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ABSTRACT 

A new apparatus for mea suring u t erine pressure (UP) \vas developed 

f rom an art i f ic ial insemina t ion tube , mod ified by sealing one end and crea t­

ing a s ide open ing which was covered by a rubber diaphragm. It wa s a who l ly 

pneumat ic system . BeOQase every record ing tube was different , each \va s  

t e s ted in vitro using a syringe-barrel apparatus which cou l d  ap ply a 

�ange of pre ssures and mea sure the resistance fac tor of the d iaphragm . By 

s imple calculat ion , the r e s istance fac tor for each d iaphragm could be used 

to  s tandard ise the in vivo record ing s  and so prov ide an e s t imated forc e or 

pre ssure of the uterine mu sculature . The sensor d iaphragm was sen s i t iveand 

responded to appl ied pre s sure on a linear scale up to 4SIOmmHg . 

The UP compris ed u t erine tonic ity l)re ssure ( 3 2 -lOlOmmHg )  and uter ine 

con trac t ion pre ssure (0-l lOmmHg ) .  The UP therefore was much higher than the 

t radit ional intra-uterine pres sure whicr. had been interpreted by research 

workers prev iously to con s ist  of the uterine contract ion pres sure alone. 

The u t erus of the normal cow was more ac t ive and respons ive to 

oxytoc in during estr-.�s . In the d iestral period , the uterine a c t iv i ty \va s  

reduced and there were t ime s when the uterus \va s  quiescent . In spayed cow s ,  

t h e  uter ine a c t ivity wa s mu ch reduced , and in many record ings t here ,,,ere no 

a c t ive uterine contrac t io n s . Estrogen could produce estral b ehaviour in 

spayed cows and it sl ight l y  increa sed the u t er ine activity . Such activity 

was much l e s s  in degree t han that observed during es trus in normal cows . 

Urina t ion , defecat ion , bellow ing or arching o f  the back had no long­

l a s t ing e f f e c t  on u ter in e  contrac t ion trac ings , though either urina tion or 

defeca tion pro duced a trans ient fall in ut erine tonic i ty .  Environmen tal 

d i sturbances  such as a t rac tor operat ing nearby did not a f f ec t the pattern 

of uterine a c t ivity whic h had a contraction frequency ranging from 0 to 2 2  

per 1 0  minu t e s .  
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Some intramuscular inj ect ions o f  oxytocin (5 o f  16 ) d id no t produce 

any ac t ion on a u terus wh ich was la ter f ound to be respons ive to intra-

venou s l y  adminis t ered oxytoc in. The epidural route o f  oxytocin administrat ion 

accoun t ed for fewe r failures ( 1  of 1 3 ), bu t the int ravenou s rout e  was mo st  

con s i s tent of  all  prov ided the uterus was und ergo ing r egular con tactions . 

F ive uni t s  o f  oxy tocin g iven int ravenously did no t produce any 

s ign i f icant inc rease in uter in e  ac t ivity whereas 1 0  - 20 unit s g iven 40 

minut e s  later produced a max imum increa se . Do ses o f  40 - 6 0  uni t s  given 

a f t er ano ther 40 minute s ,  d id no t produc e  a further inc rease in u t erine 

a c t iv i ty . 

The durat ion o: ac t ion o f  oxytocin lasted for more than 9 hours when 

the recording was taken cont inuously; but when the an imal was a l lowed rest 

perio d s  interspe rsed with recording per iod s ,  the du ra t ion wa s f ound to be 

always greater than 1 hour and in 7 out of 1 5  recor ding s ,  more than 3� hours . 

The effec t o f  adrena l in e  on u terine act ivity was s t imula tory for a 

f ew moment s  only and this wa s followed by 2 - 4 minu tes  o f  inhibition . 

Xylazine in the form o f  "Rompun" had a st imulatory e f f e c t  on u ter ine ac t ivity . 

There are indic&tions th a t  the s pontaneous mus cular contractions o f  

the n on-pregnant uterus are governed b y  a complex o f  influences including 

endogenous hormone s . To d e t e rmine the relative importance o f  the di f ferent 

c ompo nents woul d  seem t o  be an inte res t ing and impo rt ant f i eld o f  s t udy 

tha t  migh t  poss ibly lead t o  the more r a t i onal use o f  therapeu t i c  drugs 

about the t ime o f  parturi tio n. 
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CHAPTER 1 INTRODUCT ION 

There i s  l imited informat ion available on the pat te rn of uterine 

act ivity and its  mod if ica t ion by the a c t ion of oxytoc in during var ious 

stages o f  the estrous cycle . Mos t  o f  the s tudies have been concen t rated 

around the time o f  par turition and more studies have been c onduc ted in man 

than in animal s .  Var iou s report s  have presen t e d  somewhat conflic t in g  fac t s  

about uterine con t r a c t ions and the response o f  the organ t o  oxytoc in , and i t  

i s  clear tha t the sign i f icance o f  the normal u t er ine movemen t s  in cows, s t ill 

need s  much more a t tent ion . 

The a im of this study wa s to d evelop a better underst anding of 

a c t ivity d is played by the non-grav id u t erus , in the hope tha t special ised 

equipment and preliminary f ind ings m ight be of use la ter in inve st igat ing 

uter in e  cont ract ions about the t ime of partur it ion. I t  was an t icipated that 

the u t e r ine movement s  and the respons ivene ss of the uterine mu scle to 

oxy toc in , might wel l  be diff erent at var ious stages of the estrous cycle , 

and in order to more c losely det ermine the t ime of estrus , artif ic ial ly 

s t imula t e d  s payed cow s  were u sed in addit ion to in tact an imals und ergoing 

naturall y  oc curr in g  cycles . 

An investigation of uterine ac t ivity in vivo was cho sen , rather than 

a s tudy on the uterus freshly removed , bec au se any f in d ings would not requ ire 

sub se quent conf irma t ion in vivo and in the know l edge tha t all endogenous 

inf luenc e s  had been operat ional at the t ime measurement s  were made . S tudies 

m i ght have b een under taken us ing small laboratory anima l s ,  but again , any 

s ignificant results  woul d  have needed conf irma t ion later in catt le ; and the 

cow's anatomy lend s i t se lf particularly well to direc t ob serva t ions b e ing 

mad e  on uter ine ac t iv it y . 

In the pa s t , research worker s approaching the same problems have used 

a variety o f  pressure recording d evic e s . The s e  have con s is ted ma inly of 
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either a ir-f i lled or  water-f illed balloons , c onnec ted to a pressure record-

ing manomet e r . Init iall y ,  s imilar p ieces o f  equipment were tried out for 

thi s  s tudy a nd found t o  b e  very sen s i t ive , but they suf f ered  from a range 

of d efic ienc ies . Eventua lly a simp l e  and robust piece o f  appara tus was 

�1\S'�c.-t".e..l loca..ll'-( and subse quent ly used t o  prov ide the ma in resul ts 

of this thesis . 

By careful observa t ion o f  the cow under expe rimen t , a l l  extraneous 

movement s  on the recording trac ing were iden t if ied and it  was found that 

charact er is t ic uterine pressure pat t erns could be recognize d . Detai ls of 

how these d i f fered be tween animals and during various stage s of  the est rous 

cyc l e  are d escribed in the thesis and these f o rm the main part of the stud y .  

Oxyto c in has been wide ly used over many years t o  st imulate u ter ine 

contra c t ions ; par t icularly about the t ime of  partur ition . Sor.1e ,,,orkers 

have r est r ic ted the ir in terests to measurements of the eff ects of oxytoc in 

on the non-pregnant c ow .  In the present stud y ,  it was po ss ible to c ontinue 

thi s approach and to ext end the investigations to include a comparison of 

the oxyto c in effec t s  fol lowing d i f f eren t routes of admin ist ra t ion. 
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CHAPTER 2 REVI EW OF T H E L I TE RATU RE 

2 . 1  ANATOMY OF THE BOVINE UTERUS 

2 . 1 . 1 Macroanat omy 

In s tudying the movemen t s  and pre ssure exerted by the u terus , an 

unders t and ing o f  i t s  s tructure and pos i t i on re lative t o  o ther organs 

contained in the abdominal cavi ty , i s  important , because even s l i ght 

changes i n  the abdominal pres sure , could have some effect  on u terine 

p ressure charact eri s ti cs . 

rhe uterus of the cow i s  a hollow muscu lar organ , which is  cont in­

uous with the fallopian tubes anteri orly and opens int o  the vagina 

pos teriorly . 

\ 

In the adu lt, the horns or c ornua of  the uterus are s i tuated 

ent ire ly in the abd omen . They appear to vary consi derab ly in position 

but commonly they are pre ssed up against the sublumbar muscles by the 

int es t ine, They are cylindrical  when moderately d i s t ended , and each is 

ab ou t 2 5  cm in length . The anterior extremity of e ach f o rms a b lunt 

point whi ch re ceives the fallop i an tube . Pos teri orly they increase some­

what in ca libre , c onverge , and unite with the body . The V���� border 

is s li gh t ly concave and is a t t ached to the sub lumbar region by the broad 

ligatl\ent. The doYSo.l border i s  convex and free . 

The body of the uterus i s  s i tuated p art ly in the abdominal , and 

part ly in the pe lv i c  cavi ty . I t  i s  cylin dri cal , bu t con siderab ly 

tlattened dorsoven trally , s o  that in cross-section i t  i s  e lip t i c a l .  I t s  

ave�age length i s  3 t o  4 cm and i t s  diamet er, when moderately �i s t ended , 

about 10 cm . I t s  d orsal surface is related to the rectum and o ther part s 

of the intes t ine, I ts ventral s urface is in contact wi th the b ladder , 

a.nd ha.s incons tan t  re lat i ons with  various p arts of the intestine . The 

term fundus uteri is app lied t o  the wide an terior p art from whi ch the 
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cornua d iverge . 

The neck or cervix of the uterus i s  the cons tricted p os teri or 

p ortion wh ich j oins the vagina . I t  i s  about 5 t o  8 cm i n  length , and 

3 t o  5 cm in diame t er . Par t  of i t  proj ect s  pos teriorly into the cavity 

o� the vagina. 

The cervix is a heavy , smooth muscle sphincter \vhi ch is t ight ly 

closed excep t during e s trus or at parturit i on .  I t s  inner sur f ace i s  

arrange d i n  a serie s o f  circu lar ridge s o r  rings , s omet imes called 

annu lar f olds . 

Therunica muscularis of the cervix cons ists of inner circu lar and 

outer longi tudinal smooth musc le layers. E lastic fibr e s  are prominent 

in the circular layer . The muscle layers of the cervix are cont inuous 

with those of the fundus an ter iorly and the vagina p o s t eriorly . In the 

cow ' s cPrvix, there are four large circular f o lds and 1 5  to 25 l ong­

;l-tudinal f olds� each with many s econdary and terti ary f o lds (31). 
The cavity o f  the uterus i s  large ly ob li terated in t he non-pregnant 

s tate by the contraction of the wall  and by f olds o f  the mucous membrane 

�i:n,in,g� At the extremity of e ach cornu i t  communicate s  with the fal lopian 

tube hy- a minute GJ)ening on a small pap i l la . Pos t erior ly the cavity of 

t.h� neck o f  the uterus i'S termed the cervical canal. I t  opens into  the 

vagina by the orificiwn externwn uteri, and into the b ody of the uterus 

�y the orificium internum uteri. 

The outermost layer of the ut erus i s  a serous membrane which i s  

pa�� of the reflected perit oneum and known a s  the broad ligament .  Under 

th�t? t here is myometrium , the muscular portion of the \vall of the uterus. 

lt consi s t s  of a thick inner c ircu lar layer of smooth muscle and a thinner 

Quter l on gitudinal layer of smooth mu scle , s eparated from one an o ther by 

a. vascular connect ive tis sue layer, The innermos t layer , the mucous 

membrane lining the u terus, i s  a high ly glandular s t ructure cal led the 
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enoome trium (42). 

2,1,2 Inne rvation 

Uterine function is controlled b oth by t he aut onomi c ne rvous sys t em 

and various hormones. A bet ter  understanding of uterine innervation 

would help t o  exp lain the patte rn of u t erine contrac tion ob served in 

the normal c ow and the effects  of exogenous hormones on b ot h  intact and 

spayed an imals . Unfortunat e ly ,  definitive :in formation on b ovine u t e rine 

inn.ervat i on is s t i l l  quite limited . Accordingly evidence ob tained f rom 

other spe c i e s  has t o  be studied in the hope of providing s ome basic 

unders tanding common t o  a range of animals inc luding the c ow .  

'rhe chief nervous ganglia which di s tribu t e  nerves t o  the visera 

and vesse l s  of the ab dominal and the pe lvi c cavit ies are 2 in number , the 

coeliac (symp athe tic) and the p e lvi c (parasymp athe t i c) ( 88) .  

I t  i s  knmvn that , the ganglion supp lying the ovary and the cornu 
ott-er pa.ru cJ-

of,· the u t e ru s  is a d i f f erent one t o  that supplying Lthe uterus and vagina 

but both share bran ches from the aortic gang li a .  

The ne rves supp lying the u t e rus from the pelvic gangli on leave this 

structure a l ongside other branche s which supp ly the b ladde r and upper 

part of the vagina , al though the recturr , b ladder , urethr a ,  and lmver 

vagina rece ive a separate innerv a t i on.by way of the p e lv i c  nerve (80) . 

S t imulat i on of ei ther the sympathetic or the parasymp athe t i c  nerves 

can e li c i t  increased activity o f  t he uterus of man , but  denervation 

causes li t t le overall change in uterine rhythmic cont rac t i lity . Since 

the inherent activity of the u te ru s  i s  largely independent of i t s  motor 

±nnervat i on, autonomi c nervou s sys t em b lockin g agents have lit tle e f fect  

.al thou gh b o th alpha and beta adrenergic re ceptors are c learly demon-

�tra.b le in the myome t rium of s ome mammalian spe cies . A regi onal 

v·ariat i on in the densi ty of adrene rgic nerves cou ld be demonstrated in 
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man, the numb e r  of f ibres being f ewer in the fundus than in the cervix 

where the number was three times highe r than e lsewhere in the uterus 

(94). 
Ut erine c ontracti l i ty is inhib i te d  by local anae s the t i c s , and by 

direct-act ing smooth mus c le relaxant s  such as p apaverine , nit re-

g ly cerine , and caffeine (49). 

Anat omi cal s tudie s have made i t  f airly c lear that different p art s 

o f  the ute rus such as the fundus , c orpus , cornua and cervix ; have 

s eparate nerve suppli es ( b oth affe rent and efferent )  (74). 

2;2 UTERINE PHYSI OLOGY 

M�OMe�uJ G\c.tl'vi\� o.nct Dvu.\a.fioo . 
More research has been undertaken on aspec ts o f  con t ract ion of 

the h1.1man u t e rus than on the cmv u teru s ,  and accordingly it is import-

a.nt to have s ome unde rstanding of human ute rine physiology be fore any 

extrapol�t ion of findings t o  cat t le c an be considere d .  

In s tudying the physiological inf ormation ob t ained f rom man an d 

cat tl.e with particular re ference t o  c ont ractions of the uteru s , i t  was 

found that at estrus and menstruat i on the re are certain importan t  

sj:mJlari:ties . 

Me.nstruation i s  a periodic d i s charge of a sanguineous f luid f rom the 

u terus , occurring throughout the period of a woman ' s sexual  maturi ty 

from puberty to the menvpause . E s t ru s  i s  the female anima l ' s  mating 

p eriod during which the male will be accep t ed. At the same t ime change s 

a:re taking p l ace in the u terine mucosa under the inf luence o f  hormones 

involved wi th main taining the es trous cyc le . 

B as ic s imi lari ties  i n  the sign s  and symp toms o f  e s t ru s  and men-

s t ruation , and in uterine activity a t  estrus and menst ruation, are 

supported by the f o l lowing evi dence. 
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Uterine activity of  the cow varies with the stages of  the estrous 

cycle (52) . Contractions during estrus an.d a few days afterwards a.re 

marked , while contractions during the diestral period are slight (33}� 
During the diestral period, the uterus i s  largely at rest (Q9} . 

It i s  always poss ible to record contractions in the human non­

pregnant uterus .  These contracti ons are f requent , regular and weak in 

the f irst half of the menstrual cycle ; a fter about the 16th day , they 

become stronger , but less  re gular,and during menstruation , the contr?ct-:­

ions reach their peak ( 71) . 

F rom the above points , it i s  noticeable that , the human uterus is  

most active during menstruation i . e . . some 14  days before ovulation, 

whereas the cow's uterus is more active during estrus , and coincides 

with ovulation . 

