between the cysune residue and the
tyrosine resitue, opeming the ring

It 15 sull not certam, however, that the aminopeptt-
dases nsvestigated by Tuppy and NEsvapBa (1957) are
wlennical with the so-called serum oxytocinase of other
workers In the first place, the serum of non-pregnant
women has been tound to possess a quite appreciable
aminopepudase actisity, whereas earlier 1nvestigators were
unable to detect any serum oxytocinase In non-pregnant
women Furthermore, the most active enzyme, that hy-
drolysing L-tysune di-gf-naphthylamide, shows only thir-
teen times greater acuvity (at pH 7 4) mn pregnant women
near to term than 1n non-pregnant women, whereas serum
oxytocinase actrvity has been reported to be sixty, indeed
as much as a thousand times higher during pregnancy.
Then agam, the ammopeptidases studied by Tuppy are
inhibited by cyanide and manganese 1ons which are with-
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out cffect on oxytocmnase, though, both systems are inhib-
ited by chelating agents, e g ethylenediamine tetraacetic
acid. Further research on these lines may well lead to an
carly clarification of these problems and so to a better un-
derstanding of the [ate of oxytocin in the organism,

An inactivation of oxytocin different from that dis-
covered by Tuppy and Nesvapsa (1957) has been de-
scribed by Resster (1958). It involves cleavage of the
wtramolecular disulphide bond of oxytocin and the for-
mation of intermolecular disulphide bonds Letween two
or more molecules of the hormone. A less soluble dimer
or other higher molecular weight form is obtained This
type of nactivation was found to occur under muildly
alkaline conditions 1 vitro. It is not yet known whether
oxytocin can undergo such changes in vivo.



OXYTOCIN AND LABOUR

THE TERV “oxytocic” is derned from the Greek ogis
(swift) and récos (birth), Onxytocin s therefore aptly
named, for it accelerates labour by eliciung or reinlorcing
contractions of the uterine smooth muscle in many species
mcludmg man  This property finds clinical application
for induction of labour and correction of uterine mertia,
Oxytocin has a peripheral site of action—it acts directly
on receptors n the smooth muscle cells of the wterus—so
that tn wmtro preparations can be used to demonstrate its
oxytocic or uterotomic action (Fig 24) In addivon to
eliciting uterine contractions, oxytocin appears to enhance
the sensttivaty of the myometrium to other stimult (Csaro,
1954)

From electrophystologial studies on the rat uterus
(June, 19537), the primary action of oxytocn on uterine
muscle seems to be to lower the membrane potental This
15 followed by a series of tetanic action potentials which,
with low doses (eg. 0001 I U 1v), are attended by a
mechamcal contraction. The latent period before these
cischarges appear depends upon the hormone concentra
ton  With increasing oxytoan doses, the amplitude of
the action potentals as well as the ume that elapses before
the peak potenual 1s reached, both decrease  But the most
remarkable plienomenon s that the muscle remains con-
tracted long after the action potentials have died away
(Fig 25) It may be concluded from this that the pro-

49



48 Recent Piogress in Oxytocin Research

out cffect on oxytocinase; though, both systems are inhib-
ited by chelaung agents, e.g. ethylenediamine tetraacetic
acid. Further research on these lines may well Jead to an
carly clarification of these problems and so to a better un-
derstanding of the fate ol oxytoun in the organism.

An inactivation of oxytocin different from that dis-
covered by Turey and Nrsvapsa (1957) has been de-
scribed by Resstrr (1958) It involves cleavage of the
intramolecular disulphide bond of oxytocin and the for-
mation of intermolecular disulphide bonds between two
or more molecules of the lormone. A less soluble dimer
or other higher molecular weight form 15 obtaed  This
type of inactivation was found to occur under mildly
alkaline conditions in vitro. It is not yet known wlhether
oxytoain can undergo such changes in vivo
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oxytocin levels that obtain in the sequence of events in
childbirth, This question, moreover, is of considerable
biological interest.

There is really only one finding at odds with the sup-
position that ovytocin may be implicated in labour,

[o3mv HIy
a
b
c
]
d
Fig 25 The action j and 1 of a rat

uterus under the mfluence of ncreasing doses of o‘()lo(ln Follow-

g large doses the tonus stays lugh even when the acuon potentials

have subsided In trace “d” the action potenuals are very low and

are of a different kind as can be seen even at thus recording speed
(June, 1957}
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Tig 21 The effect of synthetic oxytoan (Syntocinon) on an 1so-

lated strip of human uterine muscle Caesarian sectton was per-

formed on the 15th day after term At 1,0021U.and at 2,001 IU

of Syntocinon was added to the organ bath (50 ml) At ¢ the bath

was washed out twice Time I minute The response was de-
pendent upon the dose

tracted shortening of the uterine smooth muscle, the so-
called “tetanus utert,” elicrted by high doses of oxytocin,
1s not really tetanus mn the tiue sense of the word, but a
contracture However, recent studies (Evans et al., 1958)
suggest that the action of oxytocin on uterme muscle 15
not exclusively mediated via changes m membrane po-
tential: rat uter1 were immersed mn RINGER’s solution m
which sodium was replaced by potassium. Although the
utert had no measurable membrane potential they still
contracted 1n response to a number of smooth muscle
stimulants 1ncluding oxytocin It seems possible, there-
fore, that oxytocin may actuivate the contractile elements
without 1nvoking the mechanism of membrane depolari-
sation.

