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A B S TRACT 

There are many reports  in t h e  l i t erature, us ing  a variety of techn iques ,  

i ndicat ing t h at hormonally i n du ced movemen t s  o f  the  u terus play a m ajor  ro le  

i n  t h e  reproduction process.  The pu rpose o f  t h is study was  to explore some 

of t h ese phenomena by measuring e lectro-myographical responses  from t h e  

u terus o f  in tact a n d  ovariectomized ewes b o t h  before a n d  during t h ei r  normal  

b reeding season .  

Six hea l thy  non-pregna n t  Romney ewes o f  about 50  kg body weight  were 

selected for the invest igat ions which were carried out between September 1 987 

and February 1988. 

Electrodes, usually in groups  of t h ree, were surg ical ly implanted  a t  pre­

selected s i tes (cervix, u t er ine body, u ter ine horn ,  oviduct)  on the  reproduct ive 

t ract of  the ewes, leads p lugged in to  a un iversal AC ampl i fier, and the ou tpu t  

recorded on a four channel  i n k  wri t ing  char t  recorder.  

Four of  t h e  six ewes were ovariectomized at the t ime of  implanta t ion  of  t h e  

electrodes.  Indwel l ing s i last ic  cath eters were inserted into t h e  external  

j ugu lar veins of  these ewes to enable  oxytocin to be injected wi thou t  

d is turb ing the  animal .  A l l  ewes were housed individu ally indoors in  pens  t h a t  

al lowed them to moy e  freely dur ing recording session s .  Recordings beg an 

abou t  1 0  days after surgery h ad been carr ied o u t .  

The electromyographs (emgs) were described u sing generally accepted terms 

such as the presence o f  sp ikes ,  the i r  ampl i t ude,  the  presence of  b u rsts  and of  

episodes o f  activity, w h ether  e lectr ica l  act iv i ty  was co-ordinated or  unco­

ordinated,  and t h e  direction o f  propagat ion  o f  t h e  act ivity. A mot i l i ty in dex 

(MI) was derived as a method of measur ing electr ical  activity of t h e  u terus  

over prolonged periods o f  t ime .  

D uring t h e  anoestro u s  per iod in  bo th  in tact  and ovariectomized ewes  an  emg 

pattern o f  myoelectrical complexes character ised by alternat ing ph ases o f  co­

ordina t ed bursts  o f  electrical act ivity and  qu i escent periods were observed. 

Th i s  b asic pattern of activi ty,  and respons iveness to  u terine s t im u lan t s  such  

a s  oxytocin and Glandin N (a PGF2oc an alogue), was greater i n  the  i n t ac t  
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ewes a s  compared to the  ovariec tomized ewes a t  th i s  t ime .  Al though such a 

d i fference  could be ant ic ipated, a c lear answer as  to whether i t  i s  a general 

phenomenon ,  or whether seaso n al d i fferences exist ,  cou ld not be determined 

b ec a u se o f  t he  l imi tat ions i n  design of  t h i s  s t u dy.  

A d i s t i nc t  pattern of  emg act ivi ty was also iden t i fied dur ing  d ifferent  phases 

of t h e  oestrou s  cycle in the ewe dur ing  the na tu ral breeding season .  Th is  

pa t tern cou l d  be  mimicked by admin i s trat ion of the exogenous  steroid 

hormones oestrogen and progesterone in  the ovariectomized ewes .  Fou r  days 

a fter  dai ly oes tradiol- 1 7b injec t ions  (50J..Lg s . c . )  t he  emgs of t he  ovariec tomized 

ewes showed a marked increase in ampl i tude  and in  b u rst  frequency and a 

cons iderably increased response to oxytocin a n d  Gland in  N .  When th i s  was 

fol lowed by progesterone admin i st rat ion (50mg. s .c . ) ,  even with oestrogen 

i njec t ions  cont inu ing,  inh ib i t ion of act ivi ty a n d  redu ced responsiveness to 

oxytoc in  and Glan din N was equal ly m arked.  

Wi th drawal o f  progesterone ,  b u t  with con t in u i ng oest rogen admin is trat io n ,  

resu l ted  in  a recovery from the  i nh ib i t ion  and  a respon se tha t  w a s  even 

greater  than before the progesterone  had  been given . Th i s  suggests both an 

i n h ib i t i ng  and a poten t ia t ing act ion o f  progesterone  on  u teri ne  electr ical  

act ivity,  a fin ding which adds some support  to  Csapo's c lass ical  wi thdrawal of 

the 'progesteron e block'  as one of  the  pre-requ isi tes for i n i t i at ion  of normal 

par t u r i t ion in sheep. _ 

W h i l e  oestrogen has a clear role t o  play as  a s t imulator  o f  electr ical  act ivity 

it  a l so seems capable of exh ib i t i ng  a b iphasic response  with a period of 

depressed act ivity occurring  before  the pos i t ive st imu l u s  occurs .  Whether  th i s  

i s  a fu nct ion of  dose or  some o ther factor cou ld  no t  b e  es tab l i shed i n  t h i s  

s tudy .  I t s  poten t ia ting  effec t  on t h e  act ion o f  both oxytocin  and Glandin N 

i n  these  experiments adds fur ther s ign i ficance to  the  a t t en t ion  tha t  should  be  

pa id  to  the  reproduct ive s ta tus  of  t he  an ima l  when c l in ica l  u se i s  made of  

t h es e  substances. 

Th e d i rect ion of propagation of act ion poten tia ls  recorded in these s tudies  

depended on  the  general l evel o f  emg act iv i ty .  When t h is was low the  

d irection o f  propagation was  cervico- tubal ,  when h igh ,  the  proport ion of  

ac t i on  poten tia l s  i s  in  both d i rections fro m  the t uba l  end  o f  t h e  u terus .  A 
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c lear  u n derstanding of  such a mechanism,  a n d  i t s  sign i ficance, mus t  await  

fur t h er s tudy .  
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ELECTROMYOGRAPHIC STUDIES ON THE OVINE UTERUS 

I .  INTRODUCTION 

I t  has l ong been rec ognised that the movement of spe rm from the 

si te of e jacul a t i on to the ovi duct is due not only to the mot i l i ty of 

sperm cells but also t o  c ont ra c t i ons of the f emale reproduc t i ve trac t ; 

i n  al l spec i es in whi ch i t  has been t imed i t  has been found that only a 

f ew minutes are requi red from deposi t i on of sperm in the vag ina;c e rvix 

unt i l  they reach the fal l opian tube . Furthermore there seems to be no 

r e l a t i onship be twe en the rate at which semen is prope l l ed through the 

ute rus and the distance separa t ing the cervix and the vagina f r om the 

oviduc ts ( Nal bandov , 1976 ) . 
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The pr obabl e importance of hormones in this proc ess was ind i cated 

by Nal bandov ( 1 976 ) who found , in cows , that mating caused a r i se in 

i ntra -mammary pressure and that strong ute r i ne contrac t i ons we r e  induced 

by the st imulus of natural mat ing , art i f i c ial  insemina t i on , man i pul a t i on 

of the vulva , or even by the sight of a bul l . Thi s  same author reported 

that inc reased act ivity was noted in isol ated uteri perfused w i th 

oxytocin and , even in such pre parations , semen deposi t ed in the c ervix 

was transported t o  the oviduc ts in fi� minutes . Al l these obse rvat i ons 

taken togethe r were inte rpre ted to mean that coitus induc es nervous 

i mpul ses that r each the post e r i or l obe of the p itui tary via the 

hypothal amus a c t i vat ing the rel ease o f  oxytoc in; this then c auses the 

uter ine and oviduc t c ontra c t i ons that are responsible for the rapid 

movement of semen from the site of e jacul a t i on to the oviduc t 

( Nal bandov , 1 9 76 ) . 

Pusey et al. (1980 ) demonst rated in the rat that myome t r i al 

a c t ivi ty al so pl ays a role in the d i st r i but i on of blastocyc ts throughout 

the uterus . Thi s  process had earl i e r  been suggested by Haf e z  ( 1 964) t o  

p l ay a rol e in the process of spac ing and t r ans-ut e rine migrat i on o f  

bl astocysts i n  the ewe . 

The c ontrol of myome t r i al a c t i vi ty around oest rus i s  very c ompl ex . 

In the ewe , Naaktgeboren and Van Der Weyden ( 1 973) f i rst demonst rated , 



2 

by rec ording the e l e c t r ical ac t iv i ty of the myometrium , that the changes 

in the contrac t i on pat t ern of the ute rus are c aused by the changing 

progesterone : oestrogen rat i o . Quinl ivan and Robi nson ( 1 9 6 9) reported 

reduc ed fert i l i ty in animal s treat ed w i th progesterone impregnat ed 

intravaginal sponges to synchroni z e  oest rus . This reduc t ion i n  

f e rt i l i ty can b e  at t r i buted , a t  l e ast in part , t o  decreased spe rm 

t ransport to the oviduc t resul t ing from reduced uterine mot i l i ty . 

In  many spe c i es progeste rone i s  c onsidered essent ial f o r  the 

maintenance of ute rine quiesc ence dur ing pregnancy and progest e rone 

wi thdrawal is c onsidered essent i al for the normal evol ut i on of ute r ine 

c ontrac t i l i ty assoc iated with both natural ( Thorburn et al . ,  1 977) and 

induc ed partur i t i on ( Currie  e t  al . ,  1973). 

I t  thus seems cl ear that hormonal l y  induced movements o f  the 

ute rus play a major role in the reproduc t i on proc ess . The purpose o f  

this study the refore was to explore some o f  these phenomena b y  measur ing 

el ectro-myographi cal r esponses from the ute rus of both intac t and 

ovar i e c tomi zed ewes . Electro - myograms ( emgs )  were rec orded f rom an 

intact ewe before , during and after a p e r i od of natural oestrus . S tud i e s  

were al so made of the emg of the ute rus o f  an intact ewe in the 

anoestrous stat e and of ovar i e c t omized ewes : in both types of 

expe r i mental preparat ions commonly used exogenous hormones were 

administered t o  the ewe be ing invest i gat ed and the responses r e c orded . 

The resul ts of these stud i es f orm the basis o f  this thesis .  



II.l. 
II.l.A. 

II. LITERATURE REVIEW 

The Reproduct ive Cyc l e  of Sheep. 

The breeding season 
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Ewes are seasona l l y  pol y - oestrous animal s .  The annual 

reproduc tive cycl e  c onsists of a bre eding ( oest rus ) season and a non­

breeding ( anoest rus ) season . The breeding season in New Zeal and usua l l y  

begins i n  March and i s  c harac t e r i zed by successive 1 6- 1 7  day oestrous 

c ycl es . The durat i on of oestr us is about 36 h with ovul a t i on oc curring 

24 h after its onse t . I n  June/Jul y ,  the ovarian cyc l e s  c ease and the 

anoestrous season beg ins (Ward , 1 9 86 ) .  

This seasona l i ty ensures the young are born at a t ime of year when 

they have the best chanc e of growing to matur ity but i t  does place 

restra ints on modern farmers who wish to maximi ze farm output . Wi th a 

cycl e of 5 months pregnancy and 3 months l actat i on ,  i t  i s  theoret i cal l y  

possibl e  t o  produc e 3 sets o f  l ambs every 2 years . Howeve r , the ve ry 

strong seasonal phot o - periodic influence upon fert i l ity makes this 

diffi cul t to achi eve . Whe ther the objective i s  to maximize  the 

eff i c i ency of l abour - intensive management systems as in Europe , or to 

maximise the eff i c i ency of l abour - ext ensive farming syste ms as in 

Aust ral ia and New Zeal and ,  mat i ng management strategi es requi re be t t e r  

control o f  the onse t o f  bre eding activity ( Kennaway et a l ., 1 9 87 ) . 

Nume rous procedures have be en used to induc e out of season 

breeding ( McDona l d , 1 986) ,  but al l have fail ed to account for the 

persist ing inhibi tory photo - pe r i octic signal s the she ep r e c e ive dur ing 

anoestrus . 

The f i rst a t t empts to influence sheep breeding by mani pul a t ing day 

l ength appear to be those performed by Yeates ( 1949), who demonstrated 

that decreasing pe r i ods of l ight a t  a t ime of year when she e p  were 

norma l l y  anoest rus i nduced oestrous cycl es . This rema ins a method of 

produc ing more than one crop of lambs a year i n  housed sheep . Yeates 

also found that the actual l ength of the daily l ight per i od was not 

i mportant , thus showing that breeding was not dependent upon a c r i t ical 
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t o t al amount o f  l ight . 

More rec ently i t  was reported that bl inded she ep we re abl e to 

r espond to art i f i c i al changes in l ight per i od onl y when housed with a 

sighted ram ( Legan and Karsch , 19 80). Further advanc es in our 

understanding of seasonal i ty have c ome with the rec ogni t i on of the v i t al 

rol e that the pineal gl and and its hormone mel atonin pl ays in relaying 

photo - pe r i od i c  informat i on to the endocr ine syst em ; treatment with 

m e l atonin can be used to bring forward the beginning of the bre eding 

season ( Arendt et  al . ,  19 8 3) .  

Dur ing seasonal anoestrus the p i tu i t ary c ontains l arge amounts of 

f o l l i cl e - st i mul at ing hormone ( FS H )  and l ut e ini z ing hormone ( LH ) , and the 

ovaries c ontain smal l numbers of l arge fol l i c l es . Corpora l utea 

( indicating ovul at i on )  are found only at the end of the anoest rous 

per iod ( Ward , 19 86) . Thi s  inc rease in gonadotrophins in the p i tu i t ary 

gland may be due t o  a higher sensi t ivity of the pi tui tary t o  the 

negat ive feedback of oestradiol dur ing anoe st rus . Changes in annual 

photo - pe r i od modul ates the negat ive fe edback of oestradiol - l ib on the 

t onic LH sec r e t i on in the ewe ( Legan and Karsc h ,  19 80) . The durat i on o f  

se cret i on of the p i neal hormone mel atonin i s  responsibl e f o r  the changes 

in oest radiol  feedback ( Bi ttman et al . ,  1 9 8 3 ) . The breeding season of 

ewes i s  the re fore c haracteri zed by l ower o e st radiol negat ive sensi t iv i ty 

at the hypothal amicjp i tui tary l evel and this permits the LH pul se 

frequency to increase dur ing the pe ri - ovul atory pe riod , resul t ing i n  an 

LH surge and ovul at i on ( Legan et al . ,  1 977) . 

The deve l opment of biological l y  ac t i ve , biodegradabl e ,  c ont i nuous 

rel ease f ormul at i ons of melatonin shoul d al l ow sheep produc ers to gain 

almost c ompl e t e  c ontrol of the t ime the i r  ani mals can conce ive and thus 

maximi ze the i r  l amb production . However, there are sti l l  many quest i ons 

to be answered c oncerning how mel atonin ac ts at the neuroendocrine l evel 

to promote cyc l i c  ovar i an ac tivity and max i m i z e  the number o f  ova shed 

by the ewes ( Kennaway et al . ,  1 9 8 7 ) .  
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II.l. B. The oes trous cycl e in ewe s . 

The principal stero ids secreted in the cycl ic ewe are progesterone 

and o e s t radi ol - 1 7b ( Pant e t  al . ,  1 9 7 7 ) .  On the day before o e s trus one 

or more f ol l i c l e s  grow rapidl y and the c oncent rat i on of  o e s tradiol - 17b 

i n  the bl ood increases  from about 1 0  to 20 pg/ml . The o e s trogen cau s e s  

behavi oural oestrus . A pos i t ive f eedback f r o m  oestradi ol , al ong with 

hypothal amic GnRH , s t imul ate s r e l e a s e  of LH and FSH from the p i tuitary . 

The conc entrat ion of LH in the bl ood ri ses  t o  a peak of about 80 ngjml 

1 0  h after the beginning of oestrus , and then both LH and e s t radiol 

c oncentra t i ons fal l rapidl y . LH st imul ates  ovul ation , which occurs 

about 14 h after the LH peak , i . e .  about 24  h after the beg inning of 

o e s t rus. Throughout the r e s t  of the oestrous cycl e ,  the LH c onc entra t i on 

r e ma ins ve ry l ow ( 2  to 3 ng/ml ) .  At the s ame t ime a s  the LH peaks , FSH 

reaches a maximum of about 170 ng/ ml and then fal l s  rapidl y . Unl ike 

LH , it r i s e s  to a second peak 24 h after the f i r s t . Af ter o e s trus , FSH 

c oncentra t i on i s  el evated at day 3 and from day 8 to 1 2  i t  r i s es  to 

about 80  ng/ml and then decl ine s to about 40 ngjml before the next 

o e s t rus . At ovulation , s t i mul ated by LH and prolac t in , the granul osa 

c e l l s  form the corpus luteum ( CL) , which s e c r e t e s  proge sterone . Maximum 

c onc entrations of proge s t er one are reached in the blood at days 8 - 9  of 

the cyc l e  and rema in high unt il  days 1 3-14 when the corpus l uteum starts 

t o  regre s s  ( Ward , 198 6 ) .  

On the twel t h  day i n  the nonpregnant ( and pregnant ) ewe , 

pros tagl andin F2a ( PGF2a ) increases  in conc entration and reache s  a peak 

on the fourte enth day at a conc entrat i on in the uter ine ve in of  about 

l Ongjml . PGF2a , which i s  e s tabl i shed< s the luteolysin in the sheep , 

r e ache s the c orpus luteum by means of the cl ose  appo s i t ion of the 

u t e r ine ve in and ovarian artery ( Ward , 1 9 8 6 ) . 

The r e l ease by the ovary o f  oxytocin , in  amount s that are grea t e s t  

a t  the t ime o f  luteal regre s s ion , sugge s t s  a rol e i n  luteolys i s ; 

howeve r hys terec tomy depl e t e s  the ovary of oxytocin wi thout prevent ing 

l u t e ol y s i s  by the prostaglandin analogue , c l oprostenol ( Shel dr ick and 

Fl int , 1 9 8 3 ) .  Wathe s e t  al . ,  ( 1 9 8 6 ) sugg e s t  that ovarian oxytoc in 

s t i mul at e s  the release o f  endometrial PGF2 a , which in turn decrease s 



luteal prog e s te rone produc t i on and al s o  caus e s  the r e l e a s e  of  fur the r 

oxytoc in . 
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I t  i s  not ye t cle a r  whe ther the appearance of endometrial oxytocin 

r e c e pt ors t r igge r s  thi s cha in of events or whe the r the fal l in 

proge s terone secretion is induc ed by s ome other factor. In the ewe the 

c oncentrat i on of endome t r i al oxyto c in receptors changes  from a maximum 

a t  o e s trus to an almo s t  und e t e c tabl e l evel duri ng the mid- luteal phas e  

before increas ing again o n  day 1 5  of  the cycl e ( Rober t s  and Mc Cracken , 

1 9 7 6 ) .  I n  both the ewe and the cow , PGF2a i t s e l f  i s  not lut e olyt i c  

dur ing the f i rs t  few days of the cyc l e  ( Rowson et  al . ,  1 9 7 2 ; Har e s ign ,  

1 9 7 8 ) . The pe r i od be tween days 3 and 6 when oxytocin does induce 

l ut e ol ys i s  in cows and goats is the r e fore pre sumed to refl e c t  a t ime 

when suf f i c i ent receptors of the appropriate type are pre sent for 

oxytocin to act on the endome trium and for PGF2a to act on the c orpus 

luteum ; such a s i tua t i on may not occur in the ewe ( Wathe s et al . ,  

1 9 8 6 ) . 

The corpus luteum shows hi s tol ogical evi dence of  regr e s s ion on the 

1 5 th day and by day 16 the c oncentration of progeste rone is basal ( l e s s  

than 0. 2ngjml ) .  FSH r e l e ased from the p i tui tary becaus e of a reduc t i on 

i n  negat ive fe edback from proge ste rone st imul a t e s  oe s tradiol produc t i on 

f rom growing fol l i cl e s . The increased oes trad i o l  in turn a c t s  as a 

p o s i t ive feedback on the hypothal amicjp i tui t ary axi s l eading to a peak 

o f  LH . Thi s LH peak s t imul ates ovul a t i on ( Ha f e z , 1 9 80 ) . 

Proge s t e rone i s  bel i eved to be a nec e s sary precursor for  the 

produc t i on of oes trous behavi our by the oe s t radiol ( Hafe z , 1 9 80 ) . 

Synthe t i c  GnRH s t imul a t e s  r e l e a s e  of phy s i ol ogi cal amount s o f  LH 

and FSH ( Ward , 1 9 8 6 ) . The s e parate rel ease o f  FSH wi thout LH at the end 

of oestrus may be expl a ined by the effect  of  the previous high 

c oncentrat i ons of oes t radiol depl e t ing LH in the pi tui tary by the 

p o s i t ive feedback mechanism re sul t i ng in ovul a t i on .  Thi s  t r eatment c an 

al s o  caus e release  of FSH ( and not LH ) in ano e s trous ewes be cause of  the 

higher s ens i t ivity of the se  ewe s t o  the negat ive feedback of oestrad i o l  

on the r e l e a s e  of  LH when they are in the s ta t e  of ano e s trus ( Wheaton et 

al . ,  1 98 2 ) . 



II.l. C. Pregnancy and partur i t i on in ewe s  

I f  pregnancy fol l ows f er t il i zat i on i n  the ewe , ova rema i n  i n  the 

f a l l op i an tube s for about 4 days and enter the uterus at the 8 to 1 6  

c e l l  s tage . Attachment occurs between 14  and 1 8  days , which means that 

the bla s tocyst is abl e to prevent the cycl ical regre s s i on of the corpus 

luteum before be ing attache d . Thi s  may be brought about by inhib i t i on 

o f  the release of the ute r i ne luteolysin ( PGF2 a )  ( Fi tzpatr i ck , 1 9 8 6 ) . 

7 

Fol l owing concept i on the c orpus l uteum p e r s ists  and peak di­

o e s t rous val ue s  of proge ste rone are  maintained and gradual ly inc rease  to  

about 60 days of  ge stat i on when there is  a furthe r increase . Thi s  l a t e r  

r i s e  i s  due t o  the pl ac ental c ont r i bu t i on to proges terone produc t i on 

( the pl acenta takes over the rol e of proge s t e rone produc tion in the ewe 

by about day 50 of gesta t i on ) . Leve l s  remain high unt i l  the l a s t  week 

of pregnancy when they decl ine rapidly ( Ar thur e t  al . ,  1 9 8 2 ) . 

The c oncentration of  proge s t e rone i s  s i gn i f icantly highe r in 

mul t i pl e  pregnanc i e s  ( Ba s s e t  et al . ,  1 9 6 9 ) . Maximum proge s t erone 

c oncent rati on in the pe r i pheral bl ood of  ewe s w i th a s ingl e l amb was 

3 . 7 8 ng/ml between days 1 0 5-1 10 ,  and 5 . 09 ngjml betwe en days 1 2 5 - 1 30 i n  

ewe s w i th twins ( Emady et al . ,  1 9 74 ) . 

Oestrogen concent ra t i on in the pe r i phe ral ci rcul ation rema ins l ow 

unt i l  a few days be fore partur i t ion when i t  starts to r i se and then 

suddenl y increases to about 400 pgjml at the t ime of l ambing. Thi s i s  

f o l l owed b y  a rapid fal l ( Chal l i s , 1 9 74 ) . 

Dur ing pr egnancy pro l a c t i n  c oncentrat i ons fluctuate betwe en about 

2 0  and 80 ngjml ; however ,  they s tart to inc r e a s e  and reach a peak 

( be tween 400 and 700 ngjml ) on the day of l �mbing ( Kann and Denamur , 

1 9 7 4 ) . 

I t  i s  now wel l  e s tabl i s hed that the f o e tu s  influence s  the t ime o f  

i t s  own bi rth ( Liggins , 1 9 7 7 ) .  The sequence of  events s tarts w i t h  

a c t iva t i on of  the hypothalamus and p i tui tary of  the foetus by a 

mechani sm that i s , as ye t ,  unknown . It i s  however certain that about 5 

days before bi rth adreno c ort i c o trophic hormone ( ACTH ) i s  secre ted and 

s t imul ates the foetal adrenal gl ands to l iberate cort i sol . C or t i sol  

a c t s  on the s teroid - secret ing c e l l s  of  the f o etal cotyl edon , which f o r  
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mo s t  of pregnancy have been s e c ret ing the proge sterone e s s ent i a l  for the 

maintenance of pregnancy . C o r t i s ol increases act ivity of  the enzyme 17a­

hydr oxyl ase , and thereby c ause s  a decrease in proge s t e rone s e c r e t i on .  

S i m i l arly , corti s ol a c t s  on the maternal sheep pl ac enta to c ause an 

increase in s t eroid - 1 7 , 2 0 - lyase , which , in the face of i ncreased 

s t e ro i d  17a - hydroxyl a s e  a c t i v i t y  resul t s  in an increase in the 

produc t i on of  androstene d i one , the precursor of oestrogen ( Ca s ey and 

Mac Donal d ,  1 9 8 6 ) . Foetal o e s t rogen crosses  the placenta , wher e  i t  

bec ome s unconjugated o e s trad i o l . A t  the same t ime the cl earance rate o f  

proge st erone increases ( Fl int et al . ,  1 9 7 5 ) . 

The change to oes t rogen dominanc e over progesterone i s  i mportant 

in s eve ral re spects but pa rti cul arly in the produc t i on of  pro s t agl andins 

i n  the cel l s  o f  the myome t r i um and maternal placenta . Unconjugated 

o e s trogen i s  most c l o s e l y  rel a t ed to the increased synthe s i s  of 

p r o s taglandins , s inc e there is a marked increase in the c oncentrat i on of  

pros tagl andins in uterine venous bl ood after the admini s trat i on of  

o e s t radiol t o  the pregnant ewe ( Liggins et al . ,  19 7 2 ) .  Both PGF2a and 

PGE2 are powerful s t i mul ant s o f  uterine muscle . Ute r ine contrac t i ons 

thems elves fac i l itate the further release of intra - c e l l ul ar l ys o s omal 

enzyme s that synthe s i z e  pr o s tagl andins and the whol e pro c e s s  becomes 

s e l f - perpe tuating . 

The ul t imate e f f e c t  of  the uter ine contractions , in  c ombina t i on 

w i th cervical rel axat i on and o ther change s ,  i s  to advance the foetus 

i nt o  the cervix and ant e r i or vagina , where it s t imul a t e s  sens o ry 

r e c eptors and ini t i a t e s  Ferguson ' s  refl ex , with the r e l e a s e  o f  l arge 

amount� of oxytoc in from the poste r i o r  p i tui tary . Thi s augments the 

myome t rial c ontrac t i ons , and re sul t s  in the l iberati on of even more 

pros taglandins s o  that the whole  s e quenc e become s a cascade w i th a 

po s i t ive feedback . The s igni f i cance of second stage c ontra c t i ons with 

r e f l exly synchronized a bdominal e f fort is t o  increas e  the e f f i c i ency and 

dec rease the duration of s e c ond s t age labour , when the r i sks o f  anoxi a  

and o ther hazards are maxi mal . Each uterine c ontrac t i on out l as t s  the 

a c companying abdominal spasm and i s  i mportant in maintaining uterine 

" tone " ( F i t zpatr i ck , 1 9 86 ) . 
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Partur i t i on invol ve s more than mere c ontrac t ion of the uterus 

howeve r .  The i ncrease in expul s ive force  mus t be coinc ident with a 

decrease  in r e s i stanc e whi ch for pract i cal  purpos e s , means soft ening of 

the c ol l agen of the cervix , and relaxation of the uter ine , vaginal and 

pelvic  l i gament s.  S tud i e s  on the she ep c e rvix by F i t z patrick ( 1 9 7 9 ) have 

reveal ed that the dense conne c t ive t i s sue of the wal l  softens 

drama t i c a l l y  a t  the end of pregnancy and ul tima t e l y  become s gel - l ike , so 

that the cervix is held togethe r  during the pas s age of the foe tus by the 

external mus c l e  laye r and the mucosa al one . Both the total amount of 

c ol l agen and i t s  concentration fal l and there  i s  a marked increase in 

the water content . His tol ogically , the col l agen bundl e s  become de­

s e gregated and the f i br i l s di spersed . Thi s is a s soc i ated with 

d e t e c tabl e i nc re a s e s  in the proteoglycan consti tuent s .  Together the se  

change s ,  whi ch are infl uenc ed by the decl ine in proge s t e rone secretion 

and inc rease i n  oes trogens , prostagl andins and r e l axin , inc rease the 

d i s tens ibil i ty of the c e rvix over a pe riod of 1 2 - 1 8 hours . 

II.l.D. The pos t - partum period in ewes 

C i rcul a t ing conc entrations of LH are low dur ing the early pos t ­

partum pe r i od i n  ewe s ( Re s tall  and Starr , 1 9 7 7 ) .  The fol l owing 

e xpl anation for thi s was off e r ed by Ne t t  ( 1 9 8 7 ) . During pregnancy the 

hypothal amo - hypophys ial axi s i s  suppre s s ed by the high conc entrations of 

prog e s t e rone and oe stradiol in the c i rcul a t i on .  The high concentrat i on 

of the s e  s t e roids inhib i t s  s e c ret ion of GnRH from the hypothal amus , 

r e sul t ing in inadequate s t i mul ation of the pitui tary gonadotrophs to 

ma intain synthe s i s  of LH. The depl eted s tore s  of LH in the anterior 

pitui tary gl and must be re s tored after partur i t ion before normal 

oe strous cycl e s  c an begin. Concentrat ions of FSH are  not suppre ssed 

however ( Mos s et  al . ,  1 9 8 5 ) , a phenomenon that may be due to the 

r e l a t ive l ack of fol l i cular development during l a t e  ge stat ion and the 

absence of nega t i ve f e e dback from fol l i culost a t in from the fol l i c l e s  

( Mi l l e r  et  al . ,  1 9 8 2 ) . 

