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11 sma.; EFFEC'I.'S 0? OXYTOC JN ON JN VITRO 

PR.EPAR.i.'l'IONS OF U'J.SRllJE LUSCLE" 

lll1'RODUC'l'ION 

Dive rse but related factor s i nfluence the initiation of 

p<~rturition, Ganong ( 1959) . nervous, endocrine , and physicaJ. 

e2.ements all c onver ge synchronously to bring abou t the fina l act of 

l abot<r , but the tri;cering mechani sr:-.s of parturi t ion remain undefined . 

This study wo.s undertaken r.i. th a viey; to defininc experir:-lentally 

some of the factor s thct influe:1ce the onset o f parturition . Initially, 

e:d stinc in ~ oethods for recordin.:; uterine act.i vi ty nere c onsidered 

as a r.;onns of demonstr.:::J.tin.::; ti1e onset of first sti1ge labour in rur..i:>Kcnts . 

~-" t!lC: tir::c se c~uence c f this phenoJT.er.on could be established , fac tor s 

contributinG to i '!..s or.sc~ '::oulcl be e ::.-u~.ined in further studies . 

::<:xtern£"~ rr.cti10cls o:;." r.1ec.sur:.n.:::; intra- uterine pr essure in :.10.11 

suci1 as the cuccrd rin:; tokodynarrometer describeC. by Smyth (19 57) are 

unsuitable for domestic animals due tc nnator::ic&J. differences . Intern<:.l 

I:Jethcds usinc.; e l ectrcC.es .:.L'1ci r:-.icrob~clloons , describe d by Csap o ( 1963 ), 

v;ould be difficult t o keep in p l ace in anioals nnd v:oulcl require s pecia l 

recording equipment . 'relemetric methoC.s o:' rec ording myometrial 

electrical potenti a l and intra- uterine pressure change s , as described by 

Dracy A. E. (1 965 - personal c orr~unication) appeared mos t satisfactory f or 

i£ ~uterine recording , as the animal is not connected physically to 

stationary recordinG equipment . 

Hovrever, all these methods of in 1iY.£ uterine recording required 

equipment and animals beyond the scope of resources available . 

This investigation has been limited therefore to an 1£ vitro stuqy on 
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uterine preparations isolated. from laboratory animaJs . It has been 

designed to e):arr.ine the effects of hornonal pretreatrr,ent and stage of' 

pregnc.mcy on isotonic response of the isolated uterine strip to 

synthetic oxytccin . 

The ob~ective r.as been an evaluation of factors that 

ir..fluence i :::o~ . .1ted r nt uterus activity under standard. conditions . 

The effects of variou~; reg2.r.:e::; of horrr:onal pretreatrr.ent on tte in vitro 

respons e of uterine preparations t o o:;;ytocin are described . Init.ia:!.ly 

those observ&tions were r:.ade on preparati ons from ovariector.:izecl cuineD 

pigs , and later on preparations from ova.riector.Iized rets . Subsequently 

ob.scrvation:J v!ere ;r.ade 0:1 non -grc.vid horn prer;arations fror.: hemi 

precnant r ats . 
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CONTROL OF UT:t.'RINE AC~'IVITY AND ITS MEASURE};:EJIIT . 

~'VIE'1'J OF THE LI'l'ERATUP..E. 

A. UTER.II::E PHYSIOLOGY . 

Tin'RODUC':'ImJ. 

The funclu:'.ental mech.:misrr.s assc.•c:: a ted ·~ri th physioJ ogical 

control of uterine action ar e not well under.:.t ood . Thr::rP. is good 

evidence that both nervous and endocrine: syste::.s are intimately 

ccr:cernw5 \';it!-. uterine activity and t~nt "unese are inter"\vcven through 

t:-.e neurc-cndocrine c omplex in the hypot!w.lar.us . l.:any na tur &l 

substances such as oxytocin , vasopresd.n , adrenaline and r.is tamine 

are known to exert an effect on uterine muscle , most often stimulatinc, 

souetirr.es inhibiting e .g . adrenaline on the non-pregnant cat uterus 

(Reynolds , 1965) . It is well established that oxytocin is concerned 

in the birth process , and steroid horrr.ones especially oestroc;ens and 

progestogens have been shovm t o influenc e uterine response to oxytocin . 

The effects of nervous factors, steroid hormones, and oxytocin that 

are associated with uterine action are discussed in detail . 
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I. Influences of the nervous Slstem on the uterus. 

Although the uterus is innervated by sympathetic and 

parasympathetic fibres the effects of stimulating these nerves differs 

both betwe en species and between individuals of the same species 

(Reynolds, 1965). Even the various muscle layers of an individual 

uterus have been shovm to respon:i differently (Gruber, 1 933) . 

There are varying views as to the r.1anner in which these effects 

are brought about . Dale for example (cited by Gruber , 1933) thought 

that during pregnancy tl1ere was a chan,:;e in the relationship of the 

nerve fibres so tl1at rr:otor fibres became dor.1inant over the normally 

powerful inhibitory ones whereas Gruber c onsidered that the wuscle cells 

themselves becar::e r.-;o~e res::,Jonsive to the impulses :f'ron·. the rr:otor fibres . 

Schofield (1 952) , worl:inc r.i.trl t he rabbit, foun:i that stimulation of .L' L..l1G 

hypogastric nerves caused first excitation of the uterus f ollov;ed by 

inhibition, e:..,fects that coul cl be imitated by adrenaline or n:Jr- adrenaline . 

The nerve fibres coYlcernecl rrere thoucht to be adrener::;ic a;.'1d as the 

effects of their stimulation could. not be abol ished by C5 or nicotine , 

probably post ganglionic. Stimulation of the .!.!.£!'~ eri~ens produced 

responses in only 25;;~ of the rabbits exaElined. Schofield suggested that 

tile role of t he uterine nerves was t o control blood supply and glandular 

secretion in this organ . 

In the rabbit, Cross ( 1958a) found that mechanic al dilatation 

of the vagina induced sharp contractions of the uterus soon after 

parturition indicating a mechanism of motor innervation of the uterus 

triggered by pressure receptors situated away from the organ itself. 

He was able to demonstrate this mechanism in the non pregnant rabbit 

pretreated with oestrogen . The responses resembled those produced by 

small doses of adrenaline or nor-adrenaline and survived thoracic spinal 



transection yet were abolished by spinal anesth esia . Cross ( 1958b) 

concluded from this vror k that dila t ation of the vagina in parturient 

rabbits a ctivated sympathetico-adrenal and neur ohypophyseal pathw~s 

capable of initiating uterine contractions . Cross also observed an 

absence of e~l s or.w.tic and autonomic reflexes with a reducti on in 

f oetal movement s in pre,:;nant rabbits to which either general or spinal 

anae sthesia v:as admi nistered, yet deliv ery of the young in these cases, 

following physioloe ica l doses of ox;ytocin, compared fav ourably v;i t h 

ozytocin i nduced pil!' turi tion in non ane.esthetiseci doe s. This evidence 

su:.;eests that OX"J toc i n induced uterine response i n this species is 

i ndependent of nervous c onnections . 

Csapo , Takeda and ','food ( 1963) and Cs apo and Jacob ( 1963) a lso 

su2;ces t t:1at r..oto r nerve innervr~tion to t !.1e uterus can be t riggered 

fr or:1 pres su r e receptors r.-i t hin -:he uterus its elf a11d they r e,;e.rd diste:-~sion 

of tl1e ut cru.s as a vi t<;.l f actor co:-~trollinc; electrical and rr.echu.nical 

ac tiv i ty o:' uteri ne s r.:ooth ::~uscl e i n bot:1 r nbbi ts and 11:an . 

Su:7Jr.~:SZ, of nervous ef~. 

It s eems clear that the uterus cal1 contract i ndepende ntly of the 

ce:-~tral nervous systeD and that p arturition can proceed to completion in 

the absence of C?{ S control ( Kurdinowski, 1904; Flemmint; , 1 932 ). It appears 

equally clear that nervous connections can influence muscular activity a t 

l east in the rabbit uterus (Cross , 1958a), and that oxytocin has the ability 

to override this form of control (Cross , 1958b). 

II. Hormonal i nfluences on the uterus. 

1 . Oestrogens and progestogens. 

Both classes of hormone are principal~ produced by the ovary 
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although other tissues appear c apable of t akin~ over t hi s role , particularly 

dur i ng pregnancy, and both are inti mately concer ned with the who l e repr o-

ducti ve complex . The thr ee most c or.unon nature>.l oestr osens are oestr one , 

oes trio1 and oes traclicl - 1 7 beta c:u1d of these the l2 tter is c onsiC.ered 

the r.iOst important ( Gorb r;wn 2nd Bern , 1 5'62) . In addition there are many 

other intermediary steroic.s with oestrot_-;enic p r operties . There arc a 

nur.Jber of proces"Lcgens , of which prot;e[;terone is the final oxidised product, 

with pregenalono .:.ncl 17 a1pha- hydroxyprocesterono as important precursors 

o:' c:her steroid coq;ount1s . It is often stated that oestrocen enh a11ces 

uterir:e contr£iCJ~ile power a:1d procesterone l':ac. the r everse effect though 

this is probob::..y on over- drnplice.t.ion (Schof'ie~d, 1952 ) . Frank end 

Gustc-cvscn ( 1925) f 'irst derr:onstrated a stimulut:in::; effect of ocstr occn on 

seen when t!~e oos J~roccn =.s o.clr: . ." ::isterFci t c tho uterus i:.!, vitro. 'l'he 

si.iDuletory e:'fec".: i:" r.ot em il;V(':Cioble one , however, ancl ti c.e rc.s:::·onse 

verics •ritb t:1e ste.ce of the cc strous c;yc::.e , p:!'egnD.l1cy, or p s eudopregnancy . 

There n~ <.1;:,· als o be cU.i'ferences betv;cen species . 

(i) The .lJ2.£9.!:er::ice.l acti ons of ocstroi.]e:Js on uterine tissue. 

These are not fully understood but the followj_n[; biochemical e:'fects 

have been recorded : 

(a) Water content. 

OestroGens cause u terine ti ssue t o increase its water uptake. 

This is s aid t o occur as a resul t of enzymatic and e lectr olytic change s 

within the uter us itself (Velle , 1963; Csapo , 1956a) . 

(b) Ion ic exchange . 

Intr acellular K+ increases in uterine smooth muscle under the 



influence of oestrogen, and this phenor.1enon may be responsible for 

increased water uptake (Csapo, 1956a) . 

- 7 -

In the rat sint;le injections of oestrogen brine about an immediate 

i r..crease in cell K+ wh:.ch rea ches m<L'Cir.:un 8 hours after injection . This 

i ncrease is a ccowpanied by a decrease in cel l Na+, which rett:rns to a hieher 

l evel 3 - 4 clcys after the oestr ogen aclr:Jinistre..tion . 

The Cl content of the uterus is pr oportional to the K+ level 

that is present , but cor..ven.:.ely the Cl and the Na+ l evels bear an inverse 

rel e.tionship (Burn stocl et al , 1 963) . 

(c) ~eir. s,yn thesis . 

Amir..o acids o.re as[;irr.ilated into the uterus under the influence of 

oestr oe;en , and the:::-eby protei n synthesis i s increosecl (VelJ.e, 1963 ; 

Schofield , 1 S'S-.4-) . 

(d) Lusclc t onus . 

"?l <: .sr.~ a spnces" in the uterus c onta:.n actor:yosi:1 filcu- 1 er.t~ wh:.ch 

increo::·.e v:hon oos trogon is acldecl an cl which decrease on its vri thd.rav:al . 

OestroGen h.:ts been rec1'!rcled as the lioitin,c factor in the synthesis and 

maintenance of this contr actile substance (Csapo, 15'62) . 

In t he r at the effect of oestrogen on uterine smooth mus c le is 

complex according to Gennel ( 15'40) . During the initial phase after 

ov.:,~~iec toqy uterine tonus is high and oestroc;en at this stage recluces the 

tone and utednecontractions follow . 

In the r abbit the uterus is unresponsive to oestrog en at the 

height of psuedopregnancy but becomes highly responsive one day af'ter 

hypophysectomY or ovariectomy in the pseudopregnant animal (Velle, 1963) . 

( ii ) Effects of progesterone . 

(a) General effec ts . 

Progesterone increases endo~etrial cellular response, e . g . 
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deciduomata f'ormtJ tion in the event of' mechanical stimuli being applied, 

but decreases the sensi ti vi ty of the 1r.yometrium t o oxytocin. Thus local 

proliferation of the endometriwn occurs under natur a l conditions v1hen a 

blastocyst contacts the uterine linint; at implantation (Boyd., 1959 ) . 

The inh:.bi t or:y effects of procesterone on uterine activity have been 

demonstrated i n the precnmt re:bbit (Cs npo , 1963 ), and pregnant rat 

CD l . 0 ,., 0 66 1 . t. \ a.y ·:2n ....... , 1 _, - persona cor.m;cmlC<t 2on; . 

(b) Effec ts as socia te e!. wi t h oestrogen. 

?rocesterone \':i th oes tro.::;en is responsible for cyclic changes 

in the fer:ale r eproductive trf-!.c t of most ma:::r;)nls , and is concerned with 

uterine developcent d.urinc; precnancy . The rat, hO\·:ever, does not e):peri -

ence o. functional luteal phn.sc in its oestrous c:ycle , and pro~;e.steronc 

IT!ay not be <.:s iriiJortant in the cyclic chnnces of this species (:Sckstein 

and. Zuckerman, 1 S 56) • 

Pro__;esteronc fcllor;in:_; oestro :en primin.c; in robbi ts causes rul..l'ked 

uterine hypertrll!jhy , whereclS oestro:_;e n alone pr oduces only limited. uterine 

developr.:er..t . The proliferative effects of pro~esterone Cll'e anta£onised 

l:ovre vcr if oestrocen is civen simul taneously . The sequentiaJ. action of 

these hormones nppcell's essential f er their synergistic effect (Schofield, 

1964) . 

(c) Influence on parturition. 

Progester one injections delqy parturition in both the rabbit and 

tl1e r a t, when given close to term, Csapo (1956a) and Daykin P.W. , (1966 -

personn.l communication). . . N+ d d . K+ An ~ncrease ~n a an a ecrease J.n ~ occurs 

within the myometrium as a result of these injections . This counteracts 

the depolarizing action of' endogenous oxytocin on the uterus, and certa~ 

under these circumstances the uterine muscle of' the pregnant rabbit is 



unable to contract (Schofield, 1964; Csapo and Corner, 1952). This is 

a total inhibition capable of preventine both spontane ous and induced 

labour a.nd some c hance other than simple cessation of production is thought 

to be responsible for t he rer.oval of the p r ogesterone bl ock to parturition 

in t :,.i s species (Schofield, 196l~) . 

In the bovine on the other hond i.:cDonoJ.cl a.l1ci IIa:/s ( 1 958) showed 

t..hat proeestcrone injections t_;iven durin[; the last D!Onth of' tl1e gestation 

per:i.ocl iw.d no effect on ges t a t ion l en.::; th, and in mru1, Pose and Ca1deyro 

Barcia ( 1958) state th<:. t pr ocesterone ho.s no de:prcssinc effect on the 

:::yonietriuc, o.nd th at i n~ectio n::; of t i·1is hor.-:;one do not prevent either 

prer:Jc;ture labour, or po.rturi tion a t term. 'l'he r esu1 ts c f these workers 

s!~o;·r that p r o due tion o:f pl~c~e stercne i s r.:[;:imal u t the tir.:e v;hen norotll 

sponta:1eous lobour occurs in v.-omen , <tnL in~cote t!1o.t a distinct S})ecie s 

cli:''f'erence exists oetv:een women and r cde:1ts as fer o.s the e:::~fects of 

pro,;este r one adr..:i.nistro.t:.cn are concerned . 

2 . 'l'£18 Polypeptide horr::ones . 

Ozytocin. 

(a) Post erior lobe func~. 

The posterior lobe of the pitui ta.~ , r eferr ed to a s the neuro­

phypopbysis, is composed. of the pars nervos.s. and the pQ!'s intermeclia. In 

the absence of neural s tirnuli no horn ones are released fr om either of 

these areas. Hormones extracted from the posterior lobe are octa-peptides 

produced in the supra optical and para-ventricular nuclei of the hypothalamus 

and they migrate alone the supra-optico pituitary tract to the pars nervosa 

where they are stored. Afferent nerve endings in the hypothalamus are 

thought to secrete a substance, not yet identified, that can cause the 

release from protein bonding of these octa-peptides and their subsequent 

- 9 -
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release from storage in the posterior lobe (Nalbandov, 1964). 

The oamnwlia..'1 neurobypophysis s ecretes t no octa - p ep tides , 

oxytocin and ar t; inine vasopr essi n ( or in p i e s lysine vasopressin), 

(?ercu son and Hell er, 1 965). Bo t h o:·:::'/toc i n and vasopress i ns have sever al 

ac t ions thctt !:18.'/ be pressor wi th r ise in b l ooct presst.!re , oxyt oc i c ;vi th 

uterine contr action c.nd ejection of r:1ilk , or ant idiuretic resul tine; i n the 

contr ol of ·:.·ater bc~1L'1ce i n the body flu i ds . 

one action preclooinEttes and i n the case of o::ytocin the c::;rentest e: .... fec t is 

on contraction of the uterus , In its pure forn the pressor and anti-

diuretic e:'fects are slicht. 

(, \ 
0; O:lY..!£.cin action at uc.rturi tion . 

EX}1erinental e viU.e::co from severe.l species inU.ico.tes that m:ytccin 

In re:bbits, Cro;::.s ( 1S'58b) 

co:-:siclercG. L;ili: e,jection iJy r.crr.' al po.rturim~"'~ does to be inclic <:.ti VG of 

sp on ttme ous labour . I:: those e:·~cri;;:e r>.ts Cross found th<:~t doses of o:::;.c .J.c ocin , 

uhich effectecl a rn·om!~t clolivsr y of livin::; younc in _pe.rturicct clo os unclcr 

t;er:err:l and. S.!_)i:12.l ar.nesthesicc , also proc~ucocl "'che decree of milk e~ection 

tho.t ·1iUC> observeG. in the nor r::al r abci ts dt.! r int; l abour . In addition he r;a.s 

able to sho\'1 that the net: r obypopiwses of tne norrr.al docs ':;ere de~leted of 

ozytoc in and vasopressin foll ovrint; parturi tion . 1'his latter phenomenon has 

a lso been demonstr a t ed i n both r a ts a nd b itche s (Dicker and Tyl er, 1953a , b). 

In t he coe.t Folley and :Iilla,;.:;g s ( 1965 ) h ave a lso been able to demonstr ate a 

rise i n blood oxytocin at the time of parturition -while van Dongen and Hays 

(1 966) report detectable l evels of oxyt ocin in the blood plasma within a few 

minutes of deliv ery in c attle, They suggested tha t initia tion of calvine 

wa s not dependant on oxytocic activity in the blood but tha t it did play a 

physiologica l role in expulsion of the calf. 

In man, infusion of oxytocin at 1-8 mU/min. prodt.!ces 1st stage 



labour in near t er m subjects (Berde, 1959). But Hawker and Robertson 

( 1957) f ailed to detect any increase in concentration of o:x-ytocin in the 

blood of women in labour compared to the early stages of pregnancy . 

'l'hese workers point out hor;ever, that blood assays of oxytocin reflect 

the b c:.lo..11ce of s ecretion t o destruc tion , and do not g ive an accurate check 

on the secretory output of the ne~rohypophysis in lab cur . 

(c) Uterine re sponse t o oxytocin. 

Ch<U'acteristic uterine responses t o oxytocin are long sustained 

slm·;-ly declininr; contrc..ctions , and at about the time of parturition an 

intravenot.<s injection of ox;y-tocin gives exactly the c;ame kind of response 

a.'J th.c.t seen during del.i very (Ber de , 1 9 59) . There i s e;ood evidence from 

asse,y wo r::-: by r::w~y authors thc:.t v·ri thin li;:-.i ts , the degree of contraction 

exhibited by pree;no...11t ar.d non- pree;nant uterine strips 1:!l vitro, is in 

proportion to the do3e of oxytocin aclr:Jinister ecl (Cupp s <-md J;sdell , 19/fJ+: 

Csapo , 1956.:.>.; I-Iolt01~ , 191+8 ; Stey;art, 19l~9: Gaddum . 1938; Jur.g , 1961~\l. 

Little is yet knovm about the -;;::eci se biocher.~ical mec hanisr:J of 

the uterine effect of o:x;ytocin . The elec-:r ophyniological studies of 

Jung ( 196110 indicate that the prim:.ry ac tion of oxytocin on uterine mu scle 

is the lowering of mer:Jbrane potential . This is followe d by a series of 

tetanic action potentials which are a t tended by mechanical contraction. 

With increasing doses of o:x;ytocin t he amplitude of the action potentials 

a s well as the time that elapses before the peak potential is reached b oth 

decrease, but the muscle remains contracted long after the action potentials 

have died away. Evans et al (1958) suggest that the action of oxytocin on 
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uterine muscle is not exclusively mediated via changes in membrane potential, 

for some uteri will respond to oxytocin even though their membrane potential 

has been subdued by immersion in p otassium Ringer solution. 

The pharmacological action of oxytocin can be summarised by 
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stating tha t its stimula ting action on the uterus whether isol a ted or 

.:!:.n, ~ is i nfluenc e d by the speci es, the s tnge of t he sexual cycle , t he 

stage of gestati on if preen~1t, and other f a c tor s . The re spons e of the 

i s olated or go.n is r.1a.r l:edl y i nfl uenc e<i by the c oncentration of Ca i ons and 

t o a less e r extent ~G ions • 

.§.P.ecies . 

Se ve r a l species ho.ve been u sed to study the eff ec ts of o;cytoc in 

on uteri:1e sr:.coth r..usc lc , but r..uch of the cri t i c 2.l r;o r k on i ntact 3Jli raals 

conceril:::: the r ab"Jit (J::::no.us, i929 , 1930 ; ~·::S v al.:. ct e:l, 1958; and Cros s, 

1 s·58a , b). 

Oestro:;cn dcmina.nce of the rr.yon~etriuc i s essential for a. sat is-

factory oxytoc ~c r es]onse i n r abbits . Procsostcr onc on the other hn.nd 

reduces ti1e sc:-csi ti vi ty o:' "cho r..yor::etriur.~ to ox..:tocin o.dr.:inis t r ation 

( 1-.:rw.us , 1929 , 1930). Cress, ( 1 958b, «lso vror~ :in__; r.·i th r<cbci ts , pr oduced 

grndod uterine contrnct=. ons that coincided ·,·rit !1 i ncreased i nfusior. rates 

of an extr act conta~ninc; oxytoc in . 

Ot her spec i e s that ho.ve beer! stucliccl include the c u inea pig 

(Bell , 191~1), tho rot ( Brunner et a.l, 1956 , 1957; Ev«ns ot a l, 1958). the 

c o\'; ( Fitzl'Jatr ick, 1957: Van Dc:nar k o.nd i:cvs, 1952 ), and no.n (C ockrill e t 

a l , 1934; Chdmors e t al, 1951; :Oerde and Cerletti. 1956; Calcley ro Barc ia , 

1958; Csap o , 1963 ; an d Berde , 1959). 

(e) St<$e of cycle an<i stnce of preg nancy. 

Kn aus ( 1 929) found tha t with the entire rabbit after injections of 

luteal extract, the uterus failed to contract i n the usua l manner when posterior 

pituitary extract was administered . This worker then demonstrated that 

excised strips of rabbits uterus were insensitive to posterior pituitary 

extract if the ~1imals had previously received injections of corpus luteum 
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extract or possessed func tional c orpora lutea in the ovaries (Ynaus, 1930). 

Bell ( 1 91'"1 ) f ound that a 50 mU dose of oxytocin was required to 

el ic:L t one c ontrnction in the cui nea p i c at the be;:;inni:-1:_; of pregnancy but 

1 r.:U vrns suffic~~ ent duri::1g tho t e1•ni:1nl 3t.?.tes vrhile Fitzpatrick ( 1 957) 

f ound tia t -'ci1e c on in mid- precnancy re .-~ulred appro:cir;~a te lJ ten tiJ:~C3 ;r:or e 

oz:ytocin t1:a.t1 a con just before l ab:.J<J.r t o pr::Jd.uce Ct}Uivale::t c ontra.ct.i.ons 

of the corpus uteri . ':::'he presn<m-:; t'abbit , however , behaves clif!:' erentJ.y , 

s i nce fr or:1 ~~he 2nd t·) 2~.>~~--: cla.}' of pre;;na~1cy it does not respo~1d t o o:~Jtocin 

eve~ i f tho hor~Jno (Fi tzpatr id: , 1957). 

Der dc ( 1 959) s·c.::.tes t::·-,o.t i .:1 precnc..nt wor1en -'chere is :::. :-::ar1~ed 

inc2: ease in ut0l~i. :1G sensi ti vi 'cy to o:x;;..-toc in L~S terr:: "'-J!l) r oaches and 1:.-'uchs 

and Fuchs (!9G.3) f o-..J.nd t hat both sponto.I1eous contrr,c t abil i ty and b .Y.i~r:'.'?. 

r c- G~onse o:" hu.: , 1 u tori .1 o str::_p;; to o:{~·t oc ic sti:nuli va.ry r;i L1 ti1e phn..se s 

colocically nctivc r.J;~tcrin~ s tha-:; can be e:-:tr.'tctccl fro.-:1 ti1e ~ .!:}21.:.:~~-~E.~ 

( Berde Gnd Cerl etti, 1956) . 

O~;ytocin e ven in t!w syn·betic forr:1 hor:cver, is no-: en tirely 

nifuou t side e:'fects i£ .Yi.Y.£ . for Bercle ancl Cerletti (1 956) der.10nstrated its 

antidiuret ic effect when used in h i .:;h doses in man . In r ats it cauGes 

increased excretion of vvatcr, s odiwr1 , potas siun: and chloride ( Brunner et al , 

1956, 1957), and the diuretic effect is brought out more clearly in thirsti:-1e 

rats and in r uts loa ded with physiological sali ne . Oxytocin has no diuretic 

effect in hypophysector1ized animals, but if such animals are given NaCl and 

de soxycorticosterone they will exhibit a diuretic response . Bro oks and 
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Pickford (1957) demons trated the diuretic effe cts of oxytocin in the dog . 

Cha l mers et a l ( 1 951 ) and C e.ldeyl~o Barcia ( 1 958) h.:we shown tha t r apid 

intravenous injections of hi gh doses of oxy t oc i n cause n transient and 

occasionn::_ly steer) f a ll in bloo(i. p:-essu::-e i n man ; and JJ1l quist and ·;,'ooclbury 

foun t;. small doses of o:x;ytocin cause vasod:ilnt:~on i n t.l-w p regnant 

cani:1e u-'~erus. 

Ut erine spnsm in co:1scious sheep .::U1cl docs has teen repor ted 

fo:'.loning lar-:;e cl.osGs of c :.:udc pitui Jc.[-!.:r'"J e~:tracts r;it11 a !1ic;h va.s opre ssin con"cent . 

'l'hc spasr!1 is due to i :::palrcC. circulntion r;i 'ti1in the uterus resu2- tine from 

Jter ine isc:12.eLin occurs rhen high doses 

of these e::trac·cs nre 1.l30d. c.nd. co~.1p: ·ession of t~10 bl oou vesse::..s by the 

contr acti:1,_; r.:~roJ.,otr::.u.: .. is tilO su~costed c cc'..lsc (_·.ssali ot e.l , 1958). 