A question of much interest to the clinictan, and es-
pecxally to the obstetrician, 15 whether oxytocin is actually
a physwlogical factor mn the process of labour If this were
the case, 1t would be nteresting to know the physiological
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sary to administer roughly eight times more oxytoan m
the 20th week and tvice as much i the 30th week than
atterm (Post.and Carory ro-Barcia, 1938). T he increase
in sensitivity is mainly confined to the corpus {Vig 26)

MID FREGRANCY PRE PARTURIENT

Rasponse n e Mg

¥,

o as Ta
Dos 1 orytoem
{1y 26 JIncrease in the sensitinity to oxstoan of the corpus utert
at the end of pregnancy b recorded Tesy of
«orpus (Coj and cenvin (Cx) are plotted against the dose of oxytoan
(13} at two stages of pregniney At mid pregnaney (22 weeks) the
tervcal Tesponses are consistently greater than those of the corpus,
whifst 1n a cow 36 hours before delivery the corpus responses are
the greater (Frrzpatrics, [957)

{Frezrairich, 19757y which, by 1ts contractions, contributes
to the expulsion of the foetns durmg labour  The sensi-
tnaty af the cenvix does not appear to be enhanced at term
Tlus 15 1n heeping with the passive rdle of this part of
the uterus i the process of labour  So pronounced 1s the
INCTease 1n uterme sensitivity to oxytoan at term, that it
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namely oxytocin is not found in higher concentrations
in the blood of women in labour (Hawar and Roser1-
son, 1956). This clearly cannot be ignored, but it should
be pounted out that the methods in cutrent use for esti-
matng oxytocin in the blood are beset with considerable
difficulties (see Chapter IV). The results of such esti-
mations are frequently contradictory and a certain cau-
ton should be exercised in evalnating them, bearing in
mind that transient, periodic fluctuations in the blood
oxytocin level could concervably occur and pass unnoticed
Expenimental evidence to be discussed below suggests that
the blood oxytocin level may well be subject to periodic
fluctuations of this kind.

There was formerly a great deal of discussion as to
whether or not labour was retarded by hypophysectomy
or sectioning of the prtuitary stalk, since the experimental
findings (recently reviewed by Harris, 1955) were contra-
dictory This subject has lost some of 1ts nterest, for it
15 almost certan that the so-called posterior pitustary
hormones are produced 1n the hypothalamus, and the
median emunence of the tuber anerewn 1s known to he
as much a part of the neurohypophysts as 1s the posterior
lobe atself

The view that oxytocin plays a part in labour finds
support 1n the complete analogy between normal, spon-
taneous uterine contractions and uterme motility elicited
Ly oxytocin approptiately administered in correct dosage
Tlus apphes to the shape, mtensity, frequency, duraton,
tonus as well as to the co-ordination of the contractions
women (CALDEYRO-BarcIa and Poserro, 1958)

Evidence that oxytocm participates i the physi-
ological processes of normal birth 1s likewtse furmshed
by the observation that uterine sensitivity to this hormone

(ticreases at term  For a comparable response it 15 neces-
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an be employed to predict with a Ingh degree of prob-
bility whether rupture of the membranes wifl induce
wour (Svivnin, 1958, 1958c): il a uterine contraction
i elicited by iuuﬁ;ﬁ‘ﬂwﬂ_m U./min

rytocm up to a total ol 0.03 LU, the chances of success-
Al surgical induction are good (g 27); il the uterus re-
»onds only to greater amounts of oxytocin, the immediate
hances of successful surgical induction are shght. Table
‘T shows that the oxytocin sensitnity of the uterus is also
useful guide to the probable date GUSPONTATEOTS onset
flabour (N1vo~ and Suytir, 1938) The response of the
terus to oxytocin is, further, a uscful indication as to
hether medical inducuon of labour 1s hkely to be suc-
ssful (Murer, 1938).

TABLE AT

M SCALE 0F SENSITIVITIES APPLICABLE Fok \SSISSING THF PRopantr
O\sET oF Lanotx Ok FaLsr Lotk (Nfxos axp Suvrs, 1958)

Sunsitiaty —total units
oxytocin Probable days to onset

00t same day ~

002 <came day or next day ¥
003 next dn 7

004 | 2 days_

006 I 310 4 davs

008 5 ta 6 dav~

010 a week

An observauon by Gustirr (1948) has a close bear-
ng on the question of oxytoan secretion during labour
he noted 1n a lactaung woman n labour that each uterme
ontraction was accompamed by a spontaneous ejection
fmilk The phenomenon of milk ejection 1s now known
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Prmipara = ¢

200 Muitpara = x
200+ : !
.
*

TIME FROM INDUCTION TO ONSET OF LABOUR (hours}

oo 002 003
OXYTOCIN SENSITIVITY (untts)

Fig 27 Relauon betseen oxytoan sensitnvaty and onset of labour
after amniotomy 1R patients sensttive to less than 0 0F I'U oxytoan
The correlauion 1s sigmficant at 200 1 probability (S\Ta, 19582)
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tinuously recorded and atleulated in Montevideo unuts
{amplitude of contractions in mm. Hg x frequency of con-
tractians pet ten minute intenval), There was found to be
a clearly defined relationshiip between the amount of oxy-
tocin infused and the resulant uterine activity (Fig. 28)
Indeed, if utertme actwity and ovytocin dose are plotted
on a swtable scale, a rectilinear relationship is obtained

Towss | Covmacnoms | [vewmE scrny
urns I | PReQuRRCY | womTEvoro
e
mon g 1230 hours mm Hg | mm Mg | por D min
. O s
o “ ? 32 2 &
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EA . « 23 Y
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& 80
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° v 8 29 w9
2 °
2 =
22 @ o | e 22 28
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o w0
Few 9 S 3 0
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w
£ " 7 42 S
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e

Fig 28 Seven sections from 2 rcord of utenine contraculity ob-
tamed 10 a full term pregnant woman  Scction O shows the spon-
taneous contracultty The subsequent sectrons show the contractility
produced by the infusion of oxytoci at the rates of 1, 2, 4, 8, 16 and
32.mU /mun The aserage salues of the tonus, mtensity, frequency
and uterine actnaty are wndrcated for each sccuon  In section 16
the has been d (Caneteo-B.

P

et ol , 1857h)
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to be due to the release of oxytocin from the neurohypo-
physis (see Chapter VI). This observation would there-
fore imply that there is a periodic rise in oxytocin secre-
tion during labour which coincides with the uterine con-
tractions. A similar observation has recently been made
in rabbats (Cross, 1958b): it has been estimated from the
milk-ejection pressure that some tnenty mU. of oxytocin
may be released during expulsion of a foetus,

Another important finding in this connection is that
electrical stimulation of the supraoptico-hypophyseal tract
in anaesthetised pregnant rabbits at term can induce
labour in the same way as intravenous admnistration of
50 to 200 mU. of oxytocn (Cross, 1958b)

In conclusion it should be mentioned that the oxy-
tocin content of the hypophysis decreases during labour
(Table VIII} in both rats (Dicker and TyLer, 1953b,
Acurer and Frowiaceor, 1957) and dogs (Dicker and
TrLER, 1953a) There 1s a certain parallel between this
finding and the observation that the oxytocic activity of
the urnine of pregnant women 1s higher than that of the
urine of men and non-pregnant women (COCKRILL ¢f al,,
1934).