The impor tance of suckl ing on the durat i on of pos t - partum 

anoe s t rus i s  demonstrated in sheep by the response to experimenta l l y  



induced pregnancy during s e a s onal ano e st rus s o  that l ambing occurs 

dur ing the breeding season . Dried - off ewe s usual l y  r e turn t o  o e s t rus 

a f t e r  about one month , whi l e  suckled ewe s pre sent the f i r s t  o e s trus 

s ome weeks l ater  ( Hafez , 1 9 80 ) . 
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Expul s i on of the foetal - pl a c ental uni t  at partur i t i on i s  

a c c ompan i ed by a dramatic  decrease  in the c oncentrat i on o f  o e st radi ol 

and proge s terone in the c i rcul a t i on ( Burd et al . ,  1 9 7 6 ) . Thi s  l eads t o  

t h e  removal of  the ir  negat ive f e edback ac t i ons o n  the hypothal amo ­

hypophy s i al axi s . From an endo c r inol ogical v iewpo int , once thi s phase 

i s  c ompl e t e , the femal e should be ready t o  re sume normal o e s t rous 

cycl e s . H oweve r , even though the func t i on of the hypothal amo -hypophys ial 

axi s r e turns t o  normal wi thin a relat ive l y  short per i o d  of t i me after 

partur i t i on ( about 3 5  days in the ewe - - W i s e  et al . ,  1 9 8 6 ) , during thi s 

p e r i od three change s occur permi t t ing a gradual recove ry in gonadotroph 

func t i on :  

( a )  an increase in the f r e quency of LH pul s e s  induced by an inc rease 

in the c oncentrat i on of  mRNAs for the subunits  o f  LH i n  the axi s ; 

( b )  an increase the concentration of rec e ptors for oe strad i o l  in the 

hypothal amus and p i tui tary gl and which bec ome s ens i t ive to the 

po s i t i ve fe edback e f f e c t s  of oes tradiol to r e l e a s e  LH ; and 

( c )  the morphol ogy of the gonadotrophs al s o  re turns to a s tate  s imi l a r  

t o  that obse rved in cycl ing ewe s . 

Even a f t e r  thi s r e c ove ry of  func t i on the fact that frequent 

suckl i ng , and other environmental fac tors , wil l suppre s s  pul sat i l e  

s e c re t i on o f  LH sugge s t s  that during the pos t - partum period , a two-phas e  

r e c ov e ry o f  the hypothal amo - hypophysial - gonadal axi s oc curs ( Ne t t , 

1 9 87 ) . The f i r s t  phase ,  whi ch las t s  from 2 t o  5 weeks a f t e r  

partur i t i on ,  i s  charac t e r i zed b y  infrequent d i s charge s ( e . g .  o n e  pul s e  

every 4 - 8  h )  of  GnRH into the hypothal amo - hypophys i a l  portal 

c i rcul a t i on . Thi s  mode of  GnRH secre t i on s t i mul ates  the b i osynthet i c  

machine ry i n  the gonadotroph and the rate of  synthe s i s  of  LH increas e s . 

Howeve r , the pul ses  of  GnRH are suf f i c i ently spaced that only a sma l l  

port i on of  t h e  newly synthe s i se d  LH i s  s ec re t ed i n t o  the c i rcul a t i on . 
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The inc rea s ed rate of synthe s i s  o f  LH c oup l e d  with i t s  relatively s l ow 

rate o f  r e l ease creates a s i tua t i on in whi ch p i tui tary s t ores  of  LH are 

repl eni shed. S inc e the magni tude of  the pul s e  i s  dependent on the 

quant i ty of LH stored in the ant e r ior p i tui tary the early part of thi s 

phas e  o f  recovery fai l s  t o  induc e foll i cular maturat i on. Only after 

pitui tary stor e s of LH have re turned t o  the i r  normal l evel are the 

pul s e s  of LH that are rel e a s ed into the c i rcul at i on of suf f i c i ent 

ampl i tude to s t imul ate foll i cul ar growth . Thi s  marks the beginning of  

the  s e c ond phas e  of  the r e c overy proce s s . During thi s  pha s e  the 

inc r e a s ed c i rcul at ing conc entrati ons of LH s t imul ate growth of ovarian 

fol l i cl e s  and the secretion of oe s trad i ol . 

An important effect of  oe strad iol i s  to s t imul ate  produc t ion of  

its  own re cept o r s  in the hypothal amus and anterior pi tuitary gl and thus 

inc reas ing the sens i t ivity of the se  t i s sue s to the po s i t ive f eedback 

e f f e c t s  of i t s el f . Thi s pos i t ive f e edback e ff e c t  of o e s tradiol is the 

re s ul t of smal l increases in c i rculating c onc entrat i ons for short 

per i ods of  time in cont rast to the prol onged periods of very high 

concentrations dur ing late gestation that produce a powerful negat ive 

f e e dback effec t . At thi s point , the f r e quency of d i s charge s of GnRH 

incre a se s , in turn produc ing more frequent pul s e s  o f  LH . The s e  event s 

l ead t o  the f i nal s tage s of  foll i cul ar deve l o pment and culminate in 

ovul a t i on ( Ne t t , 1 9 8 7 ) .  Thi s author a l s o  proposed that the f i rst stage 

of  thi s re covery proc ess  ( i . e .  e vent s l eading to increased pi tui tary 

s t o r e s  of LH ) i s  rel ativel y  independent o f  the suckl ing st imulus and 

environmental stres sors . The s e c ond pha s e  of the r e c ove ry ( i . e. event s 

l e ading t o  an increased f r e quency of  d i scharge s of LH) , howeve r ,  appears 

to be t i ghtly coupl ed to the suckl ing s t imulus and env ironmental 

s t r e s s or s . 

As s e s sment of the l i t e rature sugg e s t s  that the environmental 

s t r e s s ors in ewe s may be the per s i st ing inhibitory pho t o - pe r iodic 

s i gnal s they r e c e ived dur i ng ano e strus. The s e  s i gnal s affect the pineal  

gl and and inf l uence mel atonin produc t i on whi c h  in turn affects  the 

endocr ine sys t e m . Thi s  may be achieved by a mechan i s m  s imilar to that 

whi ch operat e s  in the s e c ond pha s e  of Ne tt's " two phas e  r e c overy" 



theo ry . If thi s i s  corre c t , Legan and Kar sch's ( 1 980 ) sugge s t i on that 

the pi tuitary ha s a higher s ens i t i vity to negat ive f eedback of 

o e s t radi ol dur ing the anoe s t r ous phase  may be inc orr e c t .  

12 
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II. 2 . Myometrial Act ivi ty 

Myometrium contrac t i li ty is affected by the underlying endocrine 

event s of the oes trous cycle , pregnancy and partur i t i on . Dur i ng 

pregnancy , the myome tr ium r e l ax e s  to acc ommodate the devel oping foe tus 

and produc ts of conception whi l e  at the end of pregnanc y , it provides 

the rhythmic tonic c ontra c t i ons of partur i t i on whi ch f ac i l i ta t e  the 

expul s i on of the ute rine c ontent s . The s e  uter ine event s oc cur in 

r e s ponse to the release  of  oxyt o c in , PG , and other hormone s , and r e fl e c t  

change s i n  the c e l l ul ar c omponent s o f  the myome tr ium such as  the 

forma t i on of gap junc t i ons , synthe s i s  of rec e ptors and c ontra c t i l e  

prote in , and the gene rat i on of  enhance d  e l e c trical act ivity . 

II. 2 . A .  S t ructure and organization of the myomet r i al contrac t i l e  

unit 

In mos t spe c i e s  the uter ine wal l i s  compo sed o f  three d i s t inc t 

l aye rs . An inne r endome t r i um l ine s the lumen of the organ , whi l e  the 

myome t rium i t s e l f  c ompr i s e s  two layers , an oute r longi tudinal l ayer 

ove rlying an inner c i rcul ar l aye r . The longi tudinal layer c ons i s t s  of 

bundles of  smooth mus c l e  c e l l s  that are general ly or i ented along the 

l ong axi s  of the uterus . The bundl e s  interconnec t  to form a ne twork on 

the surface of the uterus ( C sapo , 196 2 ) .  Contraction of the 

l ongi tudinal musc l e  tends to shorten the uterus and c ons t r i c t  i t s  lumen . 

Mus cle c e l l s  of the c i rcul ar muscle  layer are arrang<d 

c oncentrical l y  around the l ongi tudinal axi s  of the uterus . The s e  musc l e  

c el l s  are arranged more d i f fuse l y  and the bundle arrangement i s  not a s  

apparent a s  with the l ongi tudinal laye r s . Contraction of the c i rcular 

mus c le layer cons t r i c t s  the ute r ine lumen . Muscle c e l ls of both mus c l e  

layer s  occupy a ma jor part o f  the ute rine wall , but the myomet r i um i s  

not an homogeneous mus c le t i s sue . I t  i s  composed of muscle c e ll s  that 

are embedded in connec t ive t i s sue as a mat r ix which cons i st s  of 

col l agen , gap junct i ons and othe r c e ll s  such as fibrobl a s t s , blood and 



l ymphatic ve s s e l s ,  and nerve s . Eve ry myomet rial mus c l e  c el l , t ogether 

with its ma t r i x  of  c onne c t ive t i s sue e l ement s , is the func t i onal uni t  

for  uter ine c ontra c t i l i t y  ( Verhoeff and Garf ield , 1 9 8 6 ) . 

II.2 .B. S pe c i al  features of the ul t ra structure of the funct ional 

unit s  of the myometrium 
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Myome t r i al c el l s  l ike other smooth mus c l e  cel l s  are spindl e shaped 

c e l l s 2 to 5 urn i n  diame t e r  and 5 0 - 100 um in length , with a s ingl e  

nuc l eus s i tuated i n  the wide st port i on o f  the c e l l  body ( Bergman , 1 9 6 9 ) . 

The cel l ular c omponent s respons ibl e  for  the dynamic c ontra c t i on are 

c ontrac t i l e  prote ins , pl a sma membrane , sarcoplasmic re t i culum ( SR )  and 

gap junc t i ons ( Ve rhoeff and Garf i e l d , 1 9 8 6 ) . 

( a )  The c ontract ile  apparatus : The prot e in component s o f  the 

c e l l  that r e s pond to cal c ium ( Ca )  f l uc tuat i ons and ut i l i ze the chemical 

ene rgy of  ATP t o  re sul t in e i ther shortening or deve l o pment of tens i on 

are te rmed c o l l e c t ively the cont rac t i l e  apparatus . I n  smooth mus cl e , 

the ma jor c ontrac t i l e  prote ins are myo s in ,  actin and t ropomyo s in .  The 

minor c omponents of the c ontrac t i l e  apparatus include proteins that are 

involved in the Ca dependent regul atory mechani sm ( Wal l enburg , 1 9 8 3 ) . 

Elec tron mic roscopic  studies  have ident i f ied at least  three d i ffe rent 

types of myo - f il ament s in uterine smooth muscl e cell s ,  namel y  thi ck 

( myos i n ) , thin ( ac t in)  and intermediate f i l aments a s  wel l  as 

microtubul e s  ( Ve rhoeff and Garf i el d ,  1 9 8 6 ) .  

(b) Plasma mr:mbrane : The p l asma membrane ( sarcol emma ) of 

uter ine smooth mus c l e  c e l l s  i s  a t r i l aminar structure thought to be 

compos ed of phosphol ipids and proteins.  Intra - membranous prot e in 

part i c l e s  are seen in f reeze - fracture repl i cates of the pl a sma 

membrane ( Garf iel d , et  al . , 1 9 7 8 ) . The s e  part i c l e s  are more numerous on 

the protopl asmic than on the external face of the membrane . The vol ume 

of a myome trial c e l l  i s  about 140 , 000 t ime s l e s s  than that of a 

ske l etal myocyte . The smal l c e l l  s i ze correlates w i th a l arge surface 

to volume rat i o . On the surface of the smooth musc l e  cel l s  many flask-
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shaped invaginati ons o f  the plasma membrane are open to the exter i or and 

are cl osely a s s o c i ated internally with mitochondr i a  and the sarcoplasmic 

reti culum . They c ontribute subs tant ial l y  to the cell  surface area . The 

r e l a t ivel y  eno rmous area of plasma membrane in conjunct i on with a sma l l  

intra - cel lul ar volume tends t o  fac i l itate both di ffus i on o f  i ons and 

conduc t i on of exc itat i on betwe en the cel l s . Thi s al s o  f avour s rapid 

exchange of mat e r i al s  be tween the c el l s  and the i r  external e nvironment 

( Ri emer and Robe rt s , 1 9 8 6 ) . The myome t r ial  pla sma membrane pl ays an 

important r o l e  in the contra c t i on - rel axat i on cycle of the c e l l  dur ing 

ut erine c ontra c t i ons a s  

( i )  i t  actsas the anchoring po int for the thi ck f i l ament s ; 

( i i )  i t  ha s a rol e in i on movement caus ing depola r i za t i on and 

repol arization of the myome t r i um; 

( i i i )  i t  c ontains receptors for hormone and neurot ransm i t te r  

binding ; 

( iv )  i t  c ontains gap junc t i ons and 

( v )  i t  has a key rol e in Ca mobil i zat i on .  

( c )  The s arcopl a smic reti culum ( SR) : Ute rine smooth musc l e  

cel l s  have a n  extens ive sys tem o f  SR c ons i s t ing o f  a network o f  tubul e s  

and sacs wi thin the cyt opl asm whos e  vol ume ha s been e s t i mated to b e  2 - 7  

% of the c e l l  volume. The granul ar r e t i culum ( GR )  and �ranul ar 

reti cul um  (AR) are cont inuous and the AR make s cl ose c onta c t  with 

surface ve s i cl e s , pl a sma membrane and gap junc t i ons . 

Fun c t i onal ly the GR i s  probably invol ved in synthe t i c  proc e s s e s  

within the c e l l  whil e  the AR appears t o  be i nvolved in c a l c illill s torage 

and rel e a s e  and there fore control of mus c l e  c ontrac t i l i ty ( Ri emer and 

Robe rt s , 1 9 86) . 

( d )  The gap junctions : Gap junc t i ons cons i s t  of s ymme t r i c al 

port i ons of the plasma membrane from two oppos ing cel l s  ( Pe racchia , 

1 9 8 0) .  I ntramembranous prote ins protrude through the membranes spanning 

the gap be tween . Gap junc t i on proteins within opposed c e l l  membrane s 

are thought to al ign themselve s  and create channel s  from the cytoplasm 
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of one c e l l  t o  another .  The s e  channel s  are supposed t o  be the s i t e s  o f  

el ectri cal and me tabol i c  coupl ing between c e l l s by provid ing for the 

pa s sage of current and direct exchange of metabol i te s  be tween cell s 

( Hooper and Subau-Sharpe , 19 8 1) . The channel s may not always be open 

and are bel ieved to be dynamic s t ruc ture s .  Degradation i s  thought to 

occur by e i ther d i s per sal of gap junc t i on part i c l e s  from wi thin the 

plasma membrane or internal izat i on of the ent i re gap junct i on within one 

of the c el l s  by endocyto s i s  and subsequent degradat i on by lysos omes 

( Verhoeff and Garf i e l d , 19 86) . 

Gar f i eld et al. (1979) stud i e s  of the devel opment of gap junc t i ons 

in the myome t r i um dur ing partur i t i on demon s t rated tha t : 

( i )  myome t r i al gap junc t i ons are abs ent , or pre s ent in l ow 

frequency throughout pregnancy ; 

( i i )  at the end of term , gap junc t i on a reas increase ; 

( i i i )  the junc t i ons are pre s e nt in high frequency and the s i z e  

increases during del ive ry of t h e  foetus and 

( iv )  the gap junc t i ons begin t o  di s appear wi thin 2 4  h after 

del ivery . 

II. 2 . C .  Myometri al c ontraction 

Myo s i n , the pr inc ipal el ement of mus c l e  contra c t i on ,  opt imi s e s  

the inte rac t i on wi th the othe r ma jor c ontrac t i l e  pro t e i n  act in. The 

enzyme , myo s in ATPase facil i ta t e s  c onvers i on of the chemical energy of 

ATP into mot i onjforce during c ontrac t i on .  At the mol e cular l evel the 

mechani sm of c ontrac t i on i s  ident i cal in a l l  mus c l e s  and the c ommon l ink 

between the c ontra c t i l e  regul a t i on of ske l etal and smooth musc l e s  i s  

calc ium . However, calc ium regul a t i on i s  organi zed d i f f erent l y  i n  the 

two typ e s  of mus c l e  ( Hus zar, 198 6 ). 

I I .  2 .D. El ectr ophysiology of myometri al contracti l i ty 

The uter ine muscle c e l l  i s  bounded by a semiperme able membrane and 

the di s tr i buti on of i ons on e i ther s ide of the membrane dete rmine s an 

e l e c t r i c al charge on i t . The membrane potential of the r e s t ing 



1 7  

myome tr ial c e l l  ( RMP )  i s  norma l l y  charged e l e tro - negative l y  o n  the 

ins ide so that a potent i al differenc e of between 20 - 8 1 mv exi s t s  across  

the membrane . In common with othe r c ontra c t i l e  cel l s , the uter ine 

smooth musc l e  cell  unde rgo e s  a cyc l e  o f  e l e c tr i cal events which involve s 

depolariza t i on of the c e l l  membrane fol l owed by repol arisation , whi ch 

pre c ede s me chani cal act ivi ty . Thi s  el e c t r i cal ac tivity i s  known a s  the 

a c t i on potent i al (AP) . I n  ske l e tal  mus c l e  and in nerve s ,  the a c t i on 

potent ial r e sul t s  from a momentary inc r e a s e  in the permeabi l i ty of the 

c e l l  membrane to s odium i ons . As a re sul t pos i t ively charged i ons ente r  

the c e l l  and depolarise the membrane ( Finn and Porter , 1 9 7 5 ) . 

Ac t i on potent ial s ( APs ) can be r e c o rded from the myomet r ium of an 

oestrogen - treated non- pregnant animal when a s ingle  muscl e c e l l  i s  

impaled with a micro - e l e c trode ( Marsha l l , 1 9 6 2 ) . The activity of the 

mus c l e  i s  charac teri sed by al ternat ing pha s e s  of APs and qui e s cent 

pe r i ods , the AP trains coinc iding w i th the c ontraction phas e  o f  the 

me chanical a c t ivity . The ac t i on po tent ial is rec orded as a s i gnal whi ch 

i s  pos it ive in direction and has an ampl i tude which var i e s  de pending 

upon the r e s t ing membrane potent ial  ( Kao , 1 9 6 7 ) but which l i e s  usual l y  

be tween - 30 and - 70 mv . The l arge APs a r e  acc ompanied by a n  " over shoot " 

i . e .  the s i gnal be come s po s i t ive for a pe r i od . The ove ral l durat i on of 

the AP is usually of the order of l OOms , i . e .  1 0 - 20ms pos i t i ve sweep 

( when the s i gnal i s  moving from the RMP t o  the AP peak ) and 7 0 - 80ms 

negat ive swe ep ( in whi ch the s ignal re turns t o  the RMP ) . S ince the APs 

in uter ine musc l e  cannot be prevented by gangl i onic and nerve bl ocking 

agent s the i r  gene ration is bel i eved to be myogenic . Thus ute r ine smooth 

muscl e i s  c l a s s i f i ed as be ing of the " s ingl e - unit "  type i . e .  musc l e s  

which are charac terized by spont aneous ac t ivity whi ch i s  i ni t iated i n  

pacemaker areas within the t i s sue tha t  then spreads throughout the whol e  

mus c l e . Thi s  type of mus c l e  i s  abl e t o  devel op act ive tens i on a s  i t  

stretche s ( Bo z l e r , 1948 ) . 

The s pontaneous genera t i on o f  a c t i on potential s in most smooth 

musc l e  c el l s  r e sul ts from at l ea s t  two t ype s of fluctuat i ons of the i r  

el ectrical  a c t ivi ty : slow ,  rhythm i c  o s c i l la t i ons of  the membrane 
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potent ial and more rap i d , l ocal i z e d  depol a r i za t i on of the membrane . The 

s l ow oscil l a t i ons , var i ously c al l ed " ba s i c  e l e
.
ctri cal rhythm " , 

" pacemaker potent i a l , "  or s imply " sl ow wave s , "  are espe c ial l y  prominent 

in the l ongi tud inal mus c l e  l ayer of the myome trium during partur i t i on .  

The i r  durat i on may be only s e c onds , or minut e s , de pending on the 

particul ar t i ssue and i t s  env i r onment . I n  the se  muscl e s  the rapid , 

l ocal i zed depol ari zat i on appears a t  the c r e s t  of the s l ow wave and 

gene rates ac t i on pot ent ial s that are cal l ed pac emaker potent i a l s  or 

prepotential s . The prepotent ial s d e t e rmine the action pot ent ial 

frequency , the duration of the bur s t  of a c t i on potent ial s ,  and hence the 

force and durat ion of each c ontrac t i on .  The s l ow wave s s e t  the 

inte rval s between cont rac t i ons and henc e the contraction f r equency 

( Marshal l ,  1 9 8 0 ) . 

I t  has been sugge sted that sl ow waves spread acro s s  the 

l ongi tudinal muscl e l ayer and int o the underlying circul ar musc l e  l aye r 

and thus se rve to synchronize spike d i s charge and contrac t i ons over a 

l arge area of mus c l e . I n  s ome s i tua t i ons , for example , the mid o r  non­

pregnant uterus prepotent i al s often a r i s e  spontaneousl y  in the absence 

of we l l - organized slow wave s and generate a c t i on potential s that are 

conduc ted to ne ighbour ing c e l l s .  Under such c ircumstanc e s , sp ike 

d i s charge i s  frequent l y  synchronous i n  var i ous areas of the musc l e  

becaus e o f  the mul t i pl e  foci o f  pac emaker act ivi ty . The s e  c ontra c t i ons 

are i rregul ar in fre quency , ampl i tude and duration ( Marsha l l , 1 9 8 0 ) .  

The e l e c t r i cal activity l eads to an inc rease in intra-c e l lular Ca 

and produc e s  Ca r e l e a s e  fror 1 the ER . When the amount of C a  needed for 

maximum ac t iva t i on of the c ontrac t i l e  prote ins exceeds a thre shol d 

l imi t , the myomet r i al c e l l  s tarts t o  c ontrac t . Thi s  whol e proc e s s  i s  

termed exc i ta t i on - contrac t i on coupl ing ( Marshal l 1 9 80 ) . 

Aft e r  contrac t i on ,  the e l e c trogenic pump activity i nc re a s e s  and 

the membrane r epolari ze s  bring ing the potent ial below thre sho l d  for 

spike gene rat i on . Ca is removed from the cytopl asm by extru s i on to the 

extra - ce l l ul ar fluid , and by uptake into the ER and rebind ing t o  the 

b inding s i t e s  in the pl asma membrane . The myometrial c e l l  i s  then 



rel axed and the cycle  of c ontraction phase and qui escent pe r i od i s  

compl eted ( Marshal l ,  1 9 8 0 ) . 

1 9  

Ac t i on potent ial s and s l ow wave s are conducted throughout the 

mus c l e  through l ow - re s i s tanc e pathways formed by the gap junc t i ons . 

Dur ing the spread of conduc t i on the tens ion devel o pment i s  dependent on 

the c o - ordinated spread of exc i tat i on throughout neighbour ing regions . 

I I .  3 .  

I I .  3 . A .  

Effe c t s  o f  Hormones on Emg Act ivity 

Oes trogen 

Oestrogen increas e s  myome trial re spons ivene s s  by several known 

me chani sms : 

( a )  The increased r e spons ivene s s  of the myometrium t o  s t retch 

and inc reased spontaneous c ontrac t i l e  act ivity charac t e r i s t i c  of the 

o e s t rogen-dominated uterus probabl y a r i s e s , at l east in par t , from an 

o e s t rogen- induc ed change in membrane potent ial . Thi s fac i l i ta t e s  

spontane ous depolar i zat i on of pacemaker c el l s  ( Mar shal l ,  1 9 80 ) . 

The r e s t ing membrane potential of the myometrial cel l s  in immature 

or ovariec t omi zed animal s is about 35 mv and at this potent ial  the 

membrane is relativel y  inexc i tabl e , supposedly because the membrane i s  

i n  a s tate of a prol onged s t e ady depolari zat i on. Thi s  state i s  

intr ins ical ly l e s s  exc i tabl e pre sumabl y because o f  the high degree o f  

inact ivat i on o f  Na conduc tanc e .  A stronge r s t i mulus i s  requi red to 

inc rease Na c onduc tance suf f i c iently to produce an act ion potent ial . 

Oe s trogen treatment br ings the membrane potent i al into the range where 

s pontaneous d i scharge of ac t i on potent ial s oc curs ( about 50 mv ) and ·.:he 

mus c l e  be c ome s rhythmical l y  a c tive ( Marshal l ,  1 9 8 0 ) . The mechani sm by 

whi ch the RMP i s  el evated i s  not c l ear , al though it i s  pos s ib l e  that 

o e s t rogen s t imul ates the enzyma t i c  apparatus necessary for a c t ive i on 

t ransport ( Porter , 1 9 7 5 ) . 

( b )  Oestrogen part i c i pa t e s  in the forma t i on of gap junct i ons 

between adjoining myomet r i al c el l s  ( Garfield et al . ,  1980 ) . In  the r a t  

and guinea p i g  uterus ( Puri and Garf ield , 1 9 8 2 ) , ther e  i s  a good 

correlation between gap junc t ion forma t i on and an increase in 
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c i rcul a t i ng oestrogens . Duri ng pro - oe st rus , the e l e c t r i cal and 

mechani cal activi t i e s  of the rat uterus in vivo are wel l synchroni zed , 

but the s ynchrony dur ing d i - o e s t rus i s  much l e s s  ( I sh ikawa and Fuchs , 

1 9 7 8 ) . Dur ing pregnancy , i r re gular synchronous ac tivi ty preva i l s  in all 

anima l  spe c i e s  s tudi ed whe r e a s  a good synchroni zation and rapid 

propagat i on of c ontrac t i on wave s are observed during the partur i ent 

stage ( Fuchs and Pobl e t e , 1 9 7 0 ) . 

( c )  Oestrogen induc e s  hyper trophy of the myom e t r i al c e l l s  and 

st imul ates the i r  synthe s i s  of the c ontrac t i l e  proteins , myo s i n  ATPa se 

and ATP , through the induc t i on of spec ific RNA and pr o t e in synthe s i s . 

Thus the influenc e of o e s t rogen on the myome trium inc l udes  membrane , 

me tabo l i c  and s t ructural change s which promote exc i t a t i on and 

cont rac t i on ( Mcke rns , 1 9 7 7 ) . 

( d )  Ac cording t o  Reynolds ( 1 9 3 5 ) , prol onged t r ea tment with high 

do s e s  of oestrogen renders  the ute rus immot i l e . Thi s i s  c ontrary t o  the 

contemporary be l i ef of the func t i on of oestrogen . He demons trated that 

uter ine muscle is quie s cent when the bl ood l evel of o e s t rogen i s  very 

high. Under phy s i ol ogi cal c ondi t i ons , uterine qui e s c ence i s  observ ed 
dur ing the pro - oe strus surge of o e s trogens in cyc l i c  rats and dur i ng the 

pre - parturi ent surge of o e s t rogen in pregnant rats. The wi thdrawal 

effe c t  of oestrogen l evel s in bl ood is obse rved in l at e  o e s t rus and 

me t - oe s t rus and during the early post - partum pe r i od , when strong 

spont ane ous c ontractions acc ompany the fal l  in ovar i an o e s trogen 

s e c re t i on ( Fuchs , 1 9 7 8 ) .  

( e )  A further o e s t r ogen effe ct de scribed i s  the forma t i on of 

membrane receptors for c e r t a in ute rotoni c agent s . The mo s t  impor t ant of 

the s e  are oxytocin receptors ( Fuchs et al . ,  1 98 3 )  and a - adrenergic 

receptors ( Robe r t s  et  a1 . 1 1 9 8 1 ) . Inc reased recept o r  numbers l ower the 

thre shold for s t imul a t i on and increase the re sponse t o  a given dos e  of 

oxyto c i n  by recruit ing more uni t s  to c ontract .  The e f fe c t  of o e s tr ogens 

i s  s e l e c t i ve ; thus the r e c e p t o r s  for prostaglandin E2 and F2a do not 

appea r  to be increased by o e s tr ogens (Wakel ing and Wyngarden , 1 9 74 ) and 

the number of b - adrenergi c  r e c eptors i s  decreased ( Robe r t s  et al . ,  
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1 9 8 1 ) .  Oes trogens al s o  appear to s t imul a t e  pros taglandin synthe s i s  in a 

rather complex fashion that requi res interac t i on with proge s t er one 

( Ca s tracane and Jordan , 1 9 7 5 ) . 