Do:,ool::.ris:J.tion o:' the :::yo:::etr i..:-tl cell r,cr.:bl~(!_no occurs r;hen o::.•/-'.:oc:i.:-1 

~l-L! ·-i n-i s-'-o-r'-''1 ( ', ·•J u~"'""'O ::<'"' " "'J. ,., 1 cy:,OJ· ~-:. _, ....._ • - V ..o.. v...... V("~,.. '""J J.. .i...'{..L-L ....,. • • ·~L _ -.J 

~ncroc.::;es the p- r::.c.:--cl;~1.~ ty of K th.rouc:;h t!w cell r~,e;.;bl:'ane . '-'-'i1is lo·::ers the 

r::er::brc.no po~~entL:l , anu tims reduces the c:-:ci t<-~bj_li ty thccshhold. of' t2w cell 

( C <"-ldeyr o Bc.rcia, 1 9GO) • The presence o:' o::ytocin in late precnr:.ncy, 

ho·:.'s ver, lov:c r s slic:;htly the rc stin::_; potenti<'l o:~ o.ll qyor.wtr i..:.:l cells and 

renders the utoru J r:10re suscepti ole to shock ( Burnstock et al , 1 963 ). 

Repola r isation of the membr ane occurs Ul1der the inf luence of 

procesterone which te nds to reverse the K+ c rudien t . 'rhis ma,y be respons-

i ble for the antaeonistic effect of proc;es terone pre tre atment on o:x;y t ocin 

action (Csapo, 1 956a) . 

Summary of hormo~-~fests . 

The evidence indicates that both steroid and polypeptide horr.10nes 

exert marked effects on uterine contractability . Pretreatment with 



combinations o~ ovarian steroid hormones such as oestradiol and progesterone 

alters the degree of sensitivity of the my ometrium apparently by altering 

the threshold at which depolarisation of the cell membrane occurs, and, 

depending on the particular steroid combinatio~ that is us ed , the effects of 

electrical, mechanical or polypeptide stimuli Iilay be either enhanced or 

depressed (Cs apo , 1956b). 

Oestrogenic substances produce enzymatic and electr olytic changes 

in u terine tissue which alter ionic gradier.ts and increase protein synthesis 

in myometrial cells . These changes tend to increase the susceptibility of 
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the uterus to stimuli (Burnstock et al , 1963; Velle , 1963; Schofield, 1961) . 

Progestoger:s on the other hand influe~ce sir.-1ilar processes but in 

some way not understoo C. cause different effects . Under pro0estero~e domin-

atior. the u: erus hypertrophies but co~tractabil i i..y of the IT'.yometriur., is 

suppres:::ed., these a:'fects var:r i. nr.; in degre e acccrdint:; to the ar..ou~t of 

oestrcse~ th~t is present - in ~eneral ter~s both hormones actinc synergist-

j cally pr omote both uterine G.ev e l o~:nr.ent o.nd activity . The inhibitory effec t 

of procesteror.e alone on spo~taneous activity of the pregnant uterus is quite 

conclusive for the rabcit but appears t o varJ in degree between the other 

species (I.:cDcnald et al , 1954-; Schofield , 1961: Pose and Coldeyro Barcia , 

1958; Cs apo , 1963; Cs apo , de J.:at tos and de Sousa Filho , 1963 ). 

Both oxytocin and the vasopressins that can be isolated from the 

posterior pituitary gland have an oxytocic-like action on uterine smooth 

muscle but of these OxYtocin has the greatest effect . Natural ly occurring 

oxytoci n , which contains elements of other pharmacologically active substances, 

possesses a number of side effects attributable in part to these substances 

while synthetic oxytocin possesses side effects only to a slight degree 

(Berde and Certletti, 1956; Gorbman and Bern, 1962) . 

The uteri of several species in both the pregnant and non pregnant 



state show a graded response to oxytocin which is proportional to the amount 

of hormone aQministered (Bell , 1941; Evans et a l, 1958; Van Demark and 

Hoys, 1952 ; Caldeyro Barcia , 1958). This e ffec t may be modified by the 

stac:-:;e of the cycle as de.oonstrated by ICnaus ( 1 929, 1930) in the rabbit and 

Fuchs and Yuchs (1 963) i r. the human or by the stage of pregnancy as 

demonstrated in several spec ies . The threshold for oxytocin action on the 

u"'cerus dir::inishes rrith a.<lvanc:inc; pre[;na:1cy and the horoone ap~enrs to plcy 

a vital role at the t:i ; .. e o:~ parturition ( :Scrde ancl Cerlctti, 1956; Cross, 

1958b) . It appc.:J.rs to exert :its influence on -the uterus by O.epolarisinc 

tho electrical potential of the nyor:;etrinl cell and synergistic action on 

the uterus by coqbinations of oestroccns and pro.::;esto.:;e:1s i n sui table ratio 

c an facilitate ii1is effect (Caldeyro Barcia., 1960; Burnstock et al, 1963) . 

':J.'hese !1ave been described by Ro:ynolds (1 965 ) under tho headint;s 

of Electrical and ;:ec!1an:ical llec::r!.~din.::; , but their use has been confined 

mainly to man . 

These external r:>othods do not n.:ppoo.r to l1ave a place i n recordinc 

uterlne activity in anioals . Low electrical potentials of the uterus would 

be dif ficult to sense through the thick LUsculature of the ruminru1t abdomen , 

and might be confused with potentials emanating fro!TI the rtEnen (Reid et al, 

1960). Equipment for recording mechanical changes is applied to the 

ventral abdomen in man with the patient in dorsal recumbency; this would 

be impractical in ruminant animals . 

1 . Recordi~ of electrical potenti~. 

Diphasic electrical currents appear all over the uterus during 

labour and synchronise with contractions . These electrical changes can 
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be detected by needle electrodes placed in the abdomina l wall, or by an 

electrode i mp l anted ~ Y.~imiJn high in the fornix . 

2 . Rec ordin0 o~hw!ic cl changes. 

Thi s i s carr ied ou t by means of a Tokodynamometer in man and t he 

common type in use h~1s been described by Sreyth ( 1 957). Basical ly these 

consist of flat plates which fo r a ci vcn forc e r.wJce a vari ab le are a o:f' 

contact with the abdooinal wall . Plethysmogr aphs ( 
T" 
1\ .. ornmesser and l'Jyb oer, 

1962 ) a..'ld a Tokor.;eter applied to the cervix ( i~elly anu Schleifer, 1962) will 

also reco r d ncc!1c.nical chC1.11(; e s . 

r,. .L- - J - .L ' - d ' ,... ( ()" ~ ) - b' - " d • .d18SC r:JG ... r1QQ;; "l .::J.Ve ::Jeen S ;.,UQ.l G oy v sapo 1 _,0 :_; 211 r2. lJl .:;s anr 2n 

r:mn , and i n cattle by Gillette .::md :rolr.; ( 1 963) • ':.'ney involve ti:e implant-

e:.tio1: of eloc~rocle~ into ti;e myometriu:;; , <md t l1e intr oduction of pressure 

sensin,:; baJ.loo:1s betneen the foetal placenta and the endo:-:;c".:;rilun ; b ot h 

procedures require a l 2.paroto;:v . 

1 • Elcctr ic 2.l notcntial. 
~----

Si lver electro~1e.s 2.re inserted tan,;entic.l l y into parturi ent uter i 

at various sites ; for exanple , ovarian, fundic , and cervical regions of 

the myometrium . The fre e encls are pas secl to the outside and c onnected to 

a recorder. 

2 . Pressure chanties. 

ll:icroba lloons are inserted t hrough a slit in the reyometrium so 

that they rest b etween t he p l acental membranes and the reyometrium in the 

case of the Csapo method, but remain imbedded in the uterine musculature in 

the method used by Gillette. In both c a ses the free ends are connected to 

a transducer outside the animal and joined to arocorder. These methods 
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have produced data fro::1 vinich these authors can predict , to some extent, 

the time sequences of' parturition. 

Caldeyro Barcia ( 1958) has recorded arrmiotic pressure changes by 

intro::bcin.; open ended ca theters throuch the abdominal nall and rzyome trium 

into the anmiotic sac in Dan . 

All these in tra-abdo::Unc.l methods , hm·rever, have the disadvantage 

of co1121·2ction.s betrrcen the subject and the recordins e cluipr.tent, Yrllich noulcl 

r.:a~~e uterine rec ordin; in a natural environnent ir:-::)ractico.l. 

':..'hese h: 1.ve the o.dvanta;::;e of boin::; ab le to sensa and tro.nsGi t to o. 

:::-ccei ver 1·ecorder , c!w.n:~os in eleci..r~cal po~c.onti;:-J. and prossu:ce i't:i thou t 

Prensey 

o.ctivo and ~;a::;s :ive r.:et:1ocls of tele:::etr~c rccordint; . In 

oscill,- to:::- in the uterus , anG. c-.ro rccorJ.ccl on t:1eir return by o. receiver. 

uterine act.:iv i VJ . · .. ·i th t!1e o.cti ve r.:et:~od vol tcce fror:: the uterus is 

c onv<3yed via electrodes to an oscillator secured on t~e anir.ml' s back vhich 

is capable of transmittinc infonnation that can be received by antennae 

surrounding the ani nal 1 s pen. 

Swrunnry of in vivo methods . 

All the metnods of in ili.Q. uterine rec ording that have been 

described involve both surgical interferences and extensive recording 

equipment . These two factors would have made it extremely difficult to 

obtain adequa te results from large numbers of domestic animals . 

It was decided therefore to confine this experimental investigation 



t o ani£ vitro study usinc prepf~ations from larger numbers o~ laboratory 

animals . It wo.s considered that knoYiledt;e c;o.ined from this type of study 

would be hel pful in interpreting results fro:-a in vivo experiments to be 

carrieu o:..t t on a sr~.aller number of f ar ,:-. animals at a lo. ter cla te . 

Basically tn~ e:cporir..enta l approaches are concerned rri th in vitro 

studies on r:J.:L"":TJa.lian uterine pl~epo.rations . 

(a) The tu~al end of' the uterine horn is detCLcnccl froo its co!mections a t 

lCJ.~laroto;::y, <ml tl:o cervical end is anchored to a n ir:::-::ob::.le rod inscrteu in 

the c .. bdo:::on . 

lcvor by c, ::Jiece of c ot"c.on t1:J.r co.d (S.CJ.C.dwa , 1959) . 

(b) .. ple.:::inu:. hoo:: r:J.-:.;:: cottm: t!J.r:::ncl att2.ched , i~ pa:;.-::cd around the central 

~·~ plexiclass basin-l il~c cover ·:;:! i..L [l.n D.IH:r ture in 

The cotton t11rO<ld from t!~e free eml of the platinuiJ hook i~ p2.:::sed through 

the aperture in the b<>se c f the cover for att<.:.clment tc a 1~'r..op:·aph lever 

(Schofield , 1954) . 

In both mothoc.s the abdomen of the o.naesthetis ed subject is filled 

rti th physiological fluid. 

II. Total excision of the uterus . 

(a) Portions of the e::cised uterus a re assembled in a superfusion apparatus 

(Gacldum . 1953), in which the perfusinG fluid flows over the uterine prepar­

ation continuously. 
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(b) T'ne excised. strip is i mmersed tota11y in a Eaenus type organ bath 

c on J~,;..ining plJYsio;.ogical fldrl (Gaddun , 1959) . This rl:etbod r;i t.h certain 

r.·Jodifications v;as selecJ:ecl for J.:,~ ~ is stud..)' and i.s described furthe r under 

In both vr..;.:r iCJ.nt~ of the tot<JJ. ec:c:.sion tecr•ni<=;_ue, one end of the 

utcr:i r.e stri~, tl:e cervical oncl in tno e;:perir-.enJ .... s cm-riecJ out in tl:i[O 

stcdy, is 8.ttuchcC. to o. str: J.::ic:n(·ry rocl r,·hilc the or>;1osi te e:!d is attr.chccl 

by co""':. tor; tl:.reCJ.cl tc ;:.. kyr:.ocr;;_ph lever. 

C2ncl1:c,ic r. en in vitro se~:l:o ds . 

. .:'.s the ezporincm ts tc be carr::. eel out r et2uirecl that a r e l c.ti vely 

l[<.r:_:c r.ur:.bor o:~ pre_!!C.l'utions shonJ.C. be c::r:: :..ncc"c r:i t1·,:::.r. c. s: 1crt s~' .::.cc of 

· pJl·ou' (b\" , ... ,<. COl'"'~G-'"'"' ' '·l ·' - ~... . . \ I ·<.... • o..) .v.._ ...... ~ t..- \...:.. tc l:o J.:-he 

Pobc-.on (• ()-;;-;;'; ~i.,J·ocl .... h"~- l· "" c:1..,1cd "\.l"n'o "'"·ri Ds l1~,,e tl' .. r: c.',_· ~. --_\.. ...... I....' ./...I ;;;; ,~ t..J.. I· l,; - < .. ..,. U ' .~_._ .,; . ~ -• .:H......... w '- -.!. t!.. ~;.~ --

ad.vC'nt<<;os of Cl.l1 c:rt:..fici<:.2 onv:::.~'or_r.:o r:t , nithout the c.U.vc:;ntaccs cf natu..rE'.l 

v.necboJ . .:..c cncl bctabclic connoc".:;ions, neither a r e there cvorian nor neuro-

hypophysial c onnoc~,ions. Gaddun ( 1 959) claims the J.:acnus metl:od to be the 

sirr.plest means of oeasurin[; the action of drugs on plain rr:uscle . The bath 

i s kep t at b ody tenpero;.ture and o:xycen or air is c ontinuously bubbled through 

the bath . The r esponse depends on many f acto r s , such as tenper a ture, 

tensi on in the muscle, uncl ionic status . I.:ac;nification due to the lever, 

frequency a ncl maeni tude of stimul &tion, oxyge n supply, ancl sour c e of energy 

are ~.so fac tors that influenc e the extent of the respon se . 



1. Temperature. 

Harris ( 19l~7) hns s hown thnt ni t:ni n certain lini ts, increased 

teoperature incrc<?.scs uterine activity v;hile Durnstoc~: et al (1 9 6.3) also 

str,.te that ute1~lne c..ctivit~.r is teupere.ture dependent. Increased. intra-

celluJ ar Na-.- is associated. n i th l oss of intracellular K+ durinc dissection 

at roor.~ ter.peraturos . ~' t . .co T) + . . , b 4 , f .:,x -ruslcn O.l • a lS ac c on:panlea y an up v8.Ke o 

\'!l1en 1NCtrDec1 a(;nin in a tissue batl1. 
0 

::laisinG the ter:1poraturo by 1 0 C 

polarises tho r.1eobrane and abolisnes spike discharse . 

Fuchs ( 1966) su.:;cests that lor:c-rinc of the ter;:pcrature decreases 

srJontc:neous utcri::e nc ti vi ty in ti:1e r<, i:Jb:.. t due to l' eduction i n the influx 

of: Ca++ while Eol ten ( 1 S'l~8 ) shor;ecl th n.t spon"'.;ane ous 8ctivi t y of the r ot 

uterus couJ d sor;ctir::o s be cverco:-::e by l or;<Jrinc the te:::perc.ture of the bath . 

Csapo ( 195lr) found the durntion of isotcnic contro.ction cyc1es of the 

rabbit uterus decreased a~, tho te;-:.po;:·,;.tu::.·e -~·;<:.s lor;orecl , bt.:t f cunc1 isotonic 

shcrtenin ,__; o f t:1e unloctdod uterus to be insensi"c. ive t o tcr.'pCrCJ. i::ure v:hen 

tension vras zero. 

Isor:etr'::.c tension c ~' isol.:: t.od uterj is 
0 

~rncticclly zero at 1 0 C, 

but increr~sc s i n o. strc~icht line relationship r;i ti1 tor:·.per d:.ure up to .30°C. 

Botr:uen .30°C and 40°C the tension ter:;por<:.ture curve boco;:Lt: S <:syr::p7ctic 

~.I' t 4 '00 Yii U: o<0:ir::ur.1 e .J.l. ec · a v Lf. C . In C sapo ' s e:A-pcr imcn ts ho·;;ever , isotonic 

shorteninc; of the unlo.::tded uterus h ad no tempcrc.ture dependance betwee n 

0 0 0 
1 5 C and 4 0 C; at 1 5 C isotonic shorteninc could b e llk'l..."<imal but tension 

minirr.al. 

2. Tension, isometric and isotonic contraction. 

The tension, or resistance to stretch, of individual uterine 

preparations varies with many circumstances, especially hormonal and ionic 

status . Csapo (1954) states that isotonic shortening of the loaded uterus 
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refers t o a ll the intermediate states between shortenin~ of unloaded 

muscle ( no resistance) o...nd isometric tension ( maxir-mr.J resistance), the 

V['.I'ia.ble pnrm:1eter be inc the load. 

Burr.stccl: et al ( 1 )63) sta te tiwt spontane ou nly active s r:tooth 

r.:uscle is sensitive to strc;tch anD. r es_ronC::.:.:; to stretcr1ing by de:;olarisation 

the r.:er::brunc response bcinc rou:_;J.1ly par2.llel to that occurrinz:; durinc 

on.set of spontc.neou::; contrclc tion . In botl.1 cc:.::;cs ti.lCro is n full in 

E10r:~brc.ne potcr: ti .:.-2 . 

up to [l. ccrtn.in poinJ.; ' :.:~irs-:; b,:;- a s::-;<.:1J. incrco_se Q.'1(l l o.te r oy a dec rease in 

~~c restins tension . I:' t his liL.i i, of c:.ujustr:1ent Ho.s over- ste~'pccl , tl1e 

res~inc tcr:c;j c,n , i nclicctecJ by a s li.:_;i:t e l e vution of the trc-.cint.; above tl1e 

'cr:se line , rroulcl beco:·,c sic:;nifican~: nnci. riOuJ.cl inc::·oasc b.:r subsor1ucr.t stretch . 

cu.se of parti<:'.l c~c-::.i vc,-Lion of tl:c llrep<Tc.tio!-: o.nd cloes not t::crc:'n·c revcc.:!. 

t!~[_l_t isoi. .. c~1ic sl1ortcnin~ of the unlo[tcleC.. u-::crli..D . .:.;2_,,2.CS no t~u cmtita.tive 

infor r:J:,tion o.oout the functionc~l si..o.tc of ~;]w sys"cen . Similarly Sc!1ofield 

(1 cw4 ' --•or'--i '1 · ... l· .L~ , i 1'"- ~-c-"- r · bL'l. J.s conclur'ed -"-;, ..,t ./) I ' •• ..t.•.-..1. .. ..J ~. ~.,..... ..4 .1. V'-.. v ~ - l , • ......._ v- .. <.,. tho isoto:1ic methou r:my 

record. nc:zinu.: activi "<- rir-ccn a fcr; r.cuscle cells ure c o:1tr a.c tinc , but the 

isometric rr:ethoc.l recorcls a me.xir:lur:J effect only rrhen all contr c.ctile units 

are involved .:1.nd is sufficiently sensitive to clistineuish between contractile 

capacities of individual units under different conditions . She claims 

that isotonic nethods previously used to record uterine contre.ctions are 

c;rossly inaccurate (Schofield , 1961 ) . 

Csapo and Corner ( 1952) showed that the "Staircase Phenomenon", 

which is a gradual increase in tension after stimulation has begun, can be 

measured by isometric but not with the isotonic methods . The "Stair case 



Phenomenon11 is of particular value in measuring hormona l effects on 

uterine tension . Oestro:en increase s tension or e ives a positive 

staircase effect the.t cw be reversed by pr ogeste r o!!e . 

Jl.n isotonic apparatus e m: be modified for i soce t ric rec ording 

by the i ncorporo.tion of a strain eauce. O!!e or.d of the instrunent is 

attacheC. to the rr:uscle s trip so that the prerarotic!! is assembl ed. under 

a kn o·.·m dee;r ee of te nsion. 'I'he strain c;aue;e is then a t tacheC. t o either 

a h.-y1::o~raph l e v er, an electric rec order, or t o o.r: os ci lloscope . 

I<,Juc:tuo.tio!!s in iso;.:otric •ce r:sior.. c:1n thun be identified for e<::ch stir::ulus 

that is o.pplied . Such o. r.:odificc:tio!! was not avo.iloble for this \'io r k . 

3 . Ionic status. 

Free y;b.c,t hoc previ ously been dc scribe<i, it is clec::.r th [~t nost 

in i 0Dis stat.u3 o:l:'") the s: .. oo tli [:uscle . It i::; y:ell esto.blis~J.oC. that c ontr<::ct -

b cJ;·~nce ooty,een tho r:a.:sclo cell C!J1Q it:::; environment . It no1..:. l d be ex~1ccted , 

tterefore , that the i onic b~1L.ncc of the L~ediun: used in in vitro studies or: 

the uteru ::: woul<i nc.xkedly influer..co the bel:<'.vi our of the prepara tion . 

(i) Effects of different ions . 

(a) Pota ssium ~· 

Jung (1961) shovred in rats that in vitro uterine contractions 

bear a direct relationship to the concentrations of extracellular potassium . 

Burnstock et al (1963) state that an inverse relationship exists in most 

species between resting potential and external K+ concentration. Thus an 

increase in external K+ would be expected to cause a depolarization and a 

decrease in external K+ a hyperpolarization . Schild (1966) states that 
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smooth muscle can be completely depolarized by i mmersion in 11high potassium 

Ringer solution'' and. such a preparation is incapable of generating or conduct-

ing electrical impulses but retains its ability to r espond to stimulant and 

relaxant drugs . 

(b) Sodiuc ions . 

Evans et al ( 1 958 ) shor:ed t hat the i!:!, ~ elect.ricd potentials 

of rat uteri nere c onsiderably subdued when the Na+ content of the Ringer 

solution nas 
+ 

rer .. oved. and repl aced r:i th K • 

hor:ever, ncre still sensitive t o stimuli . 

Uteri treated in this 

On tlw o-':.he r hand. , Csapo (1 956a ), i'lorldnc r;ith rabbits, reports 

..!. 

that increases in I!a · content of Rineer solution reduc e s the sensi ti vi ty of 

i!}_ yi tro r.wonetria l s trip s . 

(c) Cc,lclur.: ions. 

~on concentroticns £I ,., ++ 
01. \Ja proclucc a c o:1tr ccti le response in uterine 

r.uscle t!1 ;:~"'~., incre<:.ses as c oncentrc!:;ions of the ion are raised (Scnild, 1 966 ). 

- 24 -

If' hc•·:ever ' c o.·H is rerr:oved fr or.. a p reparation ' myone trial tensicn dras tic c-.l ly 

declines (C sapo , 1956a). Spontcmeous activity of isol ;.ted r o. t ui.oru s in 

stanclc..rd Lod~e solution cleclined w~1en the ca"'·-1 level \';as reduced acccrd.in:; to 

de Jalon, Bayo and de Jalon, (1 945 cited by Burn et al , 1950) . 

(d) Kagnesium ions . 

Schild ( 1966) found that the l~g++ can have either an antagonistic 

or a synergistic influence on the effects of certain other ions . 1be 

positive or negative relationship of J.:g ++ in these instances depended upon 

the relative proportions in which the other ions were present. 

(ii) Ionic inter- relationship . 

The contractile response of the uterus to Ca+-t was antagonised by 
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l.,"!g++ mhen th c ++ 1 1 1 11 ... e a e ve s were ow . This response was potentiated by 1'tg++ 

when Ca ++ levels were i1i gh ( Schild , 1966) . 

Increases i n intr acellular K+ are accompanied by a fall in Na+ • 

. An inverse r elationship also exis-ts between Na+ and. the Cl acc or ding to 

Burnstock et al (1 963) . 'l'hese authors state that the Ha+ •• + Cl- 1 t · , . l'c re a lOr:snlp 

of in vitro uterine lH'e~o.rations i s dependent upon the hon;.c:r..e levels to 

which they huve beer.. subjected . 

(iii) Ion-horn:cne inter- relntionshin. 

(e.) Oestro2;cns . 

Burns tock et a l ( 1963 ) states that in work ni th rats, intracellular 

1~+ __ increc>.scs in the uterine cr. . ooti.~ n:uscle under the influence of oestrogen 

. -- + ln J;a • In this s~JC:Cios, sin:::;le 

.... 
:.r:.jection': o::':' O~<:. tro~en bril\; nbou t :·:..:'1 i:Y:cci:.at.e increc:sc :.n cell ··· and a:: 

incre:•.Re in cell Cl \:hie~-: re <:chcs r" !.1n.xir·.U!'J 8 ho:.~rs .:~.fte:c inje:::tion . 

da.ys ufter tl1e sin;:;le injection :.::c Cl concentrn.tior: is l or: ~ :1u ti-:e I'Ta+ 

c ontent hi e;h . 

Cs e.po (1 956b) states th:;t in rabbi ts 1·:he!1 Ca++ is removed the 

myometri<ll teP..s:i.on drastically declines if t!le u" •. erus is clor:1i nated by oestro.:;en -

but very little chc.nce occurs if dorr.ino.ted by proz;osterone . 

Best and Pickles (1 963) state tha t I.;g++ content of the hUP.Jan uterus 

is increase d by oes tradiol . 

(b ) Proge sto~en~. 

Csap o ( 1956b) state s that in the rabbit, the progesterone dor::inated 

~ometri~~ has a membrane potential c lose t o critical value i n normal Krebs 

solution . If its membrane is further depolarized by increa sing the K+ 

outside only contracture increases, and active tension is not deve loped . 

Under progesterone don ination a strong Ca++ c omplex is formed which cannot 
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be washed out of the muscle - and the muscle remains u.r1changed if Ca++ is 

removed froc the environment . 

Burnstock et al ( 1963) state thrct i n rab bits and in man the 

+ d . + - t . ' l b . d c ++ f. l c ++ pr0[;8S verone Olf.lna ..,ed U erus eJ.. t 1er ln S a n:ore lrDl y or mor-e a 

has to be displaced be fm'c exci~c~;_bili-:_./ ::_s lost ·.-;hile Cs .:1po (1 956b) sta -tes 

t..f1at all ti1 e efi'ects of pro.:;esterone c an be e:xp lcined by increases in f!a+ 

ancl decreased K+ content o:' the r::yoJ.tetricJ_ cells a'1d ~) rob ably by a Do~e 

1 N ++ 1 ° t' b ' t' " s tA.1) e Ga comp e:-:: 2n -ne mern rane or 2n -ne myop.Lnsm ; but vrhich c f 

these three 2l"ccr a tion s is the lir :.itin~ and first reaction, ctnd hoi7 i-t is 

influenc eu by pro_::;es:,o~·one is not knm-.n . 

(c) 0:01tocin . ----"--

shcr:ed. thr:. t ti1e r,.t uteru s riill still resiJo;:d to 0?::'.,'tocin even th01.10h nll 

t:l8 ;:a+ h<i3 been re;J l nced by K+ and tile r::e:r:brc,ne potenti al conseTuently 

s ubdued . 

Some mat;nific ation of response is essential to t he accuracy of 

measurements made from the records of isotonic uterine contractions . The 

extent of this magnification may v a:ry on occasions between eA."Feriments . 

However, a four- fold magnification of t he lever has been adopted commonly 

for the recording of isotonic uterine contractions (Holton, 1948; Gaddum , 

1 953) . 

(b ) Frequency and magnitude of stimulations. 

Because of f atigue , ~~uterine preparations tend to contract 



- 27 -

to a lesser extent followint; an i::1crease in the frequency of stimulation. 