There 3s thus quite a considerable body of evidence
to support the view that oxytocin may well be one of the
physiological regulators of uterme activity during labour

1f oxytocin actually were a physiologrcal factor mn the
process of birth 1t would be of considerable importance
for the obstetrician to know the a procin-se-
creted during labour For this reason the direct tocometric
investigations of CAIDEyRO-BaRc1a et al (19772, T957h,
1958) 1n women shortly belore dc)ncwy inter.
esting These investigators adinmmstered synthetic oxytocit

(S)ntocmon) by mntravenous drip minsxcn n various
doses, each dose for one hour Utenne :lcnvuy was con-
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motility at the end of the first stage and in the second
stage can be simulated by giving about § wmll/ming
and the most powerful contractions occurring dusing
the secand stage can be nuutated by administering about
16 mU./min * This hatter infusion mate nay occasionatly
elict uterine contractions more powerful than those oc-
curring 1 spoutancous Iabour. From these findings
Carpevaro-Barcrs and his co-workers conelude that the
physiological secretory activity of the neurohypophysis
during the different stages of labour is probably witlsn
this range.

hypothalamus \e—p

O

hd

4
cervical
dilatation

Fig 30 Dugram of the iwetson reflex  Dulatation of the ceney,

and less consistently delatattan of the corpis augments wterime mo-
sility by reflex release of oxvtoan (CArpeyRo-Barcsa ¢f af, 1937a)

“These are average values pertainog to physologieal conditions  In
pathologieal states the intabudaty of the uterus mav be different Thus
1 toxatmra of pregnancy sensitniy fo 0NN 1s enhanced, whale m
polyhydramnios and mvxosdema, and 10 elderly primigrividae, w s
Jawered (Catveyno Bancer and Poseiro, 1958)
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(Fig. 20). Uterine activity at the commencement of lab
(cervix 2 cm ) can De simulated by giving an_intravenous

drip infusion of 1 to 2 mU./mm of oxytocin; uterine
—
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Fig 29 The exponenual relauonship between the ovytoctn in
fusion rate and the mncrease of uterine activity 1w full term preg
nant women The increase of uterine actvity (AUA) is plotted
aganst (1¢®m0) The values of mfusion rate (inf) are mdicated
below the corresponding value on the absaissa  The straght hne
represents the theoretrcal funcuon  Black arcles show the expen
mental average values of the 8 records The white urde s the
baricentre of the straight line corresponding to the mean value of
both coordmates  The black squire corresponds to abscissz equal
to one and ordmate equal to (A, .UA) (Carpeyro BarcIA et al,
1937b)
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thys reflex also operates during labour.® Jt is conceivable
that a sort of chain reaction could occur as labonr prog-
resses: dhlatation of the rervix leading to release of oxy-
tocin, increased secretion of oxytocin evehing contraction
of the corpus and fundus, and this in turn causing farther
dilatation of the cerviy, and so on.

1t is instructive to compare the levels of “physialogical
sceretion” of ovytoesn in the human female, as estimated
by Cawsgsro-Biarcia, with the ovytocm doses recom-
mended by abstetricians for induction of labour or cor-
rection of uterine inertia. THEOBALD, the origimator of
oxytocin therapy by imssasenous dnp infusion (1948),
recently recommended an inulal infusion rate of 07 to
L8 mU/min for wmdaction (1957), ie. a dosage atmost
identical with Carpryro-Barcia’s “physiological” level m
the commencement af the first stage in spontancous
fabour. The Jast few years, m fact, have witnessed quite
a general trendt s the fiteratuse {ser Table IXY towards
oxytocin infusion rates of the order of the “physiological”
Jevels indicated above. There would thus appear to be
a safid case for vegardmg wellcondurted untrasenons -
fusion of oxytocn as physiological substitution therapy
rather than pharmacologreal intervention,

*$he Beretson seficy cannot be demonsirated 1 non pregnant ant
arals (Cross, 19582)
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The rise in oxytocin secretion as labour proceeds is
explamned by the Frrouson reflex (1941). Dilatation of
the uterus, but more especially of the cervix, acts as
a secretory stunulus on the neurchypophysts (Fig 30)
Fercusoy made his observations on postpartal animals,
but 1t has recently been demonstrated (Cross, 1938b) that

TABLE IX

DRIP INFUSION RATES FOR THE INTRAS LA OUS ADMINISTRATION OF OXtTOCIN
1N WoMen (CiLpryro-Barcia ¢f al , 1957a)

Infusion
rate Author
ml /min ’

05 - 2 | Greenhill (1955)

125 - 25| Nion and Smyth (1957)

2~ 4 | Cares (1953) Fansand Kahlenberg (1954)

25-5-10 | Theobald (1948) Bushop (1955) VW hite (1955)

4~ 8 | Holland (1955) Ratzan and Shulman (1955)

9 | Labate and Barbaro (1951)

4-15 | Lizana Farfas and Ferndnder Popelarre (1953)

4 - 25 | Bosch and Kaser (1956)

5-20 | Bunbrdge, Nivon, Schild and Smyth (1956)

6 - 16 | Engstrom and Ohlson (1956) Varangot and Céte (1955)
Richon and Braye (955)

7 - 10 | Parker and Roberts (1954)  Cazzola (1955) Mathew
(1936)

7 - 15 | Savi(1956) Fuster, Queralt and Varela (1954) Williams
and Mc Mahon (1956)

7-21 | Moore and 'Esopo (1955

7-25 | MacKenze (1954)

10 - 20 | Hellman (1949) Hellman, Harris and Reynolds (1950
Tisné (1955)

15~ 25 | Pigeaud (1952) Cantarow (1954)