Oestrogens increase the number of  s pe c i f i c  binding s i te s  for 

oxyt o c in in rat ( S oloff and Swe e t , 1 9 8 2 )  and rabbit ( Ni s senson et  al . , 
1 9 7 8 ) myometr i um wi thout having any e f f e c t  on the aff i ni ty of the 

receptor . In the rat the increase in r e c eptor number oc cur s abruptly 

s everal hours before labour in paral l el wi th an increased sens i t ivity t o  

oxytoc in .  The inc rease in sens i t ivity t o  oxytocin has been a t t r i buted 

to the increa s ed number of oxytocin - r e c eptor s . 

( f )  H i gh l eve l s  of oes trogen c o r r e l a t e  wi th inc reased uterine 

nor - epinephrine c onc entration indicat i ng that the sympathe t i c  nerve s are 

al so a spe c i f i c  target t i s sue for o e s t rogen action ( Mar shal l ,  1 9 8 1 ) . 

Oes t rogen al s o  has the potent ial to a l t e r  the l ocal c oncent ra t i on of 

adrenergic agoni s t s  at several othe r l evel s .  I t  exe r t s  a d i r e c t  a c t i on 

on cate cholamine me tabol i sm in sympathe t i c  neurons by the inhibi t i on of 

extraneuronal c a t echol amine uptake ( I ver s on , 1 9 7 3  ) .  Al s o , the 

oxida t i on produc t s  o f  oestrogen , pr ima r i l y  2 - and 3- hydroxy derivat ive s 

( known c ol l e c t ive l y  as catechol - oe s trogens due to the i r  struc tural 

s imi l ar i ty to cat echol ) ,  have been demon s t ra ted t o  inhibit the enzyme s 

tyro s i ne hydroxyl a s e  and cate chol me thyl t r ansferase ( COMT ) i n  vitro 

( Li p s e t t  et  al . ,  1 9 8 2 ) .  Both enzyme s are i nvolved in smooth muscl e 

c ontrac t i on .  Howeve r the oc currenc e of  thi s phenomenon in vivo and i t s  

poss ibl e s igni f i c ance to neuronal funct i on in the myome tr ium has not 

been demonstrated . 

I n  summary the main influence s  of o e s t r ogen on myometrial  func t i on are : 

( i )  they inc rease the capac i ty o f  the uterus t o  contract; 

( i i )  they promote the synchron i z a t i on o f  the c ontrac t i l e  unit s  by 

s uppre s s ing l ocally gene r a t ed spontaneous a c t ivit y  whi l e  

i nc r e a s ing the exci tabil i t y  t o  humoral agents and nerve 

t r ansmi t ters ; and 

( i i i ) they r ender the c ontrol o f  myome tri al contract i on s  more 

p r ec i se . 



I I . 3 . B .  P rogesterone 

P roge sterone appears to have l i t tle influence on myomet ri al 

re spons e s  unl e s s  the uterus has been expo sed t o  oestrogen . Oes trogen 

induc e s  the synthe s i s  of myome t r i al proge s t erone receptors which are 

normal l y  l ow in c onc entrat i on ( Sakamoto et al . ,  198 6 ) . 

The me chani sm by whi ch proge s t e rone dimini shes myomet r i al 

exc i tabi l i t y  i s  not compl etely c l ear , al though the fol l owing 

observa t i ons have be en made : 
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( a )  Proge sterone produc e s  an increa s e  in resting membrane 

po tent i al in the myometr ium from about 50 mv to 65 rnv ( Ma rshal l ,  1 9 8 0 ) . 

Thi s  hyper - pol arizing effect would be expe c t ed to reduce exc i tabil i ty 

and the c onduc tion of e l e ct r i c al impul s e s  and impair the propaga t i on o f  

contrac t i on waves al ong the ute rus ( Marsha l l , 1 9 6 2 ) . The c ontrac t i ons 

e l i c i t ed at vari ous part s  of the ut e rus the re fore rema in synchronous and 

l ocal i zed ( Fuchs , 1 9 7 8 ) . 

I n  the rat and rabbit myome t r i um ,  the membrane pot ent ial of the 

muscl e c el l s  gradual ly be comes more negat i ve reaching a maximum ( about 

60 mv ) around mid - pregnancy and remaining at thi s level unt i l  the end of  

term . Dur ing thi s period the uteru s  may show some spontaneous 

c ontra c t i ons but the se are l oc al i z ed , i rregular , and weak . About 24 h 

before par tur it ion the membrane begins to depolarize and the ut erus 

become s progre ssively more act ive . At partur i t i on the membrane potential 

is about 5 0  mv and uter ine c ontrac t i ons spread uniformly through the 

muscl e ( Ca s t e e l s  and Kuriyama , 1 9 6 i ) . 

To  inve st igate the se observed change s ,  Casteel s and Kur iyama 

( 1 96 5 )  mea sured the d i s tribut i on of i ons and the i r  permeabil i ty in the 

myometr ium of the rat at var i ous s tage s of pregnancy . They found no 

s i gnif i cant d ifferences in the Na, K or Cl c oncentrat i on gradi ents 

during pregnancy . On the other hand the K permeabi l i ty gradually 

increased until mid-pregnancy and then remained high unti l  near the end 

of ge s ta t i on .  Na permeabil i ty was r e l at ive l y  l ow throughout pregnancy 

but increased several days before del ivery . Carsten ( 1 9 7 9 )  demonstrated 
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that proge ste rone promot ed cal c ium uptake by the SR and dimini shed the 

intra - c el lul ar calcium . The e l e c tro - phys i o l ogical changes in the 

myometr ium that acc ompany pregnancy might the re fore be expl a ined on the 

bas i s  of the s e  permeabi l it y  var i a t i ons . 

( b ) Proge sterone i nhib i t s  the format i on of gap junc t i ons 

( Garf i e l d  et al . , 1 9 80 ) . Changes in the l evel s  of s teroid hormones may 

initiate  synthe s i s  of prote ins a s sociated with gap junct ions . In the 

myome trium ,  oes trogen s t imul a t i on is requi red both to achi eve ful l 

deve l opment o f  gap junc t i ons and to permit proge sterone to inhibit  the i r  

forma t i on . Thi s may be the re sul t o f  o e s t rogen s t imul at ing the 

format i on of receptors for proge ste rone which ente r  the cel l and expre s s  

an inhibitory effect on prot e i n  s ynthe s i s . The inhibi t i on o f  gap 

junc t i on formation by prog e s t e rone is probably the ma in reason why 

proge ste rone wi thdrawal i s  e s s ent ial for the del i very of l ive young in 

sheep and many other spe c i e s  ( Garfield et al. , 1 9 7 9 ) . 

( c )  Contract i l e  capac i ty i s  maintained under the influence of 

proge s t e rone . Thi s i s  ind i cated by the deve l opment o f  tens i on in the 

e l e c tr ically st imul ated uterus of proge s t e rone - treated rabb i t s  and rats 

( C sapo , 1 9 5 6 ) . The concentr a t i on of high ene rgy pho sphate c ompounds and 

ac t omyo s in wi thin the myometrial ce l l s  al s o  increases throughout 

pregnancy , reaching a maxi mum several days before par tur i t i on ( Csapo , 

1 9 6 9 ) . Thus uterine pro t e in synthe s i s  i s  ma intained under the influenc e 

of proge s terone and the ac cumul a t i on of t otal protein i s  inc reased , 

probably because the synthe s i s  of oes trogen- induced proteolyt i c  enzyme s 

i s  suppre s s ed by thi s hormone ( Fuchs , 1 9 84 ) . 

( d )  Proge s terone suppre s s e s  the a c t i on o f  oe s trogens by 

inhib i t i ng the repl eni shment of o e s t rogen receptors . Thus a potent iall y  

important effect o f  proge s t e r one i s  t o  modul ate the effects  o f  oes trogen 

by decreas ing the c oncentrat i on of oe strogen receptor s  and in turn , 

diminish the re sponse t o  o e s trogen ( Ri emer and Rober t s , 1 9 8 6 ) . 

( e )  At l east in the uterus of r a t s  and rabbi t s  proges te rone 

inhib i t s  the formation of oxytoc in receptors ( N i s senson et al . , 1 9 7 8 ; 

Fuchs et al . , 1 9 8 3 ) . Proge s t e rone probably exe r t s  thi s act i on through 



i t s  inhibi t ory effect on the repl eni shment of nucl ear oestrogen 

receptors ( Fuchs , 198 6 ) .  The re appear to be species differenc e s , 

however ,  as proge s terone doe s not i nhibit the formation of oxy t o c i n  

receptors in the human and guinea p i g  ute rus ( Al exandrova and Sol o f f , 

1 9 80 ) . 

( f )  Proge st erone inc r e a s e s  the f o rma t i on of b - adreno c e ptors 

( Robe rts et  al . ,  1 9 8 1 ) , and , a s  with va scular muscle , activat i on o f  

the s e  receptors l eads to rel axat i on . Thi s  i s  the basis f o r  t o c o l y t i c  

therapy with b - agoni s t s  in human pre - te rm labour . 
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( g )  Pros taglandin F2a and E 2  rece ptor s , by contra s t , a r e  not 

inhibited by proge sterone and appear t o  be increased , at l e a s t  in the 

rat , hams t e r  and rhesus monkey ( Wakel ing & Wyngarden , 1 9 74 ) . The f i nding 

that proge s t e rone enhanc e s  the myom e t r i al responses to PGEl , PGE2 and 

PGF2a in rat s  ( Fuchs , 1 9 7 4 )  c orroborat e s  the se f indings . 

( h )  Proge ste rone modi f i e s  the o e s t rogen- induced change s in 

myome trial sympathetic nerve s . I t  causes a reduc t i on in nor - epinephr ine 

c ontent . Further , high l evel s o f  proge s t erone during pregnancy are 

as soc iated with an almost compl e t e  l o s s  of nor - epinephrine from the 

uter ine sympathe t i c  ne rve s ( Marshal l ,  1 9 8 1 ) . Progesterone pe l l e t  

impl anta t i on i n  one uter ine horn o f  the guinea p i g  was found t o  mimic 

the func t i onal adrenergic denervat i on change s characteri s t i c  o f  

pregnancy ( Be l l  and Mal col m ,  1 9 7 8 ) . 

I I . 3 . C .  Oxytocin 

Oxytocin ( OT )  i s  the mo s t  potent known endogenous ute r o t on i c  

agent . The thre shold c oncentration f o r  in vitro stimul a t i on o f  the 

o e s trogen - pr imed rat uterus i s  5 to 30�, ujml ( Fitzpatrick and Bentl y, 

1 9 6 8 ) . The in vivo potency of oxy t o c i n  i s  e specially striking when 

c ompared wi th other uteroton i c  agent s . PGF2a has about 1/1 50 t o  1/5 00 

the potency of OT on the rat uteru s  i n  vi tro ( Moslev et al . , 1 9 7 2 ) and 

only about 1/2 500 of the potency o f  OT in vivo ( Fuchs, 1 9 74 ) . Thi s  

great potency makes the measurement o f  c i r cula ting OT leve l s very 

difficul t,  and it is only recently that evidence for a phys i ol ogi c al 
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role for oxytocin in the mechani sm o f  partur i t i on has become clear . 

( a )  The el ect rophy s iol ogical ac t i ons of oxytocin on the uterus 

differ in the reports of d i ff erent re search workers . One v i ew of the 

e l e c trophys iol ogical a c t i on of oxyt ocin is that it can produce spike 

d i s charges only when the myome t r i al membrane is ready for such 

s t imul a t i on .  Marshall ( 1 9 6 3 ) stated that the " prerequi s i te f o r  the 

a c t i on of oxyt ocin on the exc itabl e membrane is that the membrane 

potential be near thr e shold for the discharge of propagated a c t i on 

potential s " . Thi s view i s  i nt imately tied in with the proge s t e rone 

bl ock hypothe s i s  ( C sapo , 1 9 5 6 )  and it has been sugge sted that in the 

pre s ence of a high r e s t ing potential , oxytocin cannot e l i c i t  a re spons e 

( C sapo , 1 9 6 1 ) . In hi s view , oxytocin i s  seen a s  having a doubl e r ol e ; 

thus if the r e s t i ng potent i al is high , but near thre shold f o r  

spike genera t i on ,  oxyt ocin depol a r i z e s  and caus e s  s pike 

produc t i on ; 

if the r e s t ing potent ial i s  low oxytoc in cause s  

repolar i za t ion and then spike product ion . 

The evidence for the s e  conclus ions was obta ined f r om the pregnant 

rat and rabbi t myome t r ium , which appear to res pond in s im i l ar ways 

( C sapo , 1 9 6 1 ) . 

K1 e inhaus and Kao ( 1 9 6 6 )  inve st igated oxytocin effects on the 

uterus by measur ing emg a c t ivity and conc luded that : 

oxytoc in i n i t i a t e s  spike produc t i on in qui e s c ent 

preparat i ons ; 

increase s  the frequency of burst d i s charge s ;  

increa s e s  the number of individual spike s i n  each burs t; 

increase s  the ampl i tude of the spike s . 

The s tudies  of Mar sha l l  ( 1 9 6 2 ) have shown that oxytocin exe r t s  i t s  

ac t i on o n  the cell membrane , wher e  the sl ight depol arizat i on occurs a t  

the same time a s  the s l i ght reduct i on i n  the s pike ampl i tude and 

increased uter ine t one ; i t  i s  dependent upon adequate extra - ce l lul a r  Na 

and Ca . 

Kl einhaus and Kao ( 1 9 6 9 ) have sugges ted that oxytocin a c t s  by 
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increas ing the numbe r  o f  entry ' ga te s ' for  Na into the mus c l e  c e l l . The 

pla sma membrane of ut er ine smooth muscl e c ontains a calc ium - magnes ium 

s t imul ated ATPase system which i s  impl icated in the t ransport of  calc ium 

from the intra - ce l lular to the extra - c el lular compartment . OT has been 

shown to inhi b i t  the cal c ium - magnes ium ATPase ( Soloff and Swee t  1 9 8 2 ) . 

The mechani sm of a c t i on of  oxyto c in may not be l im i t ed t o  the c e l l  

membrane a l one . Carsten ( 1 9 7 4 ) showed that O T  inhibi t s  calc ium uptake 

by the SR , the refore causing higher free  calc ium l evel s in the 

cytopl asm . 

( b )  The stimul a t i on o f  uter ine c ontra c t i ons during spontane ous 

l abour re sul ts from a combined act ion of OT and prostagl and ins . Rec ent 

evidence sugge s t s  tha t  OT i s  more important for the init ial pha se  of 

l abour in women whe reas prostagl andin F2a s e ems e s sent ial for the 

progr e s s i on of labour and c ervical dil atat i on ( Fuchs , 1 9 8 6 ) . S everal 

p i e c e s  of  evidence support thi s idea : 

( i )  A marked r i s e  in OT rec eptor c oncentrations occur s at term 

and maximal value s are reached in early l abour when pl asma 

PGFM l evel s  do not r i s e  s i gni f i cantly . Thi s  r i s e  in OT 

r e c e ptors has been shown to render the ute rus re spons ive t o  

l evel s of  pl asma OT which do not d i f f e r  s igni f i cantly from 

those found in pregnant women before the ons e t  of l abour . 

The r i s e  in OT receptor concentration may , the refore , be the 

event that ini t iates  l abour ( Fuchs et  al . ,  1 9 8 2 ) . 

( i i )  OT may be the s t imulus that ini t iates prostagl andin 

product i on in uterine t i s sue s durj Jg l abour . Support for a 

r e c e ptor - mediated s t i mul at i on of PGF2a by OT derives f rom 

experiments in she e p  in which OT - induced PGF2a release  from 

the endome trium was shown t o  be proporti onal to the 

c oncent rat i on of  OT r eceptors in thi s t i s sue . Oxyto c i n  

s t imul ated pro s taglandin product i on b y  thi s apparently 

r e c e ptor - mediated proc e s s  ( Robe r t s  and McCracken , 1 9 7 6 ) . 

Furthermore in the pregnant rat uterus , OT was found to 

inc re a s e  both pros tacyc l in and PGF2 a  rel e a s e  ( Chan , 1 9 80 ) . 
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S everal reports indicate that the increase in PGF2a i s  

caused direc tly by or ac t i on and not by uter ine c ontra c t i ons 

( Chan , 1 9 80 ; Roberts and McCracken , 1 9 7 6 ) . 

( i i i ) Ethanol i s  the only substance known to bl ock the r e l ea s e  of 

or from the neurohypophys i s  in vivo , and admini s t ra t i on of 

e thanol wil l  s top early but not advanced l abour ( Fuchs et 

al . , 1 9 6 7 ) .  I n  humans the r i se in c ircula t ing PGFM l evel i s  

not s igni ficant unt il  cervical dil atat ion i s  more than 4 - 5  

c m  after which a rapid i nc re a s e  i s  observed ( Fuchs et al . ,  

1 9 8 3 ) . 

Al l the s e  resul ts sugge s t  that throughout act ive l abour PGF2a 

produc t i on is a ma jor factor in myome t rial  activity whereas oxytocin may 

be more important in the initial stages of the partur i t i on p r o c e s s . 

( c )  A r i se in the concentrat i on of or re ceptors pri ma r i l y  c aused 

by ovarian hormone s decreases the thr e shol d for uterine st imul a t i on by 

or . O e s trogen increases the number but not the affinity o f  the or 

receptors ( Fuchs , 1 9 8 6 ) . Nis senson et al . ,  ( 1 9 7 8 )  al s o  sugge s ted that 

the effect of o e s trogen involves the synthe s i s  of new or r e c e ptor 

prote ins ; proge ster one is  sugges ted by the same author to prevent thi s 

inc rease in r e c eptor numbe r .  Judging f rom the decline in or r e c eptor 

numbe rs fol l owing partur i t i on or hormone wi thdrawal , the turnover of 

receptors is relat ively rapid ( Fuchs , 1 9 8 6 ) . 

S t retch and di sten s i on of the uter ine wal l  induces ut e r ine growth 

in intact as wel l  as in ovariectomi zed animal s and improve s c e l l  to c e l l  

c ommuni : at ion ; i t  al so acts synerg i s t i ca l l y  with oe s trogen i n  promoting 

myomet r i al or receptor c oncentrat i ons . I n  the pre sence o f  a rather 

c onstant endocr ine mil i eu in the days preceding del ivery , i t  is an 

attract ive hypothe s i s  that the rapidly inc reas i ng di s tent i on of the 

human uterus c ontributes to the r i se in or r eceptor l evel s at term 

( Fuchs , 1 9 8 6 ) . 
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I I . 3 . D  Prost aglandi ns  

The abi l i ty o f  pro s tagl andins to stimul a t e  the uterus to contrac t  

a t  any t ime o f  gesta t i on , and inte rrupt pregnancy a t  al l stage s , has l ed 

to a numbe r of  studi e s  o f  the i r  po s s i bl e  r ol e i n  the phys iol ogi cal 

act ivat ion of  the uterus during partur i t i on .  A current que s t i on i s  

whe the r  PGs are invol ve d  i n  the ini t i a t i on and maintenanc e of  ute r ine 

c ontrac t i ons or whethe r they are r e l eased as a c onsequenc e of  

par tur i t i on and part i c i pa t e  in other c e l lular func ti ons dur ing thi s 

per i od . 

( a )  The effect o f  PGs on lute olys i s  ha s been well de f ined in the 

ewe whe re a close  assoc i a t i on between increas e d  uterine venous 

concentrat i ons of PGF2a and decreased proge s t e r one l evel s  were recorded 

at the end of the luteal phase  ( Thorburn e t  al . ,  1 9 7 3 ) . Thi s luteolyt i c  

effect  o f  PGF2a i n  ewe s ha s been shown t o  b e  medi ated by a reduc t i on i n  

total bl ood f l ow t o  the luteal ovary , and a very marked decrease in 

bl ood flow t o  the luteal t i ssue i t se l f  ( Ne t t  and Niswender , 1 9 8 1 ) . I n  

late  pregnancy the ewe , unl ike the goat and s ow , does not depend o n  the 

CL as a source of prog e s t e rone and a di fferent me chan i sm for 

proge s terone withdrawal is ne cessary . S ince the plac enta i s  the sour c e  

of st eroids i n  l ate pregnancy i n  the ewe , inc re a s ed foe tal cortisol 

exert s i t s  effects by a c t ing on the pl acental enzyme systems to increase  

the produc t i on of o e s trogen rather than prog e s t e r one ; thi s , in turn , 

caus e s  inc reased prostaglandin synthe s i s . 

( b )  The effects  of  prostaglandins and oxytocin on smooth mus c l e  

c e l l  c ontracti on a t  the mol ecular l evel have been summarized by Kral l 

and Korenrnan ( 1 9 7 7 ) .  The i r  theories  are based on studi e s  whi ch have 

t e sted the effects  of myomet r ial agoni s t s  and suppres sors on mol ecul ar 

parame ters i . e .  cAMP and adenyl cyclase a c t i v i ty , prote in kinase  

a c t iv i ty , and Ca++ bind i ng and transport .  They state that hormone s , and 

other compounds that i nhibit myome trial a c t i v i ty , attach to spec i f i c  

bind i ng s it e s  on receptors with the resul t  that c e l l ul ar cAMP l eve l s  a r e  

increas ed . Increased cAMP act ivate s  protein k i na s e  and thes e  enzyme s 

translocate to the membranous c omponents of the c e l l  ( e . g .  the 
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sarcol emma , and the sarc opl asmi c r e t i culum )  wher e  phosphoryl at i on o f  

spe c i f i c  membrane proteins re sul t s  i n  increas ed uptake and seque s t ra t i on 

of  Ca++ . The free Ca++ ins ide the c e l l  i s  the r e fore decreased re sul t ing 

in the i nac t ivat ion of actomyo s i n  adenos ine tri phosphatase (ATPas e )  and 

r e l axat i on of the mus c l e  c e l l . Ac t ivat i on of  the myome tr ium ( e . g .  by b ­

agoni s t s ) can reverse the s e  e f f e c t s  s o  Ca++ i s  f r e e  t o  enter the smooth 

mus c l e  c el l s  and e l i c i t  a c ontrac t i on ( Haluska , 1 9 8 5 ) . 

( c )  Oestrogen increa s e s  myome t r i al PGF2a concentrati ons ( Thorburn 

et al . ,  1 9 7 7 ) . Experiment s in she e p  ( Li gg ins et al . ,  1 9 7 3 )  reveal ed 

that proge s t e r one can prevent glucocor t i c o i d - induc ed el evat i on of  PGF 2 a  

c oncent ration i n  uterine venous bl ood but n o t  i n  the myometrium . Thi s  

obs e rva t i on l ed the authors t o  sugge s t  that proge s terone might inhibit 

the r e l ease of PGF2a even though both it  and oe s trogen induce PGF2a 

synthe s i s . Treatment of  she e p  with d i e thyl s t i l boesterol inc r e a s e s  

myome t r i al PGF2a and admini st ra t i on of proge s t e r one in doses  high enough 

to bl ock labour al so bl ocked the o e s trogen - s t imul ated increase in 

myome t r i al PGF2a . Thus , the  increase  in PGF 2a just  prior to parturi t i on 

i s  probably triggered by a c o inc ident increase in oes trogen . 

( d )  Fuchs ( 1 9 7 8 )  sugge s t e d  that foe tal o r  mate rnal 

neurohypophyseal hormone s ( e . g .  OT ) may provide the s t imulus for  

increas ing uterine PGF2a produc t i on dur ing l abour . Fuchs ( 19 8 1 ) 

demons t rated that OT stimul ates PGE2 and PGF2a produc t i on in deci dua 

pari etal is  but not in deci dua vera scraped from the membrane s or the 

myome trium .  The stimul at i on o f  pros tano id product ion by OT may be 

r e c e p t o r - me d iated , since deci dua pari etal i s  has high and decidua vera 

l ow OT recf �tor conc entra t i ons ( Fuchs et al . ,  1 9 84 ) . Support f or a 

r e c e pt o r - mediated stimul a t i on o f  PGF2a by OT al s o  derives from 

exper i ments in sheep , in  which OT - induced PGF2a rel ease from the 

endomet rium was shown t o  be proport i onal t o  the c oncentra t i on of  OT 

r e c e ptors in thi s t i s sue ( Robe r t s  et al . ,  1 9 76 ) . In the pregnant rat 

ute rus , OT was found to inc r e a s e  both pro s tacycl in and PGF2a r e l ea s e , 

and the inc rease in PGF2a i s  caused d i re c t l y  by OT act i on and not by 

uterine concentrations ( Chan , 1 9 80 ) . 
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I I . 3 . E  Rel axin 

Relaxin is another hormone which has a profound effect  on 

myome trial act ivi ty . I t ' s  main func t i on was thought t o  be the 

rel axat i on of the pubi c l igament s in prepara t i on for del ivery of the 

f o e tus at  the end of  p r e gnancy ( Hi saw , 192 6 ) . However , rec ent evidenc e  

has shown that thi s hormone ha s o the r i mportant functions . Relaxin ' s  

s t ructural simil ar i ty t o  insul in i s  manife s t e d  in its  e f f e c t s  on 

glycogen storage capabi l i t i e s  ( Va s i l enko et al . ,  1 9 80 ) and u t e r ine 

growth ( Vasilenko et  al . ,  1 9 84 ) . Relaxin not only unc oupl e s  exc i ta t i on 

- c ontra c t i on of myome t r i a l  SMC s ( S chwabe e t  al . ,  1 9 7 8 ) ,  but a l s o  

c oordinates myometr ial  a c t i vi ty a t  partur i t i on ( Downing e t  al . ,  1 9 8 0 ) . 

Finally , relaxin ha s been shown to increase the d i stens ibi l i ty of the 

uterus ( Curri e , 1 9 7 9 ) p r e s umabl y by affect ing i t s  connect ive t i s sue 

c omponents . The inhi bi tory effect of relaxin on myome tr ial activity i s  

produced by the s t i mul a t i on of cAMP ( Judson et al . ,  1 9 8 0 ; Cheah and 

She rwood , 1 9 8 0 ) and by a d e c rease of myosin l ight - chain kina s e  ( MLCK ) 

act ivity . 

I I . 3 . F .  Vasoactive i nt e s tinal peptide ( V I P )  

Pept ide neurotrans m i t ters , l ike the V I P , have a powerful rel axing 

effect  on the myome t r i um ( Ot t e s en et al . ,  1 9 8 1 ) and i t  has been 

demonst rated , by i mmunocytochem i cal methods , that nerve s supplying both 

the bl ood ve ssel s and smooth mus c l e s  in the ut e rus contain V I P ( Ot t e sen 

e t  al . ,  1 9 8 1 ) . The c ontrac t i l i ty of uter ine mus c l e  strips  is  inhibited 

by V I P  in a concentra t i on - dependent manner .  

Cl oser to in vivo cond i t i ons , both the e l e c trical and me chan ical 

act ivity of myomet r i al expl ants were inhibited by systemical l y  infused 

V I P , even i f  the expl ant s were s t imul ated by PGF2a or by OT ( Ot t e s e n , 

1 9 8 3 ) . Thi s  myometri a l  modulatory response i s  a part of  g e s t a t i onal 

phy s i ol ogy , because synthe s i s  of VIP i s  modul ated by steroid hormone s .  

The inhibitory act i on of V I P  on myome t r i al smooth musc l e  i s  not 

affected by a- and b - adrenergic bl ockers , by atropine or by bl ocke r s  of 
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nerve transmi s s i on such as tetrodotoxin ( Ot t e sen , 1983 ) .  Thi s sugg e s t s  

that V I P  a c t s  d i r e c tl y  o n  the smooth mus c l e c e l l s .  The r e l axing e f f e c t  

of  V I P  i s  n o t  due t o  c ompe t i t i on w i t h  O T  o r  PGF2a , because wher e  there 

i s  a l arge exc e s s  o f  the se  agent s , the contract i ons are s t i l l  i nh i bited . 

Thus , i t  i s  mos t  l ikely that there  are spe c i f i c  VIP receptors on u t e r ine 

smooth musc l e  cel l s  ( Otte sen , 1 9 8 3 ) . 

1 1 . 4 .  Ute r ine Moti l i ty Stud i e s  w i th Par t i cular Referenc e  t o  the Ewe 

1 1 . 4.A Methods of studying ute rine moti l i ty 

Uterine mot i l i ty has be en inve s t i gated in a var i e ty of  ways . At 

the c e l lular l evel i s ol ated t i s sue s have been used to s tudy i on f l uxe s 

across membrane s ,  o r  the e l ec t r i cal activi ty of individual c e l l s .  At 

the who l e  animal l evel , endoc r inol ogi cal p r inc i p l e s  have be en emp l oyed 

to examine the l evel  of hormone s in body f l uids and to s tudy the e ff e c t s  

o f  exogenous hormone s .  I n  dome s t i c  animal s numerous techni que s have 

been expl ored : 

( a )  Vi sual inspection of  uter ine c ontrac tion during l aparo tomy 

or endo scopy under general or l ocal anae s the s ia ( Brins f i e l d  and Hawk , 

1 9 6 9 ) ; 

( b )  Intra -uter ine o r  intra - myomet r i al pressure rec ording 

( G i l l e tte  and Hol m , 1 9 6 3 ) ; 

( c )  Tens i on rec ording of  the myom e trium us ing strain gauge s 

f ixed on the uter ine wal l  ( Ba s s  and Gal l ant ine , 1964 ) ; 

( d )  C ineradi ography o f  the nonpregnant uterus ut i l i s ing 

radi opaque mHte rial s depos ited in the ute rine l umen ( F i s chel e t  a l . ,  

1 9 7 8 ) ; 

( e )  Extra - c e l l ul ar e l ectromyography ( emg ) of the myome t r i um 

using vari ous e l e c t rode s ( Kao , 1 9 5 9 ; C sapo e t  al . ,  1 9 6 3 ; Naaktge boren 

and Van Der Weyden , 1 9 7 3 ; Ruckebusch and Bueno , 1 9 7 6 ) . 