At t imes when uterine activity shows s ignificant differences 'rn ttle_ CoW, 

corresponding changes can be recorded in the electrical potential of 

the myometrium . During diestrus , brie f , weak, irregular bursts  of  

potenti als were recorded . During proestru s ,  increases in  amplitude 

and frequency of contractions were �ccompanied by a group ing of activity 

into bursts of 5 to 10 seconds duration . At estrus , the "trains" o f  

potentials , were mingled with bursts to form prolonged. phases lasting 

1 to 7 minutes and these occurred two to three times every hou r .  During 

m.etestrus , shorter and more f requent phases of activity were recorded� 

but their amplitude was reduced ( _82) . 

The average e strous cycle length in cattle i s  about 21 da.�� \ �t 

is slightly shorter in hei fers than in mature cows , and. cycle.s w ithin 

the r ange of 1 8  to 24 days are. considered norma.l (92), 

The period of estrus i s  arbitrarily defined as the interval during 

which an animal will accept mounting by- another cow or bull, ';!'he average 

duration of estru s for both dairy and bee.f cattle i s  18 hours� an_d, 



8 

periods o f  12 to 2 4  hours are considered normal .  Hei fers have s lightly 

shorter periods than mature cows . The average length of estrus i s  

reported to be as short as 1 2  to 13 hours i n  cows o f  European breeds in 

a subtropical climate . 

Ovulation occurs 10 to 11 hours after the end of estrus in both 

beef and dairy breeds , and periods of 5 to 15 hours are considered 

normal. Late ovulations do not appear to occur very frequently , and 

attempts to improve fertility in repeat breeder cmvs by ovulation-hast­

ening treatments given during estrus have met with little success ( 92) . 

Changes in the cervix: During estrus there is an increased 

vascularity of the cervix accompanied by edema, and relaxation in the 

cervical muscle tone. 

The rigidity of the cervix, at estrus , is due to the edema and noL 

due to vascular engorgement since excessive quantities of blood are not 

�ound, During metestrus and diestrus the cervix and the interior 

prominences are quite soft . Changes in the cmv' s cervix could be 

a.ssod:ated with alternate hardening aad softening of the tissue, rather 

th!l,f\ with relaxation and constriction (32 ) .  

A. s  the cervix shares some smooth muscle with the body of  the uteru s , 

the activity and reactivity to drugs are similar in the cervix and the 

corpus o f  cattle . Mostly the frequency of  mu scular cont ractions of  the 

cervix and the corpus are similar , but sometimes the difference i s  as 

gre� t as 6:1 (39) . 

2. 3 HORMONES AFFECTING UTERINE ACTIVITY 

Bovine uterine activity changes with the various stages of the 

estrous cyc le, which in turn i s  governed by a number of factors involving 

the hypothalamus (producing speci f ic hormone-releasing factor) , two 
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gonadotropins from the anter ior p ituitary gland (fol licle stimulating 

hormone and luteinizing hormone) and two hormones from the ovarie s  

(�strogen and progesterone) . Hysterectomy i n  cattle pro longed the l i fe 

span o f  the corpus luteum; thi s  fact suggests that the uterus which 

contains prostaglandinF2a. may also play a vital role in regu lating the 

estrous cycle (48). 
rhus there are numerous factors influencing uterine activity, but 

in thi s  study only oxytocin and estrogen were used experimentally and 

a brief d�scription of  the activities of the se two hormones  is given 

be lmv . 

2. 3 . 1  Oxytocin 

Pharmacodynamics 

The hormone oxytocin is formed in the cel l  bodies located p rinci­

pally in the paraventricular and supraoptic nuclei and it then mi grates  

along the axons of these cells  to perivascular nerve endings in  the 

posterior lobe . The hormone accumulates in the nerve endings large ly 

in "neurosecr.etory granules" , within which oxytocin is bound to protein 

(!+92 • 

Unti l recently, the oxytocin avai�_ab le for therapeutic use and for 

;investi-gation was in the form of purified posterior pituitary extracts 

th�t were contaminated to a smal l  and variab le degree by antidiuretic 

bormone.(ADH) . Pure synthetic oxytocin is now used, and the effects to 

be. desc-ribed are those of the pure hormone . However, it should be borne 

in mi'nd that even oxytocin itself has slight, but not significant, 

�nt.idiuretie and vascu lar activity that may become man ifest when large 

do_ses a re used (49I. 

;Apsorption, fate and excretion: If  given orally, oxytocin i s  

in_activated by chymotrypsin . However ,  i t  i s  effective after 
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administration by any parenteral route (49). 

The half-life of oxytocin i� plasma i s  less  than 1 0  minutes (49). 

Its rapid removal .from plasma is accomplished largely by the kidney and 

the liver. Mammary tis sue which is highly responsive to oxytocin_,also 

attracts oxytocin from plasma. Cell-free extracts of liver and kidney 

show far higher oxytocin inactivating activity than do extracts of other 

ti ssues. A very small portion of the oxytocin extracted by the kidney 

reaches the u rine in active form (49) � 

During p regnancy , two additional factors take part in the pharm­

acoklrnetics o f  oxytocin. These a.re� 

( 1 )  Oxytocin inactivation occurs in plasma. The functional 

s i gnificance of  the plasma oxytocinase of human pregnancy has not been 

e stablished but it i s  thought that , it accounts for only a small part 

of  the inactivation of the hormone. 

( 2 ) High oxytocinase activity i s  found in the �issue pf  the preg­

nant uterus and in the placentat 

Effects on uterus� 

Oxytocin stimulates bot.h electri .cal and contractile activity ir. 

uterine smooth muscle. With higher concentrations , decreases in the 

resting membrane potenti al occur (492 1 These effects aJ;"e highly depend­

ent on the p resence of estrogen and when estrogen levels are low, the 

e.f�ects of oxytocin are much reduced (q92. 

Although progesterone antagoni ses the stimula�t e ffect of oxytocin 

�n vitro� the corresponding effect in the pregnant human uterus has been 

d i f ficult to demonstrate.· The sensitivity of· the. human uterus to OJC.ytocin 

gradually increases during gestation and then increases shaJ;"ply veJ;"y 

shortly before parturition (�9). 

�ither stilbestrol or· progesterone increa.ses the res{'onse of the. 

uterus of  the ovariectomised cow . to oxytocin; sti lbestrol be;ing the more 
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e ffectiye (52), 

Rays and Vandemark (52) claimed that , oxytocin increased the 

uteri:n.e activity in each of  28 observations on intact cattle . The 

reaction started in 10 to 12 seconds after intravenous inj ection and 

was usually characteri sed by a strange tetanic contraction which 

:;Ln.creased the intra-uterine pressure 3 0  to 70 mm Hg f rom a base of 

approximately 20 mm Hg and lasted for 1 to 3 minutes . Thi s  was follmved 

by, a gr:a<;lual reduction both in  tone and contractions . 

The response of the uterus to oxytocin in ovariectomised cows was 

slight, but af ter treatment with stilbestrol , the response was closer 

to that of the normal cow (52). 

In addition to the hormones referred to above which affect the 

activity of the uterus , adrenaline produces a momentary stimulatory 

effect, On i ntravenous injection , a large contraction results and t.his 

preceeds a period of reduced activity . In the ovariectomised cow , the 

uteru s  reacted to epinephrine in a similar manner but the response �as 

greatly reduced (51), 

2,3,2 Estrogen 

lhe principle female sex hormones (estrogens) in most species of 

a;n,Jmals are, e stradiol � 17 8� estrone and estriol . The adrenal cortex 

an.d fpllicle of the ovary produce some estrogens , and the placenta in 

late pregnancy produces large quantities . 

The. uterine smooth musc le is usually subject to endocrine influence 

especially that of the estrogens (49). The estrogens increase myometrial 

to�e and spontaneous motility but they do not cause the forceful con­

tractions whi.ch are partly respons ible for the birth process (58). 

'l'he relaxing effect on . the cervix and the sens itizing of  the uterus 

to the ecbolic effect of oxytocin, has led to the use o f  estrogens as an 
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a,id ;in removing the re.t.P.Jn.ed pl,a,cent a  (_171, 

Pinto et al. (76) showed that the s timulatory act ion of estradiol --

178 seemed to be a direct local action on the myomet ri um rather than act­

ing through any other pathway. He adminis tered es t radiol - 17 S by the 

tntra-amniotic rou te in patien t s  close to term, stimulated contrac tions 

of the uterus and conditioned the cervix for parturi t ion ; similar effect s  

to those observed when the e s tradiol was injected intravenously in the 

same do se, 

Jones (38) pointed out that the half-life of exogenous estrogen 

was very short from hi s experiments on dogs . When the aqueous solution 

of an estrogen was inj ected intravenously into dogs , about 90% of the 

dose d iE'�ppeared wi thin a fe\v Iilinutes . Only a small amount could be 

:recovered from the urine . 

It is known that estrogens inc·cease the activ i ty of the ut2rus w\.,.��a.s 

full enlargemen t af ter sensi t izat ion by estrogen t ake s some time to 

develop; a fac t  which was demonstrated by Kroc et al. (62) in rat s . 

Real grow th of the u terus increased dry weigh t  and nit rogen content 

i':O. spay-ed immature rats t re'ated wi th estrogen . This was generally pre-­

ceded by a transient increase in uterine water conten t . 

The rat u terine wet weight increased 1-2 hours a fter hormonal 

s timulation and reached a maximum at .4-5 hours . After declin ing 

sligh tly at 9-12 hours ,  a second increase occurred1which was maximum 

between 15-30 hours (q4). 
In spite of the defini t e  response observed in t he rat u terus , in 

�o�e of the 33 human p atien t s  s tudied , was there observed any immediate 

change in the uterine contraction pat terns , following intravenous 

adplinis tration of estrogen or saline (59). 
The influence of est rogens over u terine act iv i t y , albeit a delayed 

effect, is further born out by blood levels found during different phases 
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of the bovine estrooscycle . Est�qdiol 176 levels increased during the 

3 day s  p receding estrus in cattle and attained Q.. peak value ( 1 7 + 1. 9[s.e.M1 
ng/100 ml) , 4 hours before estrous behaviou r  could be detected . The 

level declined steeply during the day of estrus to reach a nadir (0,8 + 

0. 11) before the time of· ovulation; A minor rise tvas observed on day L1 

and a more sustained increase on days 10:.. 13 , with a peak on day 11 

(8.1:!: 3.6) (86). 

2. 4 TECHNIQUES USED FOR RECORDING UTERINE ACriVITY 

Over the past 100 years , man has made attempts to measure uterine 

activity , using a large number of  different techniques with variable 

results . The various techniques applieL have been based on the same 

concept and have employed only minor modi f icationa in apparatus . 

(1) Intra-uterine water bag 

As long ago as 1872 , an elaborate paper was publi shed by Schatz , 

who reported on his  use of an intra-uterine water bag C80 ml) , connected 

to a Mercury manometer and simple kymograph , to obtain traciri.gs of 

uterine action· (71) . 

In 1938 , an i ntra-uterine Voorhees bag was used by Salerno , for 

measuring uterine pressure at term, About (800 ml) bichloride solution 

was injected into the bag , which was connected to a Mercury manometer 

by a water-filled tube (�3 ) , 

(2} Intra-uterine balloon 

lnstead of a b ag, a small rubber balloon· (2 ml) was used by 

Westermark in 1893 . The concept was the same as that of th� \-later bag , 

but a b a.lloon of smaller size was used to avoid disturbing the uterine 

contraction pqttern . 

Both the intra-uterine b ag and manomete� had been im�roved in sqme 
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details by Moir (71) . lie de.scribed it as a bag? though the size ranged 

from 1.5 to 3 ml capacity. A 15 ml balloon filled with air was used by 

\-Jilson and Kurzrok ( 2 2) and a 5 ml balloon filled with liquid was used 

by Bickers ( 27) . 

(3) Intra-uterine granular carbon.sensor 

Karlson (26),in an attempt to overcome some of the shortcomings of 

previous tocometers, used a sensor, consisting of a granular carbon 

microphone, which was introduced into the uterine cavity by means of a 

probe. Through the probe, the wires from the sensor were connected to 

the current, the load resister and the recording system. He used several 

of these devices to make a closer study of movements 'vi thin the various 

parts of the uterus. 

(4)  Open-end catheter 

In 1 964 , Hendricks introduced the intra-uterine open-end catheter 

technique. It was a thin fluid-filled polyethylene catheter which was 

inserted into the cavity of the non-pregncnt uterus, and its outer end 

was conP�cted to a recording system, Similarly Alveraz (LO) used a 

water filled, 15 gauge needle for recording intra-amniotic pressur-e .. 

(5) Strain gauge sensor 

lnternal, The strain gauge wire tocometer is a slender cylinder, 

3 c� in length, 0. 3 cm in diameter, The strain gauge wire on its lucite 

core was enclosed inside a thin silico-rubber sheath. The tocometric 

cylinder was inserted so that its tip rested against the fundus o£ the 

uterus (5}0). 

�xternal. In 1 950 , Caldeyro et al.. used a seven channel tocometer, in 

wh;Lch, th:ree were strain gauges, placed along the. midline of the ute:r:-us? 

but externally on· the abdominal wall. For· measurement? the soft $tee), 

p:r:-obe and conducting wires were connected to a lfueatstone Br:i.dge 6-:-yolt 

battery, amplifier osillograph ( 19) . 
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(6) R.ubber m.embrane. P�.ck,7Uj) 

The remaining four channels of Caldeyro's apparatus were rubber 

membrane pick-ups. They too were placed on the abdominal wall? and 

connected, by rubber tubes, to a sensitive chart-recording system. 

(_7 ) The guard-ring tocodyr:i,amometer 

Smith (89) claimed that th� ballooris and catheters used at the time 

o� parturition, caused some degree of inconvenience to the patient and 

demanded special attendance of the obste.t.ri tian.. The abdorqinal toco'" 

meters had weakness too in tha� they did not record true intra-amniotic 

pressure and they were influenced by skin tension. 

He made a new abdominal. tocometer intending to overcome the defect.s 

of the earlier instruments. It consisted of a pressure plate in which a 

pressure sensor strain gauge wa& situated. The pressure plate was 

surrounded by a guard plate which flattened the abdominal wall so that 

uterine pressure on the recording plate was more uniform. 

(�� Intra-uterine sensor and transmitter (radiotelemetry2 

lhe wireless pill was a small radio-frequency (0.4 Mc/s) transistor­

ised transmitter with self-contained battery and swit.ch. It was 

hermetic.ally sealed in "Perspex". It was cylindrical.� 9 mm in diameteJ;"? 

and 19. 3 rrnn long. The pill was switched on by shaking pd.or to :j..nsert.iQn? 

and after recovery could be switched off and reclaimed for further 1,1se� 

A thread was attached to the pill for ease of removal. Changes in 

freq_uency of the signal emitted by the pill were monitorecl by a nearby 

aeri.al and the radio-receiver was conriected to a continuous re.cQrd�ng 

system (90). 

(9) Intra-myometrial microballoons 

A plastic tube of 18 gauge and 2!z ft long, was heat seale.d at one. 

en.d and an 1/8 ml balloon was blowri near the end, A hole was made in 

the. tab at the sealed end. A si.lk thread of 0 gauge, was· fnse.rted �nto 
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this hol.i:! a.nd t.ied . The plastic t.\lb.e. �a.s ;f;i.l.l.e.d wi.th wa,ter . The micro-

balloon \vas placed surgi ca,lly· in the. uterine mus cle., 

The tube assemblies fed into a $tat.ham s train gauge which was held 

�n place on the s ide of the cow by a metal bracke t\ The str;:1.in gauge 

in turn fed into a Brush BL-300 ampl i f ier and recorder ( 46 ). \ 

()0) The sponge-tipped catheter 

Bengtsson (10) was not satisfied with the open-en� ca,theter. ae 

I;e.ported that� i t  was diff±cul.t to ma.int a�n the column of wa.ter , and 

endometri al fragments migh,t occasionally obs truct the inner-tip, To 

qvercome these. defects 1 a sponge-tipped cathe.te.r was made� by capping 

the catheter with a 5 mm cylinder piece of sponge bore.d from a s1.n.t.hetic 

wash-sponge, 

( 11)  Mikro-tip catheter pres sure transdu cer 

The. mikro-tip catheter pre.ssure probe is a flexible and accurate 

�iniature transducer, The gold plated high frequency sensor surface 

(_1, 6 7 lllp1, x 4 mm) , at. the tip of the catheter, provides a carrier: t.o which 

the se.miconductor strain gauge is bonded .. The body cons ists  of ma,ct>:i '1ed 

puJ;"e titanium , whi ch i s  kn.own for i t s  compatibility with body U?sue and - ' 

fluids, 

J:.t is a. direct measuring system wilh a capacity in. the range of 0 .,.. 