30 | Hukll (1955)

(0 - 40 | Piton(1952) Kaufman (1953) Dexeusand Segur (1955)

30 - 40 | Creze and Rouchy (1957}

30 - 60 | Mokna Yatiez (1955)
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ferous ducts and sinwses, tan be drann ont by the me-
chanical action of suckling or suthng  The greater part
of the milk, however, is in the ahcoli and futer ducts
which eannot be evacuated by suckling or mtking alone,
bt ondy with the aid of the contractide system of the mam-
mary gland. The nalk mnst be {orced into the large ducts
conterging on the wipple. This process 15 hnown as malk
ejection or let down

The contractile system responsible for the mull cjec-
tion reaction tonsists of special wmyoepithelial cells (basket
«ellsy of ectodermal origin, not, as maght be wnagined, of
smooth muscle cells (Riciarpsos, 1949} Bashet cells can
be de { through the whole y gland,
they are present m arge numbers, mamately associated
with the aleeols and fine dacts, and are therefore able to
exercse the necessary comractile force The mullejection
reacuon whih 15 accompanied by a measurable nse
pressure sn the mammary gland, resubs from the dunect
action of ovytocm on the myoepithiclal cetls (Lanzrra,
1955)

The 1se i pressure m the ducts comerging on the
mpple 1 response 0 vxytoan 15 so charactenisuc that 1n
suitable tests 1t <an be employed to detect small amounts
of oxytoem (Caoss and Harms, 14931752, Van e et
al, 1955, Beroe and CerLemy, 1957), and for the ioassay
of oxyiocn preparations  frgure 3 shows part of the
tracng from an expeniment mn which a synthetic oxyrocin
preparation  {dyntocnon) was compared with Interna-
tiona} Standard Pruwntary {Posterior Lobe) Powder on the
mammary gland of a lactating doe rabbu, using Scind's
{1942) four-pounr assay design It should, houerer, be
added thar the mlk let-down reaction 35 not emtirely
speufic for oxproan  the myoepithehal cells show a
greater or lesser yesponse with other allied polypeptides




VI

OXYTOCIN AND LACTATION

As FaR As clinical medicine is concerned oxytocin is
still primarnly an oxytocic However, its action on the
uterus 1 by no means its only mmportant biological prop-
erty Oxytocn 15 also mainly responsible for the effect
of the neurohypophysis on the lactating mammary gland
Thus effect 1s just as specific as the action on the uterus,
and, seen from a brological viewpont, it 15 just as im-
portant There 1s a coherent body of convincang data to
mdicate that a reflex liberation of oxytocmn occurs when-
ever a mother takes her child to the breast, whenever a
young animal suckles or 2 cow is milked A neurchor
monal reflex 1nvolving oxytocin would seem to be es-
sential for complete emptying of the mammary gland So
specific 15 this action of oxytoan that a response can be
detected 1 the mammary gland of a lactating woman with
001 I'U 1n a single mntravenous injection (BELLER ¢t al,
1958) and with as httle as 01 10 02 mU /mm iv (ThHEo-
BALD, 1958) Similarly inn the lactating rabbit 00005 I U
of oxytoan iv (Vax DYKE ef al, 1955, BerpE and CEr-
LeTTI, 1957) may elicit a measurable response

The réle of oxytocin 1n lactation has been thoroughly
vestigated 1n recent years (see for example PETERSEN.
1944, Cross and Harris, 1951/52, Cross, 1955a, Forvrry,
1956, Cowie and FoLLEY, 1957, LasoucHe, 1957) We
now know that only a part of the milk present in the mam-
mary gland, namely the milk contained 1 the large lacu-

B4
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which can be vegarded as the reflea centre, and results
in a release of oxytocin by the neurobypoplysis The hor-
mone is carmed (o the mammarny gland in the blood stream
and constitutes the efferent {humoral) are of the neuro-
hommonal reflex.

Afferent arc {nervous}

Efferentare
{humoral) exytocin

Frg 32 Schematic representatian of the nullepection reflex  Mee

<hamical sumulation of the mammifia actisates the afferent (nervow)

refiex arc Owvtocn 15 then scleased from the ncurohypophysis to
form the efferent arc of the neurohermonal reftex

The presence of a humoral factor m the blood, m-
vohed in milk cjection, has been demonstrated w par
ticulatly good effect m experiments on the salated cow
udder (Preress ef al, 1917) DBlood talen from 2 cow
Prior to apphication of the millung stmulns and perfused
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Vasopressin, for example, has 2 weak, but measurable ef-
fect (Fig. 4) (VAN Dyke ef al,, 1955), and all the oxytocin
analogues we have so far investigated in the milk-ejection
test have been found to produce a greater or lesser re-
sponse (Beror ef al., 1957) (Table 1I).
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Fig 3! The acton of osytoun on the pressure mn a duct of the
mammary gland of a lactaung rabbit under vrethane anaesthesia
Above blood pressure, below  mulk ejection pressure Tune 30
sec The 1y mjections were made at intervals of 3 min A = 0004
1U and C = DOUB 1U of Imernatronal Standard Pruitary (Pos
terior Lobe) Powder, which contams natural oxytocm B =
0,000083 m! and D = 0000166 ml of a Svntocinon (synthetic ox3
tocin) salutian  Taken from a four point assay.

‘The release of oxytocin during suchling or lactation
1s brought about by the milk-ejection reflex mechancal
sumulation of the mamila s the physiological sumulus
actnnating the afferent (nenvous) arc of the reflex (Fi1g
32y The stimulus 15 conducted to the hypothalamus,



Oaytocin and Lactation 67

which can be regarded as the reflex centre, and results
in a release of oxytocn by the neurohypophysis. The hor-
mone is carried to the mammary gland i the blood stream
and constitutes the eflerent (humeral) arc of the neuro.
hormonal reflex.