An emg i s  a r e cording of  e l e c t r i cal activity from a por t i on of  a 

musc l e  ( Theodore e t  al . , 1 9 60 ) . Thi s  act i v i ty can ari s e  from d i r e c t  

e l e c t ri cal or hormonal s t imul ati on or i t  c an occur spontaneousl y .  The 

potent i a l s  from the surface of s everal n e i ghbouring c el l s  are r e c o rded . 
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At the same t ime , inac t i ve c e l l s , depol arized c el l s  and repol a r i zing 

c e l l s  can make contact with the e l ectrode and they can the r e fo r e  summate 

e ach other ' s  e ff e c t  or abol i sh i t  so the  potent ial of thi s e l e c trode i s  

the sum of the ac t i on potent i al s  o f  the surrounding mus c l e  f i bre s . A 

rel iabl e refl e c t i on of mus c l e  ac t ivity i s  obtained . The measured 

potent i al s  have qui t e  smal l ampl i tude s  and , in most cas e s , do  not 

represent the a c t iv i ty of  one c e l l . Thus many of  the rec orded spike s 

have s everal peaks due t o  the c ombined ac t i v i ty of ne i ghbour i ng ce l l s . 

Larger spike s are rec orded when the re i s  good c o - ordinat i on o f  the 

activity as i s  found at partur i t i on when gap junc t ions inc r e a s e  in 

number ( Naaktgeboren and Van Der Weyden , 1 9 7 3 ) . 

The e l e c t romyographic t e chnique d e s c r i bed by Naaktgeboren et  al . 

( 1 9 7 3 )  has be en widel y  used t o  regi ster myometrial ac t iv i ty . Thi s 

depends on the fact that e l e c t r i cal act ivity in muscl e  c el l s  i s  

general ly c l o s e l y  rel ated t o  the ini t i a t i on and propagat i on o f  the i r  

me chani cal mus c l e  a c t ivity ( Finn and Port e r , 1 9 7 5 ) . The l evel of 

synchrony be tween the e l e c tri cal activity of  the individual myome t r i al 

c e l l s  infl uenc e s  the charac t e r i s t i c s  of  emg s  ( Mar shal l ,  1 9 5 9 ) . The 

rec orded l ocal e l e c t r ical activi ty of the myome trium and the l ocal r i s e  

and fal l o f  the intra - ut e r ine pres sure generally corre spond extreme l y  

wel l  ( C sapo e t  al . ,  1 9 6 3 ) .  

I t  appears  very important in s tud i e s  of  ute r ine mot i l i ty that 

r e cording devi c e s  remain out s ide the uter ine lumen . The pre s ence of  

open - ended or bal l oon t i pped catheter s ,  or o ther typ e s  of sensors  in the 

uterus of the non - pregnant ewe , is l ikely to di stort uter ine mot i l i ty as  

wel l  as fer t i l i ty ,  no mat t e r  whe ther the s e  devi c e s  ai7 e  pres ent f o r  some 

hours or sever al months ( Hawk , 1 9 70 ) . In add i t i on , the cyc l e  l ength may 

be shortened by the pre s ence of intrauter ine instruments ( Hawk , 1 9 6 5 ) . 

More r e c ently ,  i t  has been found in post - partum rats , that an 

intrauterine pres sure r e c ording bal l oon caused new gap junc t i ons ( l ow 

r e s i s tance paths be tween adjacent c el l s )  t o  form ( Wathe s and Porte r , 

1 9 8 2 ) . Thus , for  accurate recording of normal ute rine a c t ivity , the 

omi s s i on of any intraute rine monitoring device seems to be an absolute 

prerequi s i te . 
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Sensors such as  small  pres sure transducers impl anted i n  the 

uter ine wal l  do not appear to interfere w i th normal uter ine a c t i v i t y  but 

in chronic preparat i ons the se sensors may migrate into the ute r ine l umen 

( Lehrer and S chindl e r , 1 9 7 1 ) . Thi s  is not a feature of  surfac e 

e l e c trode s . Normal ute r ine physiology i s  unal tered , o r  at the mo s t  only 

sl ightly d i s turbed by surface e l e c trode s .  Thi s is  demons trated by the 

fac t that after e l e c t rode s  had been impl anted ewe s may bec ome pregnant 

and del iver heal thy off spring after a g e s ta t i on of normal durat i on ( Van 

Der Weyden et  al . ,  1 9 8 1 ) . 

I I . 4 . B  Ute rine moti l i ty obse rvat i ons recorded from the 

of  t he intac t  ewe 

ute rus 

The uter ine activity in the intact cycl i ng ewe has been inve s t i gated i n  

vivo by several te chn i que s : 

( a )  Rec ording myome trial emg a c t i v i ty ( Naaktgeboren et  al . ,  

19 7 3 ; Prud ' home , 1 9 7 6 ; Ruckebusch and Bueno , 19 7 6 ; Shi p i l ov et  al . ,  

19 7 7 ; Harding e t  al . ,  1 9 8 2 ; S igge r et  al . ,  1 9 8 4 ; Garc i a - Vi l l ar e t  

al . ,  1 9 8 2 ; Touta i n  e t  al . ,  1 9 8 5 ) ; 

( b )  Mea sur ing intra - myometrial pre s sure ( Spilman e t  al . ,  1 9 7 2 ) ; 

( c )  Mea suring I ntra - luminal pre s sure changes ( Mann , 1 9 6 9 ) ; and 

( d )  D i r e c t  observat i on o f  ute r ine c ont ractions ( Brinsf i el d  and 

Hawk , 1 9 6 9 ; Croker and She l ton , 1 9 7 3 ; Lehrer and Schindl e r , 1 9 7 4 ; 

Hawk , 1 9 7 5 ; Rexroad , 1 9 80 ) . 

I t  i s  wel l  known that uter ine mot i l i ty var i e s  w i th the e ndoc r ine 

funct i on of the  ovari e s  ( F inn and Port e r ,  1 9 7 5 ) , and with s e a s onal and 

other envi ronmental factors e . g .  c onfron t ing the ewe with rams ( Van D e r  
vqr iu 

Weyden , 1 9 8 3 ) . The myomet rial act ivity of  the ewe
A

throughout the ent i r e  

oes trous cycl e .  The uterus shows an increased activity during oe s t rus 



as wel l  as  a change in the predominant d i r e c t i on of propagat i on o f  

contrac t i ons dur ing thi s pe r i od . However ,  the r e sul t s  of  d i f f e r ent 

stud i e s  vary or even total l y  confl i c t . 

34 

The re i s  a cl o s e  r e l a t i onship be tween the e l ectri cal and 

me chanical act ivity of the myome tr ium in the cycl ing ewe ( Gar c i a - Vi l lar 

et al . ,  1 9 8 2 ) . Dur ing the luteal phase of the cycle  the ovine uterus i s  

virtual ly inact ive ( Naaktgeboren e t  al . ,  1 9 7 3 ) . Lehrer and Schindl e r  

( 1 9 7 4 )  in  the i r  s tudi e s  of  uter ine contrac t i ons us ing l apar o s c opy and 

endo s copy dur ing the natural cyc l e  of ewe s did not obse rve any 

contrac t i ons of the uterine horns dur ing d i - oe s trus and reported that 

the horns we re in a c o i l ed pos i t i on ; dur ing oestrus the horns unc o i l ed 

during contrac t i on .  Van Der Weyden et al . ( 1 9 8 1 ) were unabl e t o  detect  

any d i s t inct patte rns of uter ine act ivi ty and ind icated that the r e  i s  

l i tt l e  i f  any d i fference between the el e c t ri c al activity r e c o rded f rom 

the uterus dur ing d i - oe s t rus and that dur ing the early s tage o f  

gestat i on . The fact that the ovine ute rus i s  qui e scent at thi s t ime may 

we l l  be important for  implantat ion of the bl as tocyst whi ch take s place 

about the 1 5 th day of pregnancy ( Boshi e r , 1 9 6 9 ) . 

Trans - ut e r ine migration has been reported to occur i n  onl y 4 - 10% 

of  ewe s with one c orpus l uteum , whe reas a f i gure of 8 7 . 5 % wa s f ound in 

ewe s with two c orpora lutea in one ovary ( Cas ida et al . ,  1 9 6 6 ; S canl on ,  

1 9 7 2 ; Reime r s  e t  al . ,  1 9 7 3 ) . In  the l atter case it  was never found 

that both embryos migrated t o  the horn c ontra - l ateral t o  the ovary with 

the two c orpora lutea . Al though the ova reach the uterus 3 - 4 days post  

o e strus ( Edgar and Asde l l , 1 9 6 0 ) , Abenes and Woody ( 1 9 7 1 ) argued that 

t ransuterine migrat i on take s place between the l Oth and 1 4 th day after 

o e s trus . The s e  facts sugg e s t  that uterine mot i l i ty doe s not p lay a ma j o r  

role  in the del i c a t e  pro c e s s  o f  t ransute rine migrat i on in thi s spe c i e s . 

Uterine quie sc ence during the luteal phase of the cyc l e  has been 

attributed t o  the inhibi tory action of proge s t e rone ( Lye and Porter ,  

1 9 7 8 ) . 
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The e l e c t r ical  act ivity of the oviduc t ha s a l so been reported to 

be minimal or absent in the di - oe strous ewe ( Larks et al . ,  1 9 7 1 ; 

Ruckebusch and Bueno , 1 9 7 6 ) . Howeve r ,  unl ike the uterine and tubal 

act ivi ty , the e l e c t ri cal and mechanical ac t iv i ty of the c e rvix per s i s t s  

throughout the o e s trous cycl e , and for u p  t o  f i ve months a f t e r  

ovariec t omy ( Garc i a - V i l lar e t  al . ,  1 9 8 2 ) . A n  i mportant f inding i n  the s e  

latter expe riments was that the c e rvix di s p l ayed i t s  own spontaneous 

mot i l i ty , wh ich c oul d not be cons idered as  the t ransmi s s i on of  the upper 

uterine act ivity t o  a pass ive cervix . Thi s  was demons trated by 

record ing emgs from the whole geni tal trac t during the l uteal phas e  and 

after ova r i e c t omy when the horns are qui e s c ent . The cervix rema ined 

act ive . I t s  e mgs ma inly cons i sted of short s pike bur s t s  of  l ow 

ampl i t ude . Thi s pat t e rn differs markedl y from that o f  the uter ine horns 

which di s pl ay spike bur s t s  of high ampl i tude and l ong durat i on only 

dur ing act ive p e r i ods ( i . e .  oes trus ) .  Fur thermore after hys terectomy , 

the c e rvix continued t o  displ ay the same a c t i v i ty as be fore . 

Al l the s e  obs e rvat i ons suggest  that hormonal status doe s not have 

the same influence on the mot i l i ty of the d i f f e rent par t s  of the genital 

tract , and that the mo t i l ity of the c e rvix and horns differ in the i r  

requi rement f o r  o e s trogen stimul a t i on . Moreover endogenous proge s t e rone 

l evel s  were not suf f i c i ent to inhibi t the a c t i vi ty of the c e rvix . Both 

hormone s ,  howeve r ,  admini stered at pharmac o l og i cal l evel s ,  we re abl e to 

modify the ac t iv i ty of the cervix e . g .  exogenous oestrad i ol benzoate 

markedly increased the motil i ty of  both horns aL� cervix whil e  l arge 

amount s of f l uorog e s t one acetate given by intra- vaginal sponge 

compl e t e l y  inhibi t e d  the mot i l i ty of the whol e t ract ( Garc ia - Vi l l ar et  

al . , 1 9 8 2 ) . Thi s may be one of  the reasons why the c ompl e t e  inhi bi t i on 

of normal c e rvical act ivity i s  impl icated i n  the l ower f e r t i l i ty 

observed in ewe s after o e s trus i s  synchroni ze d  by prog e s t erone 

( Quinl i van and Robins on , 196 9 ) . 

Dur ing o e s t rus , the e l e c tr i cal a c t i v i t y  o f  the myome tri um i s  not 
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onl y characteri zed by s ingl e , wel l  coordinated and wel l  propagat ed 

bur s t s , but al s o  by the s o - c al l ed " e p i s odes  o f  activity" which recur at 

inc re a s ing frequency and al s o  became more pronounced . S ingl e bur s t s  

be tween t h e  " e p i s odes of a c t ivity"  gradual l y  d i sappear ( Van D e r  Weyden , 

1 9 8 3 ) .  To some extent , the s e  e p i s odes wer e  s imilar to the e p i s ode s of 

emg a c t i vi ty of 5 - 10 min . durat i on seen in the ovine uterus after the 

4th we ek o f  pregnancy (Naaktgeboren et al . ,  1 9 7 3 ) . However ,  in  the 

pregnant uterus the " episod e s  of activity"  usual l y  appeared 

s imul tane ously in both horns and have been shown to accompany a s l ow ,  

ton i c  increase o f  intra -uter ine and intra - myome trial pre s sure ( Garc i a ­

V i l l ar e t  al . ,  1 9 8 2 ; Hardi ng e t  al . ,  1 9 8 2 ) . Uterine e l e c t ri cal  

a c t i vi ty dur ing ovine oestrus appears t o  be c omparabl e with that 

de s c r i bed in the oviduct ( Larks et al . ,  1 9 7 1 ; Ruckebusch and Bueno , 

1 9 7 6 ) . I n  the c e rvix " episod e s  of activity"  s eem t o  be the predominate 

pat t e rn of  e l e c trical ac t iv i ty throughout the ent i r e  o e strous cycl e . 

Onl y at the end of oes trus i s  the activity of the cervix f ound to be 

synchronous with that of the uter ine horn . 

Van Der Weyden ( 1 9 8 3 ) demonstrated that a good rel a t i onship 

exi s ted be twe en uterine e l e c t r i cal act ivity a round oes t rus and 

pe r i pheral pla sma concentra t i ons of both progesterone and o e s trogen . 

E l e c t r i c a l  act ivity recorded approximately one day be fore the ons e t  of 

oes trus i l lustrates that the subs e quent increment s in act i vi ty c oinc ide 

w i th de creas ing or basal pl asma proge s te r one and i ncreas ing o e s trogen 

l evel s .  Oestrogen l evel s  s tarted to decl ine around the t ime of the LH 

surge and was foll owed , wi th s ome delay , by a de cl ine in uter i ne 

a c t ivi ty . There fore , maximal uter ine a c t i vi ty , as ind i ca ted by maximal 

ampl i tude s ,  burs t  frequency and the t o tal  durat i on of  e l e c t r i ca l  

a c t i v i ty , was invariably f ound around the L H  peak and duri ng s ome 10 

hours a f t e r  that . At thi s  t ime , when c onduc t i on is  enhanced because of 

gap junc t i on devel opment , a high proport i on of burs t s  clearly i nvolved 

tuba - ce rv i cal or cervico - tubal d i rected c ontrac t i ons . Thi s  o c curs 

dur ing the per i od of high s exua l  receptivi ty in the ewe . 



3 7  

The predominant d i r e c t i on of  propagat ion of  contra c t i on s  duri ng 

oes trus i s  s t i l l  no t ve ry c l ear , and the r e sul t s  of the var i ous s tud i e s  

a r e  c onfl ict i ng . Accord ing t o  s everal inve s t i gators mo s t  contract i ons 

are propagated in a cervi c o - tubal d i r e c t i on dur ing the early part o f  

oestrus , but duri ng l a t e  oestrus the ma j o r i ty occur i n  a tubo - c e rvical 

direction ( Croker and Shel t on , 1 9 7 3 ; Hawk , 1 9 7 5 ) . Howeve r ,  Prud ' homme 

( 1 9 7 6 ) inve st i gated the uter ine a c t i v i ty dur ing the f i r s t  1 5  h of  

oestrus in she ep , and showed that 60%  o f  the c ontrac t i ons occurred in a 

tubo - c ervi cal direc t i on . 

An int e r e s t ing observat i on was made by Ruckebusch and Bueno ( 1 9 7 6 )  

when they noted that tubo - c e rvical l y  direc ted c ontrac t i ons c ont inued a s  

cervi c o - tubally dire cted contra c t i ons in the contra - l ateral horn . The 

same phenomenon has al so been reported to oc cur in the post - partum 

rabbi t ( Carter et  al . ,  1 9 7 1 )  and it has be en sugge s ted t o  exi s t  in the 

parturi ent sow ( Taverne et al . ,  1 9 7 9 ) . S ince i t  has been shown by 

Garc i a - Vi l l ar et  al . ( 1 9 8 2 ) that the ovine cervix has intrins i c  

spontaneous ac tivity , the c e rvi c o - tuba l l y  d i re c ted ac t ivity might wel l 

have been triggered by cervical a c t i vi ty . Ruckebusch and Bueno ( 1 9 7 6 )  

argued that c e rvi c o - tubally directed e l e c t r ical activity may s pread 

al ong the oviduc t , whi l s t  on the other hand , tubo - c ervi cally d i re c t ed 

activity some t imes appeared to origi na t e  i n  the oviduct . 

A recent report by Toutain et  al . ( 1 9 8 5 ) has shown that tubo ­

cervi cally direc ted act ivi ty i s  the mos t  frequent form o f  uter ine 

contrac t i on throughout oes trus in the ewe . The pe rcentage o f  descending 

propagat i ons fol l owed a typical t ime - de pendent development dur ing 

oes trus , with maximal frequency of c ontra c t i ons at the peak of  ute r ine 

myo - el ectrical activity . The s e  re sul t s  agree with those reported by Van 

Der Weyden ( 1 9 8 3 ) ;  Prud ' home ( 1 9 7 6 ) ; Gar c i a - V i l l ar ( 19 8 2 ) but they 

sharply disagree with tho s e  of Croker and She l t on ( 1 9 7 3 ) , Hawk ( 19 7 5 )  

and Rexroad ( 1 9 7 8 ; 1 9 80 ) . The se l a t t e r  three groups o f  author s  

reported a predominance of c ontrac t i ons that moved towards the oviduct 

during early oes trus and in the oppos i t e  d i r e c t i on during l a t e  oestrus . 
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The i r  inve s t igat i ons of  ute r ine mot il i ty howeve r , were conduc ted a s  

acute exper iment s under anae s the s ia and i t  i s  known that ana e s t he s i a  c a n  
affect uter ine c ontrac t i l i ty ( Fr i edman , 1 9 6 5 ) . Furthermore , dur ing 

the s e  exper iment s the ute rus was spread ove r the surgical drape , a 

s i tua t i on that can hardly be regarded as phy s i o l ogical . 

The exi stenc e of  a pacemaker area in the uterus remains 

controve r sial . The vi ew that myome t r ial c e l l s  c an act as ' pac emake r s ' 

i s  based on the observa t i on that some a c t i on potential s are preceded by 

a pe r i od of  gradual depol a r i zat i on cal l ed the pre - potent ial o r  s l ow wave 

similar to that observed in c ardiac pac emake r c el l s  (Marshal l ,  1 9 5 9 ) .  

Kao ( 1 9 6 7 ) sugge sted that any myome t rial c e l l  c an ,  for reasons unknown , 

bec ome a ' pac emaker '  and i n i t i at e  APs . The ' pac emaker ' cell s do  not f o rm 

a di screte anatomi cal struc ture and may be l o ca ted singly or i n  groups 

throughout the myome t r i um ( Finn and Porte r , 1 9 7 5 ) . The ir act ivi ty 

apparently can be induc ed by stre tch ( Bozl e r , 1 9 4 7 ) . Thi s c onc ept i s  

somewhat tenuous however ,  s inc e i t  i s  based on an anal ogy with the shape 

of pacemaker potential s r e corded e l s ewhe re ( pr inc ipally in the hea r t ) ,  

and on the as sumpt i on that AP s recorded , whi ch l ack a pre - potential , 

have been triggered by c onduc t i on f rom ' pacemake r '  cel l s . I t  i s  

difficul t t o  unders tand how apparent l y  randomly oc curr ing pac emaker 

act ivi ty i s  responsibl e  for  ini t iat ing the c oordinated contrac t i ons 

whi ch can be rec orded from uteri under certain condi tions ( Finn and 

Porter , 1 9 7 5 ) . Al though S i gger et al . ( 1 9 8 4 ) reported that pac emaker s  

are. not restricted t o  the t i ps o f  the uter ine horns , Toutain et al . 

( 1 9 8 5 )  showe � that about 7 5 %  of APs propagated dur ing oestrus o r i gi na t e  

a t  the tubal end o f  the horns - thi s therefore may be cons idered a s  the 

mo st  act i ve pacemaker s i t e . 

S e veral pos s i bl e  expl anat i ons for the d i fferent patterns o f  

mot i l i ty exist . Hawk ( 1 9 7 5 )  and Rexroad ( 1 9 7 8 )  observed by d i r e c t  

vi sual inspec t i on that exogenous o e s trad i ol s ignif icantly inc r e a s ed the 

number of c ontrac t i ons moving toward the oviduc t s . Wal sh et al . ( 1 9 7 9 )  

demons trated a counter - current exchange me chan i sm for progesterone 
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between the utero - ovarian vein and the i p s i l ateral ova r i an a r t e ry in 

non - pregnant and pregnant ewe s . Thi s counte r - current exchange mechani sm 

may a l s o  be appl i cabl e to o ther s te r o ids e . g .  oestradi ol ( Van Der 

Weyden , 1 9 8 3 ) . Thus , t i s sue s vascul ari zed by the ovarian a r t e ry ( i . e .  

the oviduc t and c ranial portion of  the uterine horn ) might be perfused 

with bl ood c ontaining inc reased l evel s of oe stradiol . I n  thi s  way , the 

myometrial c el l s  of the c rani al part of the uterus might bec ome more 

exc i tabl e than thos e  of  the caudal part ( Marshal l ,  198 0 ) . Rexr oad 

( 1 9 8 0 ) on the o ther hand reported that dur ing oestradiol - induc e d  o e s trus 

in ovariectomized ewe s , the ant e r ior part of the ut erus c ontai ned a 

highe r conc ent rat ion of PGF2a than the po s t erior part . Prostaglandins 

may well be impor tant in st imul ating ut erine mot i l ity dur ing o e s t rus 

( Lye and Porter , 1 9 7 8 ) . 

The var i a t i on of c e rvical moti l i ty ( Garcia -Villar et  al . ,  1 9 8 2 ) 

and the propagat i on of uterine c ontra c t i ons dur ing the per i - ovul a tory 

pe r i od ( Toutain et al . ,  1 9 8 5 )  dese rve att ention in regard to the 

transport of  spe rmatozoa in the geni tal t rac t . In ewe s , spe rmatozoa are 

depo s i ted int o  the vagina and have t o  be carried through the c e rvix 

be fore reaching the ute r o - tubal junc t i on .  The mode o f  transport remains 

obscure and l arge di screpanc i e s  exi s t  in the value s given for the rate 

of pas sage ( Mat tner and Braden , 1 9 6 3 ) .  Spermatozoa s eem to pa s s  the 

ovine cervix ma inly through act ive sperm - tail fl agel l a t i on ,  but uter ine 

and/or cervical act ivity might a l s o  play a rol e ( Light foot and Re stal l , 

1 9 7 1 ; Hafez , 1 9 7 3 ) . I t  has been cl early e s tabl i shed that the effi cacy 

of uterine and c e rvi cal mot i l i ty in a s s i s ting sperm p� s s age depends on 

the direc t i on of  contrac t i ons ( Blandau 1 9 7 3 ; Fischel et al . ,  1 9 7 8 ) . 

Hawk ( 1 9 7 5 ) r e ported that at  5h after the s tart of oe s trus , 6 7 %  o f  the 

uterine concentrati ons o r i ginated at the c e rvix near the uteri ne body 

and moved ant e r i o rl y ; in c ontra s t , by 48h after the end of o e s t rus 7 5 %  

of the contra c t i ons originated at  the utero - tubal junc t i on and moved 

toward the c e rvix . Unfo rtunatel y ,  thes e  r e sul t s  were obta ined i n  

anae s thet i zed ewe s dur i ng short peri ods ( 5 - 10 min . ) o f  vi sual 

inspe c t ion ; they do not take account of the al terat i on in the d i r e c t i on 
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o f  propagat i on during the myo - el ec t ri cal cyc l e  as  sugge sted by Prud ' home 

( 1 9 7 6 )  who used el ectromyographic te chniques  and obse rved a rel a t i onship 

between the d i r ect ion of  propagation and the f r e quency of burs t s . He 

reported that during l ow f r equency spiking ( i rregul ar spiking activity ) , 

the propagat i on wa s directed mainl y from the uter o - tubal junc t i on t o  the 

c e rvix , whi l e  during high frequency spiking ( re gul ar spiking activi ty ) , 

the propagat i on was directed mainl y from the c e rvix toward the ute r o ­

tubal junc t i on . Garc ia -Vi l l ar et al . ( 1 9 8 2 ) , c ompar ing thi s w i th the i r  

own r e sul t s , sugge sted that dur ing oes t rus , the uterus and the c e rvix 

d i s pl ayed a synchroni zed pattern o f  myo - el e c t r i cal compl exe s such that 

every 40 min . a seri e s  of  cervico - tubal c ontra c t i ons ( l a s t ing for 5 - 7  

min . ) pick up spermatozoa from the re servo i r  a t  the cervix and move them 

to the ut e rus . Thi s  c ould expl ain the s l ow but c ont inuing release  of 

spermatozoa into the horns over a per i od of  hours after ins eminat i on .  

Toutain e t  al . ,  ( 1 9 8 5 ) argued that , dur ing regul ar c e rvical 

spi king , me chanical act ivity of the c e rvix is  maximal , c l o s ing the 

c e rvical r i ng and impa i r ing f l ow f rom the ut e rus into the vagina . I n  

contra s t , dur ing cervi cal i rregul ar spiking a c t i v i ty , mechanical 

act ivity o f  the cervix is  reduc ed or absent , and cervical compl iance 

great e r , so that tubo - c e rvical ut e r ine propagat i on woul d l ead t o  a fl ow 

of sperma t ozoa and uterine secre t i ons through the cervix . Due to the 

high preval ence of tuba - c ervi cal propaga t i on dur ing oes trus , he 

considered that one of the ma in rol e s  of  ute r ine mot i l i ty duri ng 

i r regular spiking ac t ivi ty i s  to fl ush sperma t ozoa from the uterus into 

the c e rvix aLj vagina . Such an hypothe s i s  is supported by the fact that 

after intra -uterine inseminat ion ,  l arge numbe r s  of mot i l e  and immo t i l e  

spermatozoa enter and trave r s e  the cervix in the caudal direc t i on , and 

of the total spermat ozoa recovered from the t rac t , about 80% pas s  

caudal l y  t o  the vagina ( Lighfoot and Re stal l , 1 9 7 1 ) . 

Thi s  back and forth mot i on of  sperm c e l l s  between the uterus and 

c e rvix c ould be important in reduc ing the number of spermatozoa reaching 

the oviduct s  by progr e s s ively s e l e c t ing the more vigorous of  them and 
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e l imina t ing those  that are i mmot i l e . When the c e rvix i s  c l osed , not 

onl y cervi co - tubal propagat i on , but al s o  oppos ing c ontrac t i ons may be 

nec e s sary to achieve sperm trans port t oward the oviduc t s . Thi s i s  

be cause the anatomy of  the horn places more uter ine fluid a t  the tubal 

end of the ute rus whe re i t  i s  more ventral than at the c e rvix . 

Consequentl y ,  tuba - c e rv i cal propagat i on i s  n e c e s sary for the movement of  

luminal fluid toward the c e rvical end t o  achieve i t s  close  c ontact w i th 

the spe rmatozoa that have recently arr i ved a t  the internal c e rvi cal o s . 

A back and forth mot i on of luminal fluid wi thin the uterus may be 

r e s pons i bl e  for the ac tual transport of  spe rm t o  the uterus . In thi s 

r e s pect  the rec iprocal propagation ( de scend ing in one horn and 

immediately asc ending in the othe r horn ) , which i s  the mo s t  frequent 

pat tern of pr opagat i on at the end of o e s trus , se ems wel l  d e s i gned t o  

achi eve rapid sperm t ransport towa rds the oviduc t s  near the time o f  

ovul a t i on . 

I I . 4 . C .  Uterine mot i l i ty observations recorded 

from the uterus of the ovariectomized ewe 

Two weeks after ovar i e ctomy , ewe s show no spontane ous uterine 

ac t ivity unl e s s  they r e c e ive steroid t rea tment ( Van Der Weyden , 1 9 8 3 ) . 