300 wn: llg and a limit of  7 50 mm Hg\ The transduce.r ca.n be (ii·rect.ly 

connected to an ampli f ier and recorder, 
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CHAPTER 3 MAT E R I AL S  AND M E T H OD S 

3 . 1  DEVELOPMENT OF A RECORDING DEV ICE ' 

3 , 1 , 1  �reliminary trial 

Atr system . The FOLEY CATHETER ( Bard Internat ional Ltd . , England) 

whi ch con s i s t s  of  a double tube , one of  whi ch passes to a cu f f ing bal loon 

a.nd the other to an open-end , was t ried ini tial ly . It  was introJuced 

as . far as the bi furcation of the cow ' s  uterus , using an internal s t i lette 

to mai.ntain r i gidi ty . The balloon at the tip of the catheter was then 

inflated f rom the exterior , and the tracings of uterine contract ions were 

ob tained , But the baseline kept on f alli ng , indicating an ai r leakage 

somewhere in the sys tem . I t  was calculated that , the internal pressure 

of a 3 , 5  rul b al loon was 300 n� Hg , 

There appeared to be a series o f  disadvantages inherent in the 

system.. Because of high pressure i t  was diffi cult to preven t leakage 

of ai r at tube connections , the sys tem was relatively insen s i t ive , the 

tnternal p res sure was far too high for the transducer and i t  was feared 

that the. pres sure exer ted by the b alloon might cau se changes in the 

uterine mus cular movement s ,  

l�ater system. The same FOLEY c atheter was used with both the tubes 

�nvolved , Af ter insertion of the catheter , the cuf fing b alloon was 

inflated , the internal open-end tube of the catheter f ill.ed with water 

a,nd. the.n t.he external end of the inner tube connected to the water f ill­

e.d transducer ,  

Tracings of uterine contractions were ob tained , but whenever the 

wa.ter column was disturbed by movement s  o f  the animal , recordings o f  

the uterine p atterns were obscured . It  was more diffi cult to use the 
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water sy stem than. the air syste.m. , S.:i.n.ce it,  was an open-end cathet.er , 

uterine mucus was liable to block the opening , and change the sensi t ivity 

of the · fluid column , 

3 ,  1 ,  2 Clo$.ed catheter wi th rubber sensor diaphragm . 

Many techniques are available for the measurement of uterine con-

tractions �hap . 2 . 4) ,  The technique to be d is cussed below , utilised a 

m.od:i:fication of the b alloon catheter and elimina.ted many of the p roblems 

associated '"ith the b alloon system . I t  had the advantages of , a rugged 

constru c t ion and of being reuseable a r.umber of times . 

Construction . The catheter was based on the standard artificial 

' 

insemination tube (National Dairy Associat ion , New Zealand) . The se are 

semiflexi b le plas t i c  tubes , 40 cm long , with an outer diameter of 6 mm 

( inner 3 mm) and a '"all thickness of 1 .  5 mn1 . At one end the inner 

diameter ·was drilled out to 4 mm for a length of 40mm ( Fig . l a) . After it 

�as drilled , a window was filea out of the reduced wall thi ckness as 

shown. in Fi g ,  1 b .  

A p iece of rolled cotton wool wa s pushed into the lumen of the 

drilled end of the tube , and aryldite adhes ive was applied to seal i t  

of� , As i t  set � the material was shaped to p roduce a smooth cone (Fig. 

l e} , A d iaphragm was made from a rubber finger stall which had been 

slit along it s length ,  laid flat and cleaned with 70% alcohol . A 

cyanoacrylate adhesive (Loctite Limited , England) was applied to the 

filed edges of the cutaway. portion of the tube as shown in Fi g .  l e .  The 

rubber sheet diaphragm could then be gently s tretched over the glued 

area and held for a fe� seconds to adhere . Excess rubber sheet was 

carefully trimmed off afterwards with a s c apel in order to produce a 

sm,ooth. surface ' 

The ot.her end o f  the tube was f i t ted to a t'vo-way adaptor by a 

tight-fi t  plastic tube (Fig , l d ) . On to the exposed part , a 2 1 -G needle 



� 4cm ----4 

� ll1mm � 
a. reduced wall thi ckness 

l 
... /" " : - - -- ·  - · · 

b. production o f  the wi n dow in t h e  side wall 

c .  

. . . 

aryldite nose con e 

c otton wo6 l plug 

edges for a dhesive 

d i aphragm 

luer-mal e adaptor 

19 

� � : �:: 

\ 

to transdu c er 

tight- fit p l astic tube 
female luer hub 
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{l.:ub was fit.ted, aft,er t;h� n.eed le had been. cut and ground smooth . The 

n.eed le in turn' fitted ±n.to a TJOlY'vinyJ_ tube connecting at the other end 

with the transducer (Fig , 1 d) ,  The electrical signal generated at the 

transducer was continuously p lotted on a chart recorder (Devices , 

England) ,  

resting. The end of the tube bearing the diaphragm 1·7aS immersed  

un.d .e r  water and 0 . 5  m l  of air was inj ected into the tube using a 

t.uberculin syringe • The diaphragm was expanded and any leakages could 

be detected by the escape of air bubbles , The air ... tight equipment \vas 

later subj ected to testing for the "resistance factor" of the d ia-

phrag� (�hap . 3 . 2) .  

The equipment des cribed , overcame many of the d i sadvantages of the 

bal_loon catheter and proved rugged enough to be used on 1 1  occasions. 

Calibration drift was minimal once the catheter had reached the body 

temperature of the experimental animal .  The small  diameter of the fine 

tub�ng minimised external temperature effects . Vigorous movements of 

the animal could be tolerated without alteration of the base line �. lch 

was the most serious defect in the f luid-filled system . Construction 

was simp le and required no special skill s . 

3 , 2  TECHNIQUE FOR MEASURING THE RES I STANCE OF THE DIAPHRAGM 

AS\�\�� �a..t" \V\'\ivV\o.. \ a..i r -t�oJ:ut'e > ��O.l\1\ Cof\sta.\'\t , 

1he pressure changes in the recording tube (internal pressure) 

depend• on · the force exerted (external pressure) on the sensor diaphragm, 

the area of the diaphragm and the tension of the surface . It was shown 

that the external pressure applied � a.  ��h\sQ.. �ssocioo..t"tot\ Wt� �e . 
in.te rnal pressure as shovm by the height o f  the contraction wave (FiE . 3B-

�1 . �ests for · a relationship between external and internal press ure were 

carr:j..ed out at app lied pressures up to 1200 mm Hg but at the highest 

pres sures , difficu lties arose with air leaks past the seal. Hmvever thi s 
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relati onship wa.s Linear up t o  at least 45"0 TIITI\ Hg , 

Seve ral tubes were cons t ru cted and used at different t ime s .  The 

aim of the study was to compare the re s i s tan ce of d i f fe rent di aphragias 

and of ind ivi dual di aphragms over a period o f  time in use . Hhen a 

const.ant pressure was app lied t o  dif ferent d iaphragms of unequal are a 

and of differing t en sions , d i f fe rent amp li tudes were obs erved on the 

recording tracing . On dividing the app li e d  constant pre ssure by the 

hei ght of the contraction "Tave (1nm) , a s t andard factor or cri teri on of 

�es i s t ance �or each t ub e  (the external pre s sure requi red t o  p r oduce 1 

�m amp l i tude) was ob t ained . 

Thus when a recording tube o;f known resistance was used i n  the c mv ,  

tne amp litude of the contraction wave could b e  used t o  calculate the 

supposed pressure o f  the cmv 1' s uterus . 

Char les ' Law s t ates that t the pressur e , the volume and the t emper­

ature 6f  air in a limited space are all inte rdependent , or : 

Pres sure 1 x Vo 1ume
1 

Temperature
1 

or PV = Constant x T 

Cons tant 

During each expe riment , the temperature of air t rapped wi thin the 

system ins ide the c ow ,  cou ld be as sumed to remain constant , once e q u i l­

ibrium was reached . Due t o  possible changes in atmospheric temperature , 

whi ch could af fect the air volume in the expo sed polyvinyl tube ; the 

pressure of the uter'.lS that was c alculated , cou ld not b e  c laimed t o  be 

an abs o lute pressur e , but rather a relative p ressure . 

When the wall o f  the uteru s  p ressed on the diaphragm , the air i n  

t h e  sytem was compres sed , t h e  pre ssure i n  the sys tem was rai sed and 

working through a t r an sducer the amp li tude of the contraction was 

heightened . As the r e lationshi p between h e ight and pressure of e ach 
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. \ �  �e. l.owe..cl �e...- . 
uterine contra c t i_ontvave was a constan t  for any given re cording tub e , 

the. " resistance f actor" for · each diaphragm was det ermined using the app ara-

tus �hown in Fig . 2 and P late 1 .  

the appara tus consi s t ed of f our parts : 

Q )  The p lunge r o f  a 2 0  ml p l as t i c  s yringe was removed , the rubber 

cap was taken o f f , a sma l l  hole made in its  centre and the re cording tube 

ca:r;e fu l ly pushed through ( Fi g .  2a- l ) .  A much enlarged drawing of  the 

cons truction �s shown in Fig . 2b . The cap was f ixed j us t  ins ide  the 

barre l- of t.he syringe , and the di aphragm of the recording tube c ame t o  

l.ie. about ha l fway· down the sy·ringe barre l .  A hc.rd p lasti c support 1vas 

s crewed to the wings of the syringe , t o  make a robust and air t ight 

s ea l  (Fig 2a- 2 ) , 

(2 } A s imi la.r but unmodi f i ed syringe ( Fi g . 2a-3) had a T-p iece 

of p res sure tubing moun ted on the nozz ie and thi s conne cted the two 

sy-ringe barrels ( Fi g .  2 a- 4 ) , 

() } A pres sure recording gauge (Fi g .  2 a-5 ) was affixed t o  the end 

of tb_e t : li rd a.rm of the T-piece . 

(4) A p olyvinyl tube , ab out one-half  me ter long , \vi th a diameter 

o� 1 mm ,  was attached t o  t he free end of the recording tube ( Fi g .  2 a-6) 

a,r1,d conne cted further f orward to a t ransducer (Fi g ,  2a-7 ) . The tran s-

duc.er ( Sta tum P 2 3  BB , Devi ces) in turn , trans posed the pressure vari ati on 

int_o an_ e lectri cal signal re ceived on a s ingle channe l  recorder (Dev i ces , 

England} (Jig . 2 a-8) . 

In vitro Measurement .  The recorder was set up using the equ ipment 

shown. :j:n, P )_ate 1 ,  and a llowed to warm to ope rating temperature over 1 5  

minu tes . A s  s oon a s  the recording was s tarted , b e f ore conne c t ing the 

r ecording tube t_o the trans ducer , a s t raight line (in vitro base line) 

was ob tained ( Fi g ,  3A-a) ._ Innnediate ly· after  the tube was connec ted to 

the t ransducer , due to s l i gh t  pressure app lied to the column of air in 
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Fig. 2. APPARATUS USED TO DETERHI NE 'l'HE RESI STANCE FACTOR O F  

THE SENSOR DI APHRAGH . 

= RUBBER CAP HOLDI NG THE RECORDI NG TUBE 

2 = PLASTI C SUPPORT SCREWED TO THE WINGS OF 'l'HE SYRINGE 
3 = S EC OND SYRI NG E TO PRO DUC E EXTERNAL PRESSURE 

4 = T-PIECE MOUNTED ON THE NOZZLE OF THE SYRI NG E 

5 = P RESSURE G AUG E 

6 = POLYVI NYL TUBE CONNEC TI NG THE RI.::CORDI NG TU BE AND THE TRANS DUCER 

7 = . TRANSDUCER 

8 = C HART REC ORDER 
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2 4  

IN VITRO TESTING OF THE RESI STANCE FACTOR O F  THE 

RECORDING TUBE , US ING THE EQUIPMENT DE SCRIBED IN Fig . 2 .  
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Fig .  3 A .  I N  VI TRO TESTI NG O F  'l'HE R?S I STANCE FAC TOR 

OF THE R ECORDI NG T U B E  

a : I N VI TRO BASE LI NE 

b = I N  VI TRO EXPERIMENTAL S TARTI NG LI NE 
' I 

c : I N  V I TRO PEAK OF THE C ONTRAC TI ON --- --
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a- b =PRESS URE DUE TO A I R  COHPRES S I ON I N  THE REC O RDI NG TUBE 
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Fig . 3B. I N  VI VO HEASURING OF THE UT�RI NE PRESSURE 

OF THE COW 

a · = I N  VI TRO BAS E LI NE 

b : I N  VI TRO EXPERIM ENTA L  START I NG LI NE 
. d ) = I N VIVO TON I C I TY LI NE OR LOW EST POINT OF THE UTERI NE 

CON'l'RACTI ON 

' e = I N  V I VO PEAK OF THE CONTRACTI ON 

UTERI NE P RESSURE ( b- e ) = TONI CITY PRESSURE ( b- d ) + 

CONTRACT I ON PRESS URE ( d- e )  

f = AMPLI TUDE OF THE CONTRACTI ON 
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•, 

the recoJ;"ding tub e  and i t s  com1e c ting tubing , the l ine was raised 

(Fi g ,  3A-b) . The lat ter lev e l  or line \vas  t aken as t he in vi.tro 

exp e rimental s t a r t ing line . 

Air was inj e c te d  in t o  the T-piece by the second syr inge ( Fi g .  2a-3) , 

he l d.  con s t ant a t  300 mm Hg , and the recorder needle rose  to a correspond­

i.ng peak (Fi g .  3A- c) . In this manner the resis tance factor of the sens or 

di a-phragm , in terms of the height of the recorded \vave , was ob t ained 

before each in vivo experiment .  

Any recorded changes in the amp l i tude (Fig . 3B- f )  could be des cribed 

ei ther in mm he i ght from expe r imental s t art ing J ine ( F i g . 3B-b ) or in 

mm Bg p r e s sure because <ZA.c.h. \1'\Ct-�.>ce..d. �lo..ttv.te.. fo �e. ofF..�. Bu t  the 

wave amp li tude produced was due to  the pressure of a i r  wi thin the tube , 

wh ;ich was in turn exer ted through the s en s or diaphragm by the pressu re 

app lied outside t he tube (Fi g , 2b) , 

No reference in the li tera ture could be found t o  s imi lar expe ri­

ment s  h aving been carried ou t on u t e ri ne p ressure recording app�rat i ,  

p. l t.hou gl . Braaksma e t  a'l. tes ted di f fe rent catheters f o r  degree of 

accur�cy , in a c losed f luid system (16) , No ment i on was made of  inter­

nal or externa l p res sures . 

Al� the u t e rine pressures quoted in this the s i s  were calcu lated 

f r om in vitro ex pe riments as de scribed , carried ou t immediately b e fore 

the. rec ord ing tube was used on any cow , The uterine pressures referre d  

t <?  ;i n  this  work may b e  d i f � erent t o  those quoted by p r evious au thors , 

b e caus e  ins tead of es t ima t ing t he internal  pre ssure changes in the tube , 

the e x ternal pressure exerted on the sensor diaph ragm was used as  the 

base r eference , 



3 .  3 RECORPI.NG PR.JCEOURE 

3 . 3 , 1 Int rodu cing the re cording tube i n t o  the u t e ru s . 
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f o llowing p r el iminary t e s t s  on the s en s or d iaph r a gm ( Chap . 3 12L the 

chosen record i n g  tube was h a l f  immersed in me thy l a t ed spiri t f or twenty 

minu te s , Two t ie s  of s i lk ,  ab out one h a l f  me t e r  in l ength , were a t t ached 

to the oth e r  end and Spencer We l l s  f orceps tied by the f inger grip s . 

lhe tube was t e s t e d  for air l e aks or d amage and then we l l  lub r i c a t e d  

wi th gynae cologi cal lubrica t in g  j e l ly ( J ohns on & Johns on) before use . 

The rec tum o f  the cow \vas emp t ied and the hind p a r t s  thorough ly 

c l e an s e d , The l e f t  hand o f  the ope rator , in a sh ou lder len g th lub r i c a t e d  

glove , wa s i n t roduced i n t o  t h e  rec tum and the record in g  t ube guided i n t o  

t h e  v a g i n a  and through t h e  c e rvix into t h e  uterus . Occasion a l ly , dJ_ f f ­

i cu l ty was expe rienced i n  i n t roducing the recording t ube through the 

cerv i x  - this Has particula r ly s o  in cows that had b e en spay e d  f or 

some t ime , and i n  cer t ain other intact cows during t h e  lu t e a l  phase o f  

t h e  e s t rou s cyc l e . 

The s ensor di aphragm \-Jas a hvays p laced at the b i furcation o f  the 

b ody o f  the u t e ru s  and it was shown that the d i re c t i on faced by the 

d i aphr agm did not make any d i f f erence t o  the p a t t e rns of u t erine con­

trac t i on recorded . The tube was f in a l ly held in the int ra-u te rine 

pos i t i on by c l amping th e f or c eps ,  r e f e rred t o prev i ou s ly ,  t o  the skin 

hai rs_ ove r:  the s acral region (P late 2} . 