Afferent arc (nervous)

Efferent arc
(humoral) oxytocin

Fig 32 Schemauc representation of the mulk ejection reflex  Me.

chanical sumulation of the mammilla acunates the afferent (nervous)

Teflex arc  Oxytoan 1s then released from the neurohypophysis ta
form the eflerent arc of the neurohormonal reflex

The presence of 2 humoral factor in the blood, -
volved in milk ejection, has been demonstrated to par-
ticularly good effect mn experiments on the 1solated cow
udder (PEETERS et al, 1947) Blood taken from a cow
Pprior to application of the milking stimulus and perfused
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through an solated udder had a much weaker milk let-
down effect than blood taken from the same cow follow-
mg such a stimulus (Table X). Although measurements
of the bload oxytocin level in women have not revealed
any mcrease during lactation (Hawkrr, 1938), there 18
evidence to suggest that a humoral factor sumlar to oxy-
tocin s present in human female blood during suckling
or after stimulation of the mamilla. Thus milk ejection
occurs in both breasts even 1f only one mpple 1s stimulated
(NEwToN and NewTox, 1948) and stimulation of the nip-
ple at the end of pregnancy, during labour or n the puer-
pertum, results 1in heightened uterme motthty (LORAND
and Aseor, 1952)

I'ABLE X

EAPULSION OF MiLk FROM THE Two HaLuEs oF 4 Bovist UbpLg, PCRFUSED
Wit BLOOD FROM THE SaME COW BLFORE AND AFTER .\PPLICATION
©OF THE MILKING STiMULUS (PECTERS ¢f al , 1947)

Amount of milk expelled from the udder

Experument | Left halt perfused with | Right half perfused with

No blood taken before milking | blood taken after milking
stinulus applied J stimulus apphed
‘ ml | wl
‘ |
1 160 160
2 f 270 520
3 | 215 345
1 ! 390 500

The reflex nature of the milk-ejection reaction can
be seen from the latent period of the response i the rabbit
which amounts to 7 to 15 seconds following intravenous
njection of oxytocin, 13 to 25 seconds following eleutrical
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stmulation of the supraoptico-hypophyseal tract, and 30
to 90 seconds after commencement of suckhing (Table X1
(Harrts, 1955). The nenvous component of the reflex
appears ta imolie both adrenergic and cholinergic synap-
ses (Growenor and Turneg, 1957h). The reflex can be
conditinned both in ammals and the luman female
(WaLLrg, 1938) and 15 abohished by anaesthesia, though
ovytocin eheits mlk ejection even in anaesthietised ani-
mals (Gaes, 19133 Cross, 1955b, Cowrr and Fouigs,
1957; Grosvernor ad Turser, 19372, 1938a). Emeotional
mfluences can adversely affect the nuitk-ejection reflex both
in animals (F1a and Pererson, 1941, Cross, 1932/532)
and m the human famale (NewTon and Newron, 1948)
Such nhtbitory effects would appear to imvolve the sympa-
thico-adrenal system (Craons, 1052/5%h, 19550

FABLE X1

Toate Facroks iy 1 Meh-Ejrerton Restes iy i Rassit
{Haxxs, 1955}

Millejection process obsersed after

Stimufation of the
supraoptico-hypaphyeiil  Normal suckbng

tract
Latent penod 13-25 set 30-90 sec
- e e e e
Duration of response 2- T mm 2-51; mm

In hne with the mcreased hberation of oxytoan, the
hormone content of the hypophysis is depleted during
lactation ‘This has been obsersed in the rat (Dicker and
Tyier, 1953b, Acner and Fromacror. 1057), i the dog
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(Dicker and TyYLER, 1953a; VAN DykE ¢f al., 1957), in the
guinea pig and in the cat (Dicker and TyLer, 1953b)
(Table VIII). However no decrease in hypophyseal hor-
mone content has been observed in the lactating goat
(ForLEY, 1956).

In addition to promoting the withdrawal of milk
(galactokinetic effect), oxytocin appears to participate in-
directly m the actual secretion of milk (galactoporetic ef-
fect). Certain experimental findings (Benson and FoLLEY,
1956a) indicate that oxytocin acts as a stimulus to the
secretton of prolactin and/or other anterior-lobe hor-
mones responsible for milk production. Involution of the
mammary gland such as is observed when a lactating ani-
mal is deprived of its young can be retarded by oxytocin
injections No such effect can be demonstrated in hypo-
physectomised animals (Bexson and FoLLEy, 1956b, 1957).
This view finds support in the observatron (DESCLIN,
1956a, 1956D) that a clear<ut luteotrophic activity can
be demonstrated i non-pregnant rats several days after a
single injection of oxytoan The luteotrophic hormone
(L.TH) 15, however, 1dentical with prolactin. Oxytocin 1s
assumed to bring about the release of prolactin by acting
directly on the adenohypophysts.*

Direct anatomical communication between the neuro-
hypophysis and the adenohypophysis 1s actually provided
i the portal circulation of the hypophysis (Pora and
FieLping, 1930, WisLockr, 1938; Green and HARRIS,
1016/48) small arteries from the mnternal carotid and the

sapparently, this mechanism 1s not unique  Another example of a
hypothalamic hormone sumulating the anterior pitwitary is the cortico-
trophin releasing factor or CRF This polypepude, which chemically
seems to be related to vasopresun, 15 found in the hypothalamus and acts
on the adenohypophysis enhancing the secretion of ACTH (SaFFrAv,

1938, GureLes et al, 1957)
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posterior comwunicating artery supply the pars tuberalis
of the adenoliypophysis  Their capifiaries extend o the
median eminence (newrohypophysisy. The bload from
this primary plexus collects in portal trunks and then
passes 10 a secondd capitlary bed (the sinusoids) of the
pars distalis which is a part of the adenolypaphysis. The
vascular system Is thus a circuit comtaining two capillary
beds, so that any neurohypophyual factors could act di.
rectly on the adenchypophysis (Fig. 33).