Contracti :::ms follO\'r:'cnt; res:ponses to ::1axi:nw:-: sti:::ule..nts e.re reduced fo r the 

SG.L!C reason . In o:vtocin assays the i.!lt crval between adJ;;inistrations hn.s 

been five r::i:mtes in the rat r.wthod' anu ten :-cinutes for that of the c uinea 

"~"' ( '-{o1 .._ ,n 1 CJ J u0 · lJ..Lu ·--v...;. , .,.,~, Grrddurr:, 1 9 53; Q.LG\'''' ·"t 1 OJ 91 
L.) \... J;..~ ' ..1 + j • 

. ;u1 inauec.!.u:.te o::y _:en su~/)lJ curtails :narkodly the activity o-f' 

in vitro utc ri ::c ( Go.d.dur::, 1 S: 53) . 

o_pti::.u:-:·. do~: s not i:lCCG<•DC u"cerine nctivit:,r u:,less bJ rate of flo;·; it is 

1 01, 7) 
.,/~r I • 

'oy -.. '·\l i"""'. e·'v· ~l A ()!~o) srl')"'"'' .L ;1 .. t .Lll··· "lO''.L~··eOiU"' ., •• .1. n.- J I .,., _.,.· • .._ '., ..... ~...,.,. L.- u. v v u l .. v t .U • u o!: the isolo:Lecl 

ra"c u-:crL:.s in stand;:u~c J,oc;:e ' s soluti:::m could be me.r1-:ecll.:;,r r ec!.ucod by 

r eductions in tho t:;lUCOSC CO:!tent Of tho stn.nclorll ::;olution . 

It is a:p}!arent thn.t ntL"llc~~ous inter- related factors in:'luence the 

activity of~ vitro uterine preparations . These factors have been mentioned 

under the hcadil1Gs o:' temperature, tension, i onic status and technique . 

The effects of all these fac tors apart from those discussed under 

technique can be exp lained accordine to Csapo (1 956b) by an increase or 

decrease of Na+ and K+ within the myometrial cell, with or v1ithout the presence 

++ of Ca c omplex at the cell membrane capable of exerting a stabilizing effec t 



upon thi s exchange . An cl te r ation i n the c on c entra t ion of any of t he se 

t hree ion s can be the lird ·U.!1:_:; and f i rst reaction . The vrcy i:-~ vrhich s uch 

sn al tere:.tion is i nfluenced. by ter.rperatu::-'e, tens .!..on , or hornona;L c.ction is 

no~c fu l ly 1.md.e:rstood (Durnstoc~c et al , 1 963) . 

In experiments vii. th ~ zi_t rc:, uterine preparations therefo~, i t 

is essenti:.l to keep tecperature , ten.sion , L1....'1d horr.:onal levels constc,.nt . 

'l'he :.:l.i110cr so lu tions u sorl n.ust be of cJ1 iuentical :'orrnula vri th all i ngredients 

w<:.de up dail y i n constant p::-'oportions (r:r,u.·ris , 19h7). I t is equall y 
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ir::_•ortant that the other as~)ec-:_s of tec!'lniyuc mentio;J.c-0. : .. ust be l:ept as c on st<mt 

as possible if any concJusionc 2.ro to bo dravm :""'ron in vi tro pr epar2tions 

e:.ther rrith i n or betl"!een [;rou~)S of e~:::>erir~:ental subjec ts . 



~L.'lDLErlTS ...ILl![ GUTimA PIGS 

'l'he co::1plexi ty of r.wometrinl function was o•J tlined in the review 

of litera turc , and this indica t ed certain c:;aps in our lmowledge of the 

physioloc; ic d e vents leo.dins up to pn.rturi tion . Reports of f oetal 

expulsion fro :.1 perfused c r a vid u teri in the absence of a ll nervous and 

vasculc·.r connectio!1s , suc;:;est that i ntrinsic ::1echanise1s are responsible for 

i ncreased r;,yo:::etrio.l ac-tivit:/ in the ter;~.inal stases of pregna.'1cy , 

OJ::; to cin !loi·;evcr, is ~:non:. to cause uterine sr::ooti< c usclc to 

co:1trac t i n rios t species; and in t he non- precna'1t car..r.1al its effect is 
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acccntuateu c:.;rcatl:,' if e .. d:. ,inistcred clurinc; oestrus , CleC!.rly certain ho:rr;Jon o.l 

influe:1ccs assoc i o.tsd ~·:it l: t l:e ocs:r ous cyc:e a:~fcct the de.:;ree of oxyto:.:in 

It bcc:re i::.~:,:•rtani therefore t o e:·:w::ine the effect of hor:::onal 

interr~c "'"~.i.o:-1s on i..I1c can!..ractabili tJ' of utcrino s::~:J~i..h !:~usc::._ c befcre intGrpl .. e -

tG..t:_ons ccul(:. ~c t.;-:.a.e :"rc:-:. peJ:-- c:.r::c't8!'S rccor~lccl 2-t specif.lcC: sta~;es of 

precnnncy . 

' ~upply of fe:-::<!.lc gui!1ea pi_;~ ·;;c..s ::1vc~il alJle , cmd in vitro 

ex~)Grir::-:;nts to exu:.ine the effects of ox;;r tocin on uterine prepo.rations fro:.~ 

specir..c:ns of tl:i s spec:::..es we re perfor :ned . 

B. ~Technique s Used in Experiments on Guinea Pigs 

A total of 35 mature female a lbino guinea pigs bred in the l :assey 

"floor colony" , were is olated froo males from birth onwards . Vfuen sufficient 

numbers over 400 g in weight bec ame available f or experiment, bila teral 

ovariectomy was cBxried out under 11 nembutal anaesthesia.". Aseptic techniques 

were adopted and approach to the ovaries was made by incision through both 

flanks . Each guinea pi g was identified numerically with a rnete.l ear tag 

when under anaesthesia . 
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1 • Housing and Feeding: 

The animals were kept on wi re floor cages in a room maintained at 

They vrere f ed a diet of co~~ercial pellets supplemented with carrots 

and cabbage. 

2 . Treatsent : 

Subcutaneous injection s of oestr adiol monobenzoate in oil * ( B.D.H .. ) . 

proeesterone in oil •" (Organon) and sterilised arachis oil were ei ven for 

assi ened pretreatment periods. 

3. Exru~ination of the Specimen : 

Fifteen minuJces prior to exa.r::ination the guinea pies were stunned, 

decapi tntetl anu the abuor.1en opened along the lin~ alb~. The uter"-ls was 

dissecteu out c:md cu~ free at the cervix. 'l,ho ri~ht horn was identified 

\'ii th a r::e t a: clip placed on its ligar;;en t ous attachments at the anterior end, 

and the entire excised uterus p l aced in room ter:Jl)erat"-lre Ringe r solu~ion 

nhere it was trir.roC:. free of fatty mater ial, The Ringer solution -.-w_s 

prepared in accordance with British Pharr.Jacopeia ( ll\ lk-~ ) directions for 

oxytocin ass<\)' as r e c o!'l•:.ended by Stewart ( 1 94-9), am .. -;;his saoe formula vras 

used in all the guine a pie experi~ents described , 

The selected uterine horn was-cu t at its junction with the cervix 

and a platinUQ hook attached to the cervical end, This was t hen attached 

to the oxygen inflow tube of a J,:agnus type or gan bath containing Ringer 

solution at 31°C. The tubal end was attached by cotton thread to a 

~mograph lever. Oxygen, under 90 mm pressure, was allowed to bubble into 

the organ bath a t a slow but constant r a te that did not disturb the 

assembled tissue. 

* B.D.H . = British Drug Houses. 
* Organon = Organon Laboratories . 



Weights of the anirnals were measured on an Avery scale which was 

sensitive to 0. 2 g. Ut erine strip and adrenal weights were measured on 

a torsion balance sensitive to 0.001;s. 

( i) Apparatus : 

A 50 ml r.:agnus type organ bath , with a two- way tube at its base, 

vms c onnected at the infloi'! to a c oil of glass tubing containint; three 

times the Rineer solution volume necessary to fill the organ bath , The 

outflo·w was connected to a rubber tube leading to the sink. This ]',;agnus 

bath and its glass coil, whose opposite end v;as connected to an external 

reservoir of Ringer solution, vms i l71Dersed in a vrater jacket maintained a t 

0 
31 C by a ther:Jo statically controlled imr:ersion heater , 

""· 1::,,::lO[;ra~Ji1 lever was mounted on a reto!'t stand so that its 

fulcrum \'ias situated anterior to the organ bath nith the frontal \'ll'iting 

point touchinc; lici1tly on the sr:-loked kymot;raph paper . 

( i i) .-1.ttachr::ent of Speci:nen : 

The lever was balanced to give a four- fold ma,:;nification. A 

cotton thread joined to the tubal end of the uterine horn r:as attached to 

a predeter mned point on the lever posterior to the ful c rum by means of a 

1 g piece of plasticine so that the specimen was stretched by a force of 

this amount. One hour after assembly the temperature of the bath was 

raised to 37°C, the lever returned to the horizontal position, and its 

cotton attachment to the uterine strip tightened accordingly . 

(iii) Administration of Oxytocin: 

11 Syntocinon11 , a proprietary preparation of synthetic oxytocin 

(Sandoz Ltd,, Switzerland), was diluted with distilled water to concen-

trations of 0.0001 mille-units ( mU ) to 50 mille-units ( mU) in 1 ml, 

. - 31 -



The oxytocin doses were placed in test-tube racks immersed in the water 

jacket and held there for a t least 15 minutes prior to administration. 

These doses were adJdni stered for 1 and 2 minute periods prior to washing, 

by i njection of the prevmr wed solution i nt o the organ bath t alcing care 

not to disturb the preparation . 

The orgo.n bath wa s washed twice wi t h fresh Ringer solution a t 

0 
37 C at the end of each adminis tra tion period, and <:J.Gain before the 

beginninG of the next, 10 and 15 minu te periods separating the admini -

strations. 

4. Assessmen~ of Response: 

The lcyraograph paper s nere varnished <md dried . The an:plitude 

of t ne contracti ::ms recorded on the drum vrere measureci in centir.1eters . 

Tile Greatest Cllill)litudc recorded for each dose of ox:t·tocin vras taken a s 

t!lc index of response to the particular dose . 

5. Statistica l ~.nalysis : 

1\nalyses of v.:rriance (Snedecor, 1956) nere used to compare the 

within animal and between animal variation, and to estiDate the possible 

significance of treatuent effect. Statistical analysis nas not carried 

out on the first preliminary experiment. This was run to determine the 

oxytocin dose range mos t sui table for experiments that followed. 

C, Experiment I . 

"To establish a range of oxytocin doses that could be selected 

to stimulate ovariectomised guinea pig uteri after exogenous hormonal 

treatment." 
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1 • Me thod 

Twelve guinea pigs ranging from 428 - 780 g wei ght were 

ovariectomised a minimum of 4 dqys prior to treatment. Four pigs were 

allotted randomly to each of the following trea t ments . 

Progesterone 5 mg and Oestradiol 10 pg daily for 7 dqys 

Progesterone 5 rng daily for 7 days 

Oestradiol 10 pg daily for 7 days 

Arachis oil (Control) daily for 7 days 

Treatments ne::-e staggered so that one pig became available for 

examination daily on four consecutive days in each of three consecutive 

neeks. 

0::<..-ytocin doses , r<mcin::; from 0 . 0001 mU to 50 mU were used on the 

first representative of each pretreo.tJ:-:ent, 0 . 0001 mU to 100 oU on the 

second, and 0 . 0025 rnU to 50 r.:U on the third. OA.-ytocin doses vrere applied 

for two ninutes in e2.ch case before the bo.th nus vmshed, and fifteen winutes 

\'TD.S allowed to elapse betv1een each ad.ministr .::tt:l.on . 

It was observed that the uteri from the control (Arachis oil) 

group showed spontaneous contractions and contracted markedly in response 

to Oxytocin; the effects of the arachis oil inj ections and the variability 

in the period between ovariectomy and experiment were considered possible 

reasons for this acti vity. It appeared that the threshhold dose of 

oxytocin was higher in the progesterone - oestroge n treated animals than 

in the others. It was concluded that: 

(a) Administration of oxytocin for one minute was adequate to elicit; 

a response. 
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(b) A dose r ange of' 1 mU to 8 mU produced a satis:factory degree of' 

r e sponse. 

D. Exper iment II. 

"To examine the ef:fects of' tirr-e since ovariectomy and arachis 

oil pretreatment on oxytocin respon se . " 

1 • },:ethod 

Four guinea p i gs ovariectomized :for 31 days, and 8 guinea pigs 

ovariectomized for 21 days nere randomly divided i nto three pretreatment 

c;roups . Group I received no treatment, Group II r eceived 1 ml arachis 

oil daily for six days , and Group III received no treatment but nas 

exw-dned three neeks late r then Groups I and II . There \·:er e tvm guinea 

pigs that had been ovariectomized 31 days in Gr oup I a.'ld one in each of 

Gr oups II and III . 

Bo t h uterine horns of eaci1 p i g y;e r e a:osenbled i n quick 

succession in tvro different organ baths . One guinea pi~; was examined 

per day , pigs :from Groups I a.'ld II being exwnined on alternate days . 

R 

8 

2 

The treatment of' each preparation was as fo l lovrs : 

R:1 : 2 : 4. :8:R:1 2 :4: 8 :1:1: 2 : 2 :4. 

8 (15 minute intervals between all doses to this point) 

4 : 8 ( 10 minute intervals only be~veen l as t 4 doses). 

4-

1 

R = Ringer s olution. 1 : 2 etc. = mU of' oxytocin diluted in distilled vrater. 

The doses were in contact with t he uterine strip :for one minute 

be:fore washing. Ringer solution administration was regarded as a 

treatment. Thus e a ch strip received 20 administrat ions of' oxytocin and 

3 administrations of' Ringer solution in the treatment sequence. 
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The highest amplitude occurring >rithin the one minute period of 

every administration, includine the three separate applications of 

Ringer solution, was measured and rec orded . 

The t:;uinea pigs were vveighed at the time of ovariectomy and 

again prior to slaughter , The uterine strips were we ighed i rrunediately 

on removal fro;n the organ bath at the conclusion of each test part . 

3 . ~sults and Disc~~ion, 

page y .,... 

.An exanple of the tracing obtained is sho·wn in Fig. I facing 

The response to oxytocin vras extremely variable - see Table I 

f acing page 35. (For further details see Appendix I & II). 

preparations produced a contraction during each oxytocin a~~nistration . 

Sorr.e prod~ced contractions during the Ringer solution administration , 

YThile other.;; pr oduced lart;e contractions regardless of the dose administered . 

This sponta1·1eous activit.:;' appeared to be inherent in some of these 

specimens, 

Analysis of the variance betvreen the croups was carried out 

for (a) the total activi ty (b) the total oxytocin response and (c) ~~e total 

oxytocin response after the respective mean "Ringer response" had been 

subtracted from all oxytocin readings within each preparation . The 

differences between groups were not significant in any of these comparisons. 

In t his experiment the between animal variation of the animals 

used appeared to be high and the following analysis was therefore carried 

out in order to estimate the numbers of animals that would be required to 

improve experimental precision in future trials, Selected right horn 

readings from Groups I and II only were used. This was done because the 

results listed in Appendix I & II showed that readings from Guinea pig 202 

in Group II contained evidence of excessive spontaneous activity. The 
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results :from this animal were not considered wort hy of analysis and in order 

to avoid bias when making compariso!ls, these readings and those of the 

corresponding a11imal in time in Group I, (pig 233), were excluded. Ir. 

Group III the results from guinea pig 258 v;ere again considered to be of 

little use because of exces s i ve spontaneous activity. In this c ase readings 

from correspondinG guinea pigs in other groups could not be disregarded 

"~thout leaving insufficient data . Therefore , no valid comparisons, 

between Group III and the other tvro gr oups , could be made . 

Right horn readincs only vvere compared in Groups I and II as some 

of the left horn readin&s in Group I were of a very small magnitude and 

likely to produce invalid interpretations. The d:i.scolouration of the 

platinum attachment hook was the suspected cause of these low left horn 

readinGs for a tissue hook in this condition may have lost its electrically 

inert properties . This would have interfered v;i th the transmission of 

t:;al vanic curre:1t within the uterine strip and the contractabili ty of the 

myor::etriu.11 would have been reduced . 'l'he data used nere the differences 

between three responses fo r 1 mU of oxytocin and the three correspondinc; 

8 mU responses. These are sul7li!larised as foll ows: (see next pat;e) 
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Treatment G.P. No. 
Groun 

I 257 

I 251 

I 203 

II 

II 250 

II 

8mU-1mU 

RCSE)n~ 
em 

2.1 
4.6 
~ 

7.2 
5.9 
8 . 2 

3.0 
3.2 

11 .1 
1 2 . 2 
9.7 

1 .1 
2.5 
~ 

Total Res:eonse 
for StriE 

(em) 

12.5 

21.3 

9.0 

33.0 

11 . 2 

8. 5 

The analysis of variance of this date. is shown belov;, Table I( a) . 

TABLE I( a): '"l!N'Jl.LYSIS OF VARU.NCE GUINEA PIG EXFT. II. 

Source of Variation 

Treatment 

Anim?~s within 
Treatment 

Readings within 
Animals 

* Selected data only 

d. f. M.S. 

1 5.445 

4 36.771 

12 1 .843 

(see text). 

Component of 
Variance 
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This ana lysis did not indicate ans significant treatment effect 

but did show t hat the variance betwe en anirr.al s withi n a tre a tment (s2
a ) 

was appr oxi mately ten time s t he variance within ani n,als 
2 

(S r). 'r h e se 

esti mate s of t h e t wo components of t he "error" were u sed to calcule.te the 

nurnbers of animals on d readin~s that r;oul d cive s t andard error s of 

vo.rious sizes. The i ndicati ons vrere t hat for an S .E . l ess t han 2Q-~ of 

t he mean response 1 5 anirr:aJ s 1•;ou ld be r equired in each t r eat.n:ent c r oup. 

The eff ec t of increas i r.g the nur:1b er of readin[; s per anin.al froo 1 to 4 

rms nee;ligi tle . 

I n each gr oup ir:. t he exp er in:ent the heaviest a ni mnJ. appeared to 

provi de t he prepare.tion wit!: the gr eate st a c ti vity and s o a r egr ession 

a nalysj.s was cc., r r i c;d out t c deter r:ir.e whe ther any relationship exis t ed -

no sicnificant effects r:ere found . The effect of rre::.0ht h orrever m<JY 

have been c o r..four~ ded to sor::e extent b;yr variation i n age of the anirr.als 

c oncerned . 

The p ossib:..lity that t he adr enal cortex of t he cvar iector..:.secl 

guine a pig mi Gh t be r e sponsible for sensiti sing the uterus t o c:~tocir. i n 

the absence of ovari an influenc e vro.s also considered and it nas ded.ded 

therefor e t o wei g h the adrenal g lcnds of the c ui nea pigs in futur e 

e :q)criments . 

Because of b ot h inherent ani mal V8riation and vari ati on due to 

other uncont r olle d f acto r s in t his e:>..-periment no conclusions coul d be 

dravm as to the effects of either time of ovari ectoqy or of pretreatment 

with arachis oil. In spite of this a third experiment was carried out as 

it was c onsidered that both slight modifications in technique together 

with pretreatment of the animals with steroid hormones might influence 

the uterine preparations to a degree that would exceed the effect of this 

variation. 
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E. Experiment III. 

11 To determ.ine whether treatDent of ovariectomized guinea pigs 

vlith e~:oGenous ster oid hor mones vrould a J. ter t he sensitivity of in vitro 

uter j_ne strips to stimulus ruth o:xytocin, 11 

1 • J,:etl:.od 

As guineo piGS fror.1 closely related age groups were not availa.b l e, 

similarity in body r;eight vras used as a rwasure of uniformity . Guinea pigs 

weighinG over 700 g were c ons:..dered unsuitable and nere not included . 

Eleven gui nea pies that had been ov"riectom:.zed five neeks on the 

day of the expcrirr:en t y;ere weiched and group ed into pairs on a weigh t basis. 

The heaviest pig we.s discarded lea ving 5 pairs. 

One f.'1errber cf each pair vre.s gi ven 5 mg of proceste r one subcut ane -

ousJy on eo.c:h. of six consecutive days . 1 0 .P5 of oes tr<-;d.:.ol ;·;e re g iven 

subcutoneously tc this sm~e pi{; on the fifth and sixth day . The other 

member of eoc:, pair acted as a control and received no treo.:t l!:ent . This 

treatr.:ent recirr.e we .. s selected because it had been used successfully in 

implantc.tion studie s on ovariectomized guinea pigs (LcDonulcl r.: .F., 1965 

personal c or.runica tion). 

Both horns were assembled as i n t he previous e:>..-perirr.ents except 

that monofilonent nylon was used in place of p l a tinum h ooks for attachine 

the uterine strips , Syntocinon doses of 1 mU and 4 mU were made up with 

Ringer solution as the diluent, 

Administration of the doses took the follo·wing order with a 1 5 

minute interval beuveen each dose . 

Right Horn 

Left Horn 

Ringer ; 1 mU; 4 mU ; Ringer ; 

Ringer; 4 mU; 1 mU; Ringer; 

4 mU ; 1 mU ; Ringer . 

1 mU ; 4 mU; Ringer • 

The highest amplitude occurring within the one minute period of: 

j.' 
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TABL:E II: 

1 

2 

3 

4 

5 

SUr.J-:i ... 'tY OF RESULTS O:C' GUH-JEii. PIG EY.P:c.:R.TI.:.r::NT III (For full details s ee appendice s III a11d IV). 

-r-----------~~---- ---·---------- ------------------~-------

GROUP I ( PRG111E~T~D) 

---------------

[-I 
·~ 

--+------~----------------------

L 
R 

0 . 38 
0 . L~1 

39. 3 
60 . 5 

33 . 9 
4-1 • 7 

5. 4 
1 8 . 8 

1 • 8 
6 . 3 

1 3 . l~ 
8 . 3 

l~O 

" 

~ 
A 
~ -~~ 

:~ LD 
~-~ ~ 
0 

3 
~ 
~ 

~ 
n.. 
H 
~~ 
8 ~.J 
Cl) ....__ 

0 .14 
0.12 

~ 
H 
~ 
8 
u 
· --~ 

~ 
~:- r-.. 
p G 
~ 0 
~~ ....__., 
(_~ 

:..:J 

9 .4 
2 .3 

GROUP II (CONTROLS) 

6 .4 
1.9 

3 . 0 
O. l+ 

1 .o 
0 .1 

1 .3 
0. 8 

l-·~--1-~---~-------------------------------++-----------------------------

T 
lJ 

R 
0 .42 
0. 43 

25 . 8 
4-9 . 8 

19 . 9 
34 .3 

5.9 
1 5. 5 

2.0 
5. 2 

6.0 
5. 8 520 

0 . 21 
0 , 21 

0. 21 
0 . 20 

5. 9 
2 . 1 

3. 8 
1 . L;-

2 . 1 
0 . 7 

0 . 7 0 . 6 
0 .2 0.3 

--------1 

520 

A...--. 
• • tD ~-1 ....._, 

,..::i 
0 

~ 

~ 
51 

0.19 
8 . 20 

i 
---------~ 

580 
0 . 23 
0. 24 

--1-----------------------· ----------+!-·-----------------------------------------
L 
R 

0 . 50 
0 .48 

52 . 7 
45 . 8 

39 . 8 12 .9 
22 . 0 23 . 8 

11.3 
-4 . 7 535 

C. 22 
0 . 23 

0 .10 18 . 0 
0 .12 7 . 9 

11 .6 
L; . • 7 

6 . L1- 2 .1 1 . 6 
3. 2 1 . 1 0. 2 

1----+-----------------------------------------++--------------·--·---------------

l 
R 

L 
R 

0 . 37 
0.41 

61 • 5 46 • 6 1 9 . 6 
63 . 8 41 . 9 11 . 9 

59 • 2 42 • 2 1 7 . 0 
67 . 8 53 . 8 14 . 0 

6. 5 8 . 0 
4 . 0 13 . 0 530. 0 . 21 

0 . 22 
0 .16 8 . 0 
0 .16 26 . 5 

G.2 
1 7 . 3 

1 . 8 
9 . 2 

o. G 2. 0 
3 . 1 2. 5 

------------·------ -·------·----·------------
5. 7 
h.7 

9 . 8 
17 . 6 

560 0 . 21 
0. 18 

0. 36 
0 . 41 

92 .6 
95 .3 

60.0 
62.9 

33 .2 
31.7 

11.1 7 . 8 
10.6 10. 3 

---------------~------------~--~----*~---------~----------------------------
J';:E.ANS 0.442. 52 .6 37 . 6 14 .5 
+ S.E. ::_0 .027 :!:.8 .6 ::_5 . 7 

4- . 84 8. 95 
::_1 .14 

0 .22 0 .198 
:~0. 027 517 

26 . 8 
::_8 . 6 

1 7.6 
::_5 .7 

9 .1 7 3 . 06 2 . 74 
::_1 .14 

0 22 
560 0.26 
~----_J 

665 

588 

0 .1 9 
0 . 21 

0 .19 
0.24 

0.22 

I 

i 
I 

-----~~----------------------------------------------------------~ 
~ The total correct ed oxytocin responses were calculated by subtractints the mean rint;er solution resp onse 

for each preparation from the mean response to 1 mU O~Jtocin and from the mean response to 4 mU, by the 
same preparation. These corrected means were then totalled, to t;ive the total ~~ oxytocin 
response for the preparation. 



every administration, including the three separate administrations of 

Ringer solution, was measured and recorded. 

2. Results 

For examples of tracings obtained see Fig. IIA & IIB facing 

page 39 . 

A complete record of results from t!1is e::-::periment has been 

listed in appendices III and N, and a summary of t!1is data appears in 

Table II fe_cing pace ~;-0 . The analyses of variance are sWTlmarised in 

Table 1 s II( a) -( d) facint; page /1.1 • 

Pretreatr.:ent with steroid hom.ones had clec::.rly resulted in an 

increase in weight of the uterine strips · and this result wa,s highly 

significant (P<0.001 ) • TotaJ. uterine activi"bJ he.cl also been significontly 

increased by t h is treatr::.ent (P<O.C5) but the sta.l1ciard error of' the experi -

men t rn~s hi t;h etnd so an analysis -.-rhich compared the response total s 

recordecl durin.::; t he f our orytcc in adr.inistrr-.tions only was co.rried out 

(Table II(c)). Usinc tffis latter forn of analysis there was aeain a 

significant effect of pretreatment on oxytocin response (P<0.025) but the 

S .E. was proportionately the srune as the S .E. for c omparison of' pretreat­

ment effect on total uter ine response . 

The total "ringer responses" and the mean "ringer responses" 

were then a:1alysed in a similar manner but no significant differences were 

shown beuveen the two experimental groups using either set of figures. 

Finally the mean "ringer responses" were subtracted from the 

mean 1 mU oxytocin response and from the mean 4 mU response for the 

preparation concerned. These corrected means were totalled for each 

preparation and subjected to analysis of' variance (Table II(d)). This 

analysis demonstrated that the significance of the pretreatment effect 
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!@LE II(a_l: ANALYSIS OF VARIANCE OF UTERTIE STRIP ~.-nUGHTS 

,..-------------------------·--··~---

Source of Variation d.f. l\! . s. 1<'. 
----------·-----

Pretreatment 1 0.2977 41.3 p 0. 001 

Error 0. 0072 

----------·--·-----------~ 

----------- ---·--------------------
Source of Vm~ation d . f . F. 