P o lyviny l tubing ( l mm  e x t e rnal d i ame t er) conne c t e d  the f r e e  end o f  

t h e  r e cording t ube (Fi g .  2a-G) to a t r an sducer whi ch h a d  a d i r e c t  

e l e c tr i cal conn e c t i on wi th a s ingle chann e l  chart r e c ord e r .  

r.he hind p ar t s  o f  the c ow �  the conn e c t ing tube and the r e s t  o f  the 

rec o r d ing app aratus we re a l l  kep t under she lt e r , to avo id marked changes 

in tube air t emperature f r om - sun l i gh t , or the e f fe c t s o f  inclement 



PLATE 2 .  

Key :  

IN VIVO MEASUREMENT OF THE UTERINE PRE S SURE 

1 Recording tube in po s i t ion 

2 Forc eps with thread h o l d ing the tub e  

2 8  

3 Polyvinyl tube connec t ing the recording tube and 
the transducer 

4 Transduc e r  

5 Thread 
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weathe r ( P l ate 2) , 

3.3.2 Procedures used  in ob t aining re cordings of u t erine Jnuscle act ivity . 

Int roduct ion . The main obj e c t ive of  this study was t o  comp are the 

speed of  ons e t , durat ion of act ivi t y  and the threshold dose of oxy t ocin 

on the b ovi n e  ut erine mu scu lature , after admini s t r a t i on by d i f f e rent 

route s .  B e f ore s tudying the e f f e c t s  of oxy t ocin , i t  was impor t an t  t o  

con s i d e r  t h e  normal v ariations i n  u t er i ne con t ractions o ccurring a t  

d i f f e rent s t ages of  t he est rou s cy c le . 

In s p ayed cmvs , ar tificial  e s t ru s  was p roduce d b y  e s t radiol  benzoate . 

The C 0\<7S on expe ri'ment we re kep t :i_n p ai r s  for company , and t o  avoi d a ny 

unnecessary f righ t  and exci t emen t . 

Mo s t  o f  the experiment s  we re c onducted in the Large Anima l Hosp i t a l  

o f  the Facu lty o f  V e t e r inary Scien ce .  Two cat t l e  were brough t  in on 

each occas i on and kept  toge the r  in one o ox . They \vere a l lc.Me d  5-7 days 

to b ecome accu s t omed to the ne\v environment b e f ore any e xper:i_ment a l  

p roced u r e s  we re s t ar t ed , They we r e  kPp t o n  s t raw b e d ding and hay fed , 

one bund l e  ( approximat e ly 2 5  kg) f or two per d ay .  Wa t e r  was not  re s ­

t r i c t ed , 

Pat t e rns of ute rine con t r a c t i on 

A£ t e r  the re cording tube was correc t ly p laced in t h e  uterus ( Chap . 

3 . 3 . 12 1 a J?eriod of  5 minutes was a l lowe d f or the c ow ' s b ody temp e r ature 

to have rai sed the tube t emperature and to h ave st abu_ized the air 

pres sure wi thin the tube , The in vivo recording \va s  s t ar t ed by conn e c. t ­

�ng t h e  tube t o  t h e  transdu cer . 

Th� l eve l of  t he s t art ing p o in t  ( Fi g . 3B-d) was much higher than 

the in vitro experimen t a l  s t ar t in g  line ( Fi g , 3A-b ) . The line at the 

· l-owe s t  p oint  of the c ontract ions was interp re ted as t he u t erine muscu lar 

t one and t e rmed the t onicity l ine (Fig . 3B-d ) . There f ore , the d i s t an ce 
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f rom the i n  vitro base line t o  t he p eak o f  the con t r ac t i on ( F i g  3B-e) , 

c ons i s t ed o f  the p r e s s ure due t o  t he comp r e s s i on of air in the r e c o r d ­

i n g  tube when t h e  app aratus w a s  c onne c t e d  ( b e tween in vi tro base line 

and in vi tro exp erimen t a l  s ta r t in g  l ine) , the p re s suYe o f  t h e  t o� i ci ty 

o f  the uterus (be tween in vitro exp e rimen t a l  s t arting l in e  and the lm.;e st 

p o i nt of the con t rac t i on )  and the p re s sure o f  the u t e rine c ont r a c t i on 

(be tHeen the lm.,re s t  p oint of the c on tract i on and the p e ak o f  the con­

t ract ion) ( F i g  3) . 
In thi s \vork , the p a t t e rn of u t erine c on t ractions s tu d ied , included 

the rhy thmi c uterine c on t ract ions i n  add i t i on tJ the u t erine t on i c i ty , 

ana there f ore the t e rm u terine pressur-e h a s  been used t o  d e s cribe the 

sum of t he oress ure of ton i c i ty and the c on t ract ion p re s su r e  o f  the 

u t e ru s . 

Depend ing on the u terine p re s sure , s en s i t ivity ran g e s  o f  2 5 0  2nd 

1 00 on the chart recorder \ve re mo s t ly use d , S ome t ime s , t h e  peak o f  

the cont raet ion rose s o  high that the marking pen had to be b r ou ght 

d own by of f - s e t ting the machine . The o f f - s e t ting adj u s tmen t was c� li­

b rated as a p ercent age and in mak ing calcu l a t i ons o f  p re s s u re s , a l l owance 

cou ld b e  made f or s u ch changes a f t erward s . 

Fact ors a f f e c t i ng the p at t e rns of the u t e rine c ont rac t i on 

( a )  The presence of the tub e  in the u t e rus . r t  was f e l t  that the 

i.ns e r t i on or the p re sence of the r ecording tube in the u t erus might 

cau s e. loca l irri t at i on sufficient t o  inf luence the con t r a c t i ons . Thi s  

p os s ib i li ty was t e s ted for by removing the tube a f t e r  a p e riod o f  

recording , and later reinse rt ing i t . D i f f e ren t p e ri od s  o f  recording 

and d i f fe rent p e riod s of res t i . e .  t ime when the recording tub e  was not 

tn the u t e ru s , we re u sed in a s e r i e s of . s tu d i e s  but on no o c c a s i on was 

any local i rr i t at i on or inf luence on ut erine a c t ivity demon s t rab le on 

the · chart r ecorder . 
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(b) Maj or b ody movemen t s . Rumina t i on , coughing , eat ing ( ch ewi ng) , 

arching of the b ack , u rinat i on and d e f e c a t i on , could e ach produ ce some 

change s in ab domin al pres sure \vhi ch in t urn might have influenced the 

re c o rded t racings of u t erine mu scular a c t ivi t y . The ref ore s u ch maj or 

body movemen t s  were  care f u l ly wa t ched f o r  and the event recorded on the 

app rop r i a t e  t racings , 

( c )  Re cta l manipula t i on . The c on t ract i on of one part o f  the u t erus 

is d i f f erent f rom an othe r ( 1 ,  19)  and to avoid dif fe rences ar i s ing from 

moyemen� of the r e c ording tube , �hecks had t o  b e  made period i c a l ly by 

rec t a l  palp a t i on to conf i rm that the t ube was s t i ll correct ly p o s i t i oned . 

In case such i n t e r f erence s had any inf luence on the t racing , marks "ere 

mad e when the hand was j u s t  in the r e c tum wi thout t ou ching the u t erus 

a s  we ll  as when the ut erus was a c tu a l lv p a l pated . 

( d )  Vagi n a l  d i s t en s i on , Nonna l ly i t  was not d i f f i c u l t  t o  guide 

th� rec ord ing t ub e  into the ext ern a l  opening of the cervix , but  if there 

wa s any abnorma l i ty in the cervical p o s i t i on ,  it was s ome t ime s neces sary 

t o  put a hand i n t o the vagina and locate  the cervix manu a l ly . During 

the operat i on ,  the change s on the t racing before an d a f t e r  the ce rvix 

had been tou che � , were care fully n o t e d . 

C e) }1i lki n g .  Unexp e c t ed ly , two spayed heife r s , \vh i ch h a d  rece iveu 

hopmone t re atment , began to lact ate : there was deve lopment o f  both 

udde.r and teat s . As mi lk was seen to  b e  d ripping from the t e at s , the 

anima ls were hand-mi lked an d the opp o r t unity was t aken t o  make ob s e rva­

t i on s  on the u t e rine con t ra c t i on s  wh i l e  thi s was in progre s s . 

(.£ } Rompun : brand o f  Xy lazine (Bayer , New Zealand) . In f ix ing the 

�n.t ravenous Longdwe l Cathe t e r  (Page 3 2) , a sedat ive d ose of 0 . 7 5 ml 

(0 .. 05 mg /kg b od y  \•Je igh t )  o f  "Rompun" was used t o  enab le the op eration t o  

b e  comp l e t e d  under local anae s thes i a  but w i th the cow in the s t anding 

posi t i on t  The opp ortuni ty "as t aken to record u t e rine cont r a c t i on s  whi l e  
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the animal was s t i l l  under the sedative influence , 

( g) Noise e f f e c t . The environment where the experimen t s  were 

carried out was not o f t en qui e t ; for  examp le , a tractor f requent ly passed 

by the bai l ,  and such distrac t i ons \ve re ttought to  possib ly hav e  s ome 

e f f e c t  on uter ine contractions through s t imu l at ion of  the symp a th e t i c  

nerv �u s sys t em.  Re c ordings were carried o u t  with , and without the 

t ra c t or noi ses in  close  proximi ty , 

(h) Adr ena line . Various au thors refer  to  the e f fe c t  of  adrena line 

on u t er ine moti li t y . As a corol lary t o  the  foregoing ef fe c t s  o f  noise , 

adrenal ine was adr.inist ered in t ravenou s ly as a 3 ml dose of  1 : 1 00 0  

d i lu t i on ,  

Oxyt ocin admin i s tration 

(a )  Int raven ou s route .  To  obtain a srnoot� inj e c t i on of  the d rug , 

wi thout d i s tu rbing the animal , a "LonE:,J.we l I . V .  Cathe ter  Need le"  ( 1 4G ,  

1 0c�} (�ecton , Di ck±nson and Company , N . J . )  was in t roduced under s eda­

t i on .  Four sma l l  h o l e s  had p revi ous ly been drilled i n  the wings of the 

need le  hub and a nylon thread was passed thr ough a l l  the holes  and 

anchored to the und e r lying skin (Plate 3a) . A drip-set tube f i l led with 

hepar ini zed saline (_1 2 5 , 000 U in 1 00 ml)  was at tached t o  the need le hub 

and led dorsally t o  a three-way adap t o r .  The tubing was ancij o re d  by 

enclos ing i t  with in a fold o f  the neck skin (Plate 3b) . 

Af ter  wi thdrawing heparini zed saline p resent in th e drip-set , the 

tubing was fi lled wi th b lood , p_nd then oxy t ocin (But ocin , Bu rns -Bi o t ec) 

was in t r odu ced and f lushed in t o  the vein \vi th heparini zed  saline . The 

sa line in the dr ip-se t  tube was replaced once dai ly and patency of the 

need le  assured . 

(b)  Epidural  r ou t e ._ Local anae s the s i a_ for epidural inj e c t i on \vas 

ob tatned using Xylocaine : brand of lignocaine (ASTRA , Au s t ra lia)  2% 

s o lu t i on �  2 ml.  Af t e r  5 minu t e s , an ep i dural  needle  ( 18G , 9 cm) was 
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PLATE 3 .  THE LONGDWEL INTRAVENOUS NEEDLE AND DRIP SET TUBE 

WITH ADAPTOR IN PO S ITION 



r-----------------------------------------�-------------· -
1 

-� 3 

EHLt,RGF.D DI AG RAM OF PLATE 3{i) SHOW I NG 'l1HE LONG DWEL 

I N.TRAVENOUS NEEDLE I N  P OSI TI ON 

1 - ·  Nylon s u t ur e  

2 = Lon g d w e l  n e e d l e  

3 = Skin 
4 = Vein 

- - - 4 - - - - - - - - - -

ENLARG ED DI AG RAM OF P LATE ;{b) S HOW I NG ANCHORAG E  OF THE 

DRI P S ET TUBE W I THI N A FOLD O F  THE NECK SKI N 

1 = Nylon s u t ure 

2 = Ski n fo l d  

3 = Drip s e t  t u b e  

4 = Subcu t i s  
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inserted into the f irst intercoccyseal SJ?ace and the oxytoci.n solut i on 

was injected af ter remov�l of  the s tile t te . During the operation , tl1e 

animal ' s  kicking , arching of the back , urination , defecation , tail  

flicking and bellowings cau sed slight d i s turbances in the p at tern of 

u terine contrac tions , but these returned to normal as the animal set t led . 

(c) Intramu scular rou te. The glu teal muscles \vere chosen as an in­

_; ection site becau se the co-w \vcs res trained in the crush and after several 

attemp ts it  was realised tha t  acces s to the neck s i t e  was too d i f f i cult. 

Since the oxytocin used was a $ Olution , only a narrow bore needle ( 20G , 

4cm) was neces sary . 

The �esponse dose of oxytocin 

Oxytocin in dosES between 5 to 60 U were admini s tered intravenour-ly 

followed by f l u shing the indwelling catheter wi th up to 20ml o f  

hepari nized saline . Saline was also given independently on several 

occasions in a dose of 20 ml , 

Duration of a c t ion of  oxy tocin 

Af ter each method of oxytocin admini s tration , observat ions o f  

recordings were continued u p  to nine hours t o  determine whether the 

uterine contractions returned to the pretreatment pattern. 

r.o test the pos sibility- that the duration of action of oxytocin 

might be short and that the contraction p at tern wou ld return to pre­

trea.trnent levels during a res t period (wi th the recording tube removed 

from the uteru s ) , a programme of experiments was arranged u sing d ifferent 

periods of . recording ±nterrup ted . by d ifferent periods of res t according 

to the_ following schedule : 

(J ) � hour recording , � hour res t then recontinued ; 

(2) � hour recording ,  1 hour. res t then recon tinued ; 

(31 1 hou.r recording , _  1 hour res t then recont inued ; 
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(4) 1 �  hours recordin g ,  1 hour res t th en recon t inued ; 

( 5 )  1� hours record ing , 1� hours res t then recont inued ; 

( 6 )  2 hours r ecord ing , 1� hours res t th en recont inued , and 

( 7 )  2 h ours r ecording , 2 hours res t th en recont inued . 
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R E S U LT S AN D D I S C U S S I O N S  

4 , 1  PATTERNS OF BOV INE UTERINE ACT IVITY 

4 . 1 . 1  Dif feren ces be tween cmvs and between days 

I t  was found that the b ovi ne ut erine c on t r action pat �ern was 

d i fferent f rom day to day (Fig . 4a , b) , f rom animal to animal ( Fi g .  4 a , 

c ).  and s ome times even within the s ame hour in the same animal .  The c on­

t racti ons dif fered in amp litude , frequency , duration and p a t t ern , and the 

uterus i t s e lf in i t s  t onici t y .  Sometimes t h e  duration of contra c t i ons 

was prolongeo � as was the period of relaxn t i on (Fi g .  4d) , s ome t imes the 

con'trac t.. i_ ons were of s hort dura tion (Fi g .  l1b )  and s ometimes there \vas no 

d i s t ) nct  cont rac t i on at  all . 

Du ring ovc :r:t e s t rus in n orma ) cmvs , th e u terine con t ract ions v.1ere 

usually s low and forceful (Fi g ,  Sb ; 6b , c ) . Other animals demons trated  

high amp litude and in creased frequency in contract i ons (Fig . Sa) . Es t rus 

was rec ognised by the swel ling o f  the vulva , vaginal d i s charge , moun ting 

behavi our and be l l mvin g .  Af ter es trus, the u t erine activ i ty moderated 

(Fi g .  6 d ) , Du ring d i estru s ,  there � t imes when the ut erus was at  

res t . The ut erus o f  the cow D4 1 did not  p roduce any c ont ractions on 

d ay 8 after  e s t rus ; c ow 350 , day 1 0 ;  and c mv D542 , day 1 3  after e s trus . 

Generally as the t i me of e s trus approached , the ut erine activity 

increas ed again (Ji g ,  6a) . 