Rawl ings et al . ( 1 9 7 7 ) ,  Pant e t  al . ( 1 9 7 7 ) , and Karsch et al . 

( 1 9 8 0 ) treated ovar i ec t omi zed ewe s with a proge s t erone - oe s t rad i ol 

regimen wh ich aimed t o  s imul ate patterns and l evel s  of the s e  hormones  

measured dur ing the natural cycl e ; thi s treatment regimen induced a 

cyc l e  in whi ch the s e rum LH and the inc idenc e of  oe str0us behavi our 

c l o s e l y  r e s embl ed that o f  the natural cyc l e  . The steroid treatment 

regimen was s tarted between two and four we eks after ovar i e c tomy . 

Van Der Weyden ( 1 9 8 3 ) concurrently mea sured emg act i v i ty in hi s 

ewe s  and demonstrated that the emg act ivity measured throughout the 

art i f i c ial cyc l e  was wi thin the range of  tho s e  r e c orded for the natural 

cyc l e  i . e .  a marked predominance of  tubo - ce rvical l y  d i r e c t ed bur s t  

activity during the ma j o r  part of the artific ial oestrus . 



Prud ' homme ( 1 9 7 6 )  admini s te r e d  o e s trad i o l  benzoate to 

ova r i e c t omi zed ewe s and inve s t i ga t ed the ute r ine e l ectrical act ivity 

dur ing the f i r s t  l Sh of  the induced o e s trus . A predominanc e of  tubo ­

c e rvi cal l y  directed uterine a c t i v i ty was observed in the se chronic 

prepara t i ons . It thus seems l ikel y  tha t the predominance of  tubo ­

ce rvical l y  directed uter ine activity s e en dur ing oe strus i s  induced by 

o e s trad i o l . 

4 2  

Lye and Porte r  ( 1 9 7 8 ) recorded intra -uterine pre s sure by means of  

a wate r - f i l l ed bal l oon placed in the uter ine lumen and demonstrated that 

proge s t e rone exerts an inhibi tory a c t i on on uterine act ivity in the ewe . 

In the i r  exper iment s ,  ovariectom i z ed ewes were treated with o e s tradi ol -

1 7 b ( 5 0 ug s . c .  da ily ) for three days , then the oestradiol treatment was 

c ombined with progeste rone ( SOmg i n  o i l ) for 3 days , before the animal s 

we re again inje cted with oestradiol al one . They noted that spontaneous 

uter ine a c t ivity decl ined to ve ry l ow l eve l s  unl e s s  oe s trogen treatment 

was given from the day surgery was pe rformed to introduce the recorded 

devi c e . Under oestrogen treatment , spontaneous activity as shown by 

pre s sure changes occurred regul arly with a frequency of approximately 2 0  

cyc l e s  / 1 0  min and a maximum ampl i tude of 2 0  to 50  mm Hg . 

I n  the expe riment s conduc ted by Lye and Porter ( 1 9 7 8 ) oxytoc in 

( SOOmu iv)  and pro stagl andin F2a ( 10 ugjmin into the uter ine lumen)  

markedly s t imul ated uter ine act i v i ty and par t i cul arl y the frequency of 

the pres sure cycl e s . When proge s te rone wa s admini stered , the effect was 

qui te profound . Intra -ute rine pre s sure cycl e s  decl ined s teadily in both 

frequency and ampl itude with the i nhib i t i on be ing maximal at 7 2h .  

Furthe rmore , the proge sterone dominated uterus was vi rtual ly 

unr e s pons ive to oxytocin and PGF2 a . Another group of o e s trogen - treated 

ewe s were  given one in jection o f  a high dose  ( l OOmg ) of  proge sterone in 

o i l ; thi s caused a steady decl i ne in the ampl i tude and frequency of 

c ontrac t i on which reached a minimum a t  48  h and was mainta ined for a 

further 3 6  h .  Rec overy was c ompl e t e  by 1 1 5  h .  They c oncluded that 

proge s t e rone has a marked , reve r s i bl e  , inhibitory a c t i on upon 

myome t r i a l  a c t ivity in the o e s t roge n - treated ovariectomized ewe , a 

finding that i s  c ons i s tent with the earl i e r  reports of Csapo ( 19 56 ) . 



4 3  

Lye and Porter ( 1 9 7 8 )  al s o  c on s i d e r  that the nature o f  the inhibition i s  

s imil ar to that obse rved i n  the proge sterone - treated rabb i t  thus 

c onf i rming the ' cl a s s ical proge s t e rone block ' theory de s c r i bed by C sapo 

( 1 9 5 6 ) . 

Van Der Weyden ( 1 9 8 3 ) showed that the f i r s t  proge s t erone 

adminis trat ion after art i f i c ia l l y  induced oes trus invariabl y re sul ted in 

t otal inhibi t i on of  uter ine e l e c t r i cal act ivity wi thin 1 2 h . Thi s  wa s 

markedly shorter than the l ag - t i me of 48h . or more repor t e d  by Lye and 

Porter ( 1 9 7 8 )  but c oul d be due t o  the compl etely di fferent 

admini s t ration schedul e s  of the s t e r o ids in the two sets  of experiment s .  

In Van Der Weyden ' s  animal s ,  the o e s t rad iol benzoate inje c t i on always 

r e sul ted in increased ute r ine el e c t r i cal activity within s ome l Oh after 

inj e c t i on . An al ternat i on o f  qui e s c ent and act ive periods dur ing the 

art i f ic ial oes trous per i ods in ewe s , as in the work of Lye. et al . ,  

( 1 9 8 3 ) , was never observe d . 

Lye et al . ,  ( 1 9 8 3 ) rec orded c ont inuous s e r i e s  of l ow - ampl i tude , 

l ow- frequency intra - uter i ne p r e s sure cyc l e s  in the ir ewe s . Howeve r , 

subcutaneous admini s trat i on of  o e s tradiol at doses of 2 5  o r  5 0  ug 

oes trad iol - 1 7b , or 50 ug oe s t radi o l  benzoat e ,  re sul ted i n  ute r ine 

qui e scence for seve ral hour s ( 5 - 7h )  fol l owed by a prol onged per iod of 

increased act ivity with interm i t t ent qui e s c ent periods . The s e  periods of 

qui e s c ence were rel ated to the t ime of hormone admini s trat i on , and the 

al te rnat ing pattern could be sus tained for several months if the ewes 

were treated with oe stradiol dail y . It is worth not ing that Cont inho and 

De Mat t o s  ( 1 9 6 8 ) have d e s c r � bed i nhibitory effects of o e s t rOgen on the 

uterus in rabbits and Downing , et al . ( 1 9 7 8 )  have publ i shed s imi l ar 

find ings in rats . I n  all  of the s e  r e ports the re sponse t o  oxytocin 

appear s t o  remain even though the spontaneous activity i s  abol i shed o r  

markedly reduced b y  the o e s trogen . Myome t rial ac tivity a l s o  appears t o  

exhibit a n  alternation o f  ac t ivi ty and quie s c ence i n  t h e  intact pig 

dur ing the period of  r i s ing o e st rogen l ev e l s  in early o e s trus ( M . A . M .  

Taverne , personal c ommunicat i on c i t e d  by Lye et al . ,  1 9 8 3 ) .  

The mechani sm by which o e st radiol exerts i t s  bipha s i c  a c t i on i s  

unknown . I t  i s  pos s ibl e t o  postul a t e  mechani sms t o  account s e para t e l y  
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for the inhib i t i on ( e . g .  synthe s i s  of an inhibi tory substanc e in 

re sponse t o  oestrogen ) , and for the pe r i ods of enhanced a c ti v i ty ( e . g .  

prostagl and i n  s e c re t i on , or increased popul a t i ons of oxyto c i n  r e c e ptors­

Al exandrova and S ol off , 198 0 ) , but it is very d i f f i cul t t o  p o s tul a t e  a 

mechani sm which would account for the a l t e rnat i on of the s e  two state s .  

Lye and Chi l l i s , ( 1 9 8 2 )  in r eport ing the i r  experiments in whi ch 

oes trogen - treated ewe s were infused with the PG synthe tase  i nhibi t o r  

mec l ofenanic a c i d , sugge sted that thi s oes trogen- induc ed pat t e rn o f  

activi ty w a s  pro s tagl and in - de pendent s ince both the high - ac t i v i ty and 

qui e s c ent periods were abol i shed by thi s drug . The s t i mul atory e f f e c t s  

of  pro s tagl andins i n  sheep are we l l  known ( Lye and Port e r , 1 9 7 8 ) , and 

Lye and Chal l i s  ( 1 9 8 2 ) have shown that pro stacyl in ( PG I - 2 )  c an inhibit  

spontaneous uter ine a c t ivi ty i n  she e p  . Othe r pos s i bl e  me chani sms could 

take account of catecholamine s ( Downing and Porter , 1 9 80 ) . 

The sugge s t i on has been made ( Porte r , 1 9 7 9 ) that o e s t rad i ol ­

induc ed inhi bi t i on o f  myome t r i al act ivity may be mediated by relaxin 

synthe s i zed in the ute rus . The re  is l i ttl e evidenc e for or aga ins t the 

exi st enc e of such a mechani sm in the ewe al though relaxin inhi b i t s  the 

spontaneous act ivi ty of the ovine myome trium in vivo ( Porter , 1 9 7 9 ) yet  

l eave s the re sponse t o  oxytocin unimpai red . Fur the r , uterine synthe s i s  

of r e l axin has been r e ported for the guinea - pig ( Pardo and Lark in , 

1 9 8 2 ) .  

Windmol l e r  e t  al . ( 1 9 8 3 ) found that in some animal s uterine 

respons ivene s s  to exogenous oxytoc i n  increased wi thin 5 - 6h of start ing 

oestrogen t reatment . Thi s  f inding i s  cons i s tent w i th other obs erva t i ons 

in which 6h oe s t r �d i o l  treatment was requi red to induce oxyt ocin­

st imul ated PGF2a r e l e a s e  from the ovine uterus ( McCracken et  al . ,  

1 9 81 ) . Oe s t radi o l  increases  PGF 2 a  synthes i s  in the ovine uterus ( Horton 

and Poys e r , 1 9 7 6 ) .  The s e  worker s  a l s o  admini s te red MFA ( me c l o f enam i c  

ac i d )  to examine whe ther the inc re a s e  in oxytocin r e s ponse might r e sul t 

from an inc rease i n  prostagl andin b i osynthe t i c  capac i ty . The f a i l ure o f  

MFA t o  influence t h e  e f f e c t  of exogenous oxytocin sugge s t s  that 

pro st aglandin product i on i s  not a c r i t i cal fac tor in the enhanced 

oxyto c in re spon s e  ( Thorburn and Cha l l i s , 1 9 7 9 ) . The uterine r e sponse to 
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PGF2a al s o  r o s e  in some anima l s  within 5 - 6h a f t e r  the s t a r t  o f  o e s trogen 

admini strat i on ,  and wa s maximal by 3 0h . I t is pos s ibl e  that o e s tr ogen 

enhance s  PGF2a re sponsivene s s  by i nc reas ing the PG rec e p t o r  popul at i on 

( Windmol l e r  et al . ,  1 9 8 3 ) . 

Por t e r  and Lye ( 1 9 8 3 )  demons t rated that the proge s t e r one ' bl ock ' 

of  the ovine myometr ium can be partly but s igni f i cantly ove r come by 

o e stradiol - 1 7b . Thus in ewe s rece i ving intra - l uminal inj e c t i ons of 2 5 0  

or 5 0 0  ug o e s t radiol - 1 7b there wa s a s i gn i f i cant re cove ry o f  s pontane ous 

intra -uter ine pre s sure cycl e s  as w e l l  a s  an increase in the r e s t ing 

pres sure , the frequency , and the mean maxi mum ampl i tude o f  the re sponse s  

t o  oxyt ocin ( 5 00 mu i v )  by 24h , and i n  many c a s e s  by 1 2 h  a f t e r  treatment 

compared w i th control ewe s treated w i th the vehi c l e  onl y . Thi s recovery 

was obse rved despite the cont inued admini stra t i on of prog e s te r one ( 50 mg 

dai l y  s . c . ) .  The change s in myome t r i al act ivi ty occurred d e s p i t e  the 

fact that the pl asma proge sterone l eve l s  did not al ter s i gni f i c antl y 

throughout the expe r i ments . Ac cordingly i t  was argued that the changes 

in myome t r i al behavi our fol l owing the admini strati on of  o e s trad i ol - 1 7b 

cannot be a t t r i buted to a wi thdrawal of  progeste rone . A s im i l a r  increase 

in myome t r i al ac t ivi ty and re spon s i vene s s  wi thout a fal l in p l a sma 

progeste r one l evels  was reported in pregnant ewe s given s t i l boe s t rol 

( Liggins et al . ,  1 9 7 2 ) .  Othe r workers have reported a s t i mul a tory a c t i on 

of s t i l bo e s t r ol dur ing late pregnancy in ewe s ( Cahill  et al . ,  1 9 7 6 ) . 

However ,  because of the compl ex nature of  the hormonal env i ronment in 

l ate pregnancy , it  i s  not c e rtain from the s e  reports that o e s t radi o l  

acted d i r e c t l y  o n  the myome trium . None the l e s s  Porte r  and Lye ' s  ( 1 9 8 3 ) 

resul t s  do  support such an action . 

How o e s tradiol func t i ons t o  antagon i z e  the a c t i on o f  progesterone 

is unc e r t a in . The c l aim by Liggins et al . ( 1 9 7 2 )  that the myome trial 

thr e shol d f o r  oxyto c in in pregnant ewes was s i gnificant l y  reduced by the 

intra - ao r t i c  infus i on of  PGF2a sugge s t s  that oestradi o l  may exert i t s  

anti - proge s t erone e ffects by c ausing the synthes i s  and r e l e a s e  o f  thi s 

substanc e . Porter and Lye ( 1 9 8 3 ) c ould not demonstrate  a s ignif ic ant 

change in oxytocin r e spons ivene s s  when the i r  progesterone - tr e ated ewe s 

were infused w i th PGF2a for up t o  8h . The r e sul ts of part i al r eversal of  
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the myome trial proge ste rone ' bl ock ' in the non - pregnant ewe in vivo by 

o e s t radiol ( a  hormone that i s  markedly el evated in the plasma pre ­

par tum )  sugge sts thi s  pa r t i c i pates in the ini t i a t i on of  normal 

partur i t i on by accel erating the recovery of the ute rus from the effec t s  

of  progesterone . The finding by Rawl ings e t  al . ( 1 97 8 )  that ewe s 

pas s ivel y  immunized aga inst oes trogen we re s t i l l  abl e to del iver 

norma l l y  , does not conc l us ively el iminate the part i c i pat i on of 

oestrogen in normal ovine partur i t i on because , a s  the authors themselve s 

point out , a  l ocal ly operat ing mechanism involving oestrogen would not 

have been excluded . 

Porter ( 1 9 7 9 )  reported that myome trial a c t ivity wa s abol ished 

abruptly but revers ibly in 4 out of 5 ewe s by the intravenous injec t i on 

of  porc ine relaxin . Rec overy began onl y after about 90  min . and was not 

c omp l e t e  unt i l  3 - 4h after the inje c t ion . During the relaxin- induced 

inhi bi t i on the myome trium res ponded to oxytocin admini s t e red 

intravenously in doses of 2 50 mu . One ewe in thi s s tudy rece ived intra ­

uter ine infusions of 2 . 5  and 5 . 0  ug PGF2a per min . dur ing the per i od o f  

rel axin inhib i t i on ; the forme r do se evoked a sl i ght and the latter a 

marked re sponse from the myome tr ium . The rate of  r i s e of  intra -uter ine 

pre s sure and the mean ampl i tude of pre s sure cyc l e s  were signi f i cantly 

decreased at  1 ,  1 . 5  and 2h after the rel axin i n j e c t i on . 

Oe st rad iol was report ed by Lye et  al . ( 1 9 8 3 ) to inhibi t  

spontaneous uter ine ac t i v i ty i n  ewe s . The oxyto c in and PGF2a re sponse s  

howeve r , we re pre s e rved , and thi s reveal ed a c l o se similarity between 

o e st rogen and relaxin inhib i t i on ( Port e r , 1 9 7 9 ) . The sugge s t i on was made 

that the a c t i on of  0estrogen may be med i at ed through the secret i on of 

relaxin . Howeve r , the phys iol ogical rol e for rel axin in ewe myome t r i al 

act ivity i s  s t i l l  not c l ear . Porter ( 1 9 7 9 )  sugge s ted that a possible 

rol e for  relaxin near t erm , is  that i t  permi t s  a c o - ordinated evolut i on 

o f  myome tr ial act ivity f o l l owing the decl ine i n  proge s t erone and the 

dramatic r i se in oe stradiol l evel s .  Thi s  enabl e s  the c onduct ivity and 

oxytoc in s ensit ivity of the uterus to increase  to a peak that i s  

s ynchroni zed with the rel ease o f  a c entra l l y  orig inat ing s i gnal capabl e 

o f  overriding relaxin i nhibi t i on thus culmina t i ng in l abour ( Porte r , 
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1 9 7 9 ) . Thi s  hypothe s i s  c once rning the func t i on o f  relaxin i s  supported 

by the obs e rva t i on of Toutain e t  al . ( 1 9 8 3 )  of a distinc t inh i bi tory 

pha se of the gravid horn start ing 4 3 . 3  ± 1 1 . 2 7 hours before partur i t i on 

whi ch i s  charac teri zed by a drama t i c  decrease  in the durat i on o f  emg 

burs ts . After the inhibi t ory pe r i od , whi c h  l as ted about 10 hour s , bo th 

the gravid and the non - gravid horns showed regul ar bursts of a durat i on 

which progre s s ively inc reased and l ed t o  a l most continuous e l e c tr i cal 

and me chanical act ivity ( Lye et  al . ,  1 9 8 3 ) . 

4 
' 



I l l  . 1 .  Animal s 

I I I . GENERAL MATERIALS AND METHODS 
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The exper i ments were carr i ed out on 6 pluri parous Romney ewe s 

be twe en S eptembe r 1 9 8 7  and F ebruary 1988  when they we re  i n  the i r  

ano e s t rous season . Heal thy nonpregnant ewe s of about 50  k g  body we i ght , 

were s e l e c ted . The ewe s we r e  hous ed individual ly indoo r s  in pens about 

2 . 0mx2 . 0m that all owed them to � o v e  fre ely during rec ording s e s s i ons . 

Hay and wate r  were made ava i l abl e ad l i bi tum and supplemented with f r e sh 

gra s s  and nut s . The pens were expo sed to natural l i ght and ambi ent 

tempe rature . At night art i f i c ial  l i ght was only on when hormone 

inj e c t i ons were given . Exper i ment s began about 10 days after surgi cal 

impl antation of the e l e c trode s .  

I I I . 2 .  El ectrode s  

El ectrode s were made from 1 metre l engths o f  T e f l on c oated 

mul t i strand stainl e s s  s t e e l  w i r e  ( Cooner W i re AS 6 3 3 , Cooner Wire 

Company , Chatsworth Cal l fornia ) .  A knot was t i ed 150 mm from one end and 

the insul ation s t r i pped from a 2mm l ength immediately d i s tal to the 

knot . The shaft of a 26g hypoderm i c  ne edl e was crimped onto the nearby 

free end to a s s i s t  during f i xa t i on of the e l e c trade to the ute rus . 

I I I . 3 .  Surgery and ana esthe s i a  

After 24h wi thout food , the ewe s we re  premedi cated by 

intramuscular admin i � tra t i on of a c e tyl promazine ( 0 . 2 5mgjKg ACP C - VET 

Limited , Bury S t . Edmunds , UK) and anae s the s ia was induced by 

admin i s t ra t i on of thi opentone s od ium ( 1 2mgjkg ) into a jugular vein . An 

endotracheal tube was inse r t e d  and anae sthes ia was maintained by 

inhal a t i on o f  hal othane and oxygen us ing a semi - cl o s ed c i rc l e  system . 

The wool wa s c l i pped from a gener ous area near the surgi cal s i te and the 

skin- prepared wi th a l c ohol 7 0 %  and hibi tane tinc tur e . 

The area was draped and an abdominal inc i s i on was made obl i quely i n  the 

groin t o  al l ow acce s s  to the uter ine horns . The s e  were gent l y  
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ext e r i or i zed . In f our of six animal s the ova r i e s  were removed . 

El e ctrode s were implanted in groups of  thr e e  usually in a t r i angul ar 

arrangement w i th about Smm separat ing e ach member of  a group . The s e  

groups o f  e l e c t r od e s  were l ocated a t  pre s e l e c t ed s i te s  ( Fig . 1 )  o n  the 

surface of the u t e rus . The hypodermic needl e s  with attached w i re were 

pas s ed into the myome t rium and t i ed so that the s e c t ion s t r i pped of 

insul a t i on was embedded in the musc l e . The surplus wire with i t s  

attached needl e wa s t r i mmed . The e l ec t r ode wi res were l ed through a stab 

wound on the fl ank , passed subcutane ousl y  and exteriori zed just bel ow 

the transve rse proc e s s e s  of  the lumbar vertebrae . The abdominal 

inc i s i ons we re c l o s ed w i th Dexon ( 3  metr i c )  and the skin with me tal 

cl ips . 

Minor mod i f i c a t i ons to the surgical approach we re made a s  

expe ri ence wa s gained in exteri ori zat i on o f  the uterus and t o  fac i l i tate 

plac ement of  the e l e c trodes . 

In the four ovariec tomized ewe s an indwe l l ing s i l a s t i c  cathe t e r  

was inserted int o the exte rnal jugul ar vein , t o  enabl e inject i on o f  

oxytoc in ( 5 0ml x l O iujml , Ethical Agents Ltd . 1 6  Garf i e l d  S t . Parne l l , 

Auckl and ) wi thout d i s turbing the animal . The catheter was fl ushed at  

l east  once da i l y  w i th a ster i l e  hepar ini zed phys iol ogical sal ine 

solut i on .  

Ant i b i o t i c  ( S t reptopen , Gl axo Animal Heal th ( N . Z . ) Limi t e d , 1 0 2 5  

Tremaine Avenue , Palme rs t on North , N . Z . ) wa s administe red f o r  f i ve days 

pos t - operatively and the skin cl ips were removed after s even days . 



Fig. 1 :  The pos i tion s o f  electrodes  suture d  a t  preselected s i tes o n  the  
uterus among 6 ewes. 

(the sites selected for i ndividua l  ewes are shown by dots in the  
fol lowing d iagrams to th i s  figure  on  pages 5 1 ,  52  a n d  53 ) .  
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I I I . 4 .  Recordings 

For recordings the w i r e s  were s ol dered to an edge connector , whi c h  

was held aga inst the body of the ewe by a body stocking ( Pre sne t  Med i c  

Corp NZ ) . The shi elded extension l eads from the edge connec tor were 

plugged into the input o f  a unive rsal AC ampl i f i e r  ( Tektronix , Inc . , 

Portland , Oregon , U . S . A . ) and the output wa s r e corded on a four channel 

i nk wri t i ng chart rec orde r ( Goul d I nc . , Inst ruments Divi s i on ,  Cl evel and , 

Ohio , U .  S .  A .  ) . 

I I I . S .  The Electromyograms 

The fol l owing terms have been used to d e s c r i bed the emg data : 

( i )  spike s : short l a s t ing ( 200ms e c ) fluctuations in potent i a l . 

As the e l ec trodes are in contact wi th many mus c l e  c ell s , the se spike s 

repre sent the act ivi ty of  a discrete popul a t i on of  the cel l s  

( i i ) bursts : pe r i ods o f  continuous s piking activity usual ly o f  

about 5 - 2 5 sec durat i on .  The re are no peri od s  of r e s t  be twe en spike s 

( i i i )  episode s of  act ivity : the s e  repre sent prolonged per i ods ( up 

t o  10 min ) of electr i c al ac t ivity c ons i s t ing of grouped bur sts with 

short pe r i ods of r e s t  ( <1 5 sec ) in between . 

( iv )  co - ordinat ed o r  uncoordinated e l e c t ri c al act ivity : The 

act ivity was cons ide red to be c o - ordinated when the emgs showed bur s t s  

with int e rmittent pe r i ods of  rest a t  relatively r egul ar interval s .  Thi s  

kind of el ectrical a c t i v i ty enabl e s  the number o f  bursts per uni t  t i me 

to be counted . Unco - o rd inated activity i s  charac t e r i zed by s ingl e and 

grouped s pike s and/or bur s t s  whi ch are not wel l s e parated by defini t e  

pe riods o f  qui e scenc e . 

(v ) propagat i on of electric al act ivity and propagat i on t ime : 

The inte rval ( sec ) before the appearance of  e l e c t r ical act ivi ty a t  the 

neighbour ing e l ectrode groups impl anted al ong the uterine horn . 

Propagat ion can be in a tuba - c e rvical d i r e c t i on or in a cervico - tubal 

direction . Some time s the act ivi ty does not f i r s t  appear at the 

e l e c trodes near the tubal or the cervical e nd ; al so the activity may 

s imul taneously appear a t  var i ous pos i t i ons on the uterus . In the se  c a s es 



a mixed pat tern of  propagat i on can be s e en i n  one horn . Some t im e s  the 

e l ectrical activity i s  propagated al ong the entire horn . 

(vi ) ampl itude : The he ight of  the spike s , expres sed i n  

microvol t s . 

5 5  

The var i ous pat terns o f  emgs that were recorded a r e  shown in F i gs 

2 - 5 .  
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Active  and quiescent  periods  o f  emg d uring a n oe s tr u s  

(Th e record i s  from sheep n u mber 329 showing spontaneous  
myometria l  electrical activity from the  uter ine body (u pper) and  
horn  ( lower)  du ring anoestrus .  Th i s  record was  made  at a paper 
speed of  0 .25mm/sec . The vertical bar at the begi n n i n g  of  the  
t race  represents a cal ibrat ion o f  200uv) .  

( i )  Th e active periods l asted 4 -5  m ins .  and  t h e  qu iescent 
periods about 16- 1 7  m ins .  

( i i )  Th e propagation of  the  electrical activity a long  the  uterus  
was from body to  horn ,  i . e .  cervico-tubal ly .  

Bar  a :  the episodes con sisted of regu lar  co -ordi n a ted 
bursts. 

Bar b :  the intervals between episodes conta ined  several 
u nco -ordin ated b u rsts or spikes.  

I I ,.,. """""'I I • 
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Fig . 3 :  An e xampl e of the method o f  measuring the durat i on of 

bursts , the interval be tween bursts , the burst frequency , s pike 

frequency a� ampl itude of the spike . 
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( The rec ord i s  f r om ewe 3 2 9 , and shows the pattern of emg i nduc ed 

by oes trogen and PGF2a dur ing the p e r i od of  anoestrus . Two paper 

s peeds were = lmm and Smmjsec . Cal ibra t i ons : Both hor i zontal 

bars represent l Os e c . The upper ve r t i cal bar represents 2 50 0uv) � 

( i )  al : beginning of a bur s t . 

a 2 : end of a burs t .  

al to a 2 : duration of a bur s t . 

a2 to a 3 : inte rval between burs t s . 

al to a4 : The total time for cal cul at ing 

frequency of the bur s t s . On thi s rec ord the t i me 

was 1 8 0 sec . and the re were 9 bur s t s . That i s  3 

burs t s  per min . 

i i )  The numbe r o f  act i on potential s ( s pike s )  in a burst we r e  

counted and divided by the durat i on o f  the burst t o  obta in the 

action potential fr equency . 

A .  shows the max imal ampl i tude ( peak t o  peak )  whi ch i s  o f  a s pike 

in a burs t .  In this exampl e the measurement for the l ower trace i s  

1 7 50uv . 

., ., ' ... I "' .., tftl!"fl\VNy·;-,---­� 

10 sec. 



Fig . 4  ( a  & b) An example showing the propagative direction of 

bur s t s  and e p i sode s ( s e e  pp sa a & 58 b). 
( The se r e c ords are from ovar iectomi zed ewe 7 8 5 . Both s l ow ( O . O Smm per 

s econd ) and fast ( 0 . 2 5mm per sec ond ) paper speed rec ords of emg were 

rec orded on the fourth day of o e s t rogen treatment ( S Oug s . c .  dail y ) . 

A = oviduc t ;  B = utero - tubal junc t i on ;  C = uterine horn ; D = c e rvix . 
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4 a :  The hor i z ontal bars repres ent e p i s odes of emg a c t i vi ty . Both bar 

1 and bar 2 in four po s i t i ons are synchroni zed in emg a c t ivity . 

( Cal ibration : The ve rtical bar a t  the beginning of the t race 

repr e s ents 400uv ) . 

i )  The ampl i tude in trace C ( horn )  i s  much higher than that 

recorded from the othe r po s i t i ons of the e l e ctrode s . 

i i )  Bur s t s  frequenc i e s  in trace B ( tubal end ) are higher than 

that of the other po s i t i ons . 

4 b :  a :  Burst a l - a 9  are propagated tubo - c e rvical ly , b i s  c ervi c o ­

tubal i n  direc t i on al ong the ute rus . 

( Cal ibra t i on : The ve rtical bar at the beginning of  the t race 

repre s ents 400uv ) . 

( i )  The ampl i tude in trac e C ( horn )  i s  much highe r than that of 

the other three po s i t i ons . 