------------------------
Pretreatment 3333 .36 p 0. 05 

Error 

---··-----------·----· 

':.\J3LE It( c) : iJ'l.ALYSIS 0? VA.i.INJCE 0? TO'l' .. L O~:Y'l'CCTIJ R!~S?OIJSE 

--~-----------------------~-----·----.--, 

Source of Variation d . f . F. 
------·---

Pretreatment 1 1 998. 01 6. 0 p 0. 025 

Error 18 332 .95 

-----------------------------------------------~ 

T;I.BLE II( d): .ANALYSIS OF VARI ANCE OF CORRECTED OXYTOCIN RESPONSE 

Source of Variation d.f. 

Pretreatment 1 

Error 

M.S. 

1 92 .82 

12.94 

F. 

14.9 P o.oOt 



was improved when allowance for spontaneous activity had been made. Using 

this correction t echnique the S.E. of the overall group means was reduced 

r elative to the mean response , 

At least in the control group there appears to be a relationshi p 

bet·ween bod,y weight and uterine ac tivity. Correlation coefficients 

between body weight and overall uterine activit-y were estimated for each 

gr oup . In the pretr eated cr oup the correlation (r = 0.1 47) was not 

significant (P>0.1) but in the contr ol c r oup the correlation (r = 0. 816) 

rm.s hi c;hly sicnificant (P( 0 . 001 ) • This result o.ppears to be due almost 

entirely to the ve!'IJ active responses of the uterus of the heaviest animal 

in the gr oup. 

A si.J-:-.:.la.r situation appec:rs t o ezis t rii th respect to the relation-

ship behreen body weiGht o.r..d uterine strip weic;ht , The estimated corre-

lation coefficients were 0 . 307 (P>0 .1) and 0.859 (P<0. 001 ) for the 

pretreated and contr ol t;roups respectively . 

The totol ac1renal r;eights for each group were almos t identicc-J.. 

3. Comment 

The results of t~:is experiment appear to demonstr ate quite clearly 

t hat the ovariectomised guinea pig uterus, when 11 sensitised" with a sui table 

corr.bination of steroid hormones, viill increase its in vitro response to an 

oxytocin stimulus . These findine:;s were of course not une A.-p ec ted in view 

of the published works referable to this type of effec t discussed earlier . 

The finding that significant positive correlations between body 

weight and uterine weight , and body weight and uterine activity, were found 

for the control but not the treated groups is of some interest and suggests 

that either the control animals used m~ not have been true controls in 

that one member of the group, the heaviest, represented a different 
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population, or that pretreatment m~ have masked the e~~ect o~ body weight 

in the other group. The true e~~ect o~ body weight in this type o~ 

experiment could only be assessed by further work with more uni~orm animal 

groups. 

There wa.s no indication tha t adrenal wei ght had an association 

with uterine response . 

F. Generc;.l Discus sion on Guinea Pie Experiments 

Doses of oxytocin f r om 1 mU to 8 mU had proved satisfactory ~or 

elici tine; r esponse s in t l:is type of experiment a l preparation. These 

dose s procluced sit;nificantly c r eater effects in preparations from animals 

that had been pretr eated with oestr[ldiol a.11d progester one . Hor:ever, duri:r-r; 

these e)~eriments t1·.·o major problems emerc;ed . The first wn s the large 

decree of vo.ri ation in respons e between animcls on the same pretree.trr.ent. 

There was some i ndic a.ti on ti.1at weic;ht or v:eight as a fur.ction of age was 

i nvol veci , but cleurl y there vrere r;:arlY other ill- defin ed fac tors . Sor.,e 

preparations shovred continuing spontaneous a c tivi ty whilst others nould 

scarcely r espond to doses of oxytocin nhict. pr oduced good responses in 

other members of the same group. 

The second problem was the apparent sensi t i vi ty of sorr.e prepar-

ations to the emptying and ~illing of the organ-bath . vrnen the l.:agnus-

type b ath was emp tied, the uterus was left suspended ~ree of physiological 

~luid for a few seconds . Under these circumstances, the preparation 

tends to s ag under its own weight and this occurred especially with the 

large specimens . In addition, the temperature insulating effect of the 

Ringer solution was removed and it was noticed that when the air- temperature 

was suddenly lowered by opening a door, a contraction usually followed. 
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Although it would appear that these problems could be reduced 

by better selection of animals and changes in technique, many other 

workers have recorded difficulties in the use of the guinea pig in 

experiments of this type. Dale and Laidlaw (1912) recommende d that 

guinea pigs ·weighing betneen 200 and 250 g be used and Kochrr.ann ( 1 921 ) 

finding it difficult to obtain animals of this weight , investigated 

rr:ethoC.s sui table for larger animals, but ti1ese \'rere only parti ally 

successful. Similarly, Holton (19lf-8) found it difficult to obtain 

sui table c;uine a pig material . Stewart ( 1 949 ), Thorp ( 1 9 50) and Levris 

( 1 96~-) all found the t:;uineo. pig uterus to be unsatisfactory for work with 

oxytocin substances since the preparations failed to give reproducible 

r esults . i'urther , Thorp ( 1 950) sto.ted that t.!-J.e guinea pit; uterus r.-as 

incap able of ;3 i vine a sufficient nurnber of resrJonses for satisfactory 

statistical analysis . Gaddum (1938) quoted the linits of error for 

oxytocin assay on guinea pig material as :!:. 20 per cent, which would seem 

to be a conservative estimate. 

The guinea pig as a species has certain reproductive patterns 

that are a disadvantace as far as studies on uterine smooth muscle are 

concerned. Firstly , it has an oes7rous cycle of 16~ days, a e estation 

period of 68 days, and only rarely does the gravid female produce more 

than 3 to 4 y oung per litter. These factors make it difficult to 

accumulate uniforn: specimens in sufficient numbers for this type of 

uterine work. Secondly, certain anatomical fe atures of the reproductive 

tract make this an unsuitable species for future experiments. The cervix 

for instance has two internal openings but only one common external os, 

and the uterine horns join distally to form what appears externally as a 

single uterine body. In point of fact hov~ver, the horns are separated 

by a thin median septum as far as the lower cervical segment where they 
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fuse together. For this reason, hemiovariectomy could not cause the 

establishment of' unilateral pregnancies f'or use in future in vitro 

exp eriments. T'11ere would also be considerable dif'f'icul ty in inserting 

microballoons transcervically into either uterine horn f'or ~ ~ 

e:>..lJ eriments . 

G. Conclusion 

Al thouch it was shor;n in vitro in guinea pigs that the overall 

uterine response to two levels of' oxytocin was [:arkedly increased vrhen 

these anime.ls wer e p re t r e&ted. n ith a corr.1) inati on of' oestr adiol i!nd pro­

gesterone. gr eater unif'ormity of' experimental material a nd certain adjust­

r.~ents in technique seemed nec e ssary if' Ll precise def'ini tion of' the pretreat­

ment l evels likely to pro:luce opti r..ur:-: e f' f'ect Vias to be deterr.~ined . 

J.:orecver evidence from several authors indicating the unsuito.bility 

of' the t:;uinea pic as a source o~' u .. cer ine 1::ateri al f'or individual oxytocin 

a.sseys wa s not disproven . Indeed. it bccar: e a?par ent that the disadvant a.c;e s 

rec or ded by t he se authors vrere a ccentuated i n the between animal gr oup 

corr.parisons t hat nere carried out . Certa in physi ological and anatomical 

f'eatures in the guinea pig raised f'urther doubt a s to the sui t abili "bJ of' 

this species f'or the uterine studies that were planned. 

For these reasons, and bec ause the output of' the guinea pig 

colony accessable to the author was not large enough to allow adequate 

selection, a decision to continue the investigation using the white rat 

as an experimental animal was made . Large numbers of' a closely inbred 

strain of' Sprague-Dawley rats were readily available . 
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PRELD~TIU\R.Y EXPERDLENTS WITH THE R..t\.T. 

A. TI-JTRODUCTION. 

The r at r;as c onsidered to be a sui table species for a f urther 

study of the effects of horr.onal interaction on the rr.e chanicnl activity 

of uterine sr::ooth musc le f or two r::ain reasons . ::!'irstly , lar5e nur:ibers 

of an inbred. strain of Spracue- Dawley r ats nere readil y available . 

Sec ondly , becG.usc of certain physio l oEical and ~mator::icc->~ features the 

r[tt i s an ideal source o::' u terine material. 

Gestation in the rat lasts 21 . 5 - 22 dqys . There are approx-

ir:iately 12 p UlJS per litter in r:; ost ins t anc es v;i th the sexes e venly ropre-

sented. . Ovariector::./ can be ccrried out on prepubertal fema les a.s early 

as t~n·eo weeks of o£e (Luni'ord J .. E ., 1966 - personal c o::-.;:mnic a.tion) . 

Thua f:r:." L1e purpose of t~1is stud~' a pregna1t fcma.le rat y;oul:l provide 

In tho norr.:al uru::D.tecl rat , oes-':;r u;:; recurs appru;:i ~ .. :~~~e ly every 

4 - 5 d.cys , .:::w'1d the r at vri l1 breed at aJ.l t i r:1es of be year i f concli tions 

are :.: ... avoura1Jle . 'l'he ace n.t which rats becor::e sexually mat"Jre depends on 

the strain aml diet, but usua~ly puberty occurs a t approximately 50 days of 

age ( Blandau and I.:oney , 1 9l,j ). In the p r epuberta l r a t the vagi~a i s not 

c analised and in most c a ses the c omplete lumen does not appear until the 

firs t heat period. Very clear cut cyclic chances occur in the vaginal 

c ontents of the r a t from pubert-y onwards. Thus the stage at v1hich the 

uterus of the intact animal is affected by ovarian hormones can be 

detected readily (Long and Evans, 1922). 

Ovulation occurs spontaneously but in the unma ted r a t the corp ora 

lutea of the norQal cycle are only slightly functi onal and the uterus is 
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probably not inf luence d by i t s s ecre tions (Long and Evans , 1922 ). 

Accordinc to t nese autho r s , if s t eri le mntinc oc curs, the corp or a lutea 

do becor.1e f unctional and the endometriwn is sensiti sed so that pseudo­

pre(;'nancy occurs l asti ng for approxi mately ilt- days. 

E'ollowine nor ::1al copulation a VJe i ne.l p l ug is formed and its 

eff ect i s not only to keep spe r m Hi th..il1 the female reproductive t r act , 

but also a ccor dinc to Long and Evans (1 922 ) to sti:nulate the va,c;ina and 

cervix so that the corpor a lutea become functionc:.l and p seudop regnc.ncy 

or preGnancy results . The con<liti ons arc the same i f f ertili sation 

occurs fo r the changes of pseudopregnancy are identical r.i. ti1 the firs t 

part of pregnancy . The t i me of mat i nc for pregnant and pseudopr egnant 

anin:c:.ls can therefor e be r ecorded n:i.th r easonable accur a cy . 

Surgic a l openi ng of the ovarian bur sa is said to reduce the 

fecundity on the operated side (Eelly, 1939 ). T!1e uterus i s of t h e 

bi0ornuate type , v;hich consists of trm horns and a short unpair ed segment, 

r:hich cooprises the corpus ond cervix . In spite o:'"' their apparent 

external fusion the two horns r elilain separate as far as the paired 

external orifices . 1'he latter d!'e difficult to detect nmong the folds 

of tho vagin!lJ. part of the cervix (Long and :3vans, 1 922) . These features 

were c onsidered i lilportant fer- the es t abl ishment of !1em:.pregnant prepar­

a t ions to be u sed. i n the f inal s t age s of this study. 

A total of 1 84- Sprague-Dawley female rats were used in all the 

experiments carried out with this species . The majority, 162 in all, 

vrere bilaterally ovariectomized under ether anaesthesia, using the dorsal 

approach. These rats were ovariectomi zed in the prepubertal stage at 
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approximately 21 day s of age . 

The reo2.inin8 22 were hec i - overiec tor.1i zed a t the same stage of 

developr.,ent , but wer e mated a.t p r ede::er mine d inter vals once they had rea ched 

200 g body w·eight . 

All r ats r:ere identi f'i ed by a standard ear no tching sys1,en, 

1. Housine and Diet . 

Tho ra-l.::s Y:er8 kept on v;ood shavincs in rr.etaJ c ages, nC 'Tor n·:ore t han 

s ix r ats to a cage . They we r e h oused in a r at c olony maintaine d a t 65°F, 

and r;ere f ed on J:c~sscy Louse ?eJ.lets 'l'yp e 2 ( Lanson , 196l1- ) . 

nat€r ·was a vailable tc ther:; a t aJ. 1 tir:1e s. 

2 . Treatment . 

I•'re sh drink ing 

Subcub11eou:: i n j ec-t i ons of oestr adiol ::Jonob8n zcate (D.D.::.,, 

proge s ter one ( Or t;anon) ancl o.rcwhis o:.l ';:ere civen f er assi;ned p r 8trca1;nent 

periodr . • 'l'he hor-r;·.or.e prepare.. tivns \'181'8 sus pended. in erachis oil CJ t 

rr.anuf c.-ci:t.:re and r;e:re fu r t!-.cr di l u ted r:i th m~achis oiJ to pr ovide hor r.:cnal 

c anc e r. tr<'l.ti ons sui tcb~. 8 f or exnerirr.enta l use . 

3 . Exmnir.a tion of Spc c :.rr.en . 

The anir::als v1ere slaugh t ered and the uterus exc ise(!. a.s descr ibed 

f or t he guinea pig , bu t in tl"-is c ase , the r a t uter ine mater ial was pl aced 

i n de J alons Ringer s ol ution , once aeain at r oom te1:1per a t ure . 

( i ) Appa r a tus. 

A 50 ml modifie d Magnus bath was used through which fresh p r ewarmed 

de J a lons Ringer solution could flow in a t the b ase, when filling or changing 

the solutions in the b a th (see Fig. III f ac i ng p age 47) . The Ringer solution 

alrea dy contained in t h e bath was r emoved t hrough a suc t ion -tube a t the top 
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which was connected to an aspirator pump on a water tap, and the Ringer 

solution it removed passed to the sink. During the washine proce~s , Ringer 

solution c ould IJass from t~1e submergecl glass c oi l s in the outer v1 e.ter jc..ckei:;, 

at a rate fr:.st enout;h to displace tl-1e contents of tl1e l1ath tr~ee tir:es \Vi thin 

30 seconds. These coils containecl sufficient prevmrmecl R.inc;cr solution for 

70 seconds of c ontinuous nashinc . These r.:odifications to the l'.:aenus bath 

ensureo. tr.at tte pn:~par<c ~: ~on l'i<.'.S subr:JCr,socl in ware physio:!.ogicG.l fluid 

c onti nuously . 

( .. l :.l, Ringer Solution . 

The :fo1J.ovrlnc solution at 37°C, as used by de Jalon ct al (19l!-5 ) 

rms adopted as the Rin:~er solution fo:::- work r;::i. th the ret uterus . 

:TaCl 45 {!, 

Y"l ,\.}_ 2 . 1 g 

" r(' ]_ 0.3 {" V d.v 
2 u 

Gjuc ose ? ;:: 
~ . _., G 

I!O.::IC0 7 2 . 5 G 
.J 

Distil] eel 
v:ater 5 litres 

Tl:is Dodifiecl formula c ontains half the usual anount of g lucose 

and a quar t e r the usual ar;1ount of c alcium. This Rinc;er solution has been 

used f or all r a t e :;...-p eriments c onducted, but it was f ound necessary to adop t 

the temperature of' 32°C after e:;...'}leriment I had b een performed. The 

specially constructed 50 ml organ bath (see Fig. III) was used in place of' 

the Kagnus type bath used in the guinea pig experiments because this had 

left the preparation temporarily without Ringer solution during the washing 

process. 



(iii) Attachment qf the Specim~. 

The cer vic al end of the uterine s trip v;as atta ched t o the distal 

extremity of the oxyc;en tub e by cotton thread . I nitiall y t he kymogr aph 

lever was noun ted as described in the guinea pic; exper ioents with t..l-}e same 

attachment proc euure. tater t hi s lever i·ras discarded in favour of the 

lever de s ign ed by Schild (1947). 

The Schild apparatus ( Fie; . IV facing page '"7 ) c onsisted of a 

frontal \';ri ting lever v:i th a l ong wr i tin.:s point. 'l'his ensured that 

sho:-tening or" the uterine strip Md ti1e effect recor ded on the kymoe;raph 

drur.1 bore a linear relationship to e ach other . Other wise error s due t o 

cur·.ra t ure would have occurred had the shor t wr i tine; po i nt remained , and i f 

the anc;le of exc'-lrsion of the lever had becone greater than 30° from the 

horizontal ( Schild , 1947). 

In the diacrar: of t:-;.e Schilds lever (~'i£: . :rv) represent 

stops Vlhich ?revent this 30° an0le fro L"i being e:.::ceede<l . '.rho lever itself 

A, was ,... ,"' ....... .;. alu.-:1inium rod fixed to a f u lcram B, rrhich r ota t es around its ovm 

axis . The long ·:;Ti tin3 point was of alu:::iniu.'":1 r.-ire and vras attached to a 

nor mal vrri ting point H. This has been r eproduced to s cale after Burn 

et al (1950) who stressed the ir.1portance of distances A and C beine; 

r epr esented by the exact dimensions depicted i n t h e s c a l e if f aith ful 

rec or ds of i sotonic contra ctions wer e to b e repr oduced . The point F 

repr e sents a p iece of p l asticine heavy enough to bal ance t h e l ever when a 

weight of 1 . 3 g wa s applied at P, t he future a tta chment p oint f or t h e 

ovari an end of the preparation. A r a tchet , of the t,ype c ommonly used in 

isolated heart experiments, was added to the mounting of the fulcrum. 

This enabled the lever to be rai sed or lowered at the time of attaching 

or detaching the specimen. The uterine strip to be used was identified, 

trimmed and severed at its junction with the cervix, an entire horn thus 
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being selected. The cotton was threaded into the strip in Ringer solution 

at room temperature. It was then assembled in the organ bath, in which ti1e 

0 
Ringer solution was kept at 32 C, vvith the ovarian end attached to the lever. 

(iv) ~inistration of cJ?Sl_~. 

The same proprietary preparation of ti:lis druG was used as in the 

guinea pig experiments : a dose range of 1 - 32 mu being employed . Ylashing 

for 30 seconds was carried out before and after a®.inistration , with a 5 

rrd.nute interval allowed between doses . The period of administration varied 

from 30 sec onds to 3 minutes bebveen different experiments, but 45 seconds 

was the period selected for the majority of' the work. Initially the drum 

was turned by hand before the administration of a fresh dose , but in the 

oain experir.:ent it rras cJ.lo·;recl. to r-em continuously . ill oxytocin doses 

nere prewnrmed in the outer water jacket as previously described . 

4 . ~.:easurerr.ents 

7leights of the rats rrere r.1easurecl on an 1\very scale sensitive to 

0 . 2 g. The slauchter r:eici1 ts were recorded after the rats had been killed 

and the uterus removed. 

Uterine strip r:eights vrere r..easured , at the conclusion of the 

experiment on the particular strip in question , on a torsion balance 

sensitive to 0.001 g. 

5. Assessment of Response. 

lt.easurement of the highest amplitude during the period of admini-

stration was the basic method used for assessing response in all rat experi-

ments vvith the exception of those conducted on material from pregnant 

specimens . In the latter case, measurements of the area under the trace 



were made for administration and control periods. 

t hree foms of assess.r.2ent \7ere carried out: 

In the main experiment, 

(a) Hishest amplitude durins period of administration. 

(b ) Hishest nr.1pli tu<le , folJ.owins the admbistration of a dose , that 

occurred before the next administration. 

(c) Area under trace durinG adr:d.nistr ation Dinus area under tro.ce f or 

a sir.;ilar period prior to adninistration . 

with a plani .r.!eter. 

6. Statistical .i¥,1aq_~. 

Areas were measured 

Ano.lyscs of variance (Snedecor , 1956) v:ere used to test the 

si3n2.fica.rlCC of treatr:;ent effec~ . .rl fo.ctorb.l experi:.:ent was employed to 

evaluo.te lif'fer ences betv.-cen ~he effects of nine horr.1onal t reatwent.s . 

''To deterr.:ine the sensi ti vi ty to oxytoc in o£' uterine strips fro1:1 

spayed r ats pretr e:1tei r.d. th steroid. hormones ( treatr.1ent effect) and arachis 

oil (control)." 

This ex_!l eri:nent \'ias con due ted in two parts , and. me thods $t and B 

represent the two dosing regi mes used. 

1 • J,:e thod A. 

(i) Method. 

Eight mature female r ats were ovariectomized five weeks prior to 

experimentation, when their weights rat'l8ed from 175 - 210 g . They were 

allotted to four cages wi-th a heavy and light rat in each cage . Two heavy 
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TABLE III: BODY WEIGHT, UTERIKE STRIP WEIGHT AND UTERTIIE STRIP RESPONSE TO OXYTOCIN (J1Iethod A) . 

ANThlAL TREATJ,mr-JT T BODY WT. WT. OF ~·AVERAGE RESPONSE (mrn) 
PAIR CONTROL 

I T 

c 

II 
T 

c 

III T 

c 

T 
N 

c 

MEAN T 

:t.. S.E. c 

c 
(g) 

210 

225 

210 

188 

202 

168 

178 

175 

20~13.1 

189;t.22.0 

BOTH HORNS 
(rng) 

285 
247 

221 

183 

187 

197 

282 

192 

244±,40.6 

205!_24.9 

DOSE OF OXY'rOCJN 
0.5 mU 

42 
8 

23 

14 

18 

27 

37 

0 

30 

12 

1 mU 

69 

9 

51 

17 

17 

35 

63 

0 

50 

15 

~Average of 4 readings (2 from each horn) except for the treated rat in the 
IIIrd pair where only 3 readings were taken due to a po;rer failure. 

2 mU 

96 

14 

64 

47 

27 

49 

91 

0 

70 

28 

TOTAL 

207 

31 

138 

78 

62 

111 

191 

0 

1i5~56.6 

55!,42 .6 
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r ats a nd t wo light r a ts were all otted t o t he treat ment and c ontrol groups 

so there was a r ep r esentative of each gr oup i n each cage . 

The contr ol r ats rec e i ved 0 . 05 ml arach i s oil dail y fo r s i x d~s; 

tl<e t r eatment r ats rec e ived 1 r~ pr oge sterone in 0 . 05 ml arachis oil for 

six doys, vrith 2 p g of oestradiol on days five and six . Cac;es 1 and 2 .,.,.ere 

exCiJDined on day 7 . and Ca..o.:;e s 3 and 4 on clay 8. Bo-th uterine horns v:ere 

used f r orr: each r a t and doses of 0 . 5 mU, 1 r::U , and 2 mU o:f' oxytocin were used, 

in that order, each dose being g i ven t wi ce and the a vera_e;e resp onse recorded . 

The results are shown in 'I'able III facing pace 52 • For the 

analyses of var·iance see 'l'aoles III( a) e...'1d III(b) f ac ing page 51 

The difference between contraction reslJonses for ihe two ~roups 

approached signifi8ance ( 0 . 1> P>-O . 05) but there v;o.s a r;ide variation betl\'een 

p::.~eparatio:Js witn.in "t!1ese c roups . There \'ii:!.S no significant e .:'fect (P>0 . 1) 

of pretr eatient on u teri ne strip ~eight. 

(iii) Corr.ment . --· 
Followinr; f our days of pretreatiDent l eakage f r or:1 inj ection sites 

started to occur . 'l'he oestradiol dose l evel s r;ere l ow and as they had been 

g i ven at about the tir.1e that t'TI.s lea.'.{a.:; e vms noted , it se emed likel y that 

t he pretr eated r ats had receiv ed ineffectu a l amounts of t hi s hormo ne . I t 

was decided therefor e t o r educe the p r etr eat ment per iod t o four da,y s in the 

second part of the experiment, and t o increase the amoun t of oestradiol 

admi nis t ere d on d~s 3 and 4. 

The proce ss of a ssembling the strips in the org an bath proved t ime 

c onsuming, but increased haste at t his stage was contraindicated if all 

prepara tions were to be exami ned with e qua l precision. It was considered 



TABJ&. III( a): A.l'I.ALYSIS OF VARIANCE OF AVERAGE RESPONSE TO ALL DOSES OF 
OXYTOCIN 

Source of Variation d.f. M.s. F. 

Pretreatment 1 17861 5.33 o.1)P,>o.o5 

Error 6 3347 

TABLE III(b): ANALYSIS OF VAttiA'IIJCE OF COJ;IBINED U'l'ERINE HORN WEIGHTS 

Source of Variation d.f. 

Pretreatment 1 

Error 6 

M.S. 

3042 

1564-

F. 

1 .94 

TABLE IV( a): ANALYSIS OF VARIANCE OF ALL RESPONSES TO 2, 4 & 8mU OXYTOCIN 

Source of Variation d.f. 

Pretreatment 1 

Error 6 

M.s. 

49828 

10938 

F. 

4.55 0.1>P>0.05 

TABLE IV(b): ANALYSIS OF VARI.A.NCE OF U'l'ERINE HORN WEIGH'J'S 

Source of Variation d.f. 

Pretreatment 

Error 6 

M.s. 

15313 

2873 

F. 



advisable therefore to reduce the number of preparations assembled by the 

r nndon selection of one uterine horn only fr or.1 each of the exp erimenta l 

anirr,als. 

2. I,:ethod B. 

(i) I.iethod. 

Ei _sht r a ts were all otted t o f our coges as in t l:.e previous part of 

the exp erirr:ent. Rats under t r eatn:er.t wero g iven 1 rrl£ p r ocester one i n 0 .1 m1 

subcutc;.neou s l y each day f or four days, and on do.::,'s 3 and 1,_ tl:ey were given 

1 0 p ;:; oestracliol subcute.noous ly in additi on. The contr ols were civen 0 .1 ml 

Bl'achis oil daj_l y f or f our daJ!s . /J.l t e rnD te hor ns v1ere selec ted fron ea ch 

r at on t.he cloy of' t h e e:q1orin:ent and asseDbled as p r eviously clescribed. 

Oxytoc :.n doses o f 0. 5 r::'.J. 1 mU, o.nci 2 nU were aco.in er.:ployecl but on preper­

ati ons \·;hic ll G8.Ve little or no response at t hese l e vels doses of up to 16 mU 

r;ere appliecl . 

( i i) Resul t s . 

'rhe r esul ts a r e s hor;n in Tab l e N f ac i ng pace 5~ For t he 

anc:.l y s es of vc;rianc e see 'l'ab l e s N( a) ancl Df( b ) f acing p age 53. 

The effec t of pretreatment either on resp onse or on uterine horn weight 

vrc.s not clearly siEnific ant ( 0 . 1>P>0 . 05) . 

(iii) Comment . 

In this part of the experiment there was a greater apparent 

difference betw·een the oxytoc in responses of the two groups. The high S .E . 

of the responses of the pretreated group however reduced the significance 

of this observation to a level below that obtained in method A. This was 

due in the main to the high reading obtained for the pretreated preparation 
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TABLE TV: BODY WEIGHT, UTERINE STRIP WEIGHT .AND UTERINE STRIP RESPONSE TO OXYTOCIN (Method B). 

- ---

.ANIMAL TREATMENT T vVT . OF WT . OF ONE RESPONSE TO ONE READING (nun) TOTAL 
PAIR CONTROL c RAT UT. HORN DOSE OF OXYTOCIN 

(g) (mg) 0 . 5 mU 1 mU 2 mU 4 mU 8 mU 16 mU (2,4,8 mU) 

T 175 235 0 0 0 25 32 - 57 
I 

16 c 215 50 0 0 7 9 - 32 

II 
T 210 90 0 0 125 123 132 127 380 
c 160 25 0 0 5 2 5 10 12 

T 175 81 - - 59 60 66 78 185 III 
c 160 25 - - 0 0 0 3 0 

T 176 86 - - 4 20 57 82 81 rv 
c 166 42 - - 0 0 2 14 2 

I 
I 
I 

T 1 BlH_;_15.0 123:t.64.5 - - 47 57 72 96 176;t.127 . 3 
MEAN 
:!:. s.E. 