In spayed cows � at leas t 7 days after ovariectomy , the degree o f  

uterip.e activity was much diminished i n  c ompari son t o  intact cows 

(�omp are figure 4 and 7) . Out of a total  of 54 re cordings carried out 

on s payed cows ? only minima l u terine ac tivity was f ound , even a f t e r  

es trogen t reatment cra,ble 1 ) . 
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'· 

a . Cow D4 1 1 8 . 1 2 . 78 

b . C ow D4 1 1 0 . 1 . 7 9 

c . C ow D38 23 . 4 . 79 

d . Cow D38 24 . 4 . 79 

Minut e s  

Fi g . 4 . PATTERNS O F  UTERI NE ACTIVITY O F  NORMAL COWS SHOWI NG 

DI FFERENCEs · BETVi EEN COWS AND BETWEEN DAYS 
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a . Cow 542 

jJ 
b . Cow D3 1 8  

Minu t e s  

Fi g .  5 . P./>.TT"SRNS OF UTEI�I liE ACTI V I TY OF NOP.T/,1\L COV.'S  AT ESTRUS 

SHO\',' I NG DI FFEREN CES BETW EEN C OWS 

( No t e  v ariation in amp l i t u de and di f fere n c e  in fre qu e n cy ) 
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a . C o w  D4 1 ( approximat e ly 2 days be for e  e s t ru s )  

b. Co·y.· D4 1 ( at e s t ru s )  20 . 1 2 . 78 

c . Co w  D4 1 ( a t  e s tru s ) 2 1 . 1 2 . 78 

d . C o w  D4 1 ( app roximately 1 day a ft er e s t ru s )  

Minutes 

Fi g . 6. PATTERNS OF UTERINE CONTRACTI ON I N  NORNAL COWS SHOWI NG 

DI FFERENC ES BETWEEN DAYS AC CORDI NG TO THE . STAG E  OF THE 

ESTROUS CYCLE 



a . Cow D4 1 6 . 3 . 79 ( 3 6 ) oays a ft er spsying . 

b . Cow DL1- l 7 . 3 . 79 

c . Cow D4 1 9 . 3 . 79 

* bellowing 

Minu t e s  

Fig . 7 . PATTERNS OF UTERI NE ACTI VITY OF SPAYED COWS 

SHOVJI NG DI FFERENCES BETWEEN DAYS 
( Note- no exog enous est rogen treatment ) 

4 1 



. . . .  

Number of  
recordings 

5 4  

No . . 

estrogen t:r:e�tmen� . 

Ut erine . con tractions 

i moderate weak : n i l  

I 
2 1 4  l 1 8  l 

\ 
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I 
After estrqgen treatment 

; Uterine cont ractions 

! I ! moderate weak ni l 
i 

i I I 0 1 6  4 I I 
'fable  T UTERINE RECORDINGS OF SPAYED COHS BEFORE AND AFTER 

ESTROGEN TREATMENT . 

4 . 1 .  2 The lack of  effect of local irrit ati on or body movements 

I 
I 
; 

: I 
I 

Repeatedly re�oving and rep lacing the recording tube (Page 3 0) in 

the uterus , did not alter the contraction pattern ove r a series of  four 

recording s , Sixteen rectal manipu lations and seven vaginal dis tens ions 

by· hand during recordings , did not cause any changes in uterine c ontract-

i on unless the cervix or the u terus itself  was touched or hand led (Fi g .  

8a , b) . 
Cou ghing (Fi g .  8c) and bel lowing (Fi g .  8c , 8d) produced an abrupt 

and marked response  in uterine p ressure las ting les s  th an one secon · . .  

Arching of the back (Fi g ,  9a) , urinati on (Fi g .  9b ) and defecation (Fi g .  

9c)_ , a l l  caused a transient ris e in uterine pressure \vhich persis ted 

for 2-5 minutes . After urinat i on or defecation (Fi g .  9 b , c )  there was 

general ly· a trans ient fall in t onicity of the uterus , Other factors 

$UCh as flicking of the tai l  (Fig .  lOa) , chewing (Fig .  lOb)  or disturb-

ance f r om noise  (Fi g .  lOc) , were found not to have any lasting e f f ect 

on the general u terine contraction pat terns . 

4 t l , 3  Uterine pres sure 

The ampli tude of the Cont raction produced by the u terus \vas corn-

pared with the amp li tude of  contraction produced in an in vitro testing 

apparat us (Page 26 ) using the same sensor tube . By the procedure 

referred to  above , the phy s iological t onicity pres sure ranged from 32 mm 



a . Cow D3 1 8 

b . Cow D3 1 8  

c . Cow B2 

d . Cow D4 1 

, M,inutes, 

palpat e u t e rus 
h and in r e c t um 

, palpat e c e rvix 
.' �---:"----=---�-------� 

han d i n  vag i n a  

* be llowing 

. 
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Fig . 8 . PATTERNS OF UTERI NE ACTI VI TY OF NORMAL COWS SHOWING 

MOMENTARY EFFECT OF UTERINE PALPATI ON ( a )  ,. C ERVI CAL 

PALPATI ON ( b ) , · c oUG HI NG ( c )  AND BELLOWING ( c an d d ) . 

I I 



a . Cow 350 

¥ arching o f  the back 

b . Cow D4 1 

� 
uri nate 

c . Cow 350 

Mi nutes 

de fe c a t e  
"'---' 

Fig . 9 � PAT'l':SRNS OF UTERI NE ACTI VI TY I NTERRUPTED 

44 

JV 

BY ARCHI NG OF THE BACK ( a ) l URI NATI ON ( b )  AND DEFECATION ( c ) . 
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· a . Cow X88 1  67 

fli cking 

b . Cow D4 1 

. , chewi ng 

c . Cow 350 

noise o f  trac t o r  

Minut e s  

Fig . l O . PATTERNS O F  UTERINE ACTI VI TY S HO\';nm LACK O F  EFFECT OF 
BODY MOVEHEN"TS AND ENVI RONMENTAL NOI S E : TAI L FLI CKI NG ( a ) , 

CHEW I NG ( b )  AND DI STURBANCE BY A TRACTOR ( c ) .  
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Hg t o  101 0  ·tmn Hg � and t.he contra,ctj:ou pressure ranged £�orq 0 mm Hg t o  

1 1 0  nun Hg , The rei;ore the u t erine press ure (UI,>) , c omp osed o f  the sum of 

these two , r anged from 32  mm Hg to 1 1 20 mm Hg in non-pregnant cows (Tab l e  

11) , Af ter oxy t ocin treatment , uterine t onici ty h ardly changed ; u terine 

c ontracti on p ressure ros e i n  a l l  c as es and contract i on f requen cy ei ther 

increased , or  it decreased and in these cases contracti ons b e c ame of 

l onger durat i on (Tab le IT) . 
During any one recording session , there was invariably f luctuati on 

in t onicity and amplitude o f  th e contracti ons . To ob t ain an average 

f igure , the measurement was made at  the moda l  base line of t on i c i ty and 

' 

at the moda l  p e ak of con t ra c t i on .  

The uterine pres sure f igures ob tained were approximat e  only 

b e c ause sma l l  var iat ions in contrac t i on amp li tude were equivalen t  t o  

very large changes in u terine p ressure depending o n  the s ens i t ivi ty of 

the s ensor d iaphragm ,  

4 , 1 , 4 Frequency of uterine contrac t i o� 

The f requ ency o f  b ovine uterine cont ractions ranged from 0 t o  2 2  

per 1 0  minu t es , Th e numb er varied with the durat i on and amp l i tude of 

the contrac t i o n ,  Mos t ly the f requen cy was be tween 1 0- 1 5 / 1 0  minu te s . 

When the dura t i on of th e c ontrac t i on was shor t , the frequency \vas in-

cre ased ; when the contract i on ' was pro longe d , the frequency was decreas e d . 

Both the duration and p a t t ern of the cont ractions were incon s is tent ( S ee 

Tabl.e. 1 1  and Figure 5) . 

S omet ime s , the general pattern o f  the t racing at  a contract i on peak 

was comp lex and variab le and c aused d i f f i cu l ties in deciding where one 

con traction . f inished and another b egan . 
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.1.) Uterine Tonic i ty Uterine Contra c t ion Cont ra c t ion Frequency 0 
t:: ·� 
Cl) (mm Hg ) (mm Hg ) ( p e r  1 0  m inu t e s )  

.1.) 
e bO C1l .._. H ·� . C1l 0 .1.) H 0 E-l Cl) Cli Z  .1.) Cl) .� p. :?; C'd Before Af ter Before Af ter Before Af ter .1.) t:: X 0 Cl ;::l ·� � u Oxy toc in Oxy tocin Oxytoc in Oxytocin Oxyto c in Oxytoc in 0 6 p::: 'O 

� -

1 3 50 1 3 . 1 2 . 7 8  38 38 0 9 4  0 5 IV 

2 " 2 0 . 2 . 7 9  9 6 9  9 6 9  3 6  1 1 8 1 1  9 IV 

3 1 1  2 1 . 2 . 7 9  7 2  7 2  7 2  8 9  2 2  2 9  IV 

4 1 1  28 . 2 .  7 9  787 787 40 79 8 2 0  I V  

5 1 1  1 .  3 .  7 9  3 9 5  3 9 5  2 7  5 5  1 1  2 6  I V  

6 1 1  3 .  3 .  7 9  9 8 6  9 8 6  9 0  1 5 0  1 6  1 9  IM 

7 1 1  4 .  3 .  7 9  1 0 1 0  1 0 1 0 1 1 0  1 57 1 6  1 3  EP 

8 ' 
D 4 1  6 .  3 . 7 9  3 4 0  340  0 4 5  0 14 IV 

9 1 1  1 5 .  3 . 7 9  220 2 2 0  2 2  4 2  2 1  32  IM 

1 0  1 1  2 0 . 3 .  7 9  4 5 0  450  60  9 0  1 8  26  EP 

1 1  X88 3 0 .  1 .  7 9  9 9  1 6 3  1 6  8 9  1 4  1 0  I V  

1 2  
1 1  

1 3 .  2 . 7 9  4 6  4 6  0 2 6  0 2 1  EP 

1 3  D38 2 3 .  4 .  79 440 440 1 1 0  1 5 5  1 8  1 5  IV 

1 4  1 1  2 6 .  4 . 7 9 37 37 40 1 2 0 9 1 3  IV 

1 5  1 1  28 . 4 .  79 90 90 33 68 17 2 1  IV ' 

1 6  D 1 5 2 9 . 4 .  7 9  1 8 0  2 7 2  60  90  9 24 IV 
---

Tab le I I  - Pres su r e  of u terine toni c i ty ,  pressure of u t erine contra c t ion , and f requency of u t er ine c ontractions before 
and af ter oxy to c in treatment . 

IM = In tramu s cu lar inj ection ,  EP = Ep idural inj ect ion , IV = Int rav enous inj e c t ion . 

+­"'-) 
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4 ; 1 . 5  The intra-uterine " lumen" 

Although the uterus i s  a holl O\..r organ i t s  >:valls a r e  normal ly in 

contact leaving no cav i ty .  At all  s t a ges o f  t h e  cyc le , i t  \vas c lear from 

rec t a l  palpat i on that the end ometri,lm c lung t i ght ly t o  the recording tube 

eyen though in the cervi cal area t'ne tube m:Lg11 t feel �ui te loos e . Th e 

pressures recorded therefore were a d i r e c t  read i ng o f  u t erine mu s cu lature 

thru s t  rather th an the s ame conveyed thr oug�1 a i r  p r e s s u r e  retained in a 

closed organ . 

When the u t e rus was palp ated du ring e s t rus , i t  ,,,as hard and en-

larged whereas during other s t ages of th e cyc l  P. ,  it wa s s r A t  and relaxed . 

4 . 2  DISCU S S ION 

'rhe conside rable variabi lity o1Js erved in u terine an: i v i ty b e tween 

cows and between days , agrees wi th thE. findings of o th e r  \vorkers ( 5 2 , 5 4 , 

57 , 71 , 82) . One exp lana t i on could b e  that the var i a t i on was due t o  

f lu c tuations in t h e  levels o f  reprodu c t ive l: orn: cmes whi:.:!t inf luence 

u t erine fun c t i on .  According t o  Caldcyro e t  o.l .  ( 1 9 ) , th e n c ti v i ty 

o� · the human u t erus :i:s d i f ferent from m i dpa r i: t o  fundu s , ac1d f rom le f t  

t o  right horn , If  the same i s  true in th e b ovine , day t o  d ay d i f fer ences 

±n this s tudy , migh t  be exp lained by s li ght v ariati ons i n  p os i ti oning 

of the sensor d iaphragm . Any vari a t i on . though Hou ld be s l i ght , b ecause 

care was t aken to s ee that the diaphragm wa s a lways p laced a t  th e b i -

fur c ation o f  the uterine b ody , an d th ere was n o  r i sk o f  recordings 

being t aken from a dis tinc t ly different area of the ut erus . 

The trans ient fall in ut erine ton i c i ty , after  u rin at i on o r  defec-

ation , mi gh t  be due to the reduc t i on in abd omi nal pres sure a f ter  e limi-

nati on resu lting from provis i on of more dead space . 

In supp ort o f  the find ings repor t ed in th i s  s tudy , G i l l e t t e  ( 4 7 )  

not:j:ced th at t h e  general movements of th e cm..r such as  eat i ng , drink ing , 
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e tc . ,  did  no t interfere with r ecordings . 

Blank et al. ( 1 3 )  claimed that vaginal d is t ension signif icantly  

eleva ted the plasma concentrat ion of  oxytoc in ,  resu l t ing in  an  inc rease 

contract ile ac t iv i t y  o f  the uterus ( 2 9 , 3 7 ,  4 3 ,  5 1 ) . However dur ing the 

present inve s t iga t io n ,  vaginal disten s ion caused only momen tary changes 

in the contrac t ion p a t t e rn .  

In ruminan t s ,  the uterine activity is l arge ly reduced during d i e s t ru s , 

whereas during e s trus  i t  is marked (33 , 5 2 ,  5 7 ,  6 3 ,  82 , 99 ) . The re sul t s  

reported here agree with tho s e  o f  the above workers . O ther wo rker s  ( 7 1 )  

have sugges ted that spec ific days o f  the cycle are closely corre l a t ed with 

the ac t ivity of  the u terus , but for -the nortnal cows concerned here , the 

days during diestrus on which the uterus wa s at rest t ended to be variabl e .  

In man and ca t t l e ,  the u t eru s is  more a c t ive during menstrua t ion and 

e strus respec t ively ; but Re ynolds (80) ha s sho\m tha t the act iv i t y  of the 

human uterus incrP.a s e s  twice during a men s t rual cycl e ;  the o ther occasion 

being at the t ime of ovulat ion which coul d  corre spond to the uovine 

estrous period . 

The use of the ovariectomised cows produced resu l t s  that a gree with 

tho s e  of  Evans and Miller ( 3 3 ) , i . e .  that ovariectomy either abo l is nes 

mot i l i t y  of  the u t e ru s  in the cow ,  o r  Ray s  and Vandemark - tha t ac t ivity 

is much diminished in both f requency and ampl i tude ( 5 2 ) . 

The way uterine pres sure wa s calculat e d ,  d iff ered from the t echnique s 

used by previous wo rker s .  The pres sure changes in the measuring tube 

were recorded , and then in terpreted in t erms of the ext ernal pres sure 

ac t ing on the diaphragm . O ther workers took the in ternal pres sure changes 

in the tube , as in d icative of the int rau t erine pre s sure ( IUP ) . 

Uterine pressure has been descr ibed e i ther in mm Hg or Mont ev ideo 
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. ,. .  

Unit s  (MU ) � Amp l itude (A) x Frequency (F) , Csapo ' s ( 2 6 )  Il\easuring 

syst em of MU may be meaningfu l when only one of  the factors (A or F) is 

changing , but the sys t em becomes 1�s vs�kul when both factors are 

changing as was shmm repeatedly (Fi g .  5 ) . Indeed there was. so mu ch 

variati on that , on ly the pressure of a single representative c ontraction 

was measured in this work , rather than a s e r ies of uterine cont r a c t i ons . 

Zerobin et a l .  ( 9 9 )  stated that , the s tr ength of th e uterine con­

tract i on of cows , a l though varying grea t ly , was normal ly very high ; up 

t o  60 mm Hg . In his method o f  calcu lation , he took the base l ine of  

u t erine contraction as  zero , s o  excluding any pressure arising from 

u terine tone ( t oni c i ty) . I f  a l lowance is made for this di screpancy , 

Zerobin ' s  figures are in the s am:; range as h ave been found in the present. 

s tudy . 

The f requency di d not c ons i s t en t ly increas e  during estru s  b e c etu�· e th.e 

f orce of the uterine contraction could �e e i ther s trong or weak , Usu�lly 

during es trus , the amplitude of  the con t r a c t i ons ,.;ras great er than at 

o ther s t ages . When a spayed cow was brought into est.rus by estrogen 

treatment ,  the frequ ency of contractions increased b u t  the amplitu de of 

the contractions '.;ras much reduced , 

The frequency o f  uterine contractions in the normal cmv ,  has been 

s tudied  before with confli cting results . Puri.ng d i.e$ tr�s· the con tract.-· 

i.ons were less frequent , According t o  G i llette  (47 )  the frequency of 

uterine contract i ons of cows ranged from 2-9 per 1 0  min.�tes . He quoted 

�n. ave rage value but the resu lts were so  variab le ; it might have been 

bet ter t o  j us.t give the range . · 

Various authors in referring to intrau t erine pressure (4 1 26 � 3 5 , 

80 ? 9 1 , 99) have implied that the pressure exerted on the ba.lloon was 

due t o  the air held  inside the hollow . u terus by the c los ed os uteri of 

the cervix . One w o-r:ker even s tated that the smaller the intrau terine 

space , the greate r  the intrau terine p ressure (26) . In the inves t i gati on 
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r eported in thi s thes i s , the pressure exe r t e d  on the sensor diaphragm 

w&s due t o  dire c t  c ontr3 c t i on of the ut erine musculatu re . In many 

cases , the re cording tube moved free ly and w ithout res i s t ance through 

the os uteri of the c ervix , whi ch was not air tigh t  and certainly 

would not  have Hi th s t ood pressures in the range of 3 2  - 1 1 2 0  mm Hg . 