( i i )  Bursts frequenc i e s  i n  trace B ( tubal end ) a r e  higher than 

tha t  of the other pos iti ons . 

( i i i )  most bur s t s  in trace A ( oviduc t )  are propagated from tubal 

end of uterus to the oviduc t . 
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Fig . 5 :  An exampl e o f  co- ordinated and uncoordinated patterns 

of electrical activity (.s e e.  r s<� a). 

( These records are f rom ova r i e c tomi zed ewe 10  showing proge s t e rone 

inhibi t i on of emg a c t i v i ty which was ini t i a l l y  stimulated by o e s trogen . 

Two paper speeds were used : O . O Smm per s e c ond and lmm per s e c ond . Thi s  

rec ording i s  from the r i ght horn o f  the ute rus . 

( Cal ibrat ion : The ve rt ical bar i s  l OOOuv for all three t rac e s . )  

( 1 )  Upper t race : The o e s trogen induced emg act ivi ty before 

injec t i on of proge s t e rone : note the e l e c t r i cal ac tivi ty is we l l  

coordinated . 

( 2 )  Middl e trace : 6 h after f i r s t  inject ion of proge s t e rone 

( S Omg s . c )  with o e s t rogen in j e c t i on ( S Oug/d s . c . )  cont inuing . 

the el ectrical act ivity i s  s t i l l  coordinated and spike ampl i tude s  

reduc ed . 

Note 

( 3 )  Lower trace : 5 2  h after start ing progesterone inje c t i on 

( S Omg s . c . /d )  with o e s t r ogen inject ion ( S Oug s . c .  daily ) c on t inuing : 

note the electrical a c t i v i ty i s  now unc oordinated and the spike 

ampl i tudes reduced . 
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I I I . 6 .  Quant i tative analys is of the Electromyograms 

A mot i l i ty index ( MI ) was derived a s  a method of measur ing 

e l ectri cal a c t i v i ty of the uterus over prol onged per iods o f  t ime . The 

f ormul a was 

MI 

Ns x Ts x As 

- - - - - - - - - - - - - - X 100 
3600 X 1000 

MI mot i l i ty index 

where 

Ns the number s  of  spike s in one hour ( measured by 

60 

c ount ing the numbe rs of spikes over 1 minute and mul t i plying 

X 60 ) 

Ts 0 . 2  s e c ond ( 2 00 msecs ) ,  (a c ons tant t i me for each individual 

s p i ke - see l i terature review ) 

As the average ampl i tude of a l l  spike s ( de r ived by mea suring an 

e xampl e of spikes in uv dur ing the t ime pe r i od unde r  

c onsiderat i on , the measurement be ing made o n  traces  a t  high 

paper speeds ) .  

The produc t of Ns x Ts x As was then repre s ented a s  a 

percentage of  the total amount of  poss i bl e  a c t i v i ty over a 

one hour per i od ( 3 600 �ecords ) i f  a uni t  of ampl i tude of 1 00 

uv wa s taken a s  the cons tant . 



Fi g .  6 :  An example of calculating the motil ity i ndex ( Ewe 329 ) 
The erng shows the effects  o f  oxyt o c i n  dur ing the s tage s o f  

r e c overy from proge s te rone i nhi bi t ion . 

( Cal i brat i on :  The ve rti cal ba r i s  2 5 00 uv , the hor i zontal bars 

represent the paper speed a s  shown in the f igure . )  

The r e  are about 9 spike s/burst and 6 bur s t s/minute = 3 2 4 0  

s p ike sjhour = Ns . T s  0 . 2 s e c . As  i s  e s t imated to b e  500uv 

3240 X 0 . 2  X 500 
Thus MI X 1 0 0  7 . 33 % 

3600 X 1000 

6 1  

The character o f  thi s par t i cul ar emg pa ttern can b e  d e s c r i bed a s  

o n e  of h i gh frequenc y ,  high ampl i tude and c o - odinated e mg a c t i v i ty . The 

MI = 7 . 3 3 % . 

Smin 1 min 5 se::. 



IV. RESULTS 

IV. l  Myometrial Emg Activity in  the Intact Ewe d u ring Anoestru s 

The fo l lowi n g  resu lts were obtained from ewe 329 d u ring  the period from 

September to  November i n  1 987 .  

IV. l .A .  The resting Emg activity of  the uterus  (Fig.  2)  

The e lectr ica l  act ivity was o rgan ized in to  myoelectr ical  complexes that were 

p ropagated from the body of  the uterus to the horn .  A regular basal emg 

p at tern was observed which comprised 2-3 episodes of  regu lar  high frequ ency 

bursts  per hour .  The durat ion of each epi sode was 4-5 mins .  and the in terval 

between success ive episodes was about 16 - 1 7  m in .  Every episode contained 1 5 -

20 co-ordin a ted bursts each  consist ing o f  5 -7  spikes . Dur ing t he  in terval 

between the high frequency episodes there were irregular sp ikes or u nco­

ordinated bursts .  

IV. l . B .  The effect o f  exogenous oxytocin on  t h e  resting emg activity of 

the uterus d u ring anoestru s (Fig. 7) .  

The sens i t iv i ty of  the u terus to oxytocin persisted du ring anoestrus .  

In t ramuscular  i nject ion of  oxytocin (20 i . u . )  was fol lowed wi th in  30 mins .  by 

i ncreased emg activity which lasted up to 5 hours .  Duri ng th is  t ime there was 

a loss of the regu lar complexes of activity but by 7h post inject ion,  the normal 

anoestrus pa ttern of complexes had returned . 

IV. l .C. The effect of  exogenous oes trogen on the re st ing  emg activity of  

the  uterus d u ring a noestru s (Fig. 8) .  

Ad m i nis trat ion of  oestrad io l  benzoate 2mg i . m .  (5mg/ml ,  In tervet ,  Internat ional  

B .  V. Boxmeer-Hol land) reduced the regular  rest ing emg act iv i ty of the u terus 

after  a la ten cy of about 2 h .  Individua l  bursts  then d i sappeared and the emg 

became qu iescent for abou t  3h before activi ty resumed and gradua l ly increased 

in bo th  ampl i tude and frequency.  Fifteen hours after oestrogen administrat ion 

the  u terus  h ad reached i ts h ighest level of  emg act iv i ty, and emg complexes 

cons is t ing  of al ternat ing phases of co-ord i nated ac t iv i ty and i n tervals of 

i n ac t iv i ty typical  of the u n t rea ted anoest rous ewe res umed . 

IV. l .D .  The effect of  exogenous oxytocin on  oestrogen induced emg 

activity during a noestrus (Fig. 9) . 
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Fig. 7 :  

5 m\n 

Oxytocin effect on sponta n e o u s  emg activity d u ri n g  a noestrus  

(Th is  record is from ewe No 329 .  The paper speed was made at  
0 .05mm per sec .  Upper  trace = uter ine body, lower trace = 

u ter ine horn) .  

A .  Record obtained  before  the admin ist ra t ion  o f  oxytocin  
20iu .  i . m .  

B .  During t h e  act ion o f  oxytocin (30m i n  after  oxytocin  
inj ect ion) .  

C .  Emg recorded 7h after  oxytocin inj ect ion .  

Cal ibrat ions :  The vert ica l  bar  represents 300JLV fo r a l l  three 
records .  

B 

c 
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Fig.  8 :  Oestradiol  benzoate both i n h ib i t s  and sti mulates myometr ia l  emg 
activity i n  ewe 329 du r ing  anoestrus :  

A. lhr .  after admin i s t ra t ion  o f  oestradiol benzoate .  

B .  4hrs .  after admin is t ra t ion  of  oestradiol benzoa te .  

C .  15hrs . after  admin is t ra t ion  of oestradiol benzoa te .  

Cal ibrat ions :  Vert ical  bar  for A and  B = S OO,u.v, for C = l OOO,u.v. 

• 

A 

' . • ,. i· �� .. 

I I 

, I  

I 

I .  

. 1 +-- . 

I 
' I  

c 

B 
-
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Fig.  9 :  The effect  of oxytoc in  o n  oestradiol  i n duced e m g  act iv ity. 

( 1 8hrs .  after adminis trat ion of  2mg oestradiol  to ewe 3 29 .  The  
emg activity i ncreased wi th in  seconds of  oxytoci n  inject ion s hown 
at  arrow -20iu i . m . ) .  

Calibrat ion :  Vert ical  ba r  represents 1000J.LV. 

I '  
I ' 
1 

OT 

l 

· - · - . - ·- - . -

. Bod� 

Horn 

5 rnin 
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U nder the i n fluence of  oestrogen ,  the sensitivity of  t he  u terus to oxytocin was 

great ly increased compared with the oestrogen dep r ived u terus .  Tab le  I 

summ arises the changes that  were observed. 

IV. l . E. The effec t  of PGF2a on  oestrogen induced emg act iv i ty dur ing  

anoestrus  (Fig.  10) . 

When PGF2a (Glandin  N, Ethical Agents Ltd . ,  P. O .  Box 37-043 ,  1 9  Garfield 

Str. ,  Parnel l ,  Auckla nd ,  New Zealand) was i njected 26h after oestrad io l ,  the 

uterus responded w i th in  8 mins and the response lasted abou t  4 h .  The emg 

activ i ty fol lowing i n tramuscular PGF2a inj ect ion i . m .  was s imi lar  to tha t  

i nduced by  oxytoc in  (M.I .  = 30% ) .  

IV. l .F. The changes  i n  myometrial activity when  st imul ated by a second 

inject ion of oestrogen. 

Thirteen days after the i ni t ia l  oestrogen inject ion ,  the pattern of  emgs had 

retu rned to the anoestrous pattern of  activity so that  regular complexes of  emgs 

al ternated with episodes of  inactivity .  The effect of  oxytoci n  (20iu .  i . m . )  on 

emg activity at  th is  t ime was to increase the frequency of sp ikes in  the act ive 

periods although th is  increase was less than was obtained after the i ni t i a l  

treatment with oestrad io l .  However, when a second inject ion of  oestrogen 

(2mg i .m . )  was given,  the emg activity increased both in  frequency and in 

ampl i tude.  This became evident about 1 5h after the inject ion .  The d i rect ion 

of p ropagation o f  myoelectr ical  activity was the  same as that  seen dur ing  

spontaneous activi ty i . e .  from body to  horn  of  the  uterus.  An i nj ect ion  o f  

PGF2a (0 .5ml .  i . m . )  a l so  st imulated uterine act ivi ty after the u terus was 

influenced by oestradio l .  

All  the responses fol lowing  the second inject ion o f  oestrogen were qua l i ta t ively 

s imi lar  to those obta ined after the first  i nj ection but  they d i ffered 

quant i tatively. Sp ike ampl i tudes, frequency and the responses to inject ion  of 

oxytocin,  PGF2a and oestrogen were all reduced (Table 11 , Figs .  1 1  & 12 ) .  
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Ta ble 1 :  The e ffect  o f  oxytoc in  both o n  spontaneous a n d  oestra d i ol i n d uced emg act iv i ty (Ewe 329)  
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Fig 10 :  The effect of  PGF2a on  oestrad io l  i nduced e m g  activ i ty d u r ing 
anoestrus.  

(Record from ewe 329) .  

Ca l ibrat ions :  The vert ica l  bar represents 2500 J-LV. Chart  speed 
0.05mm/sec and 0 .55mm/sec as s hown .  

PG F 2.0(. 

! 

I ,  
, I 

Ho m 
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Table 11:  

EWE N° 329 
The. tu·r.e But"S� /h .Arn�itude Moti\ity 

Status betwe£n fre::tuenctes Sp,\<.eS If'\ de,)(. 

of i'!)edion Durohon Before �c.-e. pet" Befo\"e. 
and err l .m or '-""' OT '·"' 

uieru& response ·- - - - - -� - - - - - - Burst -- - - - - -
After After AH.er 
or \,M OT i.l"'\ or \.M 

4� lOO..uv 0·26 % Resti"'9 30rn 4 h  - - - - - - - .. - - - - - - 10 � - - - - - -e.'"" ·9 1CD/h lOO..uv 0 ·55 % 

Oes-trodio\ 10� '300tv.v 3 ·3 % 
induc.ed 5 m  6h - - - - -- - - - - _ _ _, 18 - - - - - ·  
e.m.g 17% 300..uv 5 · 1 4 

The effect or oxytocin on s pontaneou s  a n d  oestradiol I nd uced emg activity 13  days arter last  oestradiol i njection or ewe 

329 (compare with Table I ) .  
"' 
ID 



Fig  1 1 : 

•• •• 

I • I 
5Min 

Character i s t ics  o f  the emg recorded 1 3  days a fter  the i n i t i a l  
i njection of  oes trogen. 

(All  records are from the horn of the u terus) .  

Upper t race :  

Middle t race :  

Lower trace :  

spontaneous emg act iv i ty dur ing a noestrus . 

the effect of  oxytoc in  on spontaneous  
emg act ivity dur ing  anoestrus  
(compare wi th  F ig .  9) .  

the effect of 20 iu  oxytoc in  15h .  after  the  
second inject ion ( 2mg i . m . )  o f  oes trad io l  
(compare to Fig . 9) .  

Cal ibrat ions :  The vertical bar represents 400.uv. Chart  speed i s  
0 .05sec i n  a l l  r ecords.  

U ppe..-

OT 

! M idd le 

1f I�H� � 

lo� 
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Fig .  1 2: The effects  o f  oestrogen and oxytoc in  on ampl i tude ,  b u rst  
frequency and mot i l ity index d u r i n g  two experim e n t s  o n  i ntact 
anoestrous  ewe 329.  

AmpiHude Md"iiH_y lf'\de,l( BurSt f,..� • fZ) []] iOoo .....------y------..... ------------ � 
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IV.2  Myometrial Activity in  the O vari ectomized Ewe during the  Anoestro u s  

Season. 

IV.2.A. S pecific features of the des ign  of this experiment. 

Four  ewes (numbers 476, 1 0, 248, 785)  were used for the exper iment  (Appendix 

1 ) . The i nves t igations were carr ied o u t  from November 1 987 t h rough to 

February 1 988 while the ewes were i n  their  anoestrous season .  Treatments 

began 10 days after ovariectomy. Each an imal was subjected to two regimes 

which lasted 30  days and 40 days respect ively. Thirty days were al lowed 

between regimes - dur ing the 30 day period no hormones were admin istered.  

The responses were examined dur ing  t ive stages wi th in  each regime .  These 

st ages were:  

( i )  The pattern of  emg in ovariectomized ewes obse rved 1 0  days 

after surgery in regime one  and after  30 days wi thout  treatment 

i n  regime two. 

( i i )  The  pattern of  emg act ivi ty observed after admin is t rat ion of  

oestradio l - 17b (50JLg/day s .c . )  (Es t radio l Cypionate ,  2mg/ml ,  The 

Upjohn Company, Kalamazoo, USA) . 

( i i i )  The effect  of 50mg s . c .  of  progesterone (Proges t i n ,  Chemavet 

Distr ibutors Ltd. ,  Auckland)  for 3 days ( regime one) or  4 days 

( regime two) on the pat tern  of  emg activi ty .  Dur ing  th is period 

the administrat ion of  oestrogen was cont inued . 

( iv) The pattern of  emg act iv i ty after  progesterone  treatment was 

d iscont inued but  wh i le  oestrogen was being con t inued .  

(v) The pattern of  emg act iv i ty after  oestrogen treatment  ceased .  

Experimental groups: ewes i n  these  groups (regimes one  and two) 

were fol lowed for the  five stages of  the  pro tocol as out l ined 

above . 
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IV. 2 . B .  

( a )  

Control groups :  ewes act ing as 'con t rols '  d id  not  receive 

p rogesterone treatment during tha t  par t icu lar regime. 

D uring these two regimes each ewe was used bo th  as a control 

animal  and as an  experimental an imal .  

Throughou t  each of the five stages of  the tr ia l  the sensit iv i ty of  

the uterus of each ewe was tested by i nj ect ions of  both oxytocin 

and PGF2a. 

The general  patterns of electrical  act ivity 

Rest ing emg activity a n d  the effects of  exogenou s oxytocin and PGF2a 

on i t  (Fig .  1 3) .  

Very low levels o f  emg act ivity were observed i n  t h e  ovariectomized 

ewes 10 days after su rgery (regime 1 )  a nd 30 days after  stopping the 

adminis trat ion of the hormones (regime 2). Al though weak, the emg 

act ivity still showed the basic rest ing pa ttern of regu lar  complexes of 

h igh frequency spikes al ternat ing with qu iescen t  periods that had been 

seen d uring the anoestrous period in in tact  ewes .  

During th i s  stage the  uterus was on ly s l ight ly sensi tive to oxytocin .  

Oxytocin increased the frequency o f  s ingle sp ikes w i th in  3 0  mins of 

adminis trat ion but  h ad no effect on the i r  ampli t ude .  

(b)  Oestrogen ind uced emg activity in  the  ovariectomized ewe and the  

effects of exogenous  oxytocin and PGF2a on  i t  (Figs .  1 4  & 15) . 

Four  days after dai ly oestradiol- 1 7b i nj ect ions had been admin istered, 

the emgs had increased ampl i tudes markedly and the b urst -frequency 

was 300-500 per hour .  This pattern was s table i n  i ndividual  animals 

from that  day on,  b u t  the differences between an imals were large. 

Generally, a t  this  stage, the patterns o f  emg activity became well co­

ordinated and regular  and single or grouped sp ikes were seldom 

o bserved. Every b u rst  consisted of  abou t  10 spikes of nearly equal  

ampl i tude and each b urst  l asted about  1 0  seconds.  The periods of  rest  

between bursts  lasted about  20 seconds .  There were 1-2 episodes of  

activity i n  each hour .  
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Fig.  13 :  

I ,j I I I 

• 

The pattern of emg act iv ity i n  ovariectomized ewe 247 d uring t h e  
anoestrou s season.  

Upper t race: 

Middle trace: 

Lower trace: 

regime 1 :  10 days after s urgery .  

regime 2 :  30  days without hormone 
treatmen t .  

t h e  ac tion of  oxytocin o n  the  pattern o f  
regime 1 .  

Cal ibrat ions :  The vert ical  ba r  o n  t h e  left of  u pper trace 
represents 500J.Lv for al l  three records. Chart  speed i s  
0.05mm/sec .  

I I 

1 I I " • 

I I I I I I I I I I 

5 min 

M -... a ..,.. -;- • 

I I I 1 I ' I I l I 

M idd\e 

I ;  W' ... ....Jt.W eo 

Lower-
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Fig.  1 4 :  

I I I I I 

The pattern of emg activity induced by oes trad iol - 1 7b  (50p.g s .c .  
da i ly) on  ovariectomized ewes  d ur ing  t h e  anoestrous season.  

(Al l  t hese records are from the  u ter ine horns of ewes 476,  248 
and 785 made on the  4 th  day o f  admin is t rat ion of  oestradio l ) .  

Cal ibra t ions :  Ver t ical ba r  i s  2500J.LV for all four  records.  Char t  
speed is 0 .05mm/sec .  
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Fig.  1 5 :  

or 

! 

The effects of oxytoci n  500mu/i .v) o n  the oestrogen induced e m g  
activity o f  ovariectomized ewes d u ring t h e  a noestrous season.  

(These records are fro m  ewes 476, 248,  10 and  785 made on  t h e  
4 t h  d a y  o f  admin is t ra t ion  o f  oestradiol) .  

Ca l ibrat ions :  The vert ical  bar  represents 1 500J.LV. Two char t  
speeds were used  as i nd ica ted i n  the  figure .  

EWE N° 4-16 

1 IY\it\ 

Ewe: N° 10 
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It was noted that during stage 2, the uterus was very sens itive to the test 

w ith oxytoc in  and PGF2a. Both of  these stimulants i ncreased the sp ike 

frequencies greatly and the l atency before  a response was obtained was 

reduced. 

(c) The effects of  progesterone on oe strogen- induced emg activ ity. 

The pattern of  emgs induced by oestrogen during stage 2 was changed 

in three respects after progesterone i nj ection :  

( i )  There was a reduction i n  the a mpl itude of  spikes by a lmost 50% 

with i n  l Ob a nd an  almost compl ete suppression with i n  30h after 

the i nj ections of  progesterone had begun (Fig. 1 6a & trace Cl of 

Fig 1 6b) .  

( i i )  There was a ch ange i n  the  freq uency of  bursts. Dur ing the  fi rst 

5h after progesterone i nj ection  several  bursts were concentrated 

to form a complex of activity; th is was fol lowed by an i nterval of 

inactivity with s ingle bursts appear ing dur ing this interval .  

Init ial ly ,  the duration o f  episodes and the fo l lowing intervals 

were s imi lar but subsequently the i ntervals became p rogressively 

longer and the number of  the bursts in the episodes decreased .  

( i i i )  The third change concerned the ampl itude of  spikes with in  a 

burst: before progesterone inject ion ,  a l l  spikes i n  a b u rst were 

of s imi lar  amplitude b ut about 7h after admin i stration of  

progesterone  some of the sp ikes became much smal ler than 

others and some seemed to d isappear .  This  trend continued so 

that after 30h most bursts were suppressed and a few were left 

with on ly one  or two sp ikes .  The  emg activity became unco­

ordinated before it was  marked ly i nh ib ited by  p rogesterone some 

30h after the i njection .  Dur in g  th is  i nh ib ited period, exogenous 

oxytoc in  and PGF2a were sti l l  able  to increase the frequencies of 

s ingle and grouped sp ikes b ut they d id  not i ncrease their 

ampl itudes (Fig. 16b) .  

Once administration of  progesteron e  was stopped the myom etria l  

act iv ity began to  recover i n  the  presence of cont inu ing  oestrogen 
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Fig 1 6a :  The d eve lopment  of i n h ib i t ion  a fter progestero n e  a d m i n i stra ti o n  

Trace B l :  

Trace B2 :  

Trace B3 :  

S min 

5h  after progestero n e  admin i strat ion began . 
Bursts are grouped, t here are abou t  25 burs t s  i n  a 
group and very few s ingle b u rsts occur in  the  
i n tervals between episodes. 

1 0h after proges ter o n e  administrat ion bega n .  The 
frequ ency of  bu rsts  w i th in  episodes is reduced a n d  
the  ampl i tude of  spikes i s  reduced.  

22h after progesteron e admin istrat ion bega n .  
Both t h e  n umber  o f  bu rsts i n  a gro up a n d  t h e  
ampl i tude is  reduced b u t  t h e  frequ ency of  b u rs ts  
remains  abou t t h e  same.  
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Fig.  16b: The effect of  oxytocin and PGF2 Cl( when the uterus  i s  i n h i b i ted 
by progesterone.  

Trace C l :  

Trace C2: 

Trace C3 :  

32h after beg inn ing  p rogesterone adminis trat ion .  

the effect o f  oxytoci n (500mu g iven i .v) 3 5 h  after 
beginn ing progesterone administrat ion .  

t h e  effect of  PGF2CI(. ( l . 5mg given i .m)  3 7 h  after 
begi nn ing progesterone administrat ion .  

5 min 

OT 

PGF 2.o-. 
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treatment.  Dur ing recovery the first  change to  the  emgs was· a n  

increase in  t h e  frequency o f  s ingle  o r  grou ped spikes. T h is 

occurred wi th in  abou t  5 h  of  the  last  adminis trat ion of  

progesterone (Fig.  1 6c, t race D l) so that  the pat tern o f  

ampli tude and  low-frequency spikes characterist ic of  

progesterone inh ib i t ion changed to one of low-ampli tude and 

high frequency sp ikes which were poorly co-ordinated . Then, 

after about 30h (Fig.  1 6c, trace D2) ,  the spikes began to regroup  

in to  bursts tha t  conta ined inconsisten t  numbers o f  spikes o f  

i rregular ampl i tude .  As the  t ime a fter  p rogesterone  

administration increased to about 55h  (Fig .  1 6c ,  trace D4),  some 

of these incons is tent  bu rsts tended to become un i form i n  the 

number of sp ikes they con ta ined and l a ter, in their  ampli tudes as 

wel l .  The emgs also became more co-ordinated .  The progressive 

increase in  the ampli t udes of the spikes from the beginning of 

recovery unt i l  the myoelectr ical  complexes reappeared is shown 

in Fig. 16c.  

The amplitudes of  the sp ikes continued to i ncrease so that  they 

became greater than those recorded befo re proges terone 

admin istrat ion .  The main differences between the emg act ivi ty 

recorded i n  the per iods before and after  the i n fluence of  

progesterone were changes in  the frequency a nd ampl i tude of  

sp ikes and the number o f  sp ikes wi th in  a burs t .  When the uterus 

had recovered from the  period of  progesterone i nhibi t ion a l l  

these properties o f  the emgs i ncreased to  l evels greater than  

those induced by oestrogen a lone .  

The response to a s ingle large dose of  progesterone ( l OOmg i . m . )  

given 4 days after a p revious i n hib i t ion  of  the  uter ine emg us ing 

a lower dose of  p rogesterone was to  reduce the myometr ia l  

act ivity to  i ts lowest l evel .  This  occurred at about  40h after the 

large inject ion.  Fol lowin g  th is the emg activity s tarted to recover 

and took 48h to reach the level o f  activity present  before th i s  

s ingle i njection .  The  ampl i tude of  the  emg kept  i ncreasing for 

another 24h to an  ampl i t ude higher than the p revious levels tha t  

had been recorded (see F ig  1 6d, t race E) .  
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Fig.  16c:  The emg pa ttern observed during  the  recovery fro m  progestero n e  
inhibit ion.  

Trace D l :  

Trace D2: 

Trace D3: 

Trace D4: 

Trace D5: 

Trace D6: 

Trace D7:  

5h after  the last  progesterone inj ec t ion . The single 
spike frequency h as i ncreased and the s ingle spikes 
have d i sappeared wi th

· 
spikes now present  i n  the 

in tervals be tween the gro ups.  

35h after the  last proges terone I nJect ion .  Single 
spikes are grouping to  form pr imary bu rsts - note 
also the very l imi ted response to  PGF2 -'. 

44h after  last  progesterone injec t ion .  An increased 
response to oxytocin  can be  see n .  

55h after  t h e  last progesterone inj ec t ion .  The emg 
ampl i tude is clearly increasing.  

62h after  last  proges terone inj ec t ion .  The normal 
burst pattern has appeared.  

72h after  last  progesterone I nJ ect ion .  The emg 
ampl i tude has i ncreased markedly,  bursts are 
regu la r  and burst  frequency h igh .  

76h after  las t  progesterone inj ec t ion .  There  is  a 
rapid response to PGF�ad min i s t ra t ion .  

OT 
5 sec  

� 0:3 �,., .... ·�-���#1������· 

5 5ec 
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Fig .  16d :  The  pattern of oes trogen ind uced e m g  i n  ewe  10  before 
progesterone a d m i n i s tration (A) and in the  s a m e  ewe 1 1 5h after 
a la rge dose of  p roge sterone ( lOOmg given l . m) g iven when the 
ewe had recovered fro m  the proges terone t reatment  a d m in i stered 
d u ring regi m e  one  (E) .  

(Note the h igh  ampl i tude i n  E, vert ical  bar  represe n ts 2500J.Lv) . 

A 

10 min 

E 
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The responses to  oxytocin and PGF2a a ft e r  p rogesterone 

administrat ion depended on the  level of emg ac t iv i ty p revai l ing  

at the t ime .  In  genera l  both  d rugs could i ncrease the  frequency 

bu t  not  the  ampl i tude  o f  the emgs al though th i s  was not  a lways 

the case (see Fig .  16b ,  traces C2 and C3 and Fig .  1 6c,  t races D2, 

D3 ,  D5,  D7) .  

(d) The reduced respons iveness  of  the uterus in regime two of  the  

experiment. 

Thirty days aft e r  s topping the  administrat ion of  a l l  drugs the  

experiment was cont inued i n  the 4 ewes as  " regime two" . The 

changes observed d u ring regime two were qua l i ta t ively s imi la r  to 

those of regime one but there were changes in sens i t iv i ty o f  the 

uterus :  

( i )  The emg act iv i ty of the uterus of the ovariectomized ewes 

fel l  to its l owest level 30 days after regime one had been 

completed;  nevertheless i t  s t i l l  showed the  a l ternat ing 

complexes of  emg act ivity and the subsequent  qu iescent  

periods wh ich were present dur ing reg ime one .  

( i i )  �fter da i ly adminis trat ion o f  oestrad io l - 17b  a t  t he  

beginn ing  of  regime two the  emg act ion potent ia ls  

increased i n  both  frequency and ampl i tude .  The uterus  of  

the  oestrogen- treated ewe at  this s tage was  more sens i t ive 

to s t imula t ion  by both oxytocin and PGF2a than the  uterus 

of the ewes no t  under oestrogen trea tment .  

( i i i )  The changes of  emg activity during both  the  phase  of  

inh ib i t ion  fol lowing progesterone admi n is t ra t ion  a nd the  

phase of  recovery from i t  were s imi lar  to  tha t  seen dur ing  

regime one .  An impor tant  difference was  tha t  after  

recovery o f  myometr ia l  activi ty from the  i nh ib i t ion ,  the  

uter ine emgs became much more pronounced than  those 

which had been induced by oestrogen in regime two 

before p roges terone treatment ,  i .e .  the  emg response was 
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enh anced and greater  than  at any earli e r  s tage of  the 

experiment .  