36:!:.1 0.8 6 12;t.12 .6 c 175±_23.0 - - 3 3 9 

--- · -- - - --- - ---- - --- --- - -- ------- L___~ 



in group . II. 

The threshold for oxytocin appeared to have been r a i sed in both 

pretr eated and control groups in method B of this e:~:periment. The increased 

oestradiol level is a possible reason for t his having b een observed amongst 

the pretreated preparntions, but t-he eleve.ted threshold in the controls 

remains u.'1expl a.inecl. 

No leal:at;e from the injection site vw.s noted during the four days 

of pretreatr:-rent , and as this time sequence had produced strip we:i.ght 

differences that aprJroo.ched sicnifica..rl.t levels , the f our-C.a,y period was 

selected for futl~e use . 

3. Conclusions fror.1 Rat J.;;:~:per:iment I. 

i":l thou~h the analyses sho·aed no sicnificant differences bety,·een the 

o:-:;ytocic responses of uteri pretreated r:ith steroid horoones and those pre­

treated with a.ruc!1is oil , it sem;;ed clee.r that a.n increased sensi ti vi ty to 

o:-:;ytcc::.n had occurred i n the uteri that were pretreated rri th the steroid 

hormones. Exce:pt for the horn in r;Jethod A on ·which only one set of reading s 

could be tal~en , the oxytocin respon se of each hom.one treated uterus was 

creater t han th:1 t of the araci1is oil treated c ontrol, 

Improvements in pretreatment technique yielded an effect on uterine 

weight that approached sicnif'icance in method B; but it app eared that further 

refineDents in technique would be necessary to reduce the S . E . of the oxytocin 

response . The main problem vras still that of spontaneous activity i n the 

uteri of the animals that received hormonal treatment , and it was decided to 

reduce the temperature of the organ bath in order to c ombat t his effect. 

A lack of' respons e in the control rat s was expected as a natural 

consequence of their deprivation from steroid hormones. These hormones 

have alw~s been considered necessary for the maintenance of uterine 
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.AND1.AL 
PAIR 

I 

II 

III 

N 

MEAN 
±. S.E. 

TABLE V: BODY WEIGHT, UTERINE STRIP WEIGHT AND UTERINE STRIP RESPONSE TO OXYTOCW 

PRETREATMENT A 
PRETREATMENT B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

vrr. oF 
RAT 
(g) 

180 

190 

195 
167 

190 

197 

154 
190 

180;t.16.1 

186:t_11 .4 

vrr . oF 
UT. HORN 

(mg) 

66 

102 

70 
60 

110 

79 

73 
63 

80;t.1 7.6 

76:!.:.16 . 6 

RESPONSE TO ONE READING (mm) . 

2 mU 

45 
6 

0 

0 

0 

0 

2 

11 

12 

4 

DOSE OF OXYTOC :rn 
4 mU 

45 
27 

0 

34 

23 
0 

0 • 

2 

17 

16 

8 mU 

54 

39 

30 
12 

54 
0 

5 

12 

36 

16 

16 mU 

38 
38 

66 

56 

34 
16 

35 

28 

TOTAL 

(2, 4, 8 mU) 

161 .. 

92 

50 
66 

97 
20 

27 

45 

85:!:,52 .4 

5~24.5 



cont ractabili ty . This presented no problem however as untreated controls 

would not be required in future exp e rinents . All further comparisons 

would be made between the relative effects of various hormonal levels . 

D. Exoeriment II. 

11 To determine the relative sensitivity to oxytocin of uterine 

str ips froD spa,yed r a ts pretreated with two different combinati ons of steroid 

horrrones 11
• 

(i) rethod . 

Ei5ht ovariectomized rats v;ere allotteo to four caces and r <:mdomly 

assic ned to pretreatment J.. of 1 mg proc;esterone in 0 .1 o l aracl1is oil 

subcutaneously daily f or four cloys with addi tionn l subcut[meous injections 

of oestre.C..iol 20p 5 in 0 . 05 J:il arac hi s oil on days 3 and l:-; or to pretreat ­

ment B of 1 ITJ(; prccestcrone daily rts before but vri th 5 p ;:, oestradiol in 

0 . 2 mJ. or: da,ys 3 and 4 . 

A tem!Jere.ture o:f' 32°C w.::..s ac"copted in the organ bath throuchout the 

e~::porioent as it rras considered, based on experience with the c;uinea pig 

experiments , that S!JOntane ous activity would be red~ced at tl1is lower 

ter.1pere.ture . 

( ii) Results . 

These are shown in Table V facing page 5:;. An analysis of variance 

for uterine responses to oxytocin stimuli appears in Table V(a) below: 

TABLE V(a): ANALYSIS OF VARIANCE OF ALL RESPONSES TO 2,4,8 mU OXYTOCIN . 

Source of Variation d.f. M.S. F. 

Pretreatment 

Error 

1 

6 

2 .61 P>0.1 
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The differences between the sensitivities of the two pretreatments 

v:ere not significant ( P>0 .1), but the higher l e vel of oestr ogen pretreatment 

appeared to produce a prepm·ation Dore sensitive to o~tocin. There was no 

significant difference between t he uterine strip weit;hts of the two groups, 

p r obably because i dentic oJ. pro-::;ester one pretr eatments r;ere used.. . 

(iii) Comment. 

The S. E . of oxytocin response n:ithin pretr eat ments was still high, 

particularly in pretreatment i-.. It r;as c cnsidereC.. tha t differences in 

tension bet·m?en prepm·ations could be respon sible f or some of the between 

preparation v ariati on. 'l'ens i on appeared t o alter on oc c asions when the 

isotonic lever descended.. to the bcttorn of the }:ymoeraph d.r~ . In t hese 

instances the uterine prepc.ro.tior: i'iD.S obvi ously stretc hed . 

The Schilds l e ver was therefore adopted in sub sequent ex-periments 

as this lever pre ven-:.ed over-s t r etchinc of the spccinen in a r::oJ~ner pr eviously 

descriocd (see page ; .si ) • 

E . Experimen~. 

11 To determine the rel ative sensitivity to o~tocin of uterine strips 

:from ovariectomi zed r ats pretreated with different combinations of steroid 

' h ormones using the Schilds apparatus. 11 

I 

~· Prior to this experiment a preparatory experiment using the Schilds 

lever was carried out. In this preparatory study a uterine strip from a 

200 g rat sensitized for 48 hours with 0 .2 mg stilboestrol was used, and a 

wide range of oxytocin doses were employed . Each o~tocin dose was left in 

the 32°C organ bath for 45 seconds before washing . 

The follmring results were obtained: 
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Response to Oxytocin ( mm ~ 

Dose 0 . 5 mU 1 mU 2 mU 4 mU 8 mU 16 mU 32 mU 

!1st Series 2 2 3 5 6 11 16 

2nd Series 6 8 8 14 

Al thouc;h the lever lost tension betvreen the 1st and 2nd series 

of oxytocin do s es it Yi&S not over- stretched a t any stag e . The l~5 seconcls 

administr a.tioD periocl c; ave a rec ord of t!J.e contraction that was ocr e clee.rly 

defined . This technique was adopted for the next series of experir.J.ents . 

( i) r.:ethod. 

As pr oc:;ester oDe '.'i2S i n short supply a clcse sequence wa.s aclopteC:. 

in ·:k. ich the arr:ount of proges ter one admini ::;tcrecl t o each ;;rou~ 1'i8.S ma.rkedly 

different . ~icht ovariectooized rats were allotted to f our ca[;es , one 

me~~;ber of each ca,:e be inc al1 ottecl to trea toent .' .. i':.nd the ot he r to treat-

oent B. The tre:::. t nents \'/ere: 

DAY 1 2 3 4 5 

Proges t erone (mg ) 2 5 5 5 DNf OF 
'l'RE.ATl.:ENT A .EXPERU;ENT 

Oestradiol (?g) 20 20 

Prog esterone (mg) 0 . 5 1 . 25 1.25 1.25 DAY OF 
TRE.ATMENT B EXPERJJ.~T 

Oestra diol (pg) 20 20 

Schild's apparatus with the lever adjusted to apply a constant 

tension of 1 .~ g to the muscle preparation was used, and the period of 



TABLE VI : 

.ANDW.. 
PAIR 

I 

II 

III 

IV 

MEANS 
.±. S.E . 

BODY WEIGHT, UTERINE STRIP 'vVEIGHT AND UTERINE STRIP RESPONSE TO OXYTOCIN 

TREATMENT WT . OF RAT wr. OF HORN RESPONSE TO ONE READING (mm) 
A ORB DOSE OF OXYTOC :rn 

(g) (mg) 0.5 mU 1 mU 2 mU 4 mU 8 mU 16 mU 

A 176 57 3 10 18 24 31 48 

B 176 49 4 2 1 2 4 8 

A 196 107 37 37 27 49 46 55 

B 198 55 0 7 6 12 20 32 

A 227 95 77 51 29 80 83 87 

B 214 75 0 0 7 17 16 32 

A 164 85 37 33 45 57 53 68 

B 181 57 0 16 13 20 24 47 

A 191.±,23 . 8 86.±,9 . 5 39 33 30 53 53 65 

B 192.±,15. 0 59.±,9 . 7 1 6 7 13 16 30 

TOTAL 

134 

21 

251 

77 

407 

72 

293 

120 

271.±,97. 7 

73:±:,11 . 3 



oxytocin administration adopted was 45 seconds timed with a stop watch . 

(ii) Results. 

These are sho\'m in Table VI facing page 58. Analyses of 

variance are shcvm in 'l'ables VI ( a) and VI (b) f acing page 59. 

The uterine strips froD rats pretreated r;i th the higher level 

of progesterone were more sensitive to all aclr.!inistrations of oxytocin 

tl1on thos e treated vrith ti1e lower level. 'l'his di fference was significant 

( P<0 .05). The strip weights e.lso r."ere greater in the group that received 

the r.:ost procesterone but Ftis effect was sicnifictmt only at the 1 ~u 

level . It appeared that the tecrmique adopted would be satisfactor-y f or 

use in further experi.r:1eY1ts o:::." this nature . 

Conclusi ons fror.1 Prelir..ina:.sY_ :::x:.)erill!ents, 

i'.lthouc;h r.:o.rw variables can affect tne results obtained i·;ith this 

experirr.entc.l proceG.ure v;hen appli ed to betneen a.'1imal corr.parisons these 

preliminary experiments have shov.11 that , ':;i th su:'f'icient refiner.ient in 

technique, the effects of pl·etreatr..ent ci1anges on the uterine strip response 

to oxytoci n c an be measured. 

The literature indicates , (see Csapo and Corner, 1952 , 1953; 

Van Demark and Hays , 1952 ; Csapo, 1956a; Schofield , 1961 ) , that variable 

oestrogen and p r ogesterone levels are associa ted with the sensitivity of 

uterine muscle in the living animal . The evidence also sugge sts tha t an 

interacti on of these hormones decreases the oxytocic threshold of uterine 

smooth muscle towards the end of the gesta tion period . These however are 

subtle changes, liable to be detected only if carefUl replications are made. 

A factori a l experiment was therefore designed in an attempt to 

determine how different combinations of exog enous oestrog ens and progesterone 
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TABLE VI( a) : .ANALYSIS OF VARIANCE OF ALL RESPONSES 0 . 5-16 mU OF OXYTOCIN 

Source o~ Variation d. ~. M. S. F. 

Pretreatment 1 79003 11 . 0 P ( 0 . 05 

Error 6 7180 

T4BLE VI(b) : ANALYSIS OF V .ARIANCE OF UTERINE STRIP VVEIGHTS 

Source o~ Variation d . ~ . 

Pretreatment 1 

Error 6 

M. S. 

1458 

290 

F. 

4 . 92 o.nP>0. 05 



would affect the sensitivity of the r a t ute rus to oxytoc in stimulus and 

also , vihether the tecJ:1.ni que v;hich had been de veloped would be capable of 

measuring these relatively subtle differ enc es . If suc cessful a similar 

approe.ch c ould be considered for exa.nininc material froiL pregnant animals. 
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!f:9TORIAL EXPERTh!L-·NTS WI1'H Tfili_El:! . 

A. INTROD_Qg_:fl.Qli . 

The prelimi nary e~q)erimcnts in r ats indicated that pretreatment 

with procestcr:):le at lev,2ls of' 1 rfl{; t c 10 rr-g an·i oest:'adiol at levels from 

2 u~ to 20 us could be ex-pee ted to affect uterine resiJOnse at the dose levels 

of oxy-cocin beir;g used . The followinG dcse le·1els v<ere selected from this 

?ro.;estervne 1 me; , 5 og, and 1 0 mg 

Oestr::J.diol 

An e-:q>eri::;ent based on a fact c:rial r.:odel , ( Snedecor , 1 956) , ;vas 

used "'.;o u.nd po::;3ible i:~.terac t:!.on3 of' nine different ' . c: or.~o::.n-

atior:::; -::Jf the;:;e l evels of oestr<.:.di ol and progesterone on -c~e r esponse of 

uterine strips :::~rcr.: JV:.lr·.:.a::: tc:.:ized rats to an oxyt ;)cin stir.:ulus . 

The : .. :.;del sclcc ted is rep.::-es ented a~Gobrai:::a.lly as f ollo;·:s : 

= " '"' P 0 ( p 0 ) ..- 1 C r" ~\.. •• 1 \,.4 + .b . + . + , + ...,; ., + ...... . "k + 1- .6...j • • , 

lJ.:<: .: l J K ~.-<: lJ • rr: 2.:; .. --on 

V;here 13. r ep resents the effect of the . th 
block ( i to 4 l = 1 or 

l 

P . rep::-csents the effect o.:' the . th 
level of proc;es t e r one J 

J (j = 1,2 ,3) , 

t h 01 represents the effect of t he k l evel of oe stradi ol 
K (k 3) = 1 , 2 , ' 

(PO) 'k represen ts the interaction of t he jth l eve l of 
J progesterone a nd the kth leve l of oes t radiol 

E ! ' k i s the "between a nimal" error (Error I) , 
l.J 

C represents the m th contraction in resoonse t o the m th 
m dose of o:xytocin (m = 1 , 2 ,3 ,4): and 

E" is the "within anirnal 11 error (Error II) . 
ijkm 

5) ' 

Nine ovariectomized rats in each block were randomly allotted to 

one of the nine treatment combinations. 
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B. GENERAL EXPERIKENTAL 1mTHOD. 

All r at s receiving the s ame oestradiol dose were kept together in 

one car.::;e . Each rat in each group vvas r e ce i vL1g a different l e vel of 

pro_;esterone . The pattern o:::" dosing of the r ats ~·rith p r o,sesterone and 

oes tr:::.cli.ol is as shmvn in Plan I. 

cj_l so thrlt the required DI:!~Tlt vre.s c onta:.neu in 1 ;i]_ . Oestradi:Jl rras 

sus'Je:Jded :.::1 arach.:..s o::.l so t::-tat t:1o re pireJ a;:;ou~1~ was· contained. in 0 . 1 ol. 

Both substances r;ere suspended i~!l:.codin~ely 8efore use and vmre injected 

S ll!JCU -'.:.rw.'1eOUS ly. 

?lar: I. - - -··-
G:teu? r. 

Oestrmli:)l Cy-\ f.J / ?rogesterone ( IIlG) Day I D.:q II Da~r III Day r-r 
- p p p Ce p Oe ') + + 

5 5 p p p + Oe p + Oe .. 

5 10 p p p + Oe p + Ce 

GH.OUP II. 

Oestradiol (yg) Proc;estervne (IT{;) Dc:-v I Day II Day III Day r! 

10 1 p p p + Oe p + Ce 

10 5 p p p + Oe p + Oe ... 

10 10 p p p + Oe p + Oe 

GROUP III. 

Oestradiol Cfg) Progesterone (mg) Day I Day II Day III Day rr 

20 1 p p p + Oe p + Oe 

20 5 p p p + Oe p + Oe 

20 10 p p p + Oe p + Oe 



On the day of exarrination the preparations for the blocks under 

treatment were asser1bled as previously descr ibed . All the procedures 

used v1ere as described for preliminary experiment III for the rat, (see 

page 56) . 

'l'he doses of oxJtocin used vrere 1 , 2 , .J,., and 8 rr:U . Each dose 

was ad.r.iinistered for l~5 seconds and then nashed out . ?our r.inutes l a ter 

the specimen vms again r;aslied and after a further minute the next dose of 

oY,ytocin administered . Do ses ~~re siven in a scending order five minute s 

UlJart. The above prcces s rras rer:eated fc~ each dose of o:":::r~ ocin . 

11 To c eq: are ".::1e reJ :•tivc ::;ensi tivi ty t o oxytocin of ute rine 

strits £':' :;:-;· f o;..:r bloc~-:::; o:' nine cvnriector;._j zed rats , each block member 

hav:..r.c; b..:er: ~;retrec.tcd. ·::i th one oi' nine cor..bin :J,ions of newly prepared 

steroid. ccmpone:1ts 11
• 

(i) kethoC. . 

Each of the f our blocks were exrunincd as described in the 

general experimenta~ method . 

(ii) Results. 

These are listed in tabular form in Table VII facing page 62 . 

The analysis of variance is shown belovr in Table VII( a). A preliminary 

analysis indicated that subclass means and standard deviations \~re 

related and the data were therefore transformed by expressi ng the results 

in logarithms (Kempthorne , 1952). (see over page) 
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TABLE VII: R.·\T U'l' ~lll/E STRIP ie~SPOiiSES (mr.1t TO o;:Y'l'OC Ill l<'OLLO·~·miG V./JUOUS S'~'&OID 

...... _ .. __ .__. .. _..._ .... .... _ .. _ ___ , __ ---··· r 
' mU dose I 2 mU dose resp onse respons e 

I 
'' B1 B2 B3 BL~ I B1 B2 B3 BlJ. 

-~-----~---·---!------ ·~-- .. ---------·----------------
I 

-~ ~ 

26 
I 

p1 0 50 6 4 I 57 12 20 5 1 I 

I p1 02 
25 1 9 7 

,. 
22 27 1 5 7 0 

0 30 56 0 13 30 64 5 t1 03 

I 
I 
I 
IP201 19 1 5 13 0 0 13 13 11 .I 

I 
I 4 1 6 20 0 "' 1 5 14 18 lp ')0,.. 0 

'- ~ 

lp 0 
i 2 3 

16 10 33 12 16 11 31 13 

IP30 44 L~ 2h- 17 l~2 8 14 18 
I 1 

ip 0 22 26 16 22 26 38 26 25 
4 

3 2 

P~O~ 
:J ) 

10 12 2 18 11 14 5 16 

--------------------
* B1 -B4 = Blocks . 

"'-l<P 0 - P 0 =Treatment combinations of oestrot:;en and proGesterone. 
1 1 3 3 

---------~----·-~--·-

l+ r:!U dose response 

B1 B2 B3 
----· 

62 1 5 27 

29 30 23 

19 37 70 

14 17 13 

6 18 23 

27 1 2 34 

42 23 2G 

2:J lf-0 22 

1 5 16 9 

__ .. ___________ . 

Hmc.:o;·E PJ.E~~1-l.T:.:EiJ'l'S 

·----·- ----------
8 1:1U dose r esponse 

BlJ. B1 B2 B3 
-- ~ - ·---------

7 81 21 42 9 

5 35 32 31 1 0 

8 31 ~-7 71 1 0 

20 24 26 1 7 30 

2') "' 24 30 26 ,_ 0 

11 27 1 7 L!-3 1 7 

22 l~G 38 7 ') 
.-/'- 23 

29 32 60 37 33 

22 16 22 1 ~- 24 

------· 

+ Response is the highest point of the contr action above the base line followine each oxytocin ad."!linistration (nun). 



TABLE VII(a): *.ANALYSIS OF VliRIANCE OF U~RINE STRIP RESPONSES 

--------
Source of Variation d.f. 1.:. s. F 

Blocks 3 0.4788 2 .01 P>0.05 

Pretreat ments 8 0.1879 0 . 79 P>0. 05 

Error I: 

Bloci-::s X Pretreatments 2h 0 . 2584 

Contractions 3 o. 6681 23 .77 P<0. 001 

Con true tion:3 X ~retreatme:1t 2l!- o. 0162 0 . 58 P>0. 05 

Error IT: 

Blocks X CC)ntractions + 

Blocks X Pretrea tr~,ent ): 

ContracL.cns 81 0 . 0281 

·--------------------------------------------..1 
-~Data coded a.'l.d transforr::e ,i ac-::::rd.'_ng to -t:1e ex9ression Y = 1 + log 

( x+0 . 2) , ... ~ere Y was analyseJ.. a::d x Vias the res")onse in C'-'2 . 

The analysis of variance ind.ic :1ted a highl.J' significa:1 t 

difference between ., 
't.!.1C responses produced by each ad::.inistration level 

of oxyt ocin and in mos t preparations there was a clear increase i n 

response when the oxytocin dose was increased . The analysis did not, 

however, indicate a true pretreatment effect on oxytocin response owing 

to the c onsiderable interaction between blocks a'1d pretreatments. 

(iii) Comment. 

The insignificant effect of the dif~erent pretreatments may 

have been due to too great a similarity between the different hormone 

levels used, but the variation in response between animals on the same 
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treatment v;as larger than anticipated from earlier experiments. It was 

considered that this might in part , be due to variations in mechanical 

stimulation of the preparation during assen:bly. r,:odifications of the 

assen:b ly prcces s were c ons idered for future investigations . 

The lar::;e variai. ion due to blocks ·:;as a] so difficult to explain 

as there nere no apparent di:~ferer:ces in t:1e technique . It nas ~)ossible 

tbn t in::mfficient r.:ixin:.:; o:'"' ti-:o p1·etrec:. t:: .ent druc;s d. th the dilutinc; 

ura.ch.:is oil L:Cl.~,.~ !:E':.Ve led t o vc:.ric ... tio ~'"'..~ ir. ::;)retreatrnent in inC.i viduc-... 1 bloc1~s. 

In orCler t c ext'J,.ino t;,e po ssibili t:r tL t inc-cdeq'-t.:' te :::vane; of t:1c 

l:.or: oncs h(•.cl beer, o:;.'"' s::.r;::ificc-~ncc. fiv8 1:.ore cx:wrir:.er:tal bloc:~s ·;;ere 

:::es trrcliol ami. pro_~csterc:-:e uilutions v:e~'e r..ule up ]Jrior to the co;~.rnence -

~t ·::c..:: aJD·~· fel": th;.-1. ti1e si:1p::.o ;.crsurcrr:oct of e>..r .. p1itu,)e of 

con~~r o cti m ccuJ.cJ. obscure suutle differences e.nC. e-ther r.. L=~ ~uren.e:~ts v;-ere 

ccnsiicrcd for subse-quent "blocks . 

11 'l'o CO;;J!lare the rGlctive sensitivity to o :·~Itocin of uterine 

strips fror., a seri es of five b1oc:-:s of ni!'"le ovaricc t omizo<i r ats per bJock, 

eacl1 blod: oemuer to be pretre.:,ted vri th one of nine steroid c or::binations, 

the components of v1hich hcd been mc~de up prior to the bet;inning of the 

e):periment" • 

( . \ l; r.:ethod. 

Each of the five blocks were pretreated as described in the 

general experimental method except that sufficient quantities of the 

steroid dilutions for all five blocks were made up prior to the pretreatment 



TABLE VIII: 

--------- -- I -· --------------- -~-·------

1 mU dose response 2 mU dose respon.se 4 cU dose response 8 oU do se r esponse 

~'B B2A B B B_ -t B B , B B B B 
1A B2, B B4-A B5A B B2. B B B5A 1A 3~--~-~A-- _ _;__~ __ 2_n_ ___ 3A __ ___!~~---- -~~--- li 31\. 1A Jl. 3A 41::... ----- -------·--

.:< -::p1 0 36 50 0 
1 7 17 40 92 11 9 22 62 94 1 9 22 40 72 100 30 32 53 

p1 °2 14 37 G 17 7 46 69 20 20 10 55 92 l~O 35 27 77 100 61+ 75 32 

p1 °3 10 2 2 2 3 1 7 8 ll- 7 25 25 20 8 12 4-0 32 ll-0 ill- 18 35 

P201 25 8 13 1 50 36 20 1 5 2 52 32 35 18 3 60 l,.G 5S 32 l,.o 55 

P202 55 /.~ 1 2 7 7 57 71 1 7 22 33 62 107 40 20 57 77 111 52 20 4-6 

P203 75 
,. 

4 2 1 5 55 1 6 23 Q Go 4-3 37 36 20 60 29 57 39 70 55 \) u 

P301 30 7 1 5 3 20 1~5 10 27 13 42 37 1 5 l1-0 22 41+ 29 26 60 l~O 90 

p3°2 65 10 1 5 7 7 84 15 27 10 0 46 20 56 13 77 60 30 65 12 97 

p3°3 58 4 0 3 10 82 5 11 8 35 104 7 16 32 57 109 10 24 32 57 

----------~----'---·--------- -~------

;lt 
B1A-B5A =Blocks. 

**P 0 -P C = 
1 1 3 3 

Treatment combinations or oestroe en and proses~erone. 

+ R . esponse 1s the highest point or the contraction above the base line rollowing each o:xyto cin administration (mm). 
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o f the f irst block . The progesterone and oestradiol do s e leve l s were 

unaltered, but the arachis oil dilution of the proGes ter one was reduced 

so tha t each dose of this hoiT.Jone was sus:<Jended in 0. 5 ml instead of 1 ml , 

t o avoid the distress of bulky injections . hlso after the first block 

i:~ this experiment had been exa::ined the kyr:1ograph drum 1..-as allowed to 

run c::mtinuously in order to ri.d:e a more deta::.led. record of oxyte>ci!1 res)onse . 

Durin.:; assembly the c otton connection frorr. the spec i1~.e n v;as allo·.ved 

t o drafle over the point of attachment on the l ever under the vteiz;ht of 1 g 

o.:' pla.sticir.e to ·Nhich :.thad been attached . This avoided uneven tension 

bein,s <lZ"Jplicd to the p:..~eparat ion during the asser:-!bly p r ocess . The 1 g 

wei__;i1t was cut off prlor to the l e ver beint3 raised to the horlzontal ~osition . 

These are lis""Ce:l ::.:-: tabular f or: .. .i r: 'l'aole VIII facing page 65 . 

':i.':1e analysi.s cE' v.:cr-:.anGc ..:.s sh-:.rm below in ':'able VIII(a) . 

Tcs :s 0 :" sicnifica...'1ce ·.-:ere :!.ade 0:1 ossi.ro.:liol and proc.:;csterone cff .cts an:i 

their interaction , in addition to testin~ f or overall treatmen t er:~c~ . 

TABLE VI~: ::;,:;_:\.LYSIS OF V • .:...T{IA::CE CF UT:2~U:E STRIP RES?ONSES 

~ou;ce of Variation 
---------------------------------, 

--------- ----
Blocks 

Pretreatments 

Progesterone 

Oestr adiol 

Progester one x Oestradiol 
Err or I: 

Blocks x Pretreatment s 

Contr actions 

Cont rac t i ons x Pretreat ments 
Error I I: 

Bl ocks x Contra c tions 
+ Blocks x Pre trea t ment 
x Contrac tions 

d . f . 

4 

8 

2 

2 

4 

32 

3 

24 

108 

}.: . s. 