Although the p re s sures re c orded were the resul t  of the dire c t  

f: orce o f  ute rine mu s culature contrac t i on , i t  was n o t  e s t ab lished whe ther 

this was due t o  the l ongitudinal or circular mus cu lature of the u te ru s , 

or both . 

4 . 3  EFFECT OF OXYTOCIN 

4 . 3 . 1 U terine resp onse to oxy t o cin 

Whenever the u t e rus of the cow sh owed c ontra c t i ons , i t  responded 

to int ravenous ( IV )  inj ection of oxyto cin , with an immediate sharp 

increase in t one f o l lowed by increased f requen cy of c on tractions ( F i g .  

1 1 a) . Hhen the ut erus was quie s cent , the re \vas no response t o  oxyt ocin . 

rhe onset  of a c t i on was immediate a f t e r  oxyt o cin had been admini-

s tered by the IV r ou t e .  Both int ramus cular ( IH) and epidural (EP) 

inj e c t ions of oxy t o c in also gave good resp onses ( Fi g .  1 1 a , b ) , but  

the in creased activity arose less abrup t ly than after IV  inj e c t i on .  

Even when the uteru s was in an active s t a ge , there >ve re f ai lures in 

�esponse to admini s t ration by the IM and EP rout e s . Oxyt o cin given by 

the IM r oute led t o  more fai lures than f o l l owing the EP route (Tab le 

III) . The la ten t  p e ri od a f t e r  using the IM route ranged f rom 4- 1 4  

mi:nut e s  and after the EP route 3- 1 7  minu t es . The diffe rent routes of 

Pd.mini s t rat i on had no effect  on the durat i on of action .  
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a .. Cow B2 

s t ar t s  

i 

b. Cow B2 

\��-"JJ'I}JJtJ\)�\N\ 
- - - - - - - 5 ' - - - - - - -- -·_* action s t arts 

T 
c . Cow B2 

----- --- 6 1 ------- ---- - - - * action s t art s 

t 
Minut es 

Fi g  .. l l .  CEANG ES IN T H E  PATTERN OF UTERI NE COii TRACTION DU E TO 
OXYTOC I N  ADM I NI STRATION . 

( a )  By intravenous route 

( b )  By intramus c ular rou t e  

( e) By epi dural rout e .  

( t )  Oxy t o c i n  admi ni s t rati o n  



�ean latency Number Number Total 
Route ( range) min . 

responded 
f ai led t o  

experiments 
Remarks 

resp ond 

Intravenous 0 30 4 3 4  The 4 f ai lures occurred 
in cows with ini tially 

(O)  noncontracting uteri . 

Intramuscu lar 9 1 1  5 1 6  The 5 fai lures showed 
immed iate response t o  
oxytocin b y  I V  route . 

( 4 - 1 4 )  

Epidural 10 1 2  1 1 3  The 1 f ai lure showed 
immediate response  to  
oxytocin by  I V  route . 

( 3  - 1 7 )  
�--�-------- ------ -- - ---

TABLE Ill . SUMMARY OF EFFECTS OF OXYTOCIN GIVEN BY THE INTRAVENOUS , INTRAMUSCULAR OR EPIDURAL ROUTE . 

\Jl \.N 
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4 . 3 . 2  The respon se dose o f  oxytocin 

Oxyto c in in a dose o f  5 uni t s  (U . S . P . )  given by the IV rou te did no t 

produce no t iceab l e  changes in the u terine con trac t ions . In a series o f  

9 experimen t s ,  I V  doses o f  oxytocin con tain ing 1 0 -2 0 un its , repea ted 4 0  

minutes af ter � 5-uni r dose , increased the uterine ac t ivity cons ider-

ably but sub se quent repea ted doses  produced no fur ther re sponse ( Fig . 1 2b , 1 3 c ) . 

4 . 3 . 3  Durat ion of  ac tion o f  oxyto c in 

Af ter the a c t ion had s t a r t e d ,  the increased u t e r ine a c t iv i ty per­

s isted for an extended period, on one occa sion for mo re than 9 hours 

during which t ime the record ing tube remained in u tero . From a series 

o f  16 experimen t s  on 3 cows , the dura t ion of action o f  oxytocin (40 un it s )  

was f ound t o  b e  variable f rom a t  l east  1 t o  more than 3 �  hou rs ( Fig . 1 4  

and Table IV) provided tha t  the cows were let f ree and al lowe d t o  re st 

in b etween fi r s t  and second recordings . 

4 . 4  D I S CUSS ION 

Of the three rout es of a dministrar ion trj ed , in travenou s ,  int ra ­

muscular and e pidural , t h e  intravenous route produced the mo s t  consis tent 

result s .  The epidural rou te was more rel iab le than the intramus cul ar 

rou te (Tab l e  I l l )  and should be preferred where in t ravenous administra t ion 

proves d if f icu l t , but grea t care mu s t  be taken to ma intain a sepsis . 

Spir idonov ( 3 4 )  claimed that epidural inj ec t ion of oxytocin caused 

a more marked s t imulat ion of the frequency and dura t ion of  bovine uterine 

con t rac t ion than subcutaneous inj ect ion . In this s tudy , no d if f erence 

in the int en s ity , frequency and durat ion o f  contrac t ions could b e  ascribed 

to the route o f  oxyto c in administra t ion . 
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a . Cow 350 

j 1 O U  Oxytocin I/V 

b. Cow 350 

T20U Oxytocin I/V 

· c . Cow 350 

* 

T 30U Oxytocin I/V 

d. Cow 350 

* 40U Oxy tocin I/V 1 
Minu t e s  

Fig . 1 2 . CHANGES I N  THE PATTERNS OF UTERI NE CONTRACTI ON AFTER 

DOSES OF OXYTOCI N  ADHINI STERED I NTRAVENOUSLY ( I/V)  AT 

I NTERVALS- OF 40 . HI NUTES .  

(Not e : No furt h e r  i n c r e a s e  i n _ ut e rine a c t i vi ty a ft er 1 0  U )  
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a .  Cow D4 1 

* j 1 OU Oxy t o cin I/V 

b. Cow D4 1 

* 

i 20U Oxy t o cin I/V 

c . Cow D4 1 

40U O xy t o cin I/V 

d . Cow D4 1 

j 60U Oxy tocin I/V 

Minut e s  

Fig. 1 3 . CHANGES I N  THE PATTERNS O F  UTERI NE CONTRACTION AFTER 

DOSES OF OXYTOCI N  ADHINI STERED I NTRAVENOUSLY AT 

I NTERVALS OF 4.0 MINUTES . 

( No t e :  No further i n c rease in ut erine a G t i vity a ft er 20 U )  
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a . Cow D38 

b . Cow D38 

c . Cow D.)8 
) 

* .  1 40U Oxytocin I/V 

d. Cow D.38 

Hinut e s  

Fig . 1 4 . CHAHGES I N  THE PATTERN O F  UTERINE CONTRACTION BEFORE , DURING 

AND AFTER THE ACTI ON OF OXYTOC IN . 

( a ) Uteri n e  contrac tions at the begining o r  the experiment 

( b) Uterine contrac tions a ft er the recordi ng tube was taken 

out and reinser t e d  back into position 

( c ) The increased u t erine ac tivity due t o  oxytocin 

( d ) Uterine contrac tions a fter 1 hour o frec ording ( c )  and 

3.  5 hours o f  r e s t  • . 
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Cow I ni tial Oxy t o ci n  R e s p o n s e  i n  Fi r e; t  R e s t  p e -.:-i o d  S e c o n d  Dur a t i o n  Ut e r i n e  c 0nt rac ti ons 
ear u t erine d o s e  & u t e r i n e  r e c o rding � ft e r  fi rst r e c o r ding o f  a c t i o n  at t h e  c omm e n c e m e nt 

t ag ac t i vi ty route c o n t ra c t i o n  p e rio d .  r e c o r di n g . p e ri o d .  o f  s e c o n d  r e c o r di ng 
(min . )  (P1in . )  (min . )  a t  l e a s t  p e r i o d  

D41 0 IV 40U Oxy. I - - - - -
D41 + IV 40U Ox-:f. I 1 42 1 �l6 60 2� hrs . Re turned to bas e l ine 
D41 + IV _ LlOU Oxv . I 7 6  1 2? 79 1 hr . �e tul�ed to b as e  l ine 
D4 1 0 I V  40U Oxy. I - - - - -
D38 + IV 40U Oxv. I 1 1 3  25'1 76 2 h rs . :i.c h1rn cd to b an e  l ine 
D3 8 + rr 4 0u O ::cv- � I S7 63 43 1 hr • �e bn�ed to bas e  l ine 
D3 8 + I V  40U Oxy. I t)9 1 8 1 58 1 hr o :(etu rn e d  to bas e l ine 
D3 8 + IY 4 01J Oxyo I 55 70 48  3 hrs . Con t i n u i n g  
D38 + I V  40U Ox:i• I 61 1 21 4f1. 3J, hrs . Con timdng 
ms + I V  4 0U O x..,_r . I 56 90 3 6  3 hrs . Con t inui n �  
D3 8 + I'f 40U O:x:v. I 64 1 b8 3 9  1 hr � :te turned to b as e  l ine 
D38 + EP 40U Oxyo I 1 33 52 34 2 hrs . lr.nn H nui ng 
DI S + IV 40U Oxy. I 8 2  95 30 1� hrs o Returned to base l ine 
D 1 5 + IV 40U OX'J• I 70 75  50 J� hrs . Con t inuing - g9 34 3� hrs . �ebrned to bas e  l ine DfS + IV 40U Oxy. ... 49 57 50 2� hrs . :cont inu ing 

. .  :I .L 
D11) + 8P 40U _Q:>cY. I 42 3..§. 22 1-� hrs . .Contin_11ing · -

TABLE IV. EFFECT OF OXYTOCIN ON UTERINE CONTRACTIONS . ( Key: 0= no activity, + = contrac�ing , * =estrus , I =  increased, IV = intravenous , EP = epidural ) 
\ . 
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Manufacturers of oxytocin have for many years recommended a dose of 

up t o  1 00 units for cows and mares ( 4 1) , as an aid in the management of 

parturition . Thi s  dose rate is supported in the 1 953 Brit ish Vet erinary 

Codex . Unfortunately there is no means o f  comparing the response dos e  at 

full term to that e ffective in the non-p regnant cow and often no source of 

the unit value i s  given . Even the Brit i sh Pharmacopoeia (Veter inary) 1 9 7 7  

fails in this respect . Doses used by the writer , have all been reported 

in United S tates Pharmacopoeia (U . S . P . )  uni ts . 

Rays and Vandema rk ( 5 1 )  gave 5 units of  oxytocin intravenous ly to 

each of  3 non-p regnant cows and these animals showed only a sligh t  stimulation 

of the uterine con t ract ions . The result s  of the p resent work agr ee with 

those of previous workers who chose 15 uni ts of  oxytocin because it gave 

a maximum response in all c ows trie d ,  while a dose of 10 uni ts gave a 

maximum response only in some cows and a 5 unit dose always gave a submaxirnal 

response . 

S i gnificant di f ferences in the durat i on of  effect of oxy tocin , as 

measured by uterine activity , were f ound in the li terature . Mos t  work 

refers to speci es o ther than cattle . In the human , the durat ion of 

effect ranged f rom 15 minutes to 1 hour ( 1 , 15 , 20 , 7 1 )  whereas in the 

pig , a dose of  0 . 5  unit given intravenously , produced a respons e  from 

oxytocin that l as ted j us t  1 5  minutes ( 7 3) . 

In cows , Fit zpatrick ( 4 1 )  recorded completion of  effec t s  o f  oxytocin 

within 30 minutes whereas Fedorov ( 34)  us ing pitui tary extract r e corded 

res ponses up to 3 hours and us ing s ynthe t ic oxytocin, up to  4� hours . 
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The latter s tudy is much more in l ine with the results reported  in 

Chap ter  4 . 3 .  I t  appears that although the hal f-life o f  oxytocin 

in s e rum is as  short as  10  minutes ( in man) (49) , the act ion produced 

is an extended one (see page 5 3) , particularly if recording i s  

continuous . Even when pe riods o f  recording were interrup t e d  by periods 

of rest ( i . e .  the recordin g  apparatus removed from the cow) , the 

r e sponse to o xy to cin continued for more than 1 hour . This s ugge s ts 

that oxytocin i s  ei the r inac tivated s l owly at i ts s i te o f  ac t ion after 

b eing quickly distributed or i t  may trigger off e f fects by enzyme induc tion . 

There are pract ical advantages to use of the intramus c ular route b ut 

the associated f ailures experienced in this s t udy led t o  the us e o f  the 

int ravenous and epidural routes as be t t er alt erna tives . In terms o f  

dura tion o f  e f fecS Fitzpat r ick ( 4 1 )  found " o  di f ference between the use 

of the intramuscular o r  th e int ravenous route which agrees vn th r es ults 

r ep o rted on page 5 1 ,  wh ile Fedo rov ( 34 )  f ound tha t  the epi dural route 

produced a cons iderably longer durati on of e f fect  than the s ubcutaneous 

route .  Depending on the exact location of  a sub c utaneous inj e c t ion , 

d i f f erences in ab sorp tion f rom the s i t e  might b e  c ons i derab le . 
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4 . 5 ESTROG EN ADMI NI STRATION TO SPAYED COWS 

4 . 5 . 1 Palpab le changes of the uterus 

The ute rus of normal cows in estrus is enlarged and hard , whe reas 

in the diest ral period , i t  becomes sma l l e r  and so f t . In spaye d c ows , 

the uterus is  even smaller and with a s o f t  cons istency s imilar t o  

t h e  emp ty small intestine . 

Dur ing e s t rus , both the cervical canal and the os uteri become more 

relaxed than at  o ther s tage s of the cy c l e . There were many occas ions 

. when the cervical d ilator had to be use d  to ease the passage for the 

recording tube . U s ual ly the cervi cal c anal of heifers and spayed cows 

was smaller than that o f  no rmal cows . In the case o f  one heifer , wh ich 

had been spayed s i x  mon ths p rev ious ly , i t  was imposs ib le to pass the 

dilator through the internal opening of the cervix . 

When the four spayed c a t t le were bro ught into est rus , using 1 5  mg 

estrad i r l benzoat e ,  the uterus became enl a rged and hard wi thin 

20 hours and over t  e s t rus was apparent in 40 hours . Es trus las ted  

f rom 1 to  4 days . 

Smaller doses of  estradiol benzoate ( 5  mg ) were sufficient t o  

cause ove rt b ehavioural changes o f  e s t rus wi thin 70  hours b u t  these 

were accompanied by only s l ight uter ine and cervical changes in the 

s ame spayed cows . 

4 . 5 . 2  Uterine response to oxytocin 

After spayin g , the force of  contra c t ion o f  the ute rus was greatly 

reduced ; somet imes there were no cont r a c t ions at  all . In 3 spayed 

cows which in i t ia lly did not show any a c t ivity of the uterus , a f ter 

1 5  mg o f  estradiol benzoate was given , and wi thin 20 hours , the uterus 

began to disp lay small con t ract ions ( F i g . l5  b ) . Whenever the uterus 



a . Cow X88 1 67 9 . 2 . 79 ( 1 1 day s a ft e r  spayin g ) 

* 
4.0 U Oxytoci n  I/V 

b . Cow X88 1 �7 1 0 . 2 . 79 ( 20 h o urs a ft e r  es trogen treatment ) 

40U Oxy t o cin I/V 

Hinu t e s  
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Fig .  15 . PATTERY.:S OF' UTEPI NE CONTRACTI ON I N  SPAYED COViS SHOi'v' I NG 

ACTI VE C ONTRACT I O N S  AND THE RESPOKSE TO O X YTO C I N  BEFORE ( a )  
AND DURING ( b )  THE AC'l'ION O:f ESTROG EN . 
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a . Cow X88 1 67 4 . 4 . 79 ( 57 days a ft er spaying ) 

...,.,- ---
-·---------------------� 

,-�---

* 
40U Oxy t o cin I/V 

· b . Cow X88 1 6 7 5 . 4 . 79 ( 24 hours a f t er estro e e n  treatm ent ) 

* '  
40U Oxytocin I/V 

c . Cow X88 1 67 9 . 4 . 79 

« 
40 U Oxy to cin I/V 

Hinut e s  

Fig . 1 6 . THE RESPONS E O F  THE QUI ESCENT UTERUS I N  SPAY ED COV!S 

TO OXYTOC I N  BEFORE ,  DURI NG AND AFTER THE ACTI ON OF' 

ESTROGEN . 