Qons chuesms Mammidacy bady

Hypothanmon

Parnbonabs o RO ~ Modunemmence

: A S

2 %

£ < Pars mtarmedus - . tturd tuder sram 2

3 . g

b4 H
Fam distats " tnfundibutar praces

Tig 33 The portat arcudauon of the bypoplyss m the sablne

blond in artery A first arculates through a part of the neurohy po-

physis  The blood from the capilaties then collects i porta)

trunks and 15 distrbuted through a second capllary network, so

thay 1t 3ln cirealates through o part of the adenohypophbysis before

Ieaving the gland by vern B 1is diagram s Dased on tnvo Mlustra
ttonts i1 a book by Harris {1935)

The vtew that onytoan tught exercise a prolactin-
releasing effect has not gone uncontested {GROSVENOR and
Turnzr, 1958b), but the idea 1s none the less an attractive
one. It would mean that the orgamism was very thrifty
with its oxytocin, for the latter on being released mto the
blood stream in response to the suckhng stimulns would
have two different actions on the mammary gland. One
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would be a direct effect: contraction of the myoepithelial
cells and let down of stored milk. The other would be an
indirect effect mediated via the antertor piturtary and
operating to maintain milk secretion

While the uterotonic action of oxytoun is widely em-
ployed in obstetrics, the clinical applicatton of s effect
on the mammary gland has been rather neglected in spite
of the fact that milk let down can be promptly elicited 1n
lactating women If oxytocin 1s admimstered by the intra-
venous route the latent pertod is only 22 to 37 seconds
(NichERsoN et al, 1954). The latter yeais have seen an
mcrease 1 the number of chmrcal publications reporting
successful therapeutic application ol this property of oxy-
tocmn, especrally in postpartal engorgement of the breast
and in other cases 1 which the mother seems unable to
nurse the baby adequately (e.g, NEwToN and NrwroY,
1951, HAEeGer and Jacossonn, 19033, Varavcor and
YBERT, 1955, Parpr, 1956, Massano, 1956, Douctas ef al,
1957, Coracurct, 1957, Stewart and SLEzak, 1958, Hot-
LENBACH, 1958) Since oxytocin 1s effective in such cases
when administered ntranasally (NEwTon and Ecri, 1958,
BAUMGARTEN and WaTzEk, 1959, WENNER, 1959) this ther-
apy will probably gain greater popularity.
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SOME OTHER ACTIONS OF
OXYTOCIN

I.T WAS MENTIONED 112 passing vt Chapter 111 that copula-
ts0m 18 one of the sl which lead to retease of onytoun.
As soon as the cow catches sight of the Hull, its utennc
motslity tncreases (VasDi ARy and Hars, 1952), and
when the vagima and wens o} the cow are sumulated the
blood oxytocin concentration rises from 120-360 pU /ml
w 120830 pU /mi  (Firzparrich, 1977 Wuh e ard of
the nulh-cjection reacion, it «an be demonstrated that
anytocm s abso yeleasedd i the homan female duTIg O
(Fansss and Tient 1053), the amount of hormane liber-
ated being preater f an orgasm 1s attatned  (CAMPBELL
and Prirases, 1079 Howesut ammal studies have ¥e-
vealed that mere mechameal smulation of the wterus,
sagma or suba, without actual presence of the male, will
cause a simlar reacnon The findings from & pumber of

sich studies are summarnisedd Table X1

1t 1s assumed that osytoan released during Lonus,
16 the wenne motdity ehe ned by the hormone. acceler-
ates the ascent of the spermatozod W the fenale repro
ductive tract (VasDestars and Havs 1952, Cross, 19753)
Thus assumption seems justafied, smee i many species the
ascent of the spermatozoa 15 far more rapid than an be
accounted for by the mhetent motiiy of the spermatozod
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TABLE XI

O3 ToCIN-LIKE Rrspovses DUr 10 CorTus or MecnaNicaL Stisrzamion
©oF THL Urckus, THE VAGINA OR THF VILYA (F1rzeatrick, 1957)

Response j Author

Species Stunulus
Mare | Mating

Man Mating

Man Mating

Man Mating

Cow | Mating

Cow Mating

Cow | Mating

Bitch | Mating

Goat Manual cervix

Cow Manual cervic

Cow Manual uterus

Cow Manual uterus

Cow Manual uterus

Cow | Manual uterus/cersix
Cow Manual vulva/cerviy
Rabbut | Stretching cervix

Rabbit [ Manual vulva

Increased intrauterine
pressure

Increased ntrauterine
pressure

Rabbit

Cat

Hammond, 1936

Pickles, 1953

Harris & Pickles, 1953

Campbell & Petersen,
1953

Hays & VanDemark,
1953

Camphell & Petersen,
1953

VanDemark & Hays,
1952, 1953

Esans, 1933

Andersson, 1951

Hays & VanDemark,
1951

Tgetgel, 1926

Piana & Curto, 1950

Usuell et al , 1952

Hays & VanDemark,
1953

VanDemark & Havs,
1951, 195¢

Ferguson, 1941

Krehbrel & Carstens,
1939

Reynolds, 1930

Mk egection
Milk ejection
Milk egection
Milk ejection

Milk ejection

Milk ejection

Uterine motility

Uterine motihity
Mk ejection
Milk ejection

Milk ejection
Milk ejection
Milk ejection
Milk ejection
Uterine motility

Utenine motuhity
Uterine motihty

Uterine motility

Schubel & Gehlen,
1933

Cterine motihity
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themselves.® Morcasver, immabile spermatozoa and sperm-
free liquids are alsa transported along the reproductive
tract, For example, transport of methylene blue, janus
green B and iodochlorol has been obsenved in oestrous
rabibits after antificial stimulation of the vuliva (Kreustrr,
and CarsTEMS, 1939): the dyes reached the tubal end of
the uterine horns two to five minutes after commencement
of stimulation.