1 . 2921 

0 .3042 

0 .1348 

o. 5157 

0 . 2832 

0 .1754 

3 .1222 

0. 0285 

0. 0517 

* Data t ransformed - see footnote Table VII(a) . 

F 

---------------·~ i 
I 

i 

2 . 95 P( 0. 08 

60 .39 P{0.001 
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Progesteron e did not produce a significant effect, neith er did 

its interaction with oestradiol. The o estradiol effec t was s2.gnificant 

at i.~e 8}~ level of' probabilHy . The oestradiol preJ,.reatn:ent means (~ S .E.) 

in trans f orr. ed units ·,·;e re: 

Low Ces~~rad.io J. 1 .4J+E + 0 .1 08 

;,:ediwr Oestradio l ~ .soc + 0 . 108 

IIigh Oestradiol 1 . 320 -;- 0 . 108 

.f.,.r, anDlysi;o; c·:f' co'1a~: c:m2e v;ith uterir.e strip >veicht wa.s carriecl 

Eoth methot':.s imprllved U:e F r1-1~.ic and rec1ucc:c1 the S . E . but Uce c.bar.e;8s v:ere 

not suffici en 4.J.y {;ree.t t o jus~_.ify tte CO'io.r·i<mce e.nclysi~ beiq:; carr:.c ci. ct:-:-. 

or. c.l] 

( ... ' - ~1 1 
-·· ~I 

,.,..} d" J , f'~r- J' ~" ,.. . 1-l ]r<· ( 81 "' J. ~ \ . .,;, ~,.., l.. '-, ~ 1 .. 1f~ .a. .. c. ..1. U .. ~ . ....,!_.8 .... _ ... :e .. .:...LCC ...... \. > r~... . .:: i \0.1..1.-_.L naG 

':'t:.. .', eff'ec: 

cf oe si..radiul dose, sig nific ant at the 8;:~ leve l in Table VIII( a), wa::; clearJy 

not s2.snificnnt ( P) 0 .1 ) in the cor.J; inecl a nalys is. 

im analysis of covariance with uterine str ip weiGht was c arried 

out on all c or..tr ac tions for all nine blocks . This reduced t he error t er m 

by 1 7 .6; .. , but did n ot bring the treatment effect within the limits of signif-

icance. 

E. ALTERNATIVE MEl'HODS OF MEASUR:lliG RESPONSE. 

I. Highest amplitude following Administration . 

During the recording of the l ast four blocks the kymograph drum 

was allowed to run continuously. A clearly defined contraction peak was 
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recorded after each oxytocin administration (see Fig. V facine p age 67). 

The peaks of these re spo::se s occurred after the oxytocin had been washed 

fr om t he organ bath, and their he i c;ht bore a r elationship on visual examin-

ation , t o the rr.agni tude o:' the OAJ.Ttocin dose tha"c h ad been adr.Jini s-tered . 

The possible sicnificance of these responses in r elation t o pre -

troatmen t nas e vo.luated by ;:Jeasu:::-"inz.; t!1 e !1ichc s t or .. pl:. tude tha:t cc cur red 

f oJ J owi::.::; the ad.r::i nistrahon of each dose of oxytocin and bef ore the acll:ini-

strati on of -::t:c r;o;.:t for ead: prepa:c;ttion . Consequentl y ti1is system of 

evaluo.tion did not entail a s e t ti r::e interval duri n; v;!1ich neasurements V!ere 

mo.cce o.s !1:1d fo~nerly been t2:.e case r:h ero neasur er.:ents h a d b een t a.k:e r. during 

the 45 second adr.-.inistr o.tion peri od . 

The analysis of variance f or the suu of four c ontra8tions is 

suc2rrised be lo~ jn ~able 

Sot.:rce of Vax·i ~~~.i.on 

.,., 
,!../ .. . 

d . f . 
- ~----~-- ~ ---- ·----- -· ------

: l ocks 3 

F-I' J::;o sterone 2 

Cestr ocen 2 

Pro.::;est2 one x Ce stro.<;en 4 

Error 

Block x Pretreatment 24 

I.:. s. 

0 . 1 99~ 

0 .1 7~ 9 1.74 

o. 01.57 0 .1 7 

0 .1827 1 • 85 

0. 2LI4-2 2.1!-8 0. 1>P.> 0 . 05 

0.0986 

--------------------......J 
.~ The highest amplitude of the contraction following each oxytocin stimulus 

was measured (mm). The results were analysed after summing contractions 
f or each pretreatment and transfor'Qing the totals to logs. 

The l e vels of significance attained using this method of measuring 
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response were little if any better than the previous method used a nd the 

technique was not investigated further. 

II. _;\rea J,:eo suremer:.t for Period of AdP.;inis tration Einus Area I.:easurement 

for a S.irr:ilar Period of Control. 

i~ll l;;ymo~raph t r acint;s rec orded when the drum vras aJ.lovred to turn 

continuously indicated peak contractions f or each o:-:ytoc:in aclministration . 

'Ehese peak contrectio:1s appeared to vary in size depcnCint; on the pretreat­

ment ttat the purticular uterine strip had received but these observations 

had not been substantia ted by the analyses so far conducted. Duration of 

contractio::-1, ho·.-1ever , hac1 not been t aken into considerction to this point 

and as clur.:, tlon as nell as mnpli tude might very well be interpreted as a 

cor::po::1ent or" the resnonse to a stil~ulus, an effort to rnCJke an analysis 

takin.s tnis into consic1er.o•tion vra_s made . 

Planir:.eter r:~ easurernents of the areo. beneath the trc,ce tl:.a t c oin -

cid.e cl ni th the pori eel of ca.ch ox~r tcci:1 acJnin i s trc.tion vrere considered a s a 

basis :i"'or t!-:is r::easu2·er::ent , It seer:.ed th.:'.t the adoption of thj_s r:1ethod 

r;ould allovr both the extent and duration of each c on traction to be propor­

tionately represented . 

( i ) Method. 

Areas on the kymogr aph recordings fr om the last four blocks where 

tracings were continuous were outlined as follows . The kymograph paper 

was placed on a drawing b oard , and perpendicular lines were drai'm throueh 

the points at which oxytocin was administered. Two other perpendicular 

lines were dravm at a distance e quivalent to 90 seconds time on either side 

of the administra tion line . The two areas enclosed by these lines repre-

sented intervals duri ng which, in one case, oxytocin was exerting its 

infl uence (it had been in contact with the strip for the first 45 of the 90 
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second period), and in the second ox;ytocin had been washed from the 

preparation 3 minutes 30 seconds before the measurement was made i.e . only 

''carrJ over" effects fro r. the previous stimulus, if arw at all, wer e being 

recorded. 

The base l ine for these two areas vw.s constructeci by dre.wing a 

line across the.m tha:-!.; Fan i;h1~cUGh the two lm·rest points of the k-ymograph 

r ecord (Fig. VI facing pc-1£e 69) . Doth a r eas were measured in square 

centincters for each ox;ytocin acioinistration . :r.;ach individual area was 

measured tv.'i.ce with the planiueter, o.r.d if the r::easurements differ ed by 

' 2 less tnc..n 0 . OOL;- ern a mec.m of the two reaclings was accep ted a:::. a re cord. of 

the area concerned , If the first two reo.d:.ncs differed by more than tn.is 

accented error, they v;ere measured until tr10 readinc;s were made that coin-

cid.ed with t!1is rulinc . 

Tho co ntrol readinc;s, (prior t o oxytocin ack:inistr;:d.ion for the 

pt:l.X'ticu1ar dose in question), were subtracteC. fro iT. the contraction read.in;::;s. 

(during and. af' ter o. particular close of o.:x.ytocin had been Given ), and the 

di:'ferenccs c ave a measurement of oxytocin response , These measurements 

were transformed by takinc locari thrr:s , after codinc to remove necative 

readincs . 



TABLE X: ANALYSIS OF VARIANCE OF UTERmE STRIP RESPONSE* 

Source of variation 

Blocks 

Pretreatments 

Progesterone 

Linear response ** 
Non-linear response 

Oestr adiol 

Linear response 

Non-linear resp onse 

Progesterone X Oestr adiol 

Linear responses 

Non-linear responses 

Linear and Non-linear 
responses 

Blocks X Pretreatments 
(Error I) 

Contractions 

Contractions x .Pretreat­
ments 

Contractions x Progester­
one 

Contractions x Oestradiol 

24 

3 

24 

Contractions x Prog . x Oest. 

Blocks x Contractions ) 
Blocks x Pretreatments x ) 

Contractions 
(Error II) 

) 

d.f. 

3 

8 

2 

2 

4 

6 

6 

12 

1 

1 

1 

1 

2 

M.S. 

0.0724 

0.1 486 

0.1911 

0.2227 

0.1594 

0.1175 

0.0407 

0.1943 

0.1 429 

0.2144 

0.2375 

0.0598 

0.0535 

0.4563 

0.0523 

0.0412 

0.0823 

0.01.29 

0.0319 

F 

2 .78 (P(0.05) 

3.57 (P(0.05) 

4 .17 (P<0.10) 

2 .98 (P<0.10) 

2 . 20 (P)0.10) 

0.76 

3 . 63 (P<0.1 o) 

2.67 · (P<0.1 o) 

4 . 01 (P<0.1 o) 

4 . 44 (P<0. 05 ) 

1 .12 (P>0.1 o) 

14.30 (P<0. 001) 

1 .64 (P~0.05) 

1.29 (P)0.1) 

2 .57 (P{0.05) 

1 .34 (P>0.1) 

.. ~ Response measured as the difference between two areas (see text): Xcm2 ; 
analysis of the data for Blocks B2 - B5a in the transformed and coded 
form: Y = 1 +log (X+ 1). a 

** Response to log-dose of steroid. 



(ii) Results . 

'l'he effects of steroid pretreatment on the r esponse to ozytocin , 

r.:easurcd as the differen ce of two areas , ar e -:; iven in detail in Appendix V. 

The analysis of varia.'1ce of t~1ese data , a fter transforme.tion by taking 

lot;c:rj thr:;s, is presentee in Table X facing pcge 70 . 

(a) Differences beh:een ccr..tro.c tions. 

As in previous o.nalyscs of variance (s ee Tables VIla and VIJla) 

the r::ean squore duG to d:.::'::'ere::ces between contractions r;as ~li._:hly sisnifi -
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cDnt (P<0 . 001). In the p:::'esent a:1al~'sis this effect rros exan;ined :i'urt:wr by 

e. t<cst of differe;-:ceG betvrcen t he four meo.ns ( s ee Table Z(b) facint; page 71). 

T;-:e rr:oan response to 8 1:iU oxytoci!1 ·::as ;rec.tcr the.::: tha t to 4 n:U (P = 0. 05) 

The ;:eo.r: res~)ons c ;o "-.::0 thE: tno l o·::cs t dc ~>..:'s rhd r. ot differ si~2"1ific<:mtly 

(::),> 0 .1) . The ac.Un:..::istrot ion o:!." o :·:y~ .. ocin, D3 c. ser ies of a~.ce~1dine dcses 

r:itl: eaci1 uterine prepar-e.ti cn , a ch.cved its intendeci purp ·.)se ; a serios of 

~ncreas in~ contractions 0.ich rro~ld allow the detection of different r Rsponses 

t c _;>retrec.tJ::ent r:i.th c~es trodio l anu pro,.:;esterone (see also subsect2.on (c) ) . 

(c) Effects of nretreatment vri. th oestradiol cmd pro¢';es".::erone . 

The mean res:0onses for individual treatment combinations and for 

ea.ch level of oestradiol a:1d p r ogesterone are sh orm in Table X(a) facing 

page 71 • 

The results of the analysis of variance (Table X(a) ) clearly 

indicated a significant effect of level of progesterone treatment (BC0 . 05) 

which vras not a simple linear response to log . dose of progesterone; both 

hit;her doses of prot;esterone depressed the uterine strip response . The 

total mean s quare f or the effect of oestradiol was not significant , but 

there was evidence (P = approximately 0. 08) of a non- linear response , with 



TABLE X(a) : *ME.AN RESPONSE ACCORDING TO PROG.ESTERONE .AND OESTRADIOL 

Oestradiol level 
Progesterone level (mg) 

(~) 1 5 10 .All levels 

5 1 .303 1 .086 1 .141 1 .177 

10 1 .356 1 .310 1 .160 1 . 275 

20 1 .226 1 .133 1 . 295 1 . 218 

------·- ·~ 

.All levels 1 . 295 1 .176 1 .199 

- - -
*I,:ean response for 4 contractions for each of 4 animals or 12 animals 

(Bl ocks B2a - B5a Factorial Experiment II) . The me~~s relate to 
data coded and transformed: Y = 1 + log (X + 1) where X was the 
difference between two areas in cm2 (see text). 

TABLE X(b) : ?iiEAN RESPONSE '''ACCORDING TO hl..~L OF OXYTOCIN _.U'W OESTRADIOL 
PRETlE AT1'iENT 

~ - ---·--·- -
O;-wtocin dose level (mu) 

Oestradiol level 
(;tg) 

1 2 4 8 
--

5 1 . 075 1 .1 81 1 .137 1 . 314 

10 1 . 131 1 . 257 1 . 339 1 .374 

20 1 .11 9 1 .025 1 . 350 1 .378 

-
All levels 1 .1 08 1 .115 1 . 275 1 .355 

~see footnote to Table X(a) . In this table the significance of 
differences between the means for various levels of o;-wtocin is 
indicated by underlining the means which do not differ significantly . 

I 



the intermediate level of thi s horrrone causing a greater response than 

either the low or high dose . 

Apert from these "main effects" there was also evidence of 

interaction between the two steroids (P.(0 .1 0) . The analysis of variance 

indicated that the ove r all interaction. was largely a :r::attcr of interaction 

between the linear respon.ses to the tvw hormones ( P<:0 . 1 0), on the one hand, 

and inter<:.ction between the n on-li near responses (F.<0 . 05) on the other hand . 

The former effect can be seer.. in the differer.ces i n resp onse to the two 

extren:e doses of oestradiol in combination vri th low progesterone as against 

hish procesterone . In combination v;i th the low dose of pro,:;esterone the 

responses to hign and low doses of oc str.::tcliol were similC!X', but in combin­

ation with the hici1 dose of proGesterone tne high level of oestradiol gave 

a ,:;rea ter response then tLe l or; l evel (se e Table X(a)) The latter effect 

indicated that the response to the intermediate dose of oestraeiol, 

relative to the cxtre ~::e doses, differed wher.. ..:; iven vd. th the interr..ediate 

dose of pro:::;c.sterone fro~r; that v:!:len given y;j_ t;l either of ti1e other doses 

of prc..;esterono . In ccit.bination vri th the intorr.:euiate level of pro,__;ester-

one, but net rii th other l evels of prc,~estcrone , tne inter:r::ediate dose of 

oestradiol r.;ave a L;rec.ter uterine response than e ither the lor: or high dose 

(see Table X(b) ) . This latter difference Yio.s large and resulted in the 

non- linear respo nse to oestradiol over all l evels of proc;esterone noted above . 

'.rhe modifyint; effect of oestradiol on the response to progesterone 

can be exan1ined in another way; by usinG a t - test to detect significant 

differences between the means for oestradiol levels within each prog esterone 

level in Table X(a). The results of this examination are surmnarized below: 

p1 °3 P201 P301 

p1 °1 P203 P302 

p1 °2 P202 P303 
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The symbols P and 0 designate progesterone and oestradiol and 

the subscripts 1, 2 and 3 t he low , intermed.iate and high dose respectively . 

·.:fithin each colurnn the r:ean res:)onses are in incr easin~ order from top to 

bottom . 1.:eans !l£1 joined by t he v ertic al line differ si5nificantly 

(P(t. 05). i>t the lor;c s t dose of pro::;cs-ter one, which ;:,ave greater responses 

than the other tvm levels of this horn:one , t!:e lo·;el of oestradiol di d not 

have a sit;r'.ificant effect . As t lle level of prccestero~e increased , a 

s ignificant op posin.::; ef:fec t of i;:creased level of oestradiol appear ed . At 

the in~e rr:·edio te l e ·,r el of pro.:;esterone , the i!:ter me diate level of oestradiol 

o:"'fset thE. depressi::_; o:::~f'o ct of increo.sed pro:.:;ester one wh ereas at the hic h 

level of prot;estcrone only the 1d._:;h l eve l of oestrLJ.diol of f set the depres sing 

effect of the other steroid . 

( c ~ :::ntcrodio!". Letncer. sterci:ls aYJd o.:)::'L.?c :1:1.. l evels . 

Thcl~e ·::cts cc si .. ::-::i.f:i.cc:nt intorEJcti on betv;cen contrcctions c:11d 

nr ~·tr~e~"-r:·e ll" ~ (ml."1'le ·: '\ _ ~...,; l.-;..L.·.. lv (...l. t...• .1:..1 • ·:,he n t:ris intor.:lcti on -,·,ns !JOX'ti ticnccl o~ly the 

intcrncti::m oetm,on oestcadi ol level o:f.' preh·ee.tnc!lt Md. o;::/tocin d.ose 

(!ICO"'+ -L'"'n"l' o··""") .. ,..,~ Sl· --n :P"C"""t ( n / Q or:::) \ .l v Ll.'- L J. • ..., ••C.· .:.:> ~J· · -..._ ~ G..I.J. Jr. '-. e .../ • 

, . . 
G.llS ~he r elevant neans for 

by a t - test . '::..'he over c.ll .ua.ns f or eo.ch <lose of o.:ytocin al'e alsc inc::..uded 

in t hi s table . 

Althouch , as inclicatecl above , the overall rr.c- ans show a stepwise 

increase vvi th o;.:ytocin dose, i ncreases wh ich ·,·;ere sic nificant apart from 

tha t betvreen the two lowest doses , this effect was not uniform between levels 

of oestroc en pretreatment . This interaction vras, however , confined to the 

relative position of the two intermediate levels of oxytocin . At all levels 

of oestradiol the highest level of oxytocin g ave a mean response which was 

significantJ.y greater than that of the lowest level. 



Summa.:-"2 of ¥ea J,·:eG;,surement Findings. 

The technique of neasuring the response by determining areas 

under t.l-}e response curve (for description see text page 68) resulted in a 

nuwber of significa!'lt findings in this experi r:1ent. 

Pretreatment r;i th steroicl hor::1one co:nbin.J.tions had a significant 

effect upon ox~ytocin response . This overall effect of pret:::-eatr::ent on 

all contractions vras due l a rgely to the proeesterone component . Signifi-

c<:..'1tly greater res1)onses occurred at lor; proces terone doses ('J.'able X( a) ) , 

than occurred at nediw:. and lligi1 levels of this hormone . Oestradiol, a t 

ap[Jropriate dosa-:;e, tenCied to overcome the depressing effect of the hi cher 

doses o::." procesterone and a l tho:1;;h the effect of ti1e tno hi,_:;her doses of 

prJ,_3e::;te r one ':me sinil<-:.r', a higher leve l of oestradiol was r e'lui red to 

counte:::-act the depressinG effect of progesterone at the hiGher level . 

T!1e nrea neasurener:t r::etho·i thou__;h extre :;.ely tir.w consurnin,c; , cav8 

obta.inecl frc :: . the QJ::pli tude nc"c:1ods . .i.s t1lis tec!mi que was an estir:::1.te , 

at least t o :..;o::;e clecree, of clur2.tion a~; rtell as amplitude, (both co;::ponents 

of a r e s]onse to stimulus in t!1is ty!)8 of preparettion), it Ylas considered 

the best a) proach for measuring and analysinc; the resp onse in future work 

of tnis type . 

F. VJIRI.ANT OF FACTORIAL EXP:z!tTIV:EN'T II. 

This additional experiment was run in conjunction wi th each of 

the last four blocks by examining the opposite horn to the one used in the 

Factorial Experiment II . A second observer participated in this e~Jerirnent 

usin8 a modified method of stimulation of the uterine strip. 
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(i) !Lethod. 

Six of the pretreatment l evels of the factorial v;ere selected, 

The alternate horns were assembled irnnediately their c ounterpart , selected 

n.t random foe:- the r.1ain expericent , had been removed f r om t he organ bath . 

_::._ similar method of n.ssembly of the horn was used except that it was done 

by a separate observer , and , a 5 g as opposed to a 1 c weight v;as used when 

the free end of the cotton vras draped over the wri tin& point lever. 

Only tvro clos es of oxytocin, 1 r;:U a..'1d 4 n:U, v:ere adr:1inistered, but 

for a 3 c inu te not a 45 second period and vii th 1 0 ninutes between each dose . 

'.::'he prepn.rat:i_on v:as Y<Cl.shecl h."ice before the second o;~tocin ad...rninistro.tion , 

once at the rer.:ov.::J.l ~:f' the 1 mU dose n.nd a.:;ain r;-i thin five minutes , allo':;ine 

a further five :-::inutes to ela!)Se before tD.e l~ mU dose r;as c:; iven , ~'his 

v>as!linc routi ne r;as L:.lso follm;ed before ad::--.inistr.::J.tion of the 1 r:1U dose . 

T!1e rcs~)on0c r;o.s measurecl by deten.·.inG the area under tne k.f::-.o::;rap!-1 

tracin13 cbrinG the aclr.inistration porioi , p lus the area under the tracinG 

2 
for the 3 rr. inute period ir.uned...i.ately follo,·rinc this administration (em ) , 

The area for the six minutes imr.1ecliately prior t o the administration 

of oxytocin was cleductecl f r om the sum of areas for the tv;o three winute 

periods described . The difference represented the response for the level 

of oxytocin adminis te r ed and was compared wi th the responses to these levels 

f or the appropriate pretreatments in the mai n experiment . 

(ii) Analysis of results • 

.An analysis of v ariance was carried out for each of the doses of 

oxytocin used and these are shown on the following page (75): 
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TABLE ..ll.:_ ANALYS IS OF VARIJINCE OF RESPONSES TO 1 mU DOSE OF OXYTOCm 

Source of Variation d . f . K.S. F 
-------

Pretreatment 5 0. 0553 

Block 3 0, 0605 

Ob server 0 . 051+7 

15 0, 0232 
., 

N.S. 
' 

Pretreatcent x Block 

5 o. 02G1 ' N. S. 
' 

Pretreatment x Observer 

Block x Observer 3 0 . 0179 <1 1\' (' 
h • .J. 

Il.esidual 15 0.0253 

~------------------------------------------ --

-----~----·------------. --------------, 
So'J.rc c of ~.rax .. i ati8n d . f' . 1.~ . s . F l 

~-----------------

?".cctrea tr.1en t 

Block 

Observer 

Pretreatment x Block 

?retreat~ent x Observer 

Block x Observer 

Residual 

3 

1 5 

5 

3 

15 

0,0780 

o. oJ6i 

0,8034 

0.0377 

0.0524 

0,03.33 

0.0431 

1 • 21 N. S . 

< 1 N.S. 

There was no significant interaction between pretreatment and 

block, nor betwe en pretreatment and observer, nor between block and 

observer for response to OXYtocin at either dose level. 
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(iii) Comment . 

These analyses shov1ed that t.~ere was no sit;nificant difference 

betvreen the results obtained by two differ ent observers usins s l ightly 

different methods . i'.'hen the responses to prctreatr::ent were ranked for 

eac!1 observer u,ese diO. not differ . 

Conclusions fro rr. ::.Cactorial :Exoeri r.:ents. 

The vari~~tion in o:?;yb:::in res_pcr..so oetr:ae:1 rat uteri a tto.chod 

t o an isotonic sys ter:1 i:,~ vi tr<?_ is hit:;h, but this res.::JOnsc was a lte r e d to 

a dote::: table decr0c in _preli:c;inary expcrinents by _pretr2c.:.ti~:ent ni th ste:roid. 

The differences in l evels of steroid hcrr::o"!1es were relatively 

0reat and ~~ : 1e ir ef:'cct on o::ytoc in response could be detected by siople 

a m_pli tu cle ; :JUlsurer:~cnts . On the other hand r:hen a oore lioi ted ran[~e of 

dose l e vel s r;ere used sic~J le ocasurc~:w:1ts of a::-.p li tude of con traction C:id 

not enabl e detecti on of si ,:nifice.nt d:: fferences even r;i th 9 replications . 

'l'he method of moasur-inc the a rc.:1 of a c ontr~10tion and subtractiD£; 

froc it the correspondins control are a f or e rtch o:-:ytocir. dose cave signifi ­

cant rosLlts (nith on::.y 1~ aninaJ.s per treatr.:cr:t) v;ith nir.e s t er oid pl·etre;~t-

Tl:.ese resu] h - did not C:j ff'er fr or:. 

those o f anothe r obse-rver who employed a similcr n:ethod on each occasion , 

using the opposite horn of each preparation from six of these pretreatments . 
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FURTI-illR CQI.;pJ\RISONS 0? TIB E5FECTS 01!' ST3ROID HORKOIES ON THE RESPONSES 

OF TIIE UTERmE I.:USCJ..:S OF THE RAT 

A. JJ'J'l'RODUC'I'ION. 

~~vidence fl~or. the :factorinJ. ez:porir.:ent SL10rred that [;r8<·;.ter uterine 

response to oxytocin occurrecl when procesterone levels were low . 'I'he dec;ree 

of this activity was i nfluenced to some exten t 'Jy the amount of oestradiol 

i:ov.'ever , the oestradiol had al\·;eys been injec ted a fter 

the ro.ts had received lJro _;esterone for tYm C.ays , Consideration v;<u:; therefor-e 

z;iven f .i.rst t o the ::_-JOssible effects of revorsinc the order of c ostrmliol 

o.dninistratior., r:.:td seconUly to Jche influence ti1at the ' . tu--acr:ls oil diluer:t 

U :(/ hc.ve lla cl on prc_;esterone aos or ption v:!1e:; the concentrations o f this 

uretre c-cteci r:i :h e i ther prc::_cestcrone or oostro.cliol o.lone , and to comp~1re the 

effect~ cf t!~e3 e hor:·.·o:!G3 as a co:-:cbined :)!'etrco.trnent civen in both the 

si..andard and reverse order . 11 

(i) J,:ethod. 

A total of 24 r ats i'iere used in this e:x--periment. Ti·,-el ve of t hese 

r ats represented the first block, in which 3 rats were r a ndomly allotted to 

each of f our g r oups. This block was examined on ex:periment dey 1 , and five 

weeks l a ter another twelve rats were allotted t o a second block in a similar 

manner for examination on e:x~eriment d~ 2 . One dose l e vel of each steroid 

was selected namely 5 mtS progesterone and 10 ~ oestradiol , and the pattern 
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of their adninistration i s shovm in Plan II. 

PLP.N II. 

DiS 1 DJ.W 2 DilY 3 Dii.Y 4 

Group I 

Oe s trncli ol ~) 10 10 

G:;.~oup II 

Proccsterone (me ) 5 5 5 5 

Grot.q: III 

?ro::;cstercnc ( I::c ) :; ) [::, 5 _./ 

C e ~:: t l't: C.~ ~- ry e) 10 10 

G-roup nr ... v • 

Ced~·adio~ (p z,) 1 0 1 0 

?r,lt:;c s tercnc ( n.6) 5 ~ 
r 

~ 
:; ) 

'I'l:.e procec<.u re for exan1ininz; the ut.c;rine prepar;-d;ions ·:iL'..S "..:he 

sar.:c as for f'c:;.cto:c:.. e:~ c:-:l'erin:.cnt II except "chat the 8 r:M dose of o::ytocj_n 

was or.1itted . Resp onses r;ere assessed by r.:easu.rinc tte ::>.reo c f contracticn 

as outlined previ ously. :::;ach uterine strip •·•as we i gh ed on a tors:i on 

b alance sensi tive to 0 . 001 g i rrw:ediately it we.s reooved from the organ bath. 