--
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was ac t iv e  or was s t imulated to  a c t ivity by estrogen , it responded to 

oxytocin (Fig . 15 b ) . Somet imes the increased uterine a c t ivity sub s ided 

within 48 hours af t er es trogen t reatment , even though at tha t t ime the 

animal might s t il l  b e  showing behavioural s igns of es trus (appendix table 

II, IV,  V I I ) . 

As the period af ter ovariec t omy extended , so did the sensit ivity 

of the  u t e rus diminish to  both e s t rogen (compare f igures  1 5  a ,  and 1 6  a)  

and oxyto c in (compa re f igures 15  b ,  and 16  b ) . In  s payed cow� where the 

uteru s  d id show contrac t ions , a dmini strat ion of both e s t rogen and oxyto c in 

caused pronounced responses (Fig . 1 5  a & b ) . 

4 . 6  
DI SCUS SION 

The u terus and cervix o f  spayed cows became turgid within 20 hours 

after e s t rogen treatmen t ,  becaus e  estrogen produces vaso d ilation and 

increases the permeab ility of the endomet r ial capillaries ( 3 5 ) . The 

full bu lk o f  the u terus rema ined ano ther day , and af ter  that , the s ize 

reduced ; this time- sequence o f  events agrees with that o f  Gardner et.  oZ . 

(44 ) , who found that the rat u t e r ine we t weight increased 1 - 2 hcurs after 

estrogen s t imu lat ion and a second increase in we t we ight oc curred b e tween 

15 - 30 hours . 

Rays and Vand emark ( 5 2 ) c l a imed that e strogen ret urned the decreased 

uterine a c t ivity o f  the spayed cow to normal . In this s tudy , the estrogen 

did incr ease the uterine act iv it y  of the spayed cow but  not  to  the 

l evel of that of a normal cow .  The difference could b e  expla ined b y  the 

diff erent schedul e  of es trogen administra t ion;  they used 5 me 0 st i lbestrol 

daily for 3 days whereas in this stud y ,  e s t rad iol benzoa te 1 5  mg was used 

once onl y .  
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The fact that the quiescent uterus o f  s payed cows c ould b e  s ti mulated 

by e s t rogen , and the s timulated uterus s ub sequent ly became non-act ive even 

though the animal was s t il l  showing s i gns o f  es t rus , is in con f l i c t  with 

s ome o ther work . In particular i t  does n o t  seem t o  to tally agree with 

results o f  Finn and Porter ( 35)  who c laimed that the myome trial act ivi t y  in 

the rabbi t  i s  dependent upon the p resence o f  es trogen to maintain a c tinomyocin 

concen trations in the uterine mus cle cells , and to s us tain the r e s t ing 

membrane potent ial and the e le c t r ical a c t ivity o f  the c e l l . A pos s ib le 

exp lanation might be that b ehavioural e s t rus is dependent upon a l a rge 

number o f  factors in addit ion to es trogen and that the h ormone migh t  b e  

only one part of a c as cade reac t i on . 

The trend sh owed by spayed cows t owards a decrease in uterine ac t ivi ty 

wi th t ime , could be exp lained by a deve lop ing at rophy of the ut en1s . Th i s  

in turn may result f rom the lack of exp o s ure to regular priming doses o f  

es trogen . 
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4 . 7 EFFECTS OF MILKING AND ADRENAL INE ON UTERINE ACTIVITY 

4 . 7 . 1  Milking 

In 6 out of 12 exper iment s  on 2 cows , t he stimulus of milking 

sl ightly increa sed the frequency of u terine contraction (Fig . 1 7  a ) , 

but as soon as milkin g  was stopped , the u t e r in e  ac t ivity returned t o  

its  original level . 

4 . 7 . 2  . Adrenal ine 

Over a series o f  1 7  recordings ,  int ravenou sly admin istered adrenal ine 

increased the force or ampl itude of the ex i s t ing u t er ine cont rac t ions . 

The st imulus lasted f o r  1 - 3 cont rac t ions a f t er which there was inh ib i-

t ion for 2 - 4 minu t e s  (Fig , 17  b ) before the orig inal contract ion pat tern 

reappeared . 

4 . 8  DISCUSS ION 

A nu�ber of wo rker s (4 7 ,  5 1 ,  7 1 ,  9 7 )  have claimed tha t , e i ther 

suckl ing or the milking proced ure causes an increa se in the product ion 

of oxytocin ,  which in turn s t imulates u t er ine act ivi t y .  The f ir s t  point 

has been conf irmed by Barowic z and Ewy (5 ) who found tha t the oxytoc in 

act ivity in the blood pla sma o f  1 0  cows inc r eased during machine mi lking . � U �L 
The highest concentrat ion (236 . 2 9 ±  6 0 . 89 )  was reached one minu t e  a f t er 

appl ica t ion of the t ea t  cup s .  ( 

Ev idence again s t  the above v iew wa s f ound by Adair and Dav i s  ( 1 ) 

who sugge s ted tha t nur s ing had no effect on uterine con trac t ions , as  d id 
' 

half o f  the observat ions made during milking in th i s  study . The 

discrepancy migh t be expla ined by e ither the dif ference in the degree of 

st imulus at nursing or milking , or perhaps by the stage of the e s t rous 

cycle ,  in par t icular i f  the t ime coinc id ed with the sho r t  per iod o f  

uterine quiescence .  



• a .  Cow D4 1 

m i lki ng 

· b .  Cow D4 1 

/ 
. *adrenaline I/V 

Minu t e s  

Fig .  1 7  . CHANG ES I N  THE PATTERN O F  UTERHTE CO!'JTRACTI ON DUE 

TO THE EFFECTS OF MI LKI .NG ( a )  AND ADRENALI NE( b ) . 

' 
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In the present work r epor ted in this t he s is , a s  soon a s  milking 

wa s s topped , the increa sed u te rine ac i tv i t y  re turned to  its  o riginal 

level whereas had this s t imula t ion been due  to oxyto c in alone , one would 

have expec t ed a mo r e  extende d action , beca1.4. se oxytocin inj ected into a 

cow exhibiting u t er ine contrac t ions ,  cau s e s  a s t imu lat ion lasting for 

many hours (Chap . 4 . 3 . 3 ) . 

The possib il i t y  then mu st be cons idered that the milking ope r a t ion 

causes a nerve-med i a ted s t ireu lus of the u t erine mu scula ture , and i t  i s  

this , ra ther tha t the oxytoc in ,  wh ich ha s a major e f fec t o n  u terin e  

concentr:J.tions dur ing milking or nur sing . Obv iously the ma t ter requ ires 

far more inve s t igat ion . 

The ef fect o f  adrena l ine on uterine ac t ivity in this study was 

similar to the f indings of Rays and Vandemark (5 1 ) , Fit zpat rick ( 3 8 )  and 

Zerob in and Sporr i ( 9 9 ) , i . e .  that the ac t ion of ad rena l ine on u t e rine 

mu sculature cont rac t ion s ,  is b ipha s ic ; commencing with a brief st imula t ion 

and be ing followe d by a sl ight ly longer inh ibition pha s e .  Hays ( 35 )  

showed that the same uterine re sponse t o  ad renal ine could b e  demon s t �.·ated 

using e i ther _in vivo or in vitro me thod s .  

Cupps ' (5 1 )  f indings we re dif ferent . From his in vitro experiment s , 

he c l a imed tha t adrenal ine i s  inhib itory t o  uterine mo t il it y  during the 

estrogen ic pha se and s t imula tory during the phase o f  progest erone influence . 

The d if f erent in terpre tat ion might be expla ined by the d i f f er ence in 

t echn ique ,  in that Cupps used strips of u t e r ine mu scle removed f rom cows 

at d i f f eren t stages of the e s t rous cycle . Such in v itro �e tho d s  f a il to 

take into account t he cont inu ing influence of endogenou s hormone s  and 

therefore the in vivo stud i e s  reported in t his the sis  and by o t hers  (38 , 

5 1 ,  99)  are more l ikely to be valid . 
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5 .  GENERAL D I SCUS S ION 

A maj o r  f inding a rising f rom this invest igat ion u s in g  the new apparatu s 

d evelope d ,  i s  a more relevant under s tand ing o f  what con t r ibutes to uterine 

pressure (UP) . The pressure exert ed by the cont raction of t he uterus , has 

been called int ra-uter ine pressure ( IUP ) in the past (4 , 2 6 ,  35 , 80 , 9 1 ,  9 9 ) . 

From tl� f ind ing in this study i t  s e ems more appropriat e to call  it UP rather 

than IUP , b e c ause the pressure mea sured was no t t ransfered by air reta ined in 

the lumen of the uterus . Rather the pressure recorded was due �o the contrac­

t ion of  the u t e r ine wal l  d irectly on the sensor diaphragm o f  the record inl:, 

tube (see 4 . 1 . 5 ) . The u t erus has p o t ent ial inter ior space a s  a ho l low organ 

but no rma lly in the nongrav id state , t he uter ine \valls  are in appo s i t ion . 

The UP recorded in this s tudy is much h ighe r than t h e  IUP reported 

by other workPrs because U P  consists  of  any uter ine con t r a c t ion superimpo sed 

upon the pres sure of  u t � r ine tonic ity , wherea s the la tter  has not been 

con sidered hy o ther workers in their IUP . If uterine toni c i t y  as a force is 

d i scount e d ,  t hen the ute rine cont r a c t ion pressure s recorded i n  this s tudy and 

the IUP of o thers , fall in the same r ange . The tonicity pressure of the 

ut erus is measurab l e  (page 4 2 ) ; it should be taken into ac count and therefore 

the IUP f igu res put fonvard by others previou s l y ,  may need t o  be reint erpreted 

in diff erent terms . 

The apparatus d eveloped for th is wo rk consisted of an art i f ic ia l  

inseminat ion tube and a rubber sensor  diaphragm . Because the same tub e  was used 

t ime and a ga in the elast icity o r  the resj stance factor o f  the rubber d iaphragm 

wa s te sted in vitro before each expe r iment , and i t  was f ound that in 1 4  out o f  

1 1 0 cases the re sistanc e factor had c hanged f rom i t s  previous value . These 

elasticity changes certa inly would apply to  o ther worke r s ' inf lated balloons 

but no ment ion \vas made in their pub l icat ions of repeatedly checking t he resis­

t ance facto r s . Under s uch cond it ion s ,  though t he ampl itud e  o f  uterine contrac­

t ions shown on the t rac ing pape r in d i f ferent experimen t s  m i ght be of the same 

�e ight , there is no guarantee that the uterine contrac t ion p r es sure to cause 

th i s ,  is neces sarily the same . 
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For the purposes  o f  record ings made in the pre sent inve st i ga t ion , 

the recor d ing tube described in C hapter 3 . 1 . 2 ,  was easily manage d  and proved 

to be a s ensit ive yet robust instrument . The very latest equipment which 

consists of a microt ransduc er mounted on a flexible lead, may lend itself 

part icularly well to semi-permanent implant a t ion in the uterine wall, and 

record ings may be ob t ainable from a single cow dur ing the non-pregnant period 

as well as throughout a subsequent pregnanc y .  

Patterns of spontaneous uter ine act iv ity hav e  been found t o  vary between 

days and between cows, due to the changes in the re produc t iv e cycle and 

J>OSsibly to the range of simple b iolog ical va ria t ion be tween ind iv iduals . 

Though the uterus of cattle produces contra c t ion s almost all the t ime throughout 

the · estrous cycle , t here are t ime s wh ich r ange from the Sth lo the 1 7 th day r:ost-

estrus, when the uterus is nonact ive f o r  l to 2 days. One possible exp l�.nat i on 
! 

for this quiescent per iod could be the fluc tuat ion of est rogen blood levels 

after  estru� although no measurement s of plasma ho rmones were made  dur ing this 

study . Generally, the uterus contracts mor e  forcefully during est rus , and at 

tha t t ime the musculature is more responsive to oxytoc in . 

Without the hormonal influence der� ved from the ova ries, the uterine 

ac t ivity of spayed cat tle is mu ch reduced and some exhib i t  no contrac t ion at  

all . As the period after ovariec tomy extended , the force of uterine act ivity 

became weaker and la t er quiescent . It seems a s  if the autonomic nervous 

sys tem mu s t  play an impo rtant role in ma int a ining any spontaneous uter ine 

ac t ivity a f ter the ova r ies are removed and the q!,fiescent state o f  the uterus 

might be due io the d evelopment o f  uter ine a t rophy . Further physio logical 

and morphological studies are r equired to e s t abl ish whether such changes occur 

in the s payed cow . 

The u terus of non-pregnant cattle i s  contrac t ing a t  a rate rang ing 

from 0 to 2 2  times per 10 minute s . The se r ec orded contract ions are no t inf lu-

enced by local irritat ion f rom the record ing tube , sudd en changes in the 

abdominal pres sure
. 

due to cough ing , bel lowing or urina t ion, no r are they 

mod if ied by external d isturbances such a s  no i s e  of a near-by trac t o r . There-
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fore i t  i s  understood that the body movemen t s  o f  the an imal and ext ernal 

disturb ances appear to  have no las t ing ef f e c t  on the normal rhthyrnic con­

trac t ions o f  the u t e ru s . 

lnnnediately a f ter de fecat ion or ur in a t ion , there i s  a t ransient fall 

in u ter ine tonicity pressure , presumably due to the redu c t ion in the abdomi nal 

pressur e . During the act o f  el imina t ion , the abdomina l mu scle contracts  and 

later r elaxes before r egaining tone and reestabl ishing the equ i l ibr ium . 

Provided the u t erus was �xhib it ing contraction s ,  these wer e  a lways 

enhanced following the int ravenou s admin i s t ra t ion of oxytocin . E i ther intra­

mus cular or epidura l routes of administra t i on were largely successful but the 

epidural rou te produce d  the more consisten t  r esults  probably becau se the 

oxytoc in was direc t l y  expo sed to a bet t er blood supply in the verteb�al 

canal than in the mu sc l e . The ep idural rou t e  of drug administrat ion is 

no t w i thout risk,  but in the case of oxyt o c in , i t  is pra c t icable as a second 

cho ice a f ter the int ravenous rou te . 

There appea red to  be l i t t le advantage in g iving any more than 20U 

oxyto c in , a s  larger doses repea t ed afterwards  d id not further improve the 

amplitud e o£  ind iv idual contrac t ion s in normal cows . The sens i t iv i ty of  the 

uter ine mu scula ture to oxytocin about the t ime of partur it ion may be totally 

different to that o f  the non-pregnant cow und e rgo ing regular estrous cycles 

and a s  such it  \vould be unwise to  extrapola t e  f ind ings f rom this s tudy . 

A surpr i s ing f ind ing in this study was the extended durat ion o f  

oxytocin effect following admin i s t rat ion . On one occas ion when reco r d ing 

was cont inuous the response to oxytocin lasted for more than 9 hour s ,  and on 

numerou s o ther occa s ion s ,  when the an imals were allowed a rest period between 

recordings , the e f f e c t  wa s main tained for a t  least 1 and some t ime s to 3� hours . 

In view o f  the short plasma hal f -l if e  o f  oxytoc in wh ich has been reported to 

be less t han 10 minu t e s  ( 4 9 ) , it would seem that the hormone may a c t  at i t s  

receptor l ike a n  o f f/on switch and that con t inuing incr ea sed ac t iv i ty i s  

.independent o f  the pla sma oxytocin concent ra t io n .  
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I n  orde r t o  more closely de fine l h e  t iming of the e s t rOV$ Cyc le , free 

from the influence of endogenous hormones on uterine contractions , s p ayed 

cat tle were utilised  and brought into art if icial es trus by the use o f  

estrogen . At that t ime , both the uterus and cervix enlarged and felt firm 

on palpat ion , and ut�riue contractions "Y7ere apparent . Though the p eriod o f  

art ificial estrus , in terms of behavioural c.hanges ,  las ted from 1 t o  4 days , 

on c ertain occas ions the increased uterine act ivity persisted fo r 2 4  hours 

only . I t  is ass ume d that s l i ghtly different and additional mechanisms are 

r:espons ible for each of �et\.:o .phe.nomene1 of es trus . 

The inve s t i gation has shown that the normal contrac ting uterus in the 

non..:.pregnant cmv is always respons ive to intravenous oxyt ocin . The range of 

the nuration of this effect is s urpris ingly wide . Whether the variat ion i s  

associated wi th a characteris t ic o f  the drug or is due to other endo genous 

influences rema in to be det ermined . 