At the present ume it is not known whether oxytoan
plays a physiological réle in menstruation, and for this
veason it is difficult to interpret the therapeutic effect of
the hormone mn dysmenorrhoca (Woopsury, 19530). It
has been reported that ovytocin will abolish the signs and
symptoms of dysmenorrhoea provoked by vasopressin As
yet 1t is unpossible to say whether this is an effect based
on some physiologcal interplay betveen the two hor-
mones, or whether the action of the oxytocin 15 purely
pharmacological

On the whole we have good grounds for assuming
that oxytocin participates in a number of reproductive
[unctions in the female oxytocin released during cottus
accelerates the ascent of sper in the reproductise
systeny; oxytocm secretion tesulting from dilatasion of
the cerviv and body of the uterus wncreases the contractile
activity of that oigan during labour, and the release of
oXytocin in response to stimulation of the mamita facth
tates the emptying of the mammary gland during lactation,
simultaneonsly promoting the postpartum imolution of
the uterus  Oxytoan may even be myplved in menstrua-
tion. But what is the biological tdle of this hormone m
the male? What functions does it perform 1 the {emale
other than those mentioned above? Oxytoan has been

*This guestion has recently been reviewed Ly Yirrrafmors  130%7%
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1 U, Pitressin/100 g rat
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Fig 34 Companson of the antduretic acuvity of vasopressin
(Putresstn), natural oxytocn (Pitoan) and synthetic oxytoan (Syn
tocinon) heused rats The actnaty of oxy
1ocim 55 about 165 af s axytacic actiaty {BFROF and Crevrre, 1936)
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found in the Dlood of men and non-parturient and son-
lactating women  (Bisser ol al,, 1956; Wit and Lre,
1957). Moreover the puaitary glands of male animals
contain comsiderable amounts of avytocm  (Diekrr and
Treer, 1933b).

The first thing that springs to mind in seeking an
answer to these guestions is the influence of oxytoan en
renal funciion. It has been demonstrated (Van Dake et
al., 1933, Ro~zirr, et al, 1906, Brimy and Crrurrrs,
1956 that oxytocin hias an antidiuretic effect in high doses
(Fig. 31). ‘This js not surprising as osytocin and vaso-
pressin are rather similar in structure (sce Chapter i}
The anudinrent activity of oxytorm 1s actually so slight,
amountmg to harely one per cent of its oxytocic actuviey,
that it should perhaps be regarded as a pharmacologicat
rather than a physiolagical property

Another action of oxytoun, and one of some bio-
togical significance, 1s that i die rac 1@ causes mreased ex-
cretion of water, sodium, potassium and chlotide (Frase,
1937, 1042, Kusemnsny and Busosesivn, 1999, Scrav-
MaNY, 1039, Brrpe and Crrurri, 1936, Croxatvo et alf |
1956, Bruaner et al , 1956, 1957)  The sumulant effect of
oxyloun on diuress was first descnibed by Traser (1937,
1912) who employed Burs's method (1931) . water
loaded rats  These expeniments have since heen repeated
(BErok and Certrrrn, 1956) with synthetic oxytocmn {Syn-
tocinion)  The results abtamned bore ont FRAMR'S vbsena-
uons, proving that the divreuc effect 15 due to oxytoun
nself and not to some other factor that nught be present
in posterior-dobe extracts. The duwretic effect 15 brought
out more clearly in thirsting rats (BrunSER et al | 1956)
and n rats loaded with physiological saline  Under these
conditions a clear dose-effect relauonship can be obtamed
(Fig. 35y
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Oxytocin has no diuretic effect 1 hypophysectomise
animals. However, if such animals are given NaCl an
desoxycorticosterone, they will give a diurctic response
oxytocin (CroxXaTTo and ZAMORANO, 1957). In a certail
dose range oxytocin will antagonise the antidiuretic ef
fect of vasopressin (Fraser, 1937; BrunnEr et al,, 1956

§.«
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£ grow it
T

Urine excretion as % aga of the control group valus
8
——

3
—
[

ooi2s 008 o2 oa a2
Syntocinan 1V /100 g s ¢
Fig 35 The dwretrc action of oxytoan Male rats recened 25
ml /100 g of 09% NaCl solution at body temperature orally, and
were then given the test quantity of synthetic oxytoan (Syntocinon)
sc Each oxytoan dose was admnistered to a group of 20 ammals
The urine excretion was measured for 5 hours, and the urine out-
put of the control group was waken as 100% The mean values (e)
and standard errors are shown

CroxATTo and Zamoravo, 1957) This is a particularly
teresting observation, since the two hormones are always
yeleased together, though n different proportions depend-
ing upon the nature of the stimulus (see Chapter I11)
1t should be added that the diuretic effect of oxytocin
has not so far been demunslr-ued i man (CHALMERS et al ,

NP S
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solely 1o the rat. Thu< if oxytocin is administered to a
dog during a period of low urine flow (Fig. 36), it causes
an increase mainly of sodinm hut alko of potassium ex-
eretion (Brooxs and Prekrorn, 1037). No diuretic ef-
fect can be detected in water loaded dogs {Anstow and
WEssox, 1033; Vax Danr et al., 1955; Brooks and Pick-
rorp, 1957).
TABLE Xill

Tur Acrion oF Natvgan Qo (Orasmm) ap Suari e OanTocN
(SN Tocvon) o8 DILRFSES AND TADoGENOLS CREATININE
CLoawance 1% TiikstNG RaTs (BRUMNTR of al | 1957)

| | Endog ;
" Do creatimne Duresis | No of
Treatment | mU” frat cdearnce ! < « ammals
} s¢  ml/ratfmun 1 ‘\ er growp
! i i |
Comtrofs 1220009 | 100=106 12
. I
625 | 125%006 | 2537234 13
Oracthun | |
2% | 133=013 | 202+356 1
. g 1
| 625 | 129%011 | 1833x226 13
Syntocinon 1 ! |
I 250 l 138%012 241 5=382 1

The mechamsm of the divretc effect of oxytoon 35
not yet {uily understood In rats the creatinine clearance
(Table XIII) was found to be unchanged following ad-
munistration of oxytocin (BRUNNER ef al . 1957) In con
scious dogs, however, both the (reaummne clearance, ic,
the glomerular filtration rate (A1, 1938), and the diodone
«learance, v e the effective renal plasma flow (Brooxns and
Prcnrorn, 1957), were increased by oxytoun Both effects
were antagomised by vasopressin (Broows and PICKFORD,
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10 Urine flow

mlfmin

T T T T T

60 Sodum

WM lmun

T T T T T

14 Potassium

1M froun

t T T T T T
20 40 €0 80 100
Tima 1n minutes
Fig 36 The effect of oxytoan (50 mU intravenously at x) on urine
flow and Na and K excretion at a low rate of unne flow in a dog
The increase of sodium excretion 15 especially marked (Brooas
and Prckrorp, 1957)
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1957, Aue, 1938). In the rat inereased sodium and chloride
excretion due to onytocin s reinforced by mersalyl (Sabyr-
gan) (Seravsasy and Scront, 1918), and oxytoain en-
hances excretion of water, sodimn and potasssum even
when carbonic anhydrase in Lidney tissue is fully inhibited
by acetazolamide (Cronatio and Lasakca, 1938).