(ii) Results. 

The results are sumnarised in Table XII facing page 79. Because 

of the marked differences between groups in the variances of' both strip 

resp onse and strip weight , differences ·which could not be removed by simple 

transformation (see Kempthorne, 1952), analysis of variance was not atter-1pted . 



TABLE XII : UTERJNE STRIP 1:/EIGHT liND RESPONSE TO STTIIIULUS ',7ITH O.A'YTOCJN 

Pretreatment I II III rv 
Response Strip wt. Response Strip wt. Response Strip wt. Response Strip wt. 

.::y (IP.g ) y (mg ) y (mg ) y (mg) 

40 54 29 46 50 76 45 37 
29 44 58 53 30 44- 33 49 
39 50 31 51 60 100 5L:- 55 
27 46 29 47 36 48 37 39 
30 51 41 63 26 83 56 71 
33 42 24 46 84 64 41 66 

_ . ._.. ________ 
MEAN 33 .0 47 .8 35.3 51 .o 47 .7 69 .1 44.3 -52.8 

±. S.E. :±:,2 .2 :±:,1.9 :±:,5 .1 +8.9 - !_5 . 7 :±:,8.4 ±).8 +2 .7 

------------------------------------·------------------
* Y = total resp onse to oxytocin stimulus t ransformed accordinG to the expression 

Y = 10 (x + 10) where x = difference (cm
2) betneen the oxytocin and control area 

f or each dose of o:xytocin used (1, 2 and 4 nU) . For details of this measuring 

technique see t ext. 



Approxi mate "t11 tests (Cochra n and Cox, 1957) were t he refore used to 

exar.1ine t!1e dH'ferer.ces tl:at vmuld have been orthoc;onal in an analysis of 

variance, i . e . 

Gr oups I v II ) 

III v N ) 
r\. s . 

I + II v III -r- Dl ) P 0.05 

~'or b oth r esponses the groups (:L a11d II) treated. with only 

oe::.tracl.ic2. or procer:teronc did not differ significantly nor did croups (III 

and IV) r ecdving both stero j_ds but i n different order . Hm·.·ever , the 

groups r ece ivinG boti1 s-:,croids (irrespective of order of administrc;.tion) 

had greater strir) responses a nd str ip wcichts than the gr oups receivinG the 

sinc;le ~10rn:one only . 

( ... \ 
- -,., I 
---; Cor.-.r.:ont . 

There n!lpt:ore li. to be no aci.vr,_nta;e i n reversinc the order of 

o.d.E~inistrE.tion of ocstr c-,diol and. procest.crone frvr:. tl:c'.t used in t ,1e earlier 

cxrcrir::ents. 

C. EZP:::1l D.:JmT II. 

"To c ompare the effec ts of two procesterone dilutions used during 

the pretreatn~ent period on tne response of ovariectomised rat uterine 

strips t o a stimulus with 3 mU of ozytocin11 • 

(i) l1!ethod. 

A total of 24 r ats were used in this exp eriment and they were 

randomly allotted to four pretreatment groups. The oestrogen component 

of each pretreatment was kept constant with 10 )1G oestradiol being used on 
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each eroup. 

The pro0esterone component W<:!S varied , 1 mg a nd 5 r.,g of this 

horn:one were the closes selected ; ancl each VI<>.S 3 i ven to one of the gr oups 

in c oncentr2.tecl f orn (0.1 ml c:.nd 0 . 5 r:·,l respectively). Each oi'"' the two 

ren;aining c roups rece ived one of these dose levels diluted r;i th 0 . 5 nl 

are.cl1is oil . ':'he patterr. c :" pretreat:::ent e.d!:-tinistr&tior. is sho1·m in Plan 

II2: . EA.-perime r.tal ezm:.ina. tion of all prepcTations r;o.:::. CD.l'riecl out on Day 5. 

PLiJl III. 

DAY 1 DL'f 2 DiS ~ D/.Y ~-...J 

Group I 

Cestrn.diol (fG) 1C 10 

:'rc}:e~; teronc (me) DILL.'='J~D 1 1 

Gl'CUp II 

.~ t , . l (j-lf.: ) ' f' 1 (! _,c,~; .r e.c:.lo I'-' 

?rcc;es t cr one ( . r· \ r. _ __, J co: :c:=:~rx~L:.':':SD 1 

Group III 

Oesi:racliol Cpc) 10 10 

T-'roc;ester one ( m.g ) DILUTlill 5 5 5 5 

Group N 

Oestradiol (pg) 10 1C 

Progesterone (me ) COI'TC:CN'l,RATED 5 5 5 5 

The s ame procedure was used to measure uterine contractions, 

except that only one dose of oxytocin, namely 3 mU , w-as given to each 

preparati on . This dose was selected because small areas had b een difficult 

to measure, while larger areas vri. th many indentations in the contraction 



TABLE XIII: UT3RINI~ STRIP i'.'ZIGHT AND ' ' ID;SPOHSE TO 3 mU OAYTOCJN 

--------------------------------------------------------------------------------------------------------------------Pretreatment 

MEAI"'J 

:!:. s.E. 

I 

Response Strip v:t. 
2 

(em x100) (me) 

3 66 
8 80 

4 48 

2 68 

1 52 
6 97 

4. 0 68. 5 

:!:.1 .1 ±.7 . l+ 

II 

Response Strip .v.-t. 
2 (em x1 00) (mg ) 

21 4b 
15 5L~ 

25 55 

7 55 
19 82 

6 56 

-~-- ·- · 

15. 5 58 .0 

:t.3 .1 :!.:,.5 .0 

* Response as the difference between o:xytocin and cont r ol area 

(cm2) coded by x100 to remove decimal figures. 

III 

ilesponse Strip wt. 
2 (em x100) (mg ) 

19 75 
42 91 
14 85 

41 76 

37 64 
22 85 

29 .2 79.3 

:t,5.0 :t,3.9 

-------· 

Dl 

Response Strip wt. 

(cm2x100) (mg) 

55 106 

25 92 
18 96 

11 90 

47 81 

19 71 

29 .2 89 .3 

:t,4.3 :t,5.0 
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line had p r oved l ab orious in terms of time . Once again uterine weights 

were r ec orded as pr eviou s l y described . 

( . . 'I 
J.J. I Re s u lts . 

The resu::_ts are sur::Lnr ised i n Table ZIII fac:.ng pace 81 . Because 

of r.1nr ked differences in t!1e var iance of ;:;tri p response to ox:/tocin , 

differe:1ccs nhich wero not likely to l.Je recovod by transforminc; to l ogs, 

( i~ernpthorne , 1952 ), ar:al,ysis of v,,r~~ar:c e rras restr icted. to the uterine s t r ip 

·,·;e:...::;hts o.ncl an appro::ir;:;:,te ' ' t" teet (Coci1r<tn a.r:d Cox , 1957) r;o.s used to 

exm:.ino the differences ir: uterine s~rip :c·c:s:)or:se to o:·:;ytocin . 

(P<0. 001) r;herc es tlw cor-,:>:.rison Group s III v rr y;as not sicnificc~r. t (~'> 0 . 05) . 

l:ut no e-,:'fect 
, 
u.o~ c . 

('.I' :~b le ZEI(a) ) . 

'.L''_·.rL;,: -·~TTl'a ) -~ - .AJ..__ : 

Sourc e of Var iu.tion d . f . 11: . s. 

Pretr e a .Jcmen t 3 1099 .3 6 .1 

Dilution 1 0 .4 

Dosage 1 2667 . 0 14.8 P(0.01 

Dilution x Dos age 1 630 .4 3.5 0 .1 ~P>-0 . 05 

Error 20 180 .1 

The effect of dose of progesterone was cl early significant 

(P<0. 01 ) whereas the effect of dilution of t he hormone on uterine strip 



wei ght was not siGnificant. Nor in this case was there any clear cut 

inter a ction betvreen dilution and dosage ( 0.1 O>P) O. 05 ) al thou'-'h it vias noted 

that t i1e proc esterone , w£1 en used in t he concentrated for m, produced relat­

ively grea ter dos e resp onse dif ferer:ces (r:1ean strip weights of 58. 0 :!:. 5. 0 r:Jt:; 

and 89 .3 ±. 5. 0 mg for t he 1 mg and 5 me doses of progesterone respectively) 

th.:1.n when usee. in t he diluted form (68. 5 :!:. 7.4 r..g end 79. 3 ::.:_ 3 . 9 r.1g 

r e spect:.vely). 

fgr:cl ud ons f r o:Tt Co:-: .pe.r ;, t ive E:;.:pcr ir:ents . 

Ut erine ::Jtri:? nei;:;l1t s r.-erc; <o mere; sensi tivc :i.ncl:i.cc.. t ion of pre -

t r eat :Jent effec t th c>n rms u teri :1e oxj.r t oc ic response. This v:as not uno:-:pected 

i n view of the or.portu:-_i t ios for er r or \'rhen o.pp lyinc a ::1echo.nica l technique 

on a betwe e:-1 .:mi m[•.l ba sis . 

Oestradiol ulone nr odu.ced t.!1e l i3l! t est uteri o.nd these e.p~c <::re c. 

t o be t he le&st sensitive t c o~·tocin . Cor:-.binc:d proGesterone oest.rc:.c~io l 

pr c·:rec:tr:: cnt t; iven in stcu1C..c..rd onlor procluc ed t he heo.vi es t uteri a..11d t~1e s e 

a ppee.rccl. t o be t ile rw s t sensi i.ive . 

~·~.rac io -i s oil diluen t ho i':over , int erfered norkedly with oz;yt ocic 

resp onse rrhen pro,;e s teron o l evels v;e1·e l ow , but i t h o.d l e ss effect r;hen 

the se l evels v;ere r aised , Conversely there were ereater d.ifferer:c es 

between the uterine vre i chts for the two progesterone doses when t he arachis 

oil rras omitted. 

It s eems reasonable t o conclude therefore that comb inations of 

pro5esterone and oestradiol can influence u terine oxytocic response to a 

de8 ree that depends upon the do se a dmi nistered ar1d the concentra tion in 

which it is contained. 
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CHAPTER 6. SUW11L4RY AND CONCLUSIONS. 

Although critical time sequence studies of the birth process 

have been carried out in a number of species such as man (Caldeyro 

- 83 -

Barcia and Poseiro, 1959; Jeffcoate, 1965), rabbit (Cross, 1958b; 

Bengtsson, 1957; Csapo, Takeda and Wood, 1963), cattle (Gillette and 

Holm, 1963), sheep (Hindson et al, 1965) and pigs (Jones, 1966), the 

events which precipitate and control parturition are as yet not completely 

understood. After consideration of the various techniques which had 

been utilised in these and similar investigations a basic 1£ vitro study 

of some of the events associated with changing activity of the mYOmetrium 

was planned. 

The experiments reported in this thesis were undertaken, 

therefore, with the objective of defining the effects of two groups of 

steroid hormones (oestrogens and progestogens) on the response of the 

reyometrium to stimulus with synthetic oxytocin. 

In the intact animal both nervous and endogenous endocrine 

factors, particularly those of the ovary and posterior pituitary gland, 

have been shown to exert considerable influence over the activity of the 

reyometrium (see literature review) and as long ago as 1904 it had been 

shown that the excised uterus would contract when freed from its nervous 

connections (Kurdinowski, 1904). Oxytocin in suitable dosage had been 

shown to override these nervous effects at least in the rabbit (Cross, 

1958b). Moreover, with both i!! .ill!:2, and 1£ !iY£ preparations pre­

treatment of the experimental subject with either progestogens or 

oestrogens has been shown to markedly modi:f'y the response to this drug 

(Burnstock et al, 1963; Reynolds, 1965) . 

With these points in mind the techniques employed in this 



study involved selection o~ uterine strips from previously ovariecto­

mized subjects which had, subsequent to this operation, been treated 

with a speci~ied combination o~ the steroid hormones under test. 

The uterine strips (in most cases one complete uterine horn) were 

assembled in an organ bath and connected to a lever which would record 

contractions on a kymograph in a conventional isotonic system. The 

responseso~ the strips to graded doses o~ o~tocin were measured either 

by deterrrining the amplitude o~ the resulting contraction from a given 

base line or in the later experiments by measuring the area under the 

dose response trace following such a stimulus, and relating it to the 

activity which had been occurring (i~ any) imrr,ediately prior to the 

stimulus. As numerous other factors such as temperature, tension, 

ionic status o~ the solutions used and assemb~ technique were known 
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to af~ect such uterine preparations considerable care was taken in an 

ef~ort to ,standardise these conditions for each experiment. Minor 

modifications in method, however, were o~ten found necessary to improve 

technique from one experiment to the next - these changes are documented 

and discussed in the main text of the thesis. Initially ovariecto­

mized guinea pigs were used as experimental subjects but these were 

abandoned later ~or ovariectomized albino rats. Finally preliminar,y 

experiments were undertaken with rats pregnant in only one uterine horn, 

a situation that was achieved by mating after unilateral ovariecto~ 

{see Appendix VI). 

Experiments with the guinea pig demonstrated that pretreatment 

with oestradiol and progesterone did increase the sensitivit,y o~ the 

uterus to oxytocin when the responses obtained were compared with those 

from control animals which had not been pretreated with these hormones. 

Variability of response between animals within each experimental group 



was high and spontaneous activity in some preparations, particularly 

from control groups was a major problem. It was clear that large 

numbers of animals would be necessary in further studies of this type 

if satisfactory precision was to be obtained. The guinea pig also 

presented certain anatomical and physiological features that were 

undesirable for future work with pregnant animals and these factors, 

coupled with the findings of other authors that the uterus of this 
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species was unsuitable for oxytocin assqy (Holton, 1948; Stewart, 1949; 

Thorp, 1950; Lewis , 1964) led to a decision to continue the investigation 

with material from a strain of Sprague Dawley rats. 

The interesting problem which remains unsolved, however , is the 

r eason for continuing spontaneous activity in preparations from some 

guinea pigs which had been ovariectomized several weeks prior to the 

preparation beinc exami~ed . Residual effects of steroid hormones known 

t o affect uterine activity seem unlikely after this length of time; nor 

was there any evidence from the experiments to indicate this. The 

possibility of an alternative endogenous source of hormone developing 

after ovariecto~ from tissue such as that present in the adrenal gland 

cannot be dismissed although no relationship between uterine response 

and adrenal weight was found. The influence of exogenous hormone in 

the diet was unlikely to account for large differences between animals . 

No explanation for the phenomenon apart from inherent animal variation 

can be given. 

Preliminary experiments with the rat demonstrated that differences 

between pretreatments with widely divergent combinations of oestradiol 

and progesterone could be measured and a factorial experiment was designed 

to determine the relative effects of different combinations of these two 

hormones . Although variability of response between animals within a 
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given treatment group again proved to be high, adequate precision was 

obtained to detect dirrerences between the various pretreatment combina­

tions when the area technique ror estimating the degree or response to 

a given oxytocin stimulus was used. Where amplitude was taken as the 

index or response, however, inconclusive results were obtained. 

As had been anticipated the magnitude or the response .obtained 

to each oxytocin stimulus was clearly dependant on the dose or oxytocin 

irrespective or ti1e pretreatment combination that had been used. Even 

though an interaction between oxytocin dose and oestradiol level or pre­

treatment was observed in this experiment the overall responses showed a 

stepwise increase with increasing oxytocin dose, and at all levels or 

oestradiol pretr eat ment, the highest level or oxytocin gave responses 

which were signiricantly greater than the responses observed at the 

lowest dose l evel or ti1is drug. 

Difrerences rela ted t o the particular pretrea t ment combination 

that had been used were observed and thes e were largely due to the 

progesterone component, greater responses being obtained at the low pre­

treatment level with this hormone than at either or the two higher levels. 

Oestradiol , at appropriate dosage, tended to overcome the depressing 

effect or increasing doses of progesterone although this did not, in this 

experiment, appear to be a simple response. At the low level of progest­

erone for example increasing doses of oestrogen had no signiricant effect 

on response whereas at the middle progesterone level the middle dose of 

oestrogen was most efrective and at the high progesterone level the highest 

dose of oestrogen was necessary to produce the greatest response. Whether 

other factors were operating to produce this apparent complexity of effect1 

(see comments on the effect of the vehicle in which the drugs were admini­

stered in the final section of this summary), or whether the effect of 
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oestrogen on the myometrium is complex in this species as Gennel (1940) 

has suggested, could not be determined in this stu~. The general~ held 

view that oestradiol activates and progesterone inhibits activity of the 

myometrium v~s therefore upheld, at least when one steroid hormone was 

acting in the presence of the other, and the ultimate effect obtained 

appears to depend on the particular ratio that is used. These results 

were confirmed by a second observer who used the opposite uterine horn 

from rats in six of the nine pretreatment combinations in the last four 

blocks of this experiment. 

The final section of this thesis describes two experiments that 

were carried out with a view to detennining whether the order of admini­

stration of oestradiol and progesterone was of any significance and 

whether concentration of the drug behind used, i.e. the presence of 

greater or lesser amounts of dilutinG vehicle, would have any effect on 

the responses obtained. In the first experiment no differences between 

oestradiol or progesterone pretreatments when given alone were observed, 

a rather surprising findiqg as Frank et al (1925) described rythmic 

activity of the uterus in ovariectomized rats 24 hours after administration 

of oestrogen, and this response has been confirmed according to Reynolds 

(1965) in several other species. It is possible that the vehicle used 

for injection of the oestradiol, arachis oil, may have been responsible 

for this apparent lack of response as in the rabbit the latent period is 

lengthened to rna~ days before maximum motility is reached when oil is 

used as the suspending vehicle (Reynolds, 1965). Progesterone on the 

other hand cannot inhibit the uterus unless it has been treated or 

subjected to the influence of oestrogen according to the same author. If 

the threshhold to the o~tocic stimulus had been altered by either form of 

pretreatment differences in response were to be anticipated. 
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When, however, responses to treatment with either oestradiol 

or progesterone alone were compared to responses of strips from animals 

which had received both steroids, irrespective of the order o~ admini­

stration of these hormones, significant differences were observed and 

greater responses occurred with the latter form o~ pretreatment. The 

order of administration of the steroids did not appear to matter , a point 

which partially nulli~ies the argument above in regard to the possible 

e~ects of a prolonged latent period when oestradiol is given in an oily 

vehicle. 

In the second experiment the arachis oil diluent interfered 

markedly with response to o~tocin when the progesterone dose levels were 

low but had no effect when progesterone dose levels were high. At the 

low dose level of progesterone responses of strips from animals which had 

received pretreatment with undiluted progesterone were signi~icantly 

greater than responses ~rom t hose where pretreatment had trucen place with 

the hormone in the diluted form. This dilution effect was not observed 

when uterine strip weight was taken as the index of response although 

progesterone used at two different dose levels in a concentrated ~orm 

resulted in relative~ greater dif~erences between uterine strip weights 

for each group than when it was used at the s~~e dose rates in a diluted 

~orm. 

The following conclusions were drawn ~allowing these investiga-

tions: 

1 • The use of an isotonic system involving excised uterine strips 

subjected to stimuli with graded doses of oxytocin in an organ bath, the 

strip being connected to a lever recording on a kymograph, appears to 

have severe limitations as a technique for making comparisons between 



groups o~ animals subjected to di~erent experimental treatments. 

Isolated uterine muscle, when stretched. liberates a substance that 

slowly increases uterine tone to the point o~ contractUre according to 

Jung (1966), and hence an isometric rather than an isotonic system m~ 

provide a better measurement of the e~fects taking place. With an 

isometric system the problems of unrecorded stretch do not arise 

( Scho~ield, 1 954; Csapo, 1954). 

2. Uterine strips fro ffi ovariectomized guinea pigs are unsuitable for 

experiments involvine; responses t o oxytocin because of the wide varia-

bility between animals. The reasons for this variation are unknown 
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and would appear to be worthy of investigation. Pretreatment o~ guinea 

pigs whi ch had been ovari ectomized with a combinati on of oestradiol and 

progesterone did however i ncrease the response obtained with a given 

stimulus by oxytocin. 

3. Vfl1en u t erine strips from ovariectomized rats pretreated with combin­

ations of thes e two steroid hormones are subjected to stimuli with 

oxytocin response s are ob tained which are greater than those resulting 

from pretreatment with either hor mone alone. The degree of r esponse 

obtained is related to the magni t ude of the stimulus applied and depends 

also on the particular combination of the steroid hormones used. In 

general increasing doses of progesterone tend to decrease the response 

o~ the strip to a given dose o~ oxytocin and with increasing doses o~ 

progesterone greater doses o~ oestrogen are necessary to override this 

ef~ect. 

4. Where relatively low doses o~ progesterone are used for pretreatment 

of animals in this type of experimental preparation dilution with arachis 

oil should be avoided as it appears to modify the response obtained 
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depending on the dilution used. 

5. In these preparations the most effective method of meast~ng the 

response to oxytocin was measurement of the area under the dose response 

tracing for a fixed period of time follovring its admir~stration . This 

measurement was then related to the activity which had been taking place 

over a sirr.ilar time interva~ irrJllediately prior to adr.Jinistration of the 

stimulus and the difference between the two areas was used as a measure 

of the response . The technique approximates to a measure of the 

additional work performed by the uterine strip as a result of an oxytocic 

stimulus. 
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RESPONSE TO Ol.Y'l'OCIN STU:uLUS (GUll1EA PIG EXPERThlENT II) APPENDIX I. & 

TR.EA'fi,iliiiJ'T GUll1EA UTERmE RESPONSES RECORDED IN Cru JJID..ANGED ll1 ORDER IN WHICH STDJULUS WAS GIVEN t j 
~ TOTAL RESPCl'!SE TOTAL RESPc:':SE WEIGHT AT \lEIGHT AT CHANGE m 'WEIGHT OF UTERlllE DAYS OV ARIECTOlu'Y 

GROUP:. PIG HORN FOR STRIP FOR ANlli.AL OV il!tiSCTOMY SLLUGf!Tl"~ WEIG!IT STRIP TO SLAUGHTER 
R R 1 2 4 8 R 1 2 4 8 1 1 2 2 4 4- 8 1 2 4 8 (em) (em) (g ) (g ) (g) (g) 

j 

RIGHI' 1.6 0 2. 8 3 .2 3 . Z.. 4 . 9 1.3 2. 7 3.3 4 . 9 7. 3 2. 3 1.4- 1.3 3 . 0 6.4 4-. 6 9. 7 5. 5 1 .6 4 .3 5. 4 1 o. 6 91 . 5) 192 . 0 460 4-20 40 
RH=0.15 28 257 -LEF'l' 0.6 0.7 2.4 3. 9 5.0 12 .3 o.6 2.7 2. 7 4 .7 7.5 2 .0 1 .9 2. 7 2. 3 4 .2 5.8 13 .3 6. 9 1.~ 3 .1 4-. 5 8 .8 100 .5) LH = 0.19 

251 
RIGHT 10. 6 1.5 2. 4 2. 5 4 .3 9.6 0 .9 2. 5 2. 9 5.1 8.4 2.1 1.9 3.1 2.6 5.1 5. 5 10 .9 9 5 2.2 4 .6 5.6 11 • 0 114 .8) 149 .7 4-65 4-20 45 RH = 0. 21 29 -

I LEFT 0 0 1 . o 1.2 1 .8 3 .2 0.8 1 • 3 1.3 1.8 2. 6 1.0 1 .1 0.9 1.2 1.7 2.1 2.8 2. 6 1 . 3 1 .2 1. 7 2 .3 34.9) LH = 0.21 

RIGHT 11 .o 0. 9 1 .4 1.7 2.8 4.4 0 .4- 1 .1 1.7 2 .1 4.3 1 .4 1.2 1.5 1.4- 2. 4- 2.0 4-. 0 4 .2 1 .2 1.7 2.3 5.6 60 . 7) 75 .1 530 517 13 
RH = 0. 21 40 203 -LEFT 0. 7 0.4 0.6 0. 6 0. 7 1 .1 0 .3 0. 6 0.6 0. 7 1 .2 0. 5 0. 5 0.4 0.3 0. 5 0.5 0.8 .: 0.9 0.4- 0. 5 o.6 1 . o 14.4-) LH = 0.25 

233 RIGHT 1. 0 o.6 0. 5 0 .5 0.6 0.6 0 .2 0. 4- 0. 5 0 .4 0.6 0.3 0.2 0.4 0.2 0.4 0.3 o .~ 0.4 0 0.1 0.2 0.3 9.1 ) 230. 6 64-0 706 + 66 RH = 0.18 41 
LEF'l' 3. 8 0.9 5. 2 9.3 14.4 17 .7 1 .0 5. 6 8. 2 14. 2 17.2 4- .8 4-. 9 6. 7 7. 2 15.3 8.1 18 .a 1 7. 9 3 .~ 7.1 17.2 12 .1 221 . 5) LH = 0.11 

246 
RIGHT 0 0 5.8 9. 2 16.1 16 .9 0 3. 6 5. 7 14. 7 15.8 1 o. 7 3. 5 5. 5 3. 8 14- .9 11.0 17.3 16 .2 2 .1 5.1 16 .9 1 6 . 4- 211 .3) 450 .9 ltlJ-0 470 30 RH = 0. 50 28 + 
LEFT 0 0 14 .0 6.3 13.8 14.2 0 13.4 8.3 13. 6 14-. 0 8.3 7.1 14 . 0 8.2 14- .4 14-.2 14- .8 14. 5 3 .0 14- .2 13.4 14 . 5 239.6) LH = O.M-

- - ---- --~--------- ---
-----__ ....__ ____ --------------- . ___ ...,.. _____ __. 