At al l  stages o f  the  experiment ,  the myometr ia l  response 

in a l l  ewes in regime two to the admin is t rat ion of 

exogenous oes trogen ,  progesterone, oxytoci n  and PGF2a 

was s lower to man ifest  i tse lf  than that observed in regime 

one. Thus i t  needed 4 days of  oestrogen admin i s trat ion to 

reach the h ighest  level of  emg activity in regime one but  

8 days i n  regime two ; i t  took 6 days to d isp lay the  fu l l  

changes that  were seen with in hibi t ion b y  pro gesterone 

and recovery from it i n  regime one but near ly  18 days 

were requ i red  i n  regime two .  

The overal l  level o f  response i n  reg ime two was also 

reduced . Thus  whi le  oestradiol t rea tment  i t se l f  i nduced 

high levels of emg activity in regime one ,  these values 

were reduced in  regime two ( in  ewe 10, for example ,  there 

were 100 bu rst s/h a nd a n  ampl itude of  1000p.v i n  regime 

one compared with 90 bursts/h and an ampl i tude  of 500p.v 

in regime two) .  The h ighest levels  of emg activity 

observed i n  the fou r  ewes were burst frequencies  of 200/h 

and ampl i tudes of llSOp.v i n  regime one  compared with 

170/h and 500p.v in regime two .  The i n tens i ty of  emg 

activity was c learly reduced during the second regime of 

the experiment .  

(e) The d irection of p ropagat ion of  emg action potent ia ls  

The direction of p ropagat ion of  act ion potent ial s  a ppeared to 

depend on the l evel  of myoelectr ical  act ivity p resent .  At t imes 

of h igh emg activity, e .g. under oestrogen s t imu la t ion  (Fig.  4 ) ,  

movement was  i n  a tubocervical  d irection. At  t imes  when  the  

emg activity was l e s s ,  as  in  the anoestrous ewe ,  the  dominant  

direct ion of  propagat ion was from the cervix to  the tubal  end.  
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IV.2 .C.  Some quant i tative a spects of  t h e  e lect romyogram s  recorded from 

the ovariectomized ewes. 

(a) Ampl itude:  A difference i n  ampl i tude  betwee n  an imals  during 

the same s tage of  oestrogen - induced emg activity was noted (see 

Fig.  1 5  where ampli tude ranges  fro m  1750J,Lv in  ewe 476 to  500J,LV 

in  ewe 10) .  Different ampl i tudes were also recorded a t  d ifferent 

s i tes i n  the same ewe as demonstrated in  Fig .  17 .  The h ighest 

ampl i tude was a lways recorded fro m  the horn s i te  and the l owest 

from the oviduct .  

The effect on ampl itude dur ing t h e  d i fferent stages dur ing regime 

one is shown for ewe 248 in Fig. 18. Proges terone  not on ly 

clearly in hibits oestrogen- induced activity but  also appears to 

potent iate activity when the i nh ib i to ry phase passes . 

(b) B u rst frequency: A difference in burst frequency between 

an imals  during the same stage of oes t rogen- induced emg activity 

was also observed (see Fig. 1 5 )  as were d ifferences between 

d i fferent e lectrode sites in the same  an imal (Fig. 1 7 ) .  H ighest 

frequencies were a lways recorded a t  the tubal  end of  the u ter ine 

horn ,  l owest frequencies at  the  oviduct .  The b urst frequency in  

both  regimes one and  two was a lways greatest dur ing s tage  2 of 

the  respective regime (a  phase where progesterone 

adminis trat ion had ceased but oes t rogen was cont inu ing) . Aga in  

a potent ia ting effect of  proges terone  is suggested (F ig .  1 9) .  

(c) Spikes  i n  burst:  Differences b e twee n  animals are shown during 

the  same stage of  oestrogen - i nduced activity i n  Fig .  20 and 

d i fferences between stage 2 and s tage 4 of  the exper iment  in the 

same ewe in  Fig. 2 1 .  Agai n  t h e  s tage 4 response i s  greater .  

(d)  Moti l i ty index: Differences between an imals dur ing  the same 

s tage o f  oestrogen- induced act iv i ty are shown in Tab le  Ill.  Table  

I V  i l l u strates the  very c lear  responses obta ined  wi th  both  

oxytoc in  and PGF2a at the same s t age. Th i s  i s  brought  about 

ma in ly by an  i ncrease i n  bursts  per  hour (compare characteris t ics 
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Burst Spil<.es Motl \ \t!j Ewe Ampl\tude. per- per NO .uv HOUI"' . Burst Index 

476 1750 120 6 1·0 % 

10 500 80 10 2 ·2 % 

248 1000 90 8 4 ·0 %  

785 ?50 1 10 9 4 ·1 % ! 

Table Ill:  The d i fferences i n  emg activity between animals  d u ri n g  stage 2 of regime one.  
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Table IV: 

Burst Spikes Moti l i tlj lnde)(. 
Ewe Uterotonic 

Amplitude. per per I 
No. AJV Hour Burst W\th W11hout i 

Uterotonic Uteroton1c. i 
! OT 1000 400 10 e2· 2 % I 

248 4·0 % 
PGF eo<. 1000 340 8 1 5 · 1 % I I 

OT 500 400 10 l l · l  'l. 2.·2 % 10 
FGF 2. o<.  500 360 B 8·0 % 

785 
or 150 500 10 c l · O % 4 · 1 k I 

ffiF u 750 370 9 14· 0 r.  l L_ __ ----- --·-· --

The effect of oxytocin and PGF2a on the oestradiol i nd uced electrical activity during stage 2 of reg i m e  one. 
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o f  t h e  same ewes i n  Tables Ill  a n d  IV) .  Fig. 22 i l lus t ra tes  t h e  

increased response seen dur ing  s tage 4 where the  i n h ib itory 

act ion o f  the  progesterone  given dur ing  s tage 3 has  waned.  Fig .  

23  again i l lustrates,  us ing m o t i l i ty i n dex as the u l t ima te  

cr i ter ion ,  the enhanced response  observed in  stage 4 o f  r eg ime 

two a n d  referred to  earl ier i n  t h e  resu l t s  un der IV. 2 . B (  d ) .  

IV.3 The Emg Act iv i ty of t h e  Uteru s  o f  t h e  Cyc l ing  Ewe 

Record ings fro m  a cycl ing ewe showed a pa t tern  of emg activity o f  r egu lar  

waves over  a 17  day  period. Th ree ph ases were readi ly d i s t ingu i shed .  Emg 

act iv i ty  dur ing the greater part  of  dioestrus  was typified by al tern a t i ng  per iods 

o f  act iv i ty  and qu iescence.  Towards the end  of  dioestrus,  the  frequency of  

act ive periods i n creased and  the spike or  grou ped spike frequ ency w i th i n  t he  

act ive episodes a l so  increased (Fig. 24) .  A t  t h i s  t ime  there i s  a l so a n  increase 

i n  spikes o r  grouped spike frequency wi th i n  the qu iescent  period (Fig .  25 ,  

A3 ) .  F inal ly t h e  basic pattern described above di sappeared a n d  t h e  emg 

con s isted  of  d i ffu se  single or  grouped spikes of l ow-ampl i tu des (Fig .  24 ,  B l ) . 

As t h e  pattern assoc ia ted wi th dioestrus changes i n to that of  pro-oes t rus  these  

s i ngle  or  grou ped spikes develop i n to o r  m ix wi th  a n  increasing n u mber  o f  

bu rs ts  wi th  shor t  i n t ermit tent  periods o f  re s t  (Fig .  25, B l ) .  At t h i s  stage 

regu lar i ty o f  the si ngle and co-ord in ated b u rsts  is absent .  However 

progressively burs t s  become more regu lar  a n d  s ingle or  grouped spikes 

become  less  frequent  and finally d isappear as  oestrus occurs (Fig.  26,  B3,  B4 ) .  

Th e act iv i ty a s  o estrus begi n s  is  wel l  co-ord inated and emg act iv i ty and  

ampl i tude i ncreases  from 250JLV to 1000JLV (Fig.  26 ,  B3 ,  B4 ,  B5) .  The per iod 

o f  i ncreased ac t iv i ty appears to  include pro-oestrus  (abou t  30h)  a s  wel l  a s  t h e  

early part  o f  oes t rus .  

Dur ing  the  m ajor  part  of  oestrus ,  the  u terus  showed wel l  co-ord i n a ted  a n d  

wel l  propagated burs t s  of  activity (Fig. 26, Cl ,  C2) .  These episodes  recurred 

a t  abou t  20 m i n .  i ntervals and appeared s imu l taneously in  t he  cervix, the tubal  

end and both  ho rn s  o f  the  u terus .  Near the end  of  oest r u s  the burs t  

frequ ency s tar ted  to decrease. 
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Fig .  24:  

9 6  

Ewe 661 dur ing  d ioestrus .  

(This  ewe was ma rked by vasectomized ram on  23 . 3 .88  and 
8. 4 .88) . 

Trace A: recorded 10  d ays a fter being marked by ram 

Trace B:  

Trace C: 

Bar a: 

Bar b :  

" 1 1  " " " 

1 2  " 

active period (paper speed = 5mm per 
s econd and 0 . 05 per second) .  

qu iescent  per iod .  

Vert ical bar is ca l ibrated = 2500J..Lv. 

.__ __ __. b 

' .. ' • ••• • f t I • • • f 

A 

a 

A1 
I ., •• ,,.,.� 11 " I  '�!Ufli! 

A a 
' I Mllil I I 11 I I ... 11 .. 



Fig.  25:  Ewe 6 6 1  during pro-oestrus .  

Trace A3 : recorded 2000h 22 .4 .88 (marked by ram 8 .4 .88)  

Trace B l :  0800h 23 . 4 .88 

Trace B2:  l OOOh 23 .4 .88 

Chart speed = 0.05mm per second 

Vertical  bar = 2500J.LV 

B1 
rul'����t�' h '' ������,.,--- --t..,..,-· -r1'-� - -- , �����''"'�'·t�����II•H�•'I 

B� 

1'1 'I �111 �d n Ill "1! �I!! m� I Htn �!I mn ,, �����"1!1!1'1 r� 11 �I !M I" mljlll� tlj��, � 
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Fig.  26: Ewe 661 d u r i n g  oestrus.  

Trace B3:  recorded 1600h 23 .4 .88 

Trace B4:  " 0200h 24 .4 .88 

Trace B 5 :  " 0800h 24 .4 .88  

Trace C l :  " 1400h 24 .4 .88  

Trace C2: " 0300h 24 .4 .88 

Chart  speed = 0.05mm per second except  where shown 
otherwise on  the figure.  

Ver t ica l  bar = 2500J..LV 

Bs 

-rlNA-- - - - j������� ���� ���� j l I 1,,, IH�Itl �����I� 
1o sec. 
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As met-oestrus developed the  burs t s  began to be  grouped and these  groups 

were fur ther  concentrated (Fig .  27,  D l ,  D2, D3,  D4) .  The met-oes t ral per iod 

occupied about 22h .  Some s ingle sp ikes appeared in between b u rs t s  and 

overal l ,  the  co-ordinat ion of the act iv i ty d im in ished and the maxima l  ampl i tude 

recorded gradual ly decreased . This  was fo l lowed over the  n ex t  day by 

emergence of  the typical pat tern of  a l terna t ing act ive and qu iescent  per iods 

which las ted for about 2 days before the ampl i tude of  burs t s  became 

undetectable and only s ingle spikes were recorded during the shor t  periods of  

activity (Fig .  28 ,  El ,  E2) . The ch ange in  emg activity from the  wel l  co­

ordinated oestrous  type to the inh ibi t ed qu iescent  type that i s  character is t ic  of  

d ioestrus  occurred over about  40h . 

The d i rect ion of  propagation of act ion potent ia ls  during the 3 -4 day act ive 

period in a natura l  cycle was main ly from the  tubal  end to the cervix .  Act iv i ty 

may also be  propagated in the reverse d i rect ion at this t ime h owever -

part icular ly i n  the  intervals between the h igh ly act ive episodes (Figs .  29 ,  30) .  

At  the end  of  oestrus ,  emg activity recorded from the tuba l  end  was  much 

greater than  that  for the o ther  three  pos i t ions ,  as is evident i n  F ig .  30 .  Act iv i ty 

such as th i s  may be associated wi th  p ropagat ion both towards t he  oviduct  and 

the cervix. 
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F i g .  27:  Ewe 6 6 1  d u r i n g  m etoestrus/early d ioestrus .  

Trace D l :  recorded 0400h 25 .4 .88 

Trace D2 :  0700h 25 . 4 .88 

Trace D3:  1 600h 25 .4 .88 

Trace D4: 0500h 26 .4 .88 

Chart speed = 0 .05mm per second 

Vert ica l  bar = 2500J.LV 

Dl 

ltltlt1ttt-+--r+--H-fttll������-&,�--·t'· ... '· 

lO m\n 



Fig.  2 8 :  Ewe 6 6 1  d ur i ng early d i oestrus .  

Trace El : Recorded 16700h 26. 4 . 88 

1 700h 28.4 . 88 Trace E2: 

Char t  speed = 

Ver t ical  bar = 

' ... · : a: 

" 

0 .05mm per second  

2500JLV 

1 0 1  



Fig.  29:  

t-t 

Ewe 6 6 1  reco r d e d  a t  m i d - oe s t r u s  8 .4 .88. 

Bar a :  t h e  a c t ive p e r i od w h e re t h e  p r o p a g a t e d  d i re c t i o n  o f  
e m g  a c t i v i ty i s  fro m  t u b al end of  u t e r u s  t o  c e r v i x .  

B a r b :  t h e  q u ie s ce n t  p e r i o d . 

C h a r t  speed = 0 . 2 5 m m  p e r  second 

Ve r t i c a l  b a r  = 2500J.LV 

Cer-vix 

5 mi n  
L Hom 

R .  Horn 

a b 

R .  Utero-tuba\ junction 
�·���t�1�*l�#��- �-��.��i·�1. �"� 
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F i g .  30:  

·��·· 

Ewe 6 6 1  reco r d e d  at l a te oestr u s  9.4.88.  

Note t h e  b u r s t  fre q u e ncy o f  t u b al end is  h i gh e r  t h a n  o t h e r  
p o s i t i o n s ,  m o r e  b u rs ts a re gro u ped a n d  t h e  i n t e r v a l s  b e t w e e n  
episodes beco m e  lo nger  t h a n  p r e v i o u s ly,  a n d  t h e  d i rect i o n  o f  
p r o p a g a t i o n  o f  a c t i o n  p o t e n t i a l  i s  m a i n ly fro m  t u b a l  e n d  t o  
cervix.  

B a r  a :  a ct ive p e r io d .  

B a r b :  q u i e s c e n t  p e r io d . 

C h a r t  speed = 0 . 05 m m  p e r  s econd 

Ver t i c a l  bar = 2500J.LV. 

Cervi x. 

10 min 

R. Horn 
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V. D I SCUS S ION 

V. I .  Emg Activ ity d uring Anoestrus  and in the Ovariecto mi zed  Ewe 

In t h e  presen t  s tudy, a regular  rest i n g  emg was recorded dur ing  a noestrus  i n  

b o t h  t h e  i n t act (Fig. 2 )  a n d  the  ovariec tomized ewe (Fig. 1 3  ) .  Th i s  res t ing 

emg was  organ ized i n to myoelectr ica l  complexes ch aracter ised by a l ternat ing  

phases of  co-ordinated burs t s  and  per iods  tha t  were  fo llowed by a period of  

qu iescence ;  dur ing some quiescent period s  d i ffu se s ingle sp ikes  o r  irregu lar 

u ncoord in a ted  bursts were observed from t ime to  t ime.  

Th e u te r ine  emg activity recorded dur i ng  anoestrus  i n  the  i n t act  ewe was 

much greater  than the  basic pattern recorded  from the  ovar iectomized an imal  

as  i n d icated i n  Figs. 2 and 13 .  Th i s  m ay be  attr ibutable to  c i rcu la t ing  

endogenous  oestrogen . Although the  p lasma oestrogen level dur ing  anoestrus  

i s  near ly  the same as that  dur ing the l u teal ph ase of the n atu ral  cycle  

(Rawl ings  et  a l . ,  1 977) i t  may cau se some u ter ine  act ivity in  t h e  absence of  

any i n h ib i tory i n flu ence of progesterone s ince  corpora lu tea which  secrete 

progesteron e are not formed un t i l  t h e  end of  the seasonal anoestrous  per iod .  

Although depressed compared with the in tac t  ewe a regu lar  pattern of 

myoelectr ica l  ac tivity appeared i n  the ovar iectomized ewes (Fig .  13  ) , even in  

t h e  absence of  any ovarian source o f  sex  steroid hormones. Th is  raises the  

possib i l i t y  t h at such ac t ivity m ay b e  regu la ted by the autonomic  nervo us 

system . Owman et a l .  ( 1 986) in  var ious  types o f  denervat ion experiments  

estab l i shed t h at the uterus i s  i n nervated by fibres  from adren ergic gangl ion 

format ions  located in  the  vag ina l  wal l  o r  in the  parametrial  t i ssue ou ts ide the 

u tero-vag ina l  j unct ion.  

The act ion of  adrenal ine and n or -adrena l ine  can be ei ther exc i t atory or  

i n h ib i to ry depending on the  dominan t  adrenoreceptor type prese n t  i n  t h e  

m uscl e  cel l .  I n  myometrial  smooth m u sc le ,  act ivat ion o f  a-receptors usu al ly  

resu l t s  in  exc i tat ion whereas b-receptors mediate  i nhibi t ion .  

The s t im u la tory actions of  epinephr ine  a n d  norepin ephrine are  associated wi th  

depo l ar iza t ion ,  an increase i n  membrane  conductance  and accelerated spike 

d isch arge resu l t ing in increased m u sc le  tens io n .  However ,  t h ese s t imu la to ry 

e ffec t s  depend on  t h e  presence o f  Ca  i n  t h e  ext erna l  mediu m .  The i n h ib ito ry 
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act ions  o f  t h e  adren ergic amine  are ch aracter ized by a cessat ion o f  act ion 

poten t ia l  disch arge and a hyperpolar izat ion o f  the ce l l  membrane .  B -receptor 

act ivat ion both  produ ces membrane hyperpol arization a n d  su ppresses 

spon taneous  pacemaker discharge. These effects  arise from an  i ncrease  i n  

membrane conductance t o  K+ or  an  i ncrease i n  t h e  potent ia l  grad ien t  for K +  

across t h e  ce l l  membrane  and  a n  increase i n  the  K +  se lec t iv i ty o f  t h e  

membrane .  Ano t h er prominent  act ion o f  b-adrenergic am i n e  i s  s t imu la t ion  

of  ce l lu lar  m etabo l i sm .  Th i s  st imu lat ion i s  re la ted to  an increase in  t h e  l evel 

o f  cAMP with i n  the m u scle cel l ,  which in  t u rn  act ivates a pro te in  k in ase t h at 

causes the  b ind ing  of  Ca to the  cel l  membrane and to i n tra-ce l l u l ar s i tes .  

Th ere is  a lso an i ncreased ou tward extru sion o f  Ca  across the ce l l  m embrane .  

In  th i s  way the  amount  of  "activator" Ca avai l ab le  to the  contract i le  e lements  

i s  reduced and t h e  mu scle relaxes. The  in creased b ind ing  o f  Ca  to t h e  ce l l  

membrane  i s  a l so bel i eved to  suppress the  pacemaker e lectr ica l  act iv i ty 

(Marshal l ,  1 980) .  

Owman and Sjoberg ( 1 977) showed that  the adrenergic n e rve su pply to  the 

gen i t al t ract in  the  fem ale h as fu nct ional  propert ies  t h at di ffer from those of  

the rest  of  the periph eral sympathet ic sys tem.  A major  d i fference in  

comparison wi th  o t h er sympathet ical ly in nervated regions i s  the remarkable 

sens i t iv i ty of t h ese nerves to  sex steroids .  Oestrogen,  for example ,  markedly 

increases the n orepin ephr ine content  in t h e  i n dividual adrenergic fibres ,  

wh ereas progesterone  causes a reduct ion towards normal l evels  (Fa lck  et  a l . ,  

1 975 ) .  Exper iment s  i nvolving ovariectomy a n d  reimplan ta t ion  o f  ovar ian  

t i s sue  (Falck e t  a l . ,  1 974)  have suggested tha t  t h i s  control  o f  adren ergic n erve 

fu nct ion ,  as reflected in the  t ransmit ter  levels is governed by t h e  ovaries .  

Owman et a l . ,  ( 1 986) showed tha t  profo u n d  ch anges occur  i n  the  u ter ine  

adrenergic i n n ervat ion  in  the  course o f  pregn ancy. The neu roeffector  

re la t io n sh ip becomes  remodelled refl ect ing  t h e  u n i que  sen s i t ivi ty o f  the  n erve 

supply to t h e  act ion of sex steroid and there  is progressive decay in t h e  t i s sue  

n orepin ephr ine  content  as pregnancy proceeds.  This  i s  fir s t  d u e  to  fu nc t iona l  

i n act ivat ion t h rough  reduced format ion ,  uptake  and  storage o f  the  t ransmit ter  

subs tance .  I n  the  gu inea p ig  myometr ium the  i nactiva t ion  fin al ly l eads to  

s t ructura l  degen erat ion  and disappearance of  t h e  adren ergic fibres  a round  t h e  

growing conceptus .  Accordingly t h e  myometri u m  e n t er s  a s ta te  of  

'denervat ion  supersens it ivi ty' as  partur i t ion  i s  approach e d  (Owma n  e t  a l . ,  

1 986) .  Marsh a l l  ( 1 98 1 )  s howed h igh l evels o f  oestrogen corre la te  w i t h  

1 0 5  



i ncreased u terine norepin eph r i n e  concentrat ion suggest i n g  t h at t h e  

sympathet ic  nerves are also a speci fic t arget t issue for oestrogen act ion . 

Roberts  et  a l .  ( 1 98 1 )  demonstrated t h a t  progesterone increases t h e  format ion  

of  b -receptors and Marsha l l  ( 1 98 1 )  demon strated that  i t  mod i fies the  

oestrogen - in duced changes in  myometr ial sympathet ic  n erves specifica l ly  

caus ing a reduction i n  norepin eph r ine  content .  Furth ermore h igh  l evels o f  

progestero n e  during pregn ancy a r e  associated with a n  almost comple te  loss  o f  

norepi n eph r ine from t h e  u ter ine sympathetic nerves. 

I t  i s  t h u s  clear from t hese reports t h a t  the u teru s receives an extens ive 

autonomic n erve su pply which i s  very sen si t ive to ovar ian sex s teroi ds. Th e 

presen t  experiment s  su pport the  n o t ion  tha t  the  autonomic ne rve su pply may 

contr ibute to the basic pattern of u ter ine emg act ivity observed in t h e  

ovariectomized ewe. Al though oestrogen en hances t h i s  pat tern  o f  act iv i ty i n  

both frequency a n d  ampl i tu de, t h e  basic  pattern remains  unch anged (Fig .  1 4  ) .  

Furthermore the  experiments  reported i n  t h i s  thesis  h igh l i gh t  t h e  in h ib i tory 

i n flu ence o f  progesterone on  oest rogen - induced emg activ i ty (F ig .  1 6a)  and  

demon strate t hat addit ion al o estrogen admin istrat ion resu l t s  i n  an  

enh ancemen t o f  ac t iv i ty to above the  l evels observed before progesterone was  

given (Fig.  1 6c) .  Th is phenomenon  possibly refl ects the  potent ia l  o f  

progesteron e  to s t imula te  u ter ine  receptors a s  described by Wakel ing  a n d  

Wyngarden ( 1 974) w h o  showed t h a t  prostagl andin F2a and E 2  receptors ra ther  

than be ing i n h ibi ted by progesterone  appear to be increased in  n u mbers a t  

l east i n  rats,  h amsters and rhesu s monkeys. Fuchs  ( 1 974) a lso fou n d  t h a t  

proges teron e  enhanced the  myo m etr ia l  responsiveness t o  PGE1 , PGE2 a n d  

PGF2a in  rats .  

V.2 The D i recti o n  of  P ropaga t i o n  of  the Act ion Potent ia ls  

The d i rect ion of  propagat ion of  t he  act ion potent ia ls  i n  the presen t  

exper imen t s  appeared t o  vary w i th  t h e  level o f  emg act ivi ty .  There was a 

greater ten dency for act ion pot e nt i a l s  to  con duct  from t h e  t u b al end  o f  t h e  

u terus to  t h e  cervix when the  u te r i ne  emgs were very pronou nced,  e .g .  when 

i nduced by oestrogen (Fig 4a,  b )  and d u ring  the  periods o f  i ncreased act ivity 

observed during oestrus i n  the  cyc l i ng  ewe (Figs. 29, 30) .  At  o t h er t imes,  

part icu l arly when there is  reduced act ivi ty, the  domin a n t  direct ion of 
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propagat ion o f  act ion potent ial s  was cervico- tubal (Fig.  2) .  These  resu l t s  can 

be reconci led wi th  those o f  Croker and  Shelton ( 1 973),  H awk  ( 1 975)  and 

Rexroad ( 1 978,  1 980), who reported a predominance of  contract ion s that  

moved towards t he  oviduct  dur ing ear ly oest rus  and i n  the opposi t e  direct ion 

dur ing la te  oestru s  (th i s  despit e  their  exper iments  being conducted acutely 

with the a n imals  u nder anaesthes ia) .  Th eir  so-cal led early oes t rus  m ay be the  

same as  t he  period termed pro-oest rus  i n  t h is th esis  when t h e  emg was  n o t  

very active a n d  before the  episodes o f  i ncreased emg had  appeared .  However ,  

the resu l t s  di ffer from those of  Van Der Weyden ( 1983 ) and P rud 'homme 

( 1976),  who reported tha t  dur ing  the  fir s t  par t  of  oest r u s  mos t  con tractions  

were propagated towards the  cervix wh ereas dur ing  the  remainder  o f  o estrus  

there was u su al ly no predominance of  act iv i ty i n  e i ther  direct io n .  Van Der 

Weyden ( 1 983)  and Prud 'homme ( 1 976) also observed t u bo-cervical 

propagat ion  o f  oestradio l - induced emg act ivi ty in  ovariectomized ewes as  was 

the case in the presen t exper iments .  

Another fea ture  o f  t he  current  work was the  find ing  that  both  the  frequency 

and the du rat ion of  episodes with i ncreased bursts  were greater a t  t he  tubal  

end of the  u teri n e  horn (Figs .  4 ,  29, 30) .  The in creased frequency and tota l  

du rat ion o f  b u rsts  a t  the  tubal en d probably represent  act ivity that  i s  n o t  

propagated a long the  ent ire horn and  oviduct  and m ay represen t  pacemaker 

activity t h at m ay be con ducted in  e i ther  a tubo-cervical or  tubo-oviductal  

d irect io n .  

Th e observat ion t h at the  direction o f  propagat ion o f  act ion poten t ia l s  depen ds 

on  the  general  l evel o f  emg act ivi ty suggests  that the  control  m echan isms are 

n ecessari ly complex. The followin g  factors  m ay i n fluence the d i rect ion of  

propagat ion o f  t he  act ion potent ia l s :  

1 .  Propagat ion o f  emgs from t h e  cervix t o  t h e  tubal end  a t  .t imes o f  low 

levels  o f  resti n g  emg activity could be governed by t h e  sympathetic 

n e rve system.  

The sympathet ic nerve supply to  the female  reproductive t ract  i s  

complex (Owman et al . ,  1 966, 1 986) in t ha t  the ovary is suppl ied 

separately, whereas the  adrenergic i n n ervat ion  of the oviduct ,  u terus  

and  vagi n a  i s  m ixed to v aryin g  degrees in  diffe ren t  species  and 
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or igi n a tes  not  o n ly from t h e  paracervical  gan gl ia  b u t  a lso from the  

prever tebral  i n ferior mesen ter ic gangl ia .  Fu rth ermore Garcia-Vi l lar  e t  

a l .  ( 1 982 )  establ i shed tha t  t h e  ovi ne  cervix h as in t r ins ic  spontaneous 

act iv i ty and su ggested that cervico- tubal ly directed act iv i ty may well  be 

t r iggered by d i rect ed activity from the  cervix.  Ruckebu sch and Bueno 

( 1 976) ,  h owever, argu ed that  cervico-tubal ly d irected e lectr ica l  activity 

m ay spread a long the  oviduct ,  wh i l s t  on t h e  o t h er hand  tubo-cervical ly 

directed  activity sometimes appeared to or igi n a te i n  t h e  oviduct .  

I n  t h e  presen t s tudy both t h e  frequ ency and t h e  total dura t ion of  the  

b u rs t s  were invariably greater  at  t h e  tuba l  en d o f  u ter ine  h orn and  the  

act i on  poten t ia l s  from th i s  po in t  spread i n  both  direc t ions ,  a finding 

which su pports  Ruckebu sch and  Bueno 's argu ment .  