Tt is still not altogether clear to what extent the
diuretsc effect of oxytocin is due tn its action on the renal
cireudation or to what extent a direct influence of the
hormoene on the renal tubuliis responsible. Some msight
into this problem was recently obtamed by Brooas and
Pickrorp (1938} 1n experiments on dogs  the action on
renal blood flow sevins to be independent of the action on
clectralyte excreton  The nfluence of oxytocin on renal
clearances appears to be peripheral i origmn, whereas its
action on electrolyte excretion 1s mediated via an un.
knoun central site. Gentam effects of ovytoan only oeenr
m the presence of sasopressn which suggests that the two
hormones, acting together, play a part m the regulation of
electralyte encretion

Anather apen questian 1s nhether the effects of oxy-
tocint on the crrculation, which under certan conditions
can be detected 1n amimals and 1in man are of biological
significance or merely pharmacological effects of high
doses It has long been Lnown that birds react to intra-
venously administered oxytecin with a steep fall i blood
pressure (Gappun, 1928) Thas effect 1s due to peripherai
vasodilatation (Patos and Warson, 1912) and 1s so char-
acteristic that Coon (1939) developed t as a method of
broassay  I¢ lias since been adopted for thts purpose i the
Unuted States Pharmacopera (1935) and the British Phar-
macopoeta (1953), Oxytocwn analogues, eg valyl-oxyto-
¢in, have a sumilar depressor action on asian blood
pressure.
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In the human female, synthetic oxytocin (Synto-
cinon) administered by intravenous drip infusion during
labour in amounts having a pronounced effect on the
uterns, does not influence the blood pressure (BoscH and
Kasgr, 1956a; CALDFYRO-BaRCIA of al., 1957a). However,
rapid intravenous injection of high doses of oxytocin
causes a transient and occasionally a rather steep fall in
blood pressure (Sctip et al., 1951; WoopBury el al.,
1944, Mavrs and SHEARMAN, 1956, CALDEYRO-BARCIA ¢f
al., 19572) The drop in blood pressure may be accom-
panied by changes in the ECG, particularly when the dose
exceeds 2 TU  (Mayrs and SuearaAx, 1956, CALDEYRO-
BARCIA et al, 1957a) Animal experiments have not, how-
ever, revealed any inyolvement of the coronary circulation
which could be held responsible for the ECG changes
(Woopsury and Asrry, 1944).

The depressor effect of oxytocan in mammals shows
considerable species differences (Woopsury and ABREU,
1944) and 1s not so readily explamed as in birds Observa-
tions on chloralose-anaesthetised dogs (Brroe and CER-
LECTI, 1938b) suggest that the mechanism s probably 2
complex one: the fall in blood pressure that occurs in
some of the ammals with both synthetic and natural oxy-
tocin, is not strictly dependent upon the dose. Thus 05
1U /kg mtravenously may sometimes provoke just as
great a fall in blood pressure (Fig 37) as a ten times higher
dose Moreover, after a dose of 5 I U7 /kg., bradycardia 1s
always observed, whereas 05 T'U /kg usually results n
tachycardia These alterations 1n heart rate are not sec
ondary to the fall in blood pressure

The mvestigations of Woopsury and co-workers
(1944) suggested that the effect of oxytocin on the blood
uld not be due solely to vasodilatation and that

pressure co!
omponent was involved It was assumed that

a cardiac ¢
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oxytocin reduced the contractile foree of the heart. It i
thus particularly interesting that ovytocin has recently
been reported to exert an opposite effect on the heart
(LocwerT, 1857} the pressor vesponses elscited by adrena-
Tme, noradrenaline or splanchoic stumulation were po-
tentiated by ovytoan in spinal cats. This 1s a cardiac ac-
tion as in the heart Jung preparation ovytocin lowered
the threshold for the action of adrenaline and noradrens-
line on heart size and force of contraction without influ-
encing heart rate, oxygen uptake or coronary blood flow

Torepe 0 - o i3 “ e
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Fig 37 The wansient fail 1 bloud pressure alter 05 1U /hg

Symtocinon i, (at 1) thax is sometimes observed in dogs anaes

thetrsed by chloralose, under artificral respiravon Ths effect is
accompanied by shght tachycardia

All these observations in amimals and man merely
show that high doses of oxytocn may affect cardrovascular
function; they do not te! us whether thus hormone has any
mfluence on the curculaton under physological condr-
tions. However, certain other findings bint at the pos
stblity that oxytocin may in some way be inolved in vas-
cular phenomena. For evample, m small amoums
causes vasodilatation in the pregnant camme uterus {Asit-
QuisT and Woopsury, 1947} and can increase renal blood



84 Recent Progiess in Oxytocin Research

flow in the dog by as much as 100 per cent (Brooks and
Pickrorp, 1957). But the most striking findings are those
of DEMUNBRUN ef al. (1954): glomerular filtration rate,
renal plasma flow and tubular maxima are markedly re-
duced in dogs after neurchypophysectomy. In such ani-
mals renal haemodynamics can be restored to preoperative
levels by the administration of oxytocin. Vasopressin has
no such action. In view of ths, these authors regard the
regulation of kidney haemodynamics as onc of the phy-
siological functions of oxytocin This could explain why
the hormone 15 found in both males and females
.

* *

This short review makes no clamn to completeness,
but 1t will have served to show that much progress has
been made 1n oxytocin research during latter years This
progress whether in physiology, pharmacology or Jinzeal
medicine owes more than 1s sometimes realised to the
chemist  The 1solation and synthests of the hormone and
the preparation of some ot its analogucs have brought
about a “renarssance” m biological and clinical research
into oxytoan Many problems have been eluadated,
many more await an answer The most challenging of
them all 15 the réle of oxytocin in the male
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