250 RIGHT 0.8 o.6 1 .2 1 .6 2. 6 4 .3 o.6 1 . 8 2.2 4- .2 6. 6 2.9 2 .0 2.3 2. 5 3. 6 3.1 7.6 3.9 2.4 1 • 7 4 .2 11 .2 73.9) 129 .4 1;..70 4-50 20 RH = 0. 22 29 -
II LEFT 1.3 0. 7 1.2 2. 9 1.7 3 .1 0. 6 1 .6 1 . 5 1.9 2.3 0. 7 1.4 0.8 1.0 1.4- 1.8 3. 7 8. 9 0.9 1.4- 3 .9 1 0.8 55. 5) LH = 0. 26 

----- -----~ .. --- ·----- ..- --
24-7 RIGHT 4 . 0 4 .2 2. 7 2.4 3.1 3. 8 1.5 1 .6 2.0 3 . 0 4 .1 1.7 1.5 2 .1 2.3 3. 2 3 . 5 7.6 5 .~ 2.6 3.7 6.1 7.4 79 . 5~ 110 .6 520 643 + 123 RH = 0 .21 30 

LEFT 0. 7 0. 7 0. 9 1 .1 1 . 2 1.5 0 0. 7 1 . 2 1 .3 2.1 1 .1 1.0 1 .2 1.6 1 .2 1.6 2.;> 2 .2 1.2 1.4 2.0 2 .9 31.1 LH = 0.18 
--~-- -------- --- - -

202 RIGHT 19 . o 19 .o 19. 0 19.0 19 . o 19. 0 19 . 0 19 .0 19 .0 19 .0 13.0 9.0 9.3 1 o.o 5. 0 6. 6 9 .8 1 l~ .6 18.0 - - - - 475 .3~ 713 .6 590 729 + 139 
RH = 0.32 4-1 

LEFT 19 . o 19 . o 5. 7 9.4 13.1 18. 5 1.7 7 .z,. 9.2 11 .4 18.7 3 . 6 6. 9 19 . o 19. 0 18 .0 18. 0 7.7 2 .2 1 .2 1.3 0 0 .9 238.3 LH = 0.32 
-== 1 : =~-

258 RIGHT 19 .0 19 .o 19 . 0 19 . 0 19 .o 19 . 0 19 .0 19 . 0 19 . 0 19 .0 19.0 19 .o 19 .o 19. 0 19.0 19.0 19. 0 19. 19 .0 19.0 19.0 19.0 19 .o 4-37 .o ~ 676 .4 670 745 75 
RH = 0. 30 52 + 

LEFT 6.6 4-. 6 7. 2 13. 4- 1 5.1 15. 7 0.7 5.5 8.8 13 .3 16. 7 3. 7 3 .5 7.8 8.0 15.3 17.4 18 • .0 17.4 2. 7 12.3 7.7 18. 0 239 .4 LH = 0 .24 
, ..... - - ----- ----- -

256 RIGHT 1 .o o.6 0.9 0.8 1 .l,. 1 • 7 0.3 0.7 0. 7 1 .o 1.5 0.5 0.5 1 . o 0.9 1 .2 2.1 2. 1 .7 0. 5 0. 6 1.2 1.9 33 .1 ) 33 .1 4-GO 628 + 168 RH = 0 .17 4-3 
III LEFT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o) LH = 0.1 5 

-~ 

254- RIGHT 0.3 0.2 0.3 0.4 0.4 0. 6 0 0.2 0.2 0.3 0. 5 0. 2 0.2 0.2 0.3 0 .3 0.4- o . 0.4 0. 2 0 .3 0.3 0. 5 7 . 0~ 1 9.1 4-80 625 + 145 RH = 0 .17 44 
LEFT 3. 6 0 0.3 0.4 0. 5 0.7 0. 2 0.3 0.4 0 .5 0.6 0.2 0. 2 0.4 0. 2 0.4 0.4 0 .6 o.6 0.3 0 .3 0.4 0. 6 12 .1 LH = 0.20 

-
255 

RIG1IT 1 . 6 o. 8 3 .7 3.9 15. 6 15.2 0 .5 1.5 2 .4 15 .6 6. 9 1..3 1.4 3 .5 2. 4- 16. 0 3.8 14- . 0 6. 7 1 .2 2. 7 4 .7 16 . 2 141 .6) 335.9 560 686 + 126 RH = 0 .49 4-5 LEFT 2.1 0.3 3 .1 3.1 16 . 7 18 .3 0 .8 2. 6 2 .8 8 .7 19 .8 2. 0 2. 0 6 .1 4- . 7 19 .7 6. 2 20. 0 20 .4 1.3 6 .5 20.4- 6 .7 194.3) LH = 0.47 
I - uu.:a:s:::a::a .. m:w:::a.:su-.::::::::r ' i 1""2 • ::2 _:J:::::::: : : : ==-=-- ----- ---

~Group I - short period ovariecto~ to slau6hter : 
Group II - shor t period ovariecto~ to slaushter + aracr~s oil : 
Group III - long period ovarieeto~ to slaU&hter . 



RESPONS:Es__'£.Q.__Q..ill_Q..CIN STTI.:U_LJ!_S (GUIN~A PIG EX ... PT. III) &opz~~· 

j _ . ______ _.. ______ , ________________ _ 

-
PAIR 

DAY 
GUINEA 

PIG 
UTI."RINE 

HORN 
';"~RESPONSES (Arnp)~.i tude ~sT£L_ ____ 

270 (T) 
I 

269 (c) 

264- (T) 
II 

266 (c) 

259 (T) 

III 

:: R 1 rnU 4- rnU R ~- rnU 
--·--------------------·--·----

RIGHT 
LEFT 

RIGHT 
LEFT 

RIGHT 
LEFT 

RIGriT 
LEFT 

RIGHT 
LEFT 

2. 0 6. 0 8. 9 1 . 9 1 o.o 
3.7 5.6 12. 7 2.1 14-.8 

-----------------
1 .9 1 .3 2.1 0.7 2. 0 
o.o o.o 0.3 0.4- 1.0 

------·-----·----------------
1 • 2 
2.8 

1. 5 
o.o 

4- .3 
7. 8 

3. 4-
5.6 

0. 8 
o.o 

6. 5 
2. 5 

7.1 
7. 5 
-----

1 . 3 
0. 2 

2.6 
6.7 

0.3 
0.4-

5.8 
13.3 

1.2 
0. 8 

----- ----·-
11 • 5 
1 0. 4-

4- . 3 
8. 5 

12 . 3 
2.7 

1 rnU R 

9.0 1.5 
8. 6 13 .o 

-
1 .o 0.4 
0.6 o.o 

3.6 2.1 
7.9 6.0 

0. 5 0.3 
0.4- 0.3 

---
9. 5 4-.3 
6. 4- 7. 5 

-

------------- -----------·--·--------·-
260 (C) 

RIGHT 
LEFT 

4-. 5 
0. 5 

2.1 
o.o 

ll- .6 
0. 5 

1.3 
1 • 0 

3 .l,_ 
2.7 

1------------------------------- -------
263 (T) 

IV 

265 (c) 

RIGHT 
LEFT 

RIG I-IT 
LEFT 

7. 5 
11 • 7 

0.6 
0. 4-

1 o.o 
5. 5 

.o 
o.6 

8.3 
19 .o 

1 . 5 
7.0 

5. 8 
5.1 

0. 5 
2.6 

1 6 .3 
1 0.4-

1 -~-
3.2 1----------·- ---------------------------------

268 (T) 
RIGHI' 6. 6 8. 5 12 .7 5.3 13 .6 
LEFT 4- .9 9. 5 1ll- . 9 4- .4- 16.2 

1 . 5 0.6 
1 • 5 1 • 7 

------
7.3 6.3 
7. 0 5.1 

-------------
2. 3 0. 7 
6. 5 6. 2 

---~-- ---7. 4- 5.1 
I 13.2 4- .7 I --,.2-L 

).8 4- .7 
-----

v ----------------- ----------·---
RIGHT 1L1- .o 11+.6 1 5. 0 1 5.0 1 5.2 
LEFT 1 5.6 14.9 14 .6 1 2.1 16.6 261 (c) 

-----------------------------------~-' 

·~ R = Ringer solution. T ::: Treatment e r oup . C = Control gr oup . 
*"" Note the sequence of administration of ti.1e ozytocin is s hown for the right horn . The sequence was 

reversed for t he l eft horn. (See method in text). 



WEIG-HTS OF G-UINEA PIG-~~D~_§__TRI?~.~Jg?_R.:~)L.ili G-L1C·ii2_S (GUII:£~li..£..IG -~ • .JIIL&DJ>EI~p_IX __ r£. 

----------·---·· ------. .. ----- -~-~------~----------··--------

PAIR 
DP::l 

I 

II 

III 

G-UINEA 
PIG-

270 (T) 

VIEIG-HT AT 
OV/ill IECTOI .. :Y 

(g ) 

433 

· ~ YIEIG~ AT 
SLJ\UG-h'TSR 

(e) 

CB'.i\HGE IN 
'1'i'EIG-HT 

(g ) 

':JEIG:rl' OF 
ADR~NAL GLANDS 

(g ) 

.. ~ WEIG-HT OF 
U'rER.r:·JE STRIP 

(g) 
--- ·--.------ ~--· .. -- .. ·--------------···------ ------------

41+0 + 7 R 0.25) O. ll-9 
1 0.24) 

R 0. 38) o. 79 
1 0.41 ) 

---- ------·- ·- ·- -·-----------------·--··------·-· ----
269 (C) 51 5 

264 (T) 50!1-

266 (c) 525 

259 (T) 539 

520 + 5 R 0.1 9) 0. 39 
1 0. 20) 

R 0.1 4) 0 26 
1 0.1 2) • 

----·---·-··---·--····----·--·-·- ------·--·-----
520 +16 

--·----·----- -----------
580 +55 

-~----- ···-------· 
53 5 - 4 

R 0. 21 ) O.lt.2 
L 0. 21) 

-------
R 0. 23) O 47 L 0.24) • 

R 0. 22 ) 0. 45 
1 0 . 23) 

R 0.42) O 85 L 0.43) • 

R 0.21 ) O 41 1 0.20) • 

-----------~---------·- --- ·---·· --··--··--· ··------· --·- ·· ·---·---- ·------~·-

260 (C) 561 560 - 1 R 0 . 22 ) 
1 0.26) 0.48 R 0.1 o) 0.22 

1 0.12) 
1-------------------·-----~------····------------ ----·---~--·--···- ~----

263 (T) 533 530 - 3 

IV 
------------~---~-------~-- --·-·--- .. 

265 (c) 617 615 - 2 

~---------------·--~---- -- ~ ----- --- -----------
268 (T) 565 560 - 5 

v 

R 0. 21 ) 0. 43 
1 0. 22 ) 

R 0. 19)) o . ~o 
L 0. 21 

R 0.46) 1 .02 
L 0. 56) 

R 0.1 6) 0. 32 
1 0.16) 

·---------------------·--
R 0. 21 ) 0. 39 
1 0.1 8) 

R 0.37) o. 78 
1 0.41) -------------·------------· · ·· ·---~--------------______ .. ______________ _ 

261 (c) 667 665 - 2 R 0.19) 
1 0. 24) 0.43 

R 0.36) o. 77 
1 0 .41) 

1------------------·--····-··---·--·- ···-----------------·-- -----·- -·---------~ 
"" Weight at slaughter = live weight. 1 = Left. R = Right. 
* Weight of Uterine Strip = the uterine t i s sue used i n the e:>..-peri ment. 

T = Treatment group . 
C = Control group . 



~\PPET:DL'{ V: ----

r:J; dose r·e3ponsc ;::_ r:llJ dose resp 'Jnse ll- mU dose rcspon.J c 8 ;:_J do3e response 

n 33.-. :3 Be:: , B2 • .:.. B-;;: 
w B5 . B,.,. Bj .. · E4-.A Br::, Br,. By B Be:: ··. ~2A -· !"'-'• ...)Ji. -""' 
--'4.1-,_ H .t,_J l., ·"' ..J•• "--'~ .~ l~--i~ ....; .t'f.. ... --.. ·------·-----··----- ~--_... _______ _.. ________________ ... _ .. .....__ 

-- ~--- .... ----~- ·- ·------ ·· ·--------~--¥-----~---· 
:::;: 

1 6 16 1 ,:; 1) c 11 i 2 ~ 3 lf. 23 12 10 8 20 24 . 1 A 

? 0 20 I 4 :J 33 3 11 7 "' 18 11 27 28 27 1 5 1 2 '+ L. Lj-

1) 03 7; c 2 " 2 J 7 11 7 7 20 20 11 20 9 ~ 1 ..) '-

- ll- 3 c 2 10 - j 6 -3 -3 - 1 8 12 7 15 

11 7 23 9 3 6 37 37 5 zo 3 

3 7 6 8 0 - 10 8 17 1 7 5 

?7;0 
' ~ -" . -4 4 3 4 ·j lr- }+ 8 10 1 5 2 -6 7 23 2 

P~02 - 2 -3 1 1 1 20 3 
) -

7 5 5 4 20 3 21 -3 20 

:?3° 3 1 9 -1 16 1 12 9 7 4 11 28 27 8 22 6 26 

I 
l____. ----.. ---~--------- ----

* B2A - B5A = Blocks. 

P
1

0
1 

- P
3
o
3 

= Treatment combinations of oestroGen and proeesterone. 
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.APPENDIX VI : 

In the previous experiments it h.::td been po ssible to detect 

differences i ::1 o:x;:.rtoc ic respon.:;e of in vi t ro preparu.ti ons fror.: rats that 

had been p.t'etreateci r;it:: steroid. ho::y,ones . 

'.i'hese differences -,·;er e not _sreat but the~' r;cre suf·E'icient to 

show that the e:'i'cc t of p:::-etreatc:e nt could vetry -,·;i th toe dose of steroid 

used and rri th the SU.:ipendinc; vehicle i n ·;.hicj1 these 

horr.~ones .. ~7crc con<::r:.inod . 

'.:'he ne: ·t stace r;;:~s to ta::e this in vitro tech:1ic~ue nnd. u :::;e it 

hau indicate ~:. tllat prC~)ar;:~~ • .:_ Cln S :":rO!:'. c;r·o.vicl uteri -;;ou lcl be U:1SUi ted to the 

(b) the ~sc of a c or::p letc t r Ltnsvo: ·sc section of t:1e ,::;rc~vid horn r;as 

i mpracticn::.. beco.usc its bou;;'ctl1Cj' in tjle orcan bo.th affected. lever tension 

(c) \'/hen transverse sect~ons o: a _,;ra·.r id hOl~n r;el'e cut lonc;i tudinally , and 

t..hereby reciucecl to a manae;eable size, they no lont;cr represented the 

coDposite unit of circular and lont;i tudinal muscle, upon which all previous 

comparisons had been JjJade . 

It seemed desirable therefore to use rats that had become pregnant in one 

uterine horn only so t hat the non pregnant horn could be used as a suitable 

in vitro preparation. 

This was accomplished by removing one ovary only from mature rats 

one week prior to mating . As it was not possible to estimate the number 
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that would become p::-egnant a fixed experimental design could not be 

enployed . Under these circlU!lstances it vras decided to consider one stace 

of the gestation period only , ami the period 48 h OUL'.S r)rior to parturi ti:m 

·.ms selected in the first instance . P:..~egno.:nc:/ nc:ts di30nosed by visual 

assessr:;ent of the rc.t v;llc n hancin.:; in a head do·:.11'uards position and 

estinw.tcs o:." p o.1:turi tion (lates , .:11 thouch related t o the rating period 

selected, nere larc;e ly subjective . 

13. =.::xoor:ill.ent 1 • 

" To cor..po.re the effects o:E' al;IJ r oo.chi nc pil.Y'turi tion on the 

::>:v-tocic response in vitl:£ of non - p::-et:;nmlt utc:.~ine horns obtained fror.1 

( i) 1- .J_' , ... c ... noli . 
-~-~-

the 1"er:1c:1i nder·. 'l'he !;cmiovariector:Jizcd r o.ts nen; then ranc.lor:1ly a llotted 

to tr;o C<~8S , tiu·ec r.:;. ts t o .:1 cace , -• Lale r .:1.t rias introduced to each 

c~e and allm-reci. t o rer::ain there fo::- nine cl.ays . Fou:::'teen dey s a fter the 

r or:-.oval o1" t he o alec, one r at n.:1 ~; slaut;htered for photographic purposes . 

As the time of parturition app eared close all other ro.ts were exw.ined 

the follov.ring day; unfortunately one produced you.!1f; durinc the night. 

Preparations from the non- pregnant horn were limited to 1 em in 

length, as preparatory experiments had demonstrated that these preparations 

stretched to a very considerable degree . Doses of 1 mU and 4 mU of 

oxytocin were administered, and responses nere measured with a planioeter 

as described previously . The administration time of each oxytocin dose 



(iii) 

was ex tended t o 3 r.ri.nute s, f or it was anticipated t hat the frequency of' 

lever e ;(cur sior.s nou ld increase r;i th p~2egna':t p ::.~ep a:-ations . 'l'hus p l e..nioeter 

meas ur ements vmul cl be l c.3 s ac curate i :!:' t he are a r e spons e t o t h e close recorde d 

on the kyr.loc;raph ;·;as not increas ed a ls o . 

( i i) Results. 

'.I'}J.e findinDs fro:-~ t !1e r2.ts rrhic h bocar::e preg nant are s '-L·x.T.:!:'ised i n 

'l'abl e XIV bol o r:. J.at 5 f cilcci t o bec ooe prec n on t e.nd r at 6 cave birth ·12 

hours before the c::·,)crir::cnt boc;<m - both hc·Je lJeen i ncluded :.n the 'l'ablo . 

3 323 

5 309 

6 203 

-. ::~IG::rr OY ~~ .~, i~~: .If.:ll C~ ?UP: L·T LI'1,Tlli , ~,,~IG-IIT ~\I·JD .:~~ESPc: : sE 

'EO c::yr~,CCil~ 0~:~' '-)~L: !~~1: :::4?-~';: : _j:1' ::CJ.:~ ?llO~ : FJ.~·::;.~~. ~ ~S.' , ~ 7 01~ 

P_B'";.! :_ ~ ~ ~ -·~-D Pc:;r~ :..-::.J_ T'Ul.~ :c:.~I~}\l.'.].-:_~C'J.' C:.~I3~~D J ... t:.'IS 

of pups ~;rt . of non Re8pon::Je to 
in litt er p:. ... ec;nc..nt o: :2;rtoc in 

J1JT' l1 
I 

;::U '~ r.1" .. ,---· ) 1 ·•·o 

21~ 18 ) 1 

229 18 51 

~.8 12 2h0 
./~ 0 25 

(not precnant) 13~- 3 11 

12 (post partum) 12 124 3 11 

2 
•:t Re sponse = 10 x ( CQ ) nhero x = dif ference between treatmen t and 

control o.re a (for method of mea surement see text pace 68) . 

(iii) ~~· 

It wa s interestin(i to note tha t identic al OX'Jtocin responses were 

shown for two of the pregnant preparations and that the two preparations 

that vrere non p :::-e[,nant at the tir.~ e of examination also r,ave identical 

results but at a lower level . A second trial was attempted using more 
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animals and employinG a different mating technique to obtain a better 

assessr.ient of parturiti on da te. 

C. Exper ir::ent Jd. 

11 ..1~ further co:·:1par ison to de t er d.nc the effects of appr oaching 

parturi. tion on t he O}:_:r·toc ic response of :1on prec;na:1t uterine hor ns from 

pr ec;nant rats" . 

A total o:' 11 !iemiovar icctorr:ized mo.ture fer:1e.l e r ats vrere allotted, 

at ranuom , tvro or three t o each of fou r caces . 

each c .:t.G e f or a 3- dcv· period . The uatin5 per i od i';as thus s:!.x days shor ter 

th::m t £:e one c:.clo~ncrl in the prc vj_ ous c:·::;?eriJ::Jent . r:5.liS en~bletl p2rturi tion 

dates to oo anticip:.J.teU wi tl1 t;ra~~tc~c accu~c..1c~y . 

litter, on t!::ct hic_;h r·.vorc~e 

( ii ) ~~t_s_. 

'l'he rcsul ts a.l'C sur:-;;; .• ~.r::.seQ i n Table )':J' on the follor;inc pace ( v). 



TABLE XV : YTEIGI-TI' OF R.!iT , AVERAGE FOETUS Vt'EIGHT , '.'.'EIGHT 1-\!'JD '~RESPONSE 

TO OXYTOCIN OF TI-IE nor: PREGNi1.\\!T HORN FRO!-:! PRffii'Jl1NT ill'JD NON 
Plill'"'GN/J'JT HSJ,:IOV/l.IU::2CTOl.:IZZD RATS. 

~~----·-------------------------------------- .... 
Rat '\It . of' J'1ver :::.ee foetus ',7t. o:f non Response to o::x:yt ocin 

r at wt. pr egnant 
horn 

(c ) (c) (r:Jg) 1 mU l:- mU Lean 
---~--

2 314 3 . 7 275 25 s~.- Lt '·' !'• ' ' .. ~ 
8 260 3 . 4 258 ')( ' ' 3 ) . c. t_ •. l !-4-

(i 10 203 2 . 3 2Lf.2 27 ::;n 33 . L ~ .="' 
'..:..1 
:- ~ 

257 2 . 0 335 {.5 11 :::G 5') 42 • ~I ;.1 
r.~ 3 325 ~ ::<: 299 ]-;: :;~. j :!1 . 5 P~ I o ..J -./ 

7 221 1 . 2 207 • t:; L.._,· :>3 39 . !,, 
q 255 1.1 199 .:s 67 4~ . 51 / 

------ ---
I.:3.'J·1 262 2 . 14 259 ?. 3 . 3 4 ':' . 9 

...... . - r 
)0 . 'J 

+ s.:t: . :!:_1 6 . 8 :!:.0 . 19 :.t_18 . 4 ..!. 1.Cl _-i-t! . s :±) .1 _...-------·----------- ---·~-· 

E-1 255 i 55 r:10 ~ ,.\I 

~} 
~ . ·- ( __ , . ./ 

~ 
5 236 1lele ') 34 32.. (; ,·_ --

p, 5 199 142 4 ( -~ . (. 

5 4 251 135 l:J 36 :~5 . 5 z ----- -----
r.::::::::Jr 235 1l~5 1:2 . 0 

.,~ ·,,-., r I~, I 
-"' ./ . -. ._: ·-. _; 

+ S . E. :!:.12 . 8 ,t3 . 5 ±6 . 1 .:!..11 • 1 .:t.6 . 3 
--- --·--- ----- --------~-----

... Response = 10 x (cm
2

) + 5 where x = difference betneen t r eatoent and 
control area (for met~1od of measurer.1ent see text pa<;e 68) . 

(iii) Comment. 

The anticipated parturition time :for each hemipregnant preparation 

was within :!:. 36 hours, and it was noted that apart :from rat 3 the oxytocic 

responses o:f these preparations were not v;idely divergent . The preparations 

:from t he pregnant r at s gave creater responses to the oxytocin stimulus but 

this mqy have been a re:flection of the amount o:f tissue used in ti1e prepar-

ation rather than any di:f:ference in sensitivity . 

(v) 
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No obvious rela tionship bet ween avel~G6e foetus weight and 

r e s ponse t o o:xytocin l'iaS observed. The possib ili ty of differentiating 

preparations in tcrr.s of their pro:-::ir.1it~/ to po.l'turition y;itll the present 

method therc:'ore appea.~·etl to be remote . I:evertheless the next step v;as t o 

cor.pare groups <1.t tr;o widely separatecl stacos of tho cestation period. 

'l'r;o c""!.ifferent o:;.;:v-tocin doses D.Il}IO(tred to o_;_'fe r li ttlo advo.!1tas-e 

in tho assessr;:ent o::· respo:1se and it r;cts decided to :.lse an inter:::ed.io.te 

close of .3 mU i n tlw next e:.:perine!1t. 

"To compare "chc ef::·ect:o on the o:0·tocic response of non pret;nant 

uteri~e n::::r:1s :fro::: _!lre~n ::nt rats at trro riide l:,r di v orcent stac;es of prc.:;nancy . 11 

the :"ourt[l ca.:_;e . 

\.- .. ,c-
It ....... co..cl1 of ti11.2 second. tr;o cages , 

these ';;ore nl l oriod to re!::ain for n fo u r day period . 

( .. ) 
\J.J. ~te sul ts. 

The examination of all preparations was conducted on t he dey after 

the first li tter had been produced , but as another rat produced a litter 

early that morning and as yet another had failed to conceive , only one 

pregnant rat remained in t he first mated group . The findings for all rats 

is shown on the following page (vii) in Table XVI. 



T.ABLE :A.'VI: V/EIGH'l' OF RAT , AVER..t .. GE FOETUS WEIGHT AND - RESPONSE TO 
OZY'.i'OCm OE' '2:'Illi NOTJ P?3GNJJ':'l' HORH FROI: PH.EGN"\N'l', NON 
ffiiTrNiu\T JJ'-JD POST PAR.TUl.: IL1.:IOViJlil·;C ':'Ol:IZED R.i.'l'S . 

R"+ <-<-v r.:ating 
group 

1 I 

4. II 

11 PnEGH.iJ!T II 

2 II 

5 II 

r--
/' 

POS~, I 0 

01 p"·.RTL'REJlT I 

3 FO'l' II 

" P}::X:. ;L' ~ : T I v 

-----· 

( ... ' . l .. 
---· ·..! I 

:~ vere_ge 1''+ of - •T.l.. of non Response to 3 .·I ""' . .. u. 

foetus rat precnant dose of 
r;rt . horn oxytc·cin 

(g) ( "" \ o/ ( r..c ) 
----· ·- ·-

5.1 28lt- 94 
4. 0 227 111 

1 h •..J 253 11 2 

0 p 
.~ 240 7C 

0.4 200 127 

) . 0 28G 00 
..-· ~ 

7 . It 267 78 

-- --· 
- 200 on 

..-./ 

- .)1 0 9G 

- ----
J, ., + c- ·::l :r-·:··c 

~ .. P.L~i.:o cl '.J :, .. ~·r.~·urcr:~.e nt 0ce 

61 

1 

65 

5C 
";!! '") 

..1" 

--
5· 
9 Ci 

---
9h 
~~ ,, 

--·------
~ c t~o c~ tc~~~~c~t 
~ o_·: i 1) .-, .,.., ~,q \ 
..,\,;.. - - '""~J\: ... . .._.) « 

mU 

I 
I 

Rat 1, tl~e r nt c1c scst t c parturiti on, 

did not in f act produce ti le Gr eo.tsst o::;';rtoc ic resronsc in t h:.s ca.sc . 

The tracin0 s fror:I all the her:-i prec;nnnt rats t hat r·;ere in micl-

pregna~cy (croup :!:I ) Here similar on visual ap_Draisal but for some reason 

not understood the resl;onse to OX2,'tocin of t h e s trip from rat l~ appeared to 

be negative i.e. less ac~cive af'ter oxytocin stimulus than before . The 

tracings of the non-pregnant preparations Qlld t hat of the only preparturient 

preparation were very different i n terms of spont211eous activity but both 

responded t o o:.;ytocin stimulus and with the examination being limited to 

(vii) 



(3 r..U ::. close of o.:.:;:;toci:: given) 

?IG . VIII : 'l'R.'~CEJG ? "?.0!.". ?S!:.lJJO ;r~:)~"'J·:'J.' R.L.'l' U'!'::::T\.U;) 

( 3 mU :c dose of ox;:,rtocin given) 
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(3 mU == do se of o~,' toe in c;i ven) 
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so f ew p r eparati ons no conclus ions could b e dravm. 

'l'hc tro.c in~ fro r.. ro.t 3 w2.s no~ec1 vri U: interest oecause of the 

probabiliJc.y of t his c.nir:~o.l beinc p seudo:;wecnnnt . Less than 1 4- cln.y s hnd 

ela:.;se d since ma~.inc in tLis ins-La nce ancl uncl.er t !1e:,;e cj. rcur.:s~.a:1ces the 

chances tl1.e r at aJ. ... e groat (LOYH ' "nd '""'In" 1 ° 22\ J.. •u ~...... .. .Jvc. ... ) , ,..., I • 

'.:'he ::;ur c;ic r.;.]_ 'Lec1lc :..quc of ller..i ovc:.ricc "ccr.l~' h<~::• enabl e d uterine 

~~t}"_£ rec c r cl:.nc_: i dentic nl b t l1<et ·.:hich i1ad bco:1 o;:.ployocl f or non precnant 

con t:r-c ... c ~ ~ 

o:~ tllc;,;c c cn t :'<;c i.i ons tonclc c' to a 2 ~:c::: be ~·:.-oo:1 r·: i d pre~nc.nc.J' a nC. IJD.rturi tion , 

Thus the isotonic technique tha t !w.s been u sed in this study 

appca.re cl to b e cap ab l e cf detectin~ patterns in spont<meous uterine c ontrac t -

ions t hat co~_:-:cided v;ith cer tain stQGes of gestation , but the o.bility of the 

method t o detec t o:~toc ic sensi t ivity chances on the s e occasions did not 

appear t o be gr eat . Further \vo r k howe ver i s necessary t o p rove or disprove 

these ob servat ions and for t hi s many more animal s would b e nec e ssary . A 

prerequisite t o furth er studies of t h is nat ure should be t h e deve loprr.ent of 

an accurate system for recording the time of mating so that pa rturition date 

estimat es would bec ome clearly def ined . 

j '·· ~. ' 