2 .  Th e emg act ion  potent ia ls  propagated i n  a t ubo-cervical  direct ion 

dur ing  oestrus and oestrogen - indu ced ac t iv i ty m ay be regulated by the 

leve l s  of  el ect rical activity fro m  action poten ti a ls gen erated by many 

m u sc le  cel ls .  Th at means when the tubal end h as h igher  emg activity 

w i th  more mu scle cel l s  in a u n i t  fi r ing, t h e  vol tage at t h i s  point  wi l l  be 

h igher  t h an a t  other pos i t ions .  Th is h igher  vo l tage wil l  force the 

e lectr ical  current to flow fro m  the tubal  end of  the u teri ne  horn in  

bo th  d irect ion s and  overcome t h e  oppos ing spontaneously directed 

cervico- tubal ac t ivity governed by the sympathet ic n ervous  syst em.  

Why h igher l evels of electr ical  vol tage exi st a t  the  t ubal en d of the  

u ter i n e  h orn b u t  not  at  o ther pos i t ions  wh ere t h e  emg act iv i ty i s  h igh ,  

i s  not  c lear .  I t  may be i n fl u enced by the  fo l lowing:  

A greater su pply of  b lood vessels a t  the tubal en d region than  

a t  other  parts of t h e  u terus, and therefore the  area of tuba l  

perfu sion  by  stero ids  i s  greater.  

Th e blood perfused to the tubal end migh t con ta in  h igher 

concentrat ions of oestradiol .  Th i s  has  been suggested by Walsh 

e t  a l .  ( 1 979), who demonstrated a cou nter-curren t exchange 

m echan ism for progestero n e  between the u tero-ovar ian  vein and 

the ips i la teral ovar ian  ar tery in  n o n-pregn a n t  a n d  pregnant  

ewes. Such a mechan i sm may also be appl icabl e  to  other  
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steroids ,  eg .  oestradiol .  Thu s, t issue vascu lar ized by t h e  ovar ian  

art ery ( i .e .  t h e  oviduct and cran i al por t ions  o f  the  u ter ine  horn )  

m igh t be  perfused with blood con ta in ing h igher  l evels o f  

oestradio l .  I n  t h i s way, the  myometr ia l  ce l l s  o f  t h e  cran ia l  par t  

o f  the  u terus  may become more exc i t ab le  (Marsha l l ,  1 980). 

The concentra t ion  of oxytocin and PG receptors i nduced by 

oes trogen or  progesterone m ay be  h igher in  t h i s  region than  a t  

o t h e r  pos i t ions .  Rexroad ( 1 980) n ot iced t ha t  d u r i n g  oestradiol  

in duced oestrus i n  ovariectomized ewes, the a n ter ior  part of  t h e  

u teru s con ta ined a h igher concen t ra t ion  o f  P GF2a t h an t h e  

posterior par t .  PGF2a may s t imu la te  u terin e  act ivity dur ing 

oest rus  (Lye and Porter,  1 978) .  

The n umber  of sex steroid hormone receptors m ay be  h igher  a t  

t h e  tuba l  end  t han  at other posi t ions .  

Th e act ion s  o f  the adrenergic nervous  sys tem m ay be more  

amenab le  to ch ange by  progesteron e  or  o ther  factors at  the  

t uba l  end of  t he  u terine  horn  t h an a t  o ther pos i t ions .  

I t  seems t h at in  l ate pregnancy, t h e  tuba l  end i s  the  o n ly par t  o f  

t h e  u terus  wh ere funct ional adrenergic tran smiss ion may take 

place s ince adrenergic inn ervat ion  h as been e l imina ted through 

struct u ra l  degeneration or  neurona l  in activat ion  i n  o t h er region s 

(Owman et  a l . ,  1 986). I f  th i s  also h appens in  cyc l ing  an imal s ,  

the  n erve system of the  tubal end  m ay conta in  more receptors  

for oestrogen s t imulat ion .  

In  summary, when the emg activity i s  low, the d i rect ion o f  propagation  of  

act ion potent ial s  i s  cervico-tubal and may or ig i n ate near  the cervix u n der  

sympathet ic  n ervous  s t imu lat ion .  When t h e  emg act iv i ty i s  very h igh ,  t he  

propagat ion  o f  act ion potent ials  i s  i n  both direc t ions  fro m  t h e  t uba l  end  o f  

t h e  u terus .  Th i s  i s  pushed b y  t h e  h igher bio-electr ical  poten t ia l  wh ich ar ises  

because o f  the greater n umber of muscle cel ls  fir i ng  a s  a u n i t  a t  t h is s i te  wh en  

e i t her p lasma oestrogen i s  h igher o r  progesterone  i s  with drawn . 
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V.3 .  The Infl uence of  Oestrogen  

I n  t h e  present  exper imen t s, t h e  s t imu l at ing ac t ion  of  oestrogen o n  myo m et r i a l  

respo n s iven ess and  emg act iv i ty was  clearly shown dur ing the  a noes t rous  

per iod i n  both in tact and  ovari ec tom ized ewes. Th is  effec t  probably a r ises 

from an  oestrogen- in duced i ncrease in membrane potent ia l  which fac i l i t at es 

spo n t a n eous  depolar izat ion by pacemaker cel ls  (Marsh a l l ,  1 980) ;  an  

addi t iona l  poss ib i l i ty i s  t h e  s t i m u l a t ion  of gap  ju nction format ion  wh ich  cou ld  

enh ance conduct ion and synch rony between cells (Sim s  �. .  1 982) .  

Fu r t h ermore Mckern s ( 1977) reported tha t  oestrogen s t imula tes  t h e  i n du ct ion  

of  speci fic RNA and  prote in  syn th es is  in  myometrial  cel l s .  Th i s  cau ses t h em 

to  hypertrophy, wi th  an increased syn t hesis o f  con tracti le pro t ei n ,  m e tabol ic 

enzymes and ATP. Th us  t h e  i n flu ence of  oestrogen on t h e  myomet r ium 

inc ludes  membrane, metabo l i c  a n d  structural  changes wh ich  promote 

exci t at ion and con t ract ion .  

Fu chs  e t  a l .  (1 983) reported tha t  a fu r ther oest rogen effect  i s  t h e  format ion 

of  membrane receptors for u tero- tonic  agents ,  principal ly oxytoci n .  Th is  

increase i n  receptor nu mber lowers the th reshold for st imu la t ion  and  in creases 

t h e  response to  a given dose by recru i t ing  more units to con t rac t .  Th u s  t he  

pharm acological exci tab i l i ty o f  t he  myometr ium is  increased.  

Dur ing  the developmen t o f  oes t rogen - in duced emg act ivi ty, and t h e  

development of  i nh ib i t ion by progesterone a n d  subsequ en t  recovery from i t ,  

t h e  emg response to  exogenous  oxytocin and PGF2a seems t o  be  re l a t ed  to  t h e  

emg activity preva i l ing  a t  t h e  t ime .  W h e n  t h e  emg activity i s  very h igh t h ere 

i s  a greater  sens i t ivity o f  the u terus  to  oxytocin and PGF2a. Th e emgs are  o f  

greater  ampl i tude and spike frequency a n d  t h e  responses l a s t  l o nger .  When 

t h e  u t eru s i s  to ta l ly i nh ib i ted  by progesterone,  t he  act ion  o f  oxytoc in  and  

P GF2a i s  shor t  and on ly i nc reases  in  the  number of  s ing le  spikes were 

recorded.  Looked at  fro m  t h e  poin t  o f  view of  c l in ical  use of t hese 

s t im u l an ts, a t tent ion n eeds to be paid to the reproductive s t a tu s  of t h e  an ima l  

a t  the  t ime, o r  alternately, to  pre-s t i mula t ion  o f  the  u terus u s i ng  oes trogen to  

i ncrease i t s  sens i t iv i ty before  e i t h er oxytocin or  PGF2a i s  u sed.  

Th ere i s  some evidence t h at oes trogen i s  not a lways s t imu l atory in i t s  

r espon se.  Wakel ing  and Wyn g arden ( 1 974), for example ,  reported that  

oest rogen does no t  increase the  r eceptor s  for PGF2a wh i l e  Rober t s  et  a l .  
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( 1 9 8 1 )  observed tha t  oestrogen ac tual ly  decreased the receptors  to  P GF2a .  

Th e resu l t s  described in  th i s  th esis  d o  n o t  su pport the find ings  o f  th i s  group 

of  workers as  t he  abi l i ty  of  PGF2a to  s t imu la te  emg activity was  i ncreased 

great ly by s ingle courses o f  oestrogen t reatment  in both i n tact  a n d  

ovariectomized anoestrous ewes (Figs .  1 0, 1 5 ) .  Possibly mechan isms o t h e r  

than  a n  increase i n  receptors a r e  m o r e  impor tan t  i n  ach ieving s u c h  an effect .  

Reynolds a s  long ago as 1935 reported t h a t  prolonged treatmen t wi th  h igh  

doses  o f  oestrogen renders the  u terus  immot i le  an d Fuchs ( 1 978) described  

the  same resu l t  wi th  t he  surge o f  oestrogen dur ing  pro-oest rus  i n  pregnan t  

ra t s .  They assoc iated the  phenomenon w i th  h igh levels o f  oestrogen at a t i m e  

wh en the  u terus w a s  quiescent .  Downing  et  a l .  ( 1 978) demonstrated the  same 

i n h ibi tory fu nct ion of  oestrogen i n  ovariectomized ra t s ,  wh i le  Lye et a l .  ( 1 983) 

reported that spontaneous  in t rauter ine  pressu re cycles were abol i shed  for 

periods of  several hours  in  ovariectomized n on - pregnant  ewes wi th i n  8h o f  a n  

inj ect ion of  50J.Lg oestradiol - 1 7b .  Fo l lowing the  quiescent period,  a phase o f  

i n t ense uter ine act ivity ensued a n d  persi s ted  for several hour s  b efore again 

be ing repl aced by a per iod of qu iescence.  D u ring the quiescent  periods t he  

u te ru s  retained i t s  respon siveness to  oxytoc in  a n d  P GF2a. I ncreasing the  dose 

of  oestradiol  fa i led to prolong the  per iod of qu iescence. In the  exper iments  

reported in  th is  t hes is  th i s  i nh ib i tory act ion o f  oestrogen on uter ine  emgs was 

a l so observed in  the  in tact anoestrous ewe after  a s ingle injec t ion  o f  3mg  

oestrogen . 

Th e mech an ism by wh ich oestradiol  exerts i t s  b iph asic act ion i s  un known .  Th e 

i n h ib i t ion i s  possibly du e to syn th esis  of  an  i n h ib i tory substance i n  respo n se 

to th e oestrogen and the  period  of  enhanced act iv i ty may ar ise from e i ther  

prostaglandin  secret ion or an i ncreased popu la t ion  of oxytocin receptors .  I t  

i s  very  difficu l t ,  h owever ,  t o  pos tu la te  a m echan ism wh ich wou l d  acco u n t  for 

t h e  a l ternate occurrence of  t hese two s tates .  Lye ( 1983 ),  from experiments  

i n  wh ich oestrogen treated ewes were i n fuse d  wi th  t he  PG syn thet ase  i n h ib i to r  

meclofenamic acid,  suggested tha t  oestrogen i n duced pattern s o f  ac t iv i ty were 

prostaglandin -dependen t s ince both  the h igh act iv i ty and qu iesce n t  per iods 

were abol i shed by th i s  drug. Lye and  Cha l l i s  ( 1 982) have a lso shown t h a t  

prostacycl i n  (PG 1 2) c a n  i nh ib i t  spontaneous  u t er ine  activity in  sheep. 

1 1 1  
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There are o ther mechan isms t h a t  could  exp la in  the responses seen . 

Catechol amines, for exampl e, offer one  su ch possib i l i ty although  Downi n g  a n d  

Porter ( 1 980) foun d  t h a t  n ei ther  deplet ion o f  u ter ine  catecho l amine  s tores  

wi th  reserpin e  nor blockade of [a lpha] or B adrenoreceptors a l tered the exte n t  

o r  the  t i m e  course o f  oes t radiol i n h ib i t ion  i n  r a t s .  

A fu r ther  suggest ion made  by Porter ( 1 979) w a s  t h at oestradio l - indu ced 

i n hib i t ion o f  myometr ia l  activity may be  media ted by relaxin synt h esized i n  

t h e  u ter u s . There i s  n o  evidence for o r  aga i n st t h e  exis tence o f  such a 

mech an i sm in  the  ewe a l though re laxin i n h ib i t s  t h e  spon tan eou s act ivity o f  t he  

ovine  myometr ium i n  vivo (Porter, 1 979) and l eaves t h e  responses to  oxytocin 

u n i m paired.  

V.4 :  The I n fl uence  of  Progesteron e  

I n  t h e  presen t  experimen t s  progesterone  a l so exh ib i ted  a b iph asic act ion - i t  

not  o n ly i n h ibi ts  emg act iv i ty by redu cing ampl i tudes and el i m in at i ng  burs t  

appearance as  i s  commonly accepted, b u t  a lso ha s  the poten t i a l  act ion  o f  

i ncreasing emg  act iv i ty by  en h ancing t h e  ampl i tude and  t h e  frequ ency of  

b u rsts  after the  emg  act iv i ty recovers fro m  i t s  i n h ib i t ion (Fig .  1 6c and  16d ) .  

I n  part icular  i t  shows an increase in  t h e  frequ ency of  burs t s  dur in g  t he  

recovery period compared with the  period of  i n h ib i t ion .  Th i s  was observed 

with both the i n duced emgs of  the ovar iectomized ewe a n d  with t h e  

spon taneous  oestrous  e m g  o f  t h e  normal  cyc l ing  ewe ( F i g .  8) .  Th i s  

'st imu l atory' action o f  progesterone  does n o t  seem to h ave been  described 

before in  any species .  Th e many exper imen t s  t h a t  h ave been c arr ied out in 

t h is area appear to  h ave been directed m ai n ly at d iscovery and exp lana t ion  of 

the  phenomenon of  i n h ib i t ion and the effec t of wi thdrawal  o f  progeste ro n e  

from blood plasma on t h e  in i t i at ion o f  par tu r i t io n .  

The early stu dies o f  Csapo (1956) on  t h e  rabb i t  u teru s demon strated t h a t  t h e  

progesterone-dominated  u terus i s  capable o f  contract ing u n der  (e lectr ica l )  

field s t imu l at ion,  but  t h at conduction between  and recru i tment  o f  myo metr i al 

cel ls  i s  fu nct ional ly b loc ked. More recent  reports  h ave suggested o t h er 

poss ib le  m echan i sms  for a progestero n e- i nduced decrease i n  u ter in e  

excitab i l i ty .  For example,  i t  h as been dem o nstrated that  oes t rogen- in duced 

gap j u nct ions  are i n h ib ited in  pregnant  sheep u nt i l  progestero n e  l evels decl i n e  

near  term (Garfie ld  e t  a l .  1979) .  
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Lye and  Por ter ( 1 978) h ave rekindled the  Csapo hypot h esi s t ha t  progesterone  

b locks myometr ia l  ac t iv i ty dur ing  pregnancy and  tha t  w i thdrawal  o f  th i s  

"block" i s  a prerequ i s i te  for par tur i t ion  i n  sheep.  In  t h ei r  experiments  

ovariectomized ewes were  treated wi th  oestradiol- 1 7b for 3 days a n d  then the  

oestradiol t rea tment  was combined wi th  progesteron e for 3 days b efore final ly 

the  an imals  were again i njected with oestradiol  a lone .  In t ra -u ter ine  pressure 

records obta ined  from a water-fi l led bal loon in  the u terine l umen  s h owed tha t  

spon taneo u s  u ter ine  act ivity dec l ined to very low levels u n less  oes trogen 

treatment was given from the day of  surgical i n tervent ion to  i m plan t the  

ba l loon .  U n der oestrogen treatment ,  spon taneou s activity was  m arked, 

pressure cyc les  occurred regu l arly wi th  a frequ ency of approx imat ely 20 cycles  

each 1 0m i n .  and reac h ed a maximum ampl i tude of  20 to 50mmHg .  In  the ir  

an imal s  oxytoc in  (500mu i .v . )  and PGF2a ( l OfLg/min  i n to t h e  u t e r i ne  l u men)  

markedly s t imu lated u teri ne act ivi ty, part icularly the  frequency of  the  pressure 

cyc les .  

Th e effec t  o f  progest erone in  the  above exper iments  was qui te  profound .  

In trauter ine  pressure cycles decl ined s teadily in  both frequ ency and  ampl i tude 

( less than 1 0m m Hg) the i n h ib i t ion be ing maximal at  72 hours .  Fu rthermore, 

the proges terone dom inated u terus was virtu ally unresponsive to oxytoc in  and 

PGF2a. Th e au thors concluded that "progesterone  h a s  a marked reversible,  

i nh ib i tory act ion upon myometr ia l  activi ty in the  oestrogen -treated 

ovariectomized ewe and is cons i s tent  therefore, with the ear l ier  reports  tha t  

progesteron e  reduces myometrial  act ivity" .  They a l so  con s idered tha t  the  

nat u re of  t h e  i n h ib i t ion  i s  very s imi lar to  tha t  observed in  t h e  progesterone­

treated rabbit  and t h u s  the respon se con forms to the 'c lass ica l '  progesterone  

'block' as fi rst  described by Csapo ( 1 956) .  

Th e experimen t s  reported i n  t h is t h es i s  concerned wi th  emg ac t iv i ty i n  t h e  

ovar iectomized ewe provide further suppor t  t o  t h i s  c lass ical  progesterone  

b lock  theory. Fur thermore t hey con tr ibute  addi t iona l  i n format ion by out l in ing  

the  abi l i ty o f  progesterone  to  i ncrease myometria l  act ivity when  i t  i s  presented 

with a dec l i n i ng  backgrou n d  of oestrogen .  

A n umber of  reports h ave ind icated tha t  spontaneous  act ivity i s  i n h ib i ted 

dur ing the  l u tea l  phase o f  the cycle  and  suggest that  progesteron e  produced 

by the corpus l u teum exerts an i n h ib i tory act ion on  the ovin e  myo m etr ium a t  
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t h is t ime  (Naaktgeboren and  Van D er Weyden ,  1 973;  Croker and  Sh e l ton ,  

1 973 ;  Ruckebush  and  B u eno ,  1 976) .  Th e i nvest igat ion recording emg act ivi ty 

in a normal cycl ing ewe in  th i s  t h es is  confirmed these earl ier find ings a n d  

fu rth ermore, revealed a m u c h  h igher  emg activity (specia l ly i n  b u rs t  

frequency) to be present  du ring t h e  period of  recovery from progestero n e  

i n h ib i t ion ,  i . e .  dur ing pro-oestrus compared wi th  me t -oestrus  ( i n  t h e  l a t te r  

case  the  newly formed corpu s l u teum starts  to produce progesterone) .  

The m echan ism for a n  in crease in  emg activity when  progesterone  i s  given in  

the  presence of  a decl i n ing  backgrou n d  of  oest rogen i n  ovariectomized ewes 

is u nknown . I t  migh t relate to the regu la t ion  o f  PG syn thesis .  Thorburn a n d  

Chal l i s  ( 1 979) commented t h a t  oestrogen a l o n e  admini stered to t h e  

ovariectomized ewes for t en days fai led  t o  s t imu late endometria l  P G F  

product ion a s  judged b y  t h e  concen trat ion of  P G F  i n  the  en dometri u m  a n d  t h e  

secret ion of  PGF i n t o  the  u tero-ovarian vei n .  I n  contrast t reatment  wi th  

progesterone for 1 0  days cau sed a s ign ificant  i ncrease i n  the  en dometrial  P GF 

content  and PG syn t h etase activity.  I n  the i r  s tud ies, t he  greatest  P G F  

product ion was ach ieved b y  comb ined proges terone  ( 1 0  day) p l u s  oestrogen 

( l as t  3 days) treatmen t .  Fol lowing  ear l ier  exper iments  i n  sheep Liggins  et  a l .  

( 1 973)  reported t h at proges terone  can  preven t  glucocortico id- induced 

elevat ions  of  PGF concen t rat ion i n  u ter ine ven ous  b lood bu t  no t  i n  t h e  

myo m etr ium,  a n  observat ion t h a t  suggests t h at progesterone might  i n h ib i t  

PGF release wh i le  b o t h  progesterone  and  oestrogen promote P G F  syn thes i s .  

Fu r ther  work (Lou i s  et  a l . ,  1 977) h as demonstrated that  oestradiol  treatmen t 

a lone  has  no effect o n  the  prostaglandin  F concentration i n  u terin e  carunc les  

or  i n t er-caru ncu lar  t i s sue  i n  non -pregnant  b i la teral ly  ovariectomized sheep ;  

t h i s  was  a l so  the  case wi th  the  concentrat ions  o f  PGF in  t h e  u tero-ovar ian  

ve in  o r  PGFM in  t h e  jugu lar  vei n .  Oestradiol ,  h owever, did accu m u l ate  i n  t h e  

u teri n e  t i ssue .  Progesterone  treatment ,  on  t h e  o ther h and ,  provoked a 

s ign i fican t  i ncrease i n  t h e  concentrat ion of  PGF in  t h e  caru nc les, a sign i fica n t  

increase i n  t h e  re lease of  PGF fro m  the  carunc les  dur ing incubation  w i th  

arach idon ic acid, a n d  a n  i ncrease i n  t he  mean  concen trat ion o f  PG F M  i n  t h e  

jugu lar vein .  When o estradiol  was superimposed on  a progesterone-pr i m ed 

sys tem there was a fu rther m arked i ncrease i n  t he  PGF conten t  of  t h e  

carun cles,  release o f  PGF i n to  t h e  u tero-ovar ian vein, a n d  increase i n  t h e  

concent rat ion of PGFM i n  t h e  j ugu lar  vein .  
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A l l  t h ese data a r e  cons isten t wi th  a requ iremen t for progesterone i n  ac t iva t i ng  

'prostag landin  synthetase' act ivity, and  promot ing  PGF product ion  l argely 

from t h e  carunc les .  After progesterone  pr iming  both the syn t hesis  of PGF by 

t h e  caru ncles and PG release into the vascu l ar system is increased whereas 

o estradio l  t reatment  alone i s  wi thout  effect .  

Th e m echan i sm b y  wh ich t h e  steroid hormones  regu late endometr ia l  P GF2a 

syn t h es is  i s  of some i n terest . I n  rats  (Bosh i er and Holloway, 1 97 3 )  and i n  

s heep (Lou i s  �. ,  1 977) treated w i t h  exogenous progestero n e, t h e  

endometriu m conta ins  l arge l ip id drop le t s  which may a c t  a s  s tores o f  

precursors such  as  arach idon ic  ac id  for P G  syn th esis (Th orb urn ,  1 977 ;  

Tho rburn  and Cha l l i s ,  1979) .  Th e nature  o f  t h i s  l ip id  i s  uncerta i n  a l though 

prel im inary observat ions suggest t hat i t  may b e  tr iglyceride.  Th orburn  and  

Cha l l i s  ( 1 979) suggest that  progestero n e  may i n duce the  enzyme requ i red  for 

t h e  syn thesis  o f  t h i s  tr iglyceride con ta in ing  a rac h idonic acid, wh i l e  oestrogen 

m ay i n duce t h e  acylat ing enzyme n ecessary for hydrolysis. The pr im ing  effec t  

o f  progesteron e  m ay be not  only on  t h e  'prostaglandin syn thetase '  enzymes,  

b u t  may be a l so related to the avai lab i l i ty  o f  fatty acid prec u rsors in t h e  

u terus  (Lou i s  et  a l . ,  1 977) .  Fu rther than t h i s ,  concurren t adm i n i st rat ion of  

oestrogen may lead to the  labia l iza t ion  o f  lysosomes thus  releasin g  

phosphol ipase A 2  which i n  turn may release arachidonic acid a s  a precursor 

for t h e  'prostaglandi n  syn thetase'  complex.  Th i s  would  expl ain t h e  addi t ive 

effect of progesterone plus oestradiol t rea tmen t .  The propos i t ion i s  

supported by observat ions of  l ip id  droplets  in  the  endometri u m  fol lowin g  

progesterone  admin istrat ion a n d  b y  t h e  decrease in  t h e  concent ra t ion  of  t h ese 

droplets  fol lowing the  addit ion of  oestradiol .  

Another  possib i l i ty t hat could expl ain  why myom etria l  activity appears t o  b e  

enh anced a fter  recovery from progesterone i n h ib i t ion ,  b u t  wi th  con t in u ing  

exposure  to oestrogen,  comes fro m  work by Lou i s  et  a l . ,  ( 1 977)  a n d  Cha l l i s  

a n d  Thorburn ( 1 979) .  Th ey showed tha t  the  ovine  endometr i u m  h as t h e  

abi l i ty  to  concentrate  oestradiol - 1 7B presumably because of  h ig h  l evels o f  

oestrogen receptors in  progesterone  t rea ted  a n imals  - t i s sue  levels  m ay b e  

m any t imes  plasma levels.  Higher emg ac t iv i ty w a s  observed i n  o es trogen p lus  

progesterone  treated an imals  t han  where oes t rogen treatme n t  a lo n e  was  

admin istered i n  the  experiments  repor ted  i n  t h i s  thes is .  The i ncreased 

response  could be expla ined as a consequence  of  the  h igher  levels  of 
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oestrogen i n  t h e  endometr iu m tha t  cou ld  h ave resu l t ed  fro m  t h e  

admin is t rat ion o f  progesterone .  

V.5 :  U teri n e  refractori ness  

Th e decreased responsiveness o f  the u teru s of  the ovar iectomi zed ewes to t h e  

treatmen t s  i n  regime two (see sect ion p .83 o f  t h i s  t h esi s )  i s  deserving  of  

commen t .  Rela t ively h igh myometr ia l  act ivity occurred du r ing  regime one  of  

the  exper imen t and the  u teru s  appeared to take a cons iderab le  t i m e  to recover 

from th i s .  I ncreased refractor iness  of  t h e  cel l s  of the  myo m et ri u m  through 

a reduct ion  i n  receptor s i tes  for hormon es cou ld  be  respons ib le  for the change 

in  sens i t ivity b etween the  two regimes .  Whether a s imi lar  response wou ld  

h ave been observed in  the  i n tac t  ewe i n  e i ther t h e  anoestrou s  season  or  the  

breedin g  season  was  beyond t h e  scope of invest igat ion s p lan n ed i n  t h is 

projec t .  I f  such  a phenomenon i s  widespread fu r ther  exper imen t s  wou l d  need 

to be design ed to determine  the  n ature of such a response.  
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APPENDIX I 

EWE 3 29, 5 0  kg, surgery on  1 7. 9 . 1 987. A low m id- l i n e  i ncis ion 1 5cm long  was 

m a d e  i n  the  ventral  abdomen . Electrodes were su tu red i n to the  myometr ium 

a t  2 s i tes  ( see  p 51 ) .  One  was  on  the  dorsa l  body o f  the  u teru s abo u t  3cm 

from the  cervix and  the  other  was  on t h e  great curvat u re o f  the  r igh t  u ter ine  

horn  about 80mm dis ta l  from the  fi rst po i n t  a n d  70mm d i stal  to  the  u tero­

tuba l  j u nct ion .  Th i s  ewe was n o t  ovar iectomized and recording began on 

23 .9 . 1 987.  

EWE 476, 45 kg, operated  on  24 .9 . 1 987 .  Low-ven tral  mid l ine inc i s io n .  

Elect rodes were sutu red on t h e  u terine  body, left h o r n ,  and  t h e  junct ion  o f  

t h e  left horn  with the  oviduc t  (see p 52) .  Th is  ewe  was ovariectomized .  

Record ing b egan on  10 . 1 2 . 1 987 .  

EWE 248, 5 0  kg,  su rgery on  25 . 1 1 . 1 987.  Righ t s ide groin area in cis ion 1 0cm 

leng th .  Th i s  approach made i t  easy to fi n d  the  u teru s and exterminates .  

Three posi t ions  are ventral  s ide o f  cervix, left horn and  the  ju nct ion of t h e  

left horn  w i t h  ovi duct  (see p.  5 2 ) .  Recording began o n  10 . 12 . 1987. Th is  ewe 

was ovariec tomized.  

EWE 1 0, 55  kg, su rgery on 26 . 1 1 . 1 987. Righ t s ide groin area, incis ion 1 0cm 

lengt h .  Three pos i t ions  are body, horn and the junc t ion  o f  the r ight left horn 

wi th  oviduct  (see p .  53) .  Th is  ewe was ovariectomized .  Recording began on 

1 0 . 1 2 . 1 987. 

EWE 785 was operated on  on 9 . 1 2 . 1 987. 60 kg. R igh t s ide groin area i nci s ion  

1 5c m  long .  Fou r  pos i t ions  were made.  Th ey were ventral  cervix, r igh t horn ,  

r igh t j u nct ion  and r ight  oviduc t  (see p .  53) .  She  was ovariectom ized.  

Recording b egan on 12 . 1 . 1 987 .  

EWE 661 ,  su rgery on  1 1 .2 .  1 988.  50 kg.  Right  side  groin  area incis ion 1 5cm 

long .  Fou r  pos i t ions were made .  These were  cervix, l eft horn ,  r ight  horn and  

t h e  r ight  j u n ct ion o f  the  horn  (see p. 5 1 ) .  Record ing b egan o n  23 . 3 . 1 988  when  

the  first  oestrus occurred a n d  t h e  ewe was m arked by  ram.  Recording ceased 

on 8 . 5 . 1 988.  During this  period,  the length of  normal cyc l ing  in  th is  ewe was 

about 1 7  days. 
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