The writ e r ' s study and findings raised a number of interes ting issues 

which were beyond the scope o f  this inves t i ga t ion .  For example , b oth mi lking 

in the no rmal cow and estrogen t reatment of spayed cm.,rs , caused an init i  .... l 

respons e in uterine c ontract ions , but act ivity rap idly ret urned to pretreat-

ment levels . Thi s  raises the key ques tion a s  to what extent uterine activity 

i s  due to hormone inf luences and what p art is played by autonomic nervous 

contro l . The balance of these two inf luences  in cont rolling o f  uterine 

activity in the non-p regnant cow ;  together wi th complementary s tudies  

undert aken about the time o f  p arturit ion , are  aspects of uterine phys iology 

which mus t  be lef t t o  other inves tigator s . 
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- ­. 

'I c ' .  � 1 e . � " .. ..  " .; t ' I � .!' :  •• ·� + � " • ., •. - -� - . � - •· r • I·· ·' " t � 0 l" i Pe�1!il'k �' �::. 1 c..- � ... ..L v - · .> 1 .L�.·��:..E.:l�l-- ·f'd.:: r.�.. a J. j L n ..J e v , .._  . .  1 

1:1 1 6 .  1 1 . 78 Es trus u ter>lS + 1 se- 40Uoxy. I F�oq �" n cy ['"'P l� bd" (i �" t� 6 

- I Es trus on 5 th .  
-�-----,. ...., I I ' 

_ 2 j 9 . '1 1 . 78 ! - I U terus + ! SC 40U O:>.."J" • l D 1 1 ! - - ! S tronger con tr . 
3 1 6 . 1 1 .78 j · - i U t erus 0 l IV 40U Cxyo - - j 6 1  - j 
4 21 . 1 1 . 78 - ! U te rus + IV 40U Oxy. I I 1 57 - ! S tronger con tr. 

5 23 . 1 1 . 78 - U t e rus + IV 40U O xy . I - 80 1 - Trac to r no ise j . 6 27 .. 1 1 . 78 - 1Hcn:-s 0 j' IV 401J O:z:i .  I - ·  1 - I' 1 41 I - I; j . . CerVlx + · 1 1 

l ) 
i 
I ·i i 
I 

I 7 1 3  . 1 2 . 78 . - 1 U t e eus + J IV Sou Cxy. = J I I 1 0 5 ! 1!.1 40U Oxyt IM no >C tion 

I 8 j 1 5 . 1 2 . 78 - TT t e nlG + I EF eou OX'J o : l I I 1 47 I i 11 9 j 22 . 1 2 . 7�� - U tc �s + i Th! SOU 0�/:.y. l · - I ' I  93 ! 11 I . -1 I I I 1 1 0 i 27 . 1 '2 . 78 j - j U terus + -, ·r.� -6�·7·5·ml-;R;,r:JI . . .. . . . I . . . - I S t im;.!l ate 
' 

j 1 1 ! 3 1 . 1 2 . 78 - j ce:::vix + ! nr 6ou oxy. 1 - - ! No ac tion 

1 1 2 i 1 2 . 1 . 79 I - U terus + I IV 3m1 . Ad.r. ! - I - ' Es trus on 1 1 th.  
1 ! '! C e rvix + I IV 200 Cxy .  : I : I 1 , "O,o th responded ! 
I ' I I f I • ' j 1 3  j 1 5 . 1 . 79 .! - U terus + D� 40U 0::<Jr• , - ' I 1 1 24 IV 40U Oxy t No fatisue l 

1 4  · 1 1�. 1 .  79 1 - U terus + EP 40U Oxy. ! - I l 9 1 Latency 1 7 '  

! I I ! I : I 1 I I l I l 
t_ I 
1\f'PeNl>h( I .  EXPER IMENTS ON cm.;r 3 5 0  

I I I I I 
I ·  I . I . I 

( Key : 0 = no act ivity ,  + = contracting , I = incre ase , D = decreas e , IV = intravenous , EP = epidural , 

Oxy . = Oxyto c in , IM  = intramus cul ar) 
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No . Dat e  "F;s t ro u s  
c y c l e  

1 5  1 9 .  2 .  79 Sp ayed 

1 6  20 o 2 .  79 -
1 7  21 . 2 .  79 -
1 8  2 2 o  2 o /9 -
1 9  27 . 2 o 79 Es trun 

20 28 . 2 .  79 Es trus 

21  1 .  3 .  79 Es trus 

22 3 .  3 .  79 Es trus 
23 4 ·  3 .  79 -
24 7 .  3 .  79 -
25 9 .  3 . 79 -

1 2 6 1 4 . 3 .  75 -
27 1 9 .  3 .  79 -

I n i t i a l  
a c t i vi ty 

U terus + 

U terus + 

U te rus + 

U terus + 

U te rus + 
(" . v 9 1."Vl. X  + 
Uterus + 

Ut erus + 
TJ t e rus + 

U t e rus + 

Uterus + 

U t e:::-us + 
U t erus + 

U t e rus + 

I n j e c t i o n s  

D.1 0.  7 5rr.l . Horn 

IV 4 0TJ Oxy o 

IV 1 0 , 2C , 3 C ,  
40'J Oxy. 

I1T .3ml . Adr . 
IV 40U O xy .  

Ii/ 40U 0 X:.f. 

]].1 40U Oxy. 
IV 40U Oxy. 

EP 40U Oxyo 
:U·.� tOU Ox:y-. 
liT 40U OX"J . 

IV 40U O xy .  

IV 40U O x:y .  

I V  5 ,  1 0 ,  20U 
Oxy. 

I V  40U Oxy. 

Ut e ri n e  a c t i vi t y  Re c o r d i ng O t h e r  
a ft e r  t r e H t m e n t  p e ri o d  i n j e c t i o n  Re mark 

Fr e q u e n c y �mp l i t u d e Jvl i n u t e s  

I I - IV 40U 0� Both responded 

:n I 1 21 IM 5mg. Est  Cervix rigid 

20U op timal 
D I 
- - Responded 
D I 1 3 1  Cervix rigid 

I ·- n.i 1 5mg . Sst U terus enl arged 
on 2 5 th .  Cervix rigid 

- - TI.! no action 
I I 21 5 

I I 242 Recorded 5 hrso 

- I 1 24 Cervix d il at e d.  

D I 1 1 2  IV 40UOxy. Bo th responded 

I I 1 20 Cervix dil ated 

I I 1 46 eervix small 

1 0U Op timal 
I I 

- I 50 

A�P6f'll>l )(. I I . EXPERIMENTS ON COW �50 ( SPAYED ON 2 9 . 1 . 79 )  

(Key: 0 = no act ivity, + = contract ing , I = increas e ,  D = decreas e ,  IV = intravenous , EP  = epidural 

E s t . = estrad iol benzoa t e ,  Oxy . = Oxytocin ,  IM= intramus cul ar) 

I I 
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] �j o ,. � �- c  . ,� v:'-" '-'0.::. ! . .  J. � � :- -L � -" .; e ,, ., o n .:. , , . ._: ... .:.. . t "· ,-, � � � \ .� •· . �  • •  s J . > c .�ur . "· 1 D - ... !·"' ,- '" ,... . , .. 1 r · · · '· -i -, , � : ,., ·: '" '" i  - - �·--u<- .. .,. . , .----:�,- J • •  • 
� � .., .  ',.. ,. • I -� ; �R�.--

p e : . � ·t c . �· I � e t '  v -. + , I "' f' t· �. ··� ,. r· •."- • ·· - rr · ·r� t  - � · o a.J F .,., � -"' C  .. ., .... .., I T"l,c.w- , rk .... .; -. 'c:  Cl. """' " - ' " '  .� .... .... .... .. .. . . ,.t • · · •:- J... ,. ..,_  - "'"' J "" V ..- v  .. , �"\ - i.:J.t'""" J__J ! Fre q u E: ;:-J C Y  i �mp . n  t 1 u t � c  1 I ·� 

1 1 8 . 1 2 . 78 
-

I U t B rus + ! EP  Sou O xy .  [ I f - I 90 j - lPr�tagl andin on1 6 

2 1 20 . 1 2 . 78 j Es tr"us 1 U t erus + j EP 40U Oxy. 1 I ! I I 1 1 4 I jEs trus on 1 9  p ,M .  

3 21 . 1 2 . 78 I Es trus ! U te:us + 1 rv 40U C xy. I .L I I 1 80 ! 
i : i I I 

4 j 2 2 . 1 2 . 78 ! - U t e:ru.s + I IV 1 0 , 20 , 400 I 1 I )1o s t imul ation 

__j_ i 0A"Y • I I I ! after 1 0U 

5 !' 24. 1 2 . 78 I - Uteru.s + ,. rv 1 0 , 20 , 40 ,  1 1l l! . I!Jo s t imul ati� 

I 6m.T Oxy. 1 - I i • aft er 20U 
1 • · ! ; I 

6 26 . 1 2 . 78. - U te!:'us + DT 1 0 , 20 , 40U 1 I I Cxy. 1 D I 1 0U op timal 

7 1 29 . 1 2 . 78 - U t erus + 1 rv 50U Ory. I I' Both responded 

1 c � rvix + ! I 
I I I 

8 ,, 11 • •  1 .  79 i - C e r'.rix 0 n.� 70U Oxy. 1 I I N o  respon s e  

- 9 ! 8 .  1 . 79 - U terus + :m SOU Oxy. 1 - I 180 S trong con trac t .  

1 0  j 9 .  1 .  7 9  F:s trus U t e!:'Us + I I V  3ml . Ad.r . I I! 1 Both d d 
I i I Cervix + , I7 40U O :t:::' • I , - I I I 

respon e 

! 1 1  i 1 0 .  1 � 79 . I  - U terus + i IM 0 . 75ml . Ro!n - 1 J. Oxyto c i c  effect 
I 

1 2  1 7 .  1 .  79 - 1 Uterus 0 EP 40U Oxy • 1! Th1 40U Oxy No respo!ls e 

I 

I I I i I I I 
ftppGN l> r )(  I I I . EXPERIMENTS ON COW D4 l 

(Key: 0 = no activity , + = cor.trac ting, I =  increas e ,  D = decreas e ,  IV = intravenous , .EP = epidural , 

Oxy. = Oxytocin , : D-1 = intramus cul ar) 
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r:;;-·• n- ·t ..  ;' -: �  ...... · ::- " --r ·f"' � + ..: �  ... ., J. y ," · .!:'! ... . . ..; ,.... , .. .... - .  ! ' \· --:-;-.. , _  ... ·. ·:� · · ·j t- , t 'r)  ... . � ...... .. 1 ..; -.... �-l--.-.-_ -_---- �-1 � 
1 • • 0 •  u 8 . .  ...,. ... � :) t;_ ,_, I - · · -'- � -- '-" ..!. - • - J " '- '· "- '-' • · �' l ,; � 1... · - - - ·.;;· ,,. , � l. I· � � Y 1 . .  ,o "' O J. u - '' �  > t .�., �..,. r 1 l 11 c y -�: 1 (:; . j actl. vit.)·l _!_ '.c f_r. e r· t ::· r·�· t :I}_e;:t. _ ??r.io d  i n j e c t j. o n  11 R.:: mark j -.f.- 1 Fr e g_u "' :-J c v  , , , . _ .,... , l '" u � e  ,r , n u t e s  

! 1 3 5 . 3 . 79 Spayed j Ute rus o ln-.1-0-.-7-5m-l-. R-o_m_.!+. 
� , . ...  t-J .l.. IV ... · · - ·  

1 i I I I 1 1 4 1, 6 . 3 . 79 - 1 U t erus 0 j'IV 5 , 1 ? , 20 ,  j 
I . l I : 40J 0� 

1 5 j 7 . 3 .  79 j - j UtE:: ::".AS + II1[ 40U OY.:'j . I 
1 6  1 8 .  3 .  79 1 - 1 U t erus 0 !IV 40U Ox.y . [ 

I 
I I JJ.! 5mg. Es t 

I 
I 1 22 I 

No response 
17 j 9 . 3 . 79 p;;s trus j U terus 0 jiV 3ml . Aclr. ! i 1 1 IV 40U OX'Jl No respons e 

fB j 1 1 .  3 .. 79 1 - i Ut e rus 0 jiV 40U 0 -y:y . ! j j l No response _j 
1 9  j 1 2 . 3 .. 79 - j U t erus O !IV 40U Oxy. I j j Th1 1 0mg. Es�. I 
20 1 1 4. 3 . 791 - j U te rus + IIV 40U O x.y . I I I I I 1 44 I 
2 1  ; 1 5 .  3 . 79 1 - i u terus + jr:.r 40u o xy .  -- r - r ·u 1 . r 93 1 1 
22 1 1 6 . 3 . 79 I 8s trus j U t e rus + 1_2P 40"J O xy .  I I 1 25 j j 1 

- · - · Jiv 5 , 1 0 , 20 ,  1' I I No s timul ation 

.l. 1 1 I 40U O xy .  _ _  t __ 
I I l af ter 1 0U 

24 ! 1 9 .  3 .  79 ! - I TT brus + re: 40U 0X'J• i I I I 1 1 4 I 
GiVin6 m ilk I 

25 j 20 . 3 . 79 _, - 1 U t erus + J:V 40U Ox:y. i I I 1 1 3 7 I G ivine m ilk 

26 l 21 . 3 .  79 1 - I U t e rQS + jiV 40U Oxy .-r� I -�--_-I __ =-._t 1 20 I ! Giving m ilk 
! 27 ll 23 . 3 .  79 j - - j Uterus + jiV 3ml . Adr. I j I 

, lj I · � 
1. C ervix 0 IIV 40U Oxy. I I I ___.__I. I - ! I 

A�ee!'l!>t ')( 1v . EXPERP1ENTS OM CO�v D4 1 (SPAYF.D ON 2 9 . 1 .  7 9 )  

Bo th no re spons e 

( Key: 0 = �o ac tivity, + = cont::::·act ing, I =  inc::-e as e , IY =int::-avenot:..s , EP  =epidural , Thi = intramuscular 
E s t . = e s t ra d io l  benzoa te , Oxy .  = o xyt o c in ) 
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fNo c- J Dat e j£�t:r:) U3 1 I :: i t :Lo.l J I .:::, j e c l:iolls j :Jt;;.·i�e a·c ti�i-ty Jlr:c c :- •.' .Jj ne pther I l 1 ., t · · ' · · '  · · · i � ' ·  · t · F'e "'  • ' '-· • 1 1 1 .. : y :;  .;.. e 1 �� c :1. VJ.. ·c:yl. l._·::.::.. '.:..�:�.!-· 1.'_<'';2:��f:.:1.2: __ . :.:; .:; I· o c. •1.ui,j e c  1. 0 n  ', .,.! .:.. .. ·... I ; I 1 T.'"" r'"· : - ·� · � n ·.., ,-. ·, r  � �  '' Y\ ·: .: ·,� . ,  • .  : .... , !�\ - � '�"'t t.! :,. P. C..• 1 I I ,. - '-' � <.. .. 1:.: · 1. .. ·-·�' � _. , l _'-' -- - " · '"-' \,..4 \ .... \_ 1 • •  _ ... "' ,. ._, I ;--1-1 30 . �79 ! Spay�d -�Uter�l .:.V 40n O xv. ; I ! 
; : I . . ' ,----V·--+'-----1 2 I 9 .  2 .  79 I - j U terus + I I'/ 3ml . ,\clr . i 

I ! 

•' I I I I IV 1 0 ' 20 ' 40U � X'J. I 

! 3 j 1 0 .  C. . 79 ; - lutcrus + ! IV 4CU Cxy . 1 I 
; 1 1 _ 1 " ; 

·11 4 1 1 1 .  2 . 79 ! - ! U terus + i rr  40U Oxy. 1 .1. 

I I I 
: � I 

I 

I J: 
i ! ! I i : - I V l 5 1 1 2 .  2 . 79 Es trc.s j Ute�--us + :G.: 40U Ox-J. 1 I I 1 61 IV 40U Ox.y1 No fat igue I i 1 3 . 2 .  79 8s trus 1 Uterus 0. 1 ZP 40U Ox:y. j i i !IV 40U Ox.y EP no o.cti�n . 
j l ; , ! I 1 i IV very sl �ght I j ""'f114 ·  2 .  79 j Cs trus j Utcrus 0 jrl 40U O"'J • ! J I jiV 40U Oxyi Bo th v ery. sl ight 11 j 8 j 1 5 . 2 . 79 1 8strus Utcrus O ! IV 1 0 , 20U .Oxy1 ! -� l i very_ sli_cht I 9 J 1 6 .  2 . 79 1 - U t erus 0 JEP 40U Oxy. 1 - l - 1 I Very sl igh t · I 1 1 0  j 4 .  2 . 79 ! - U terus 0 ! IV 40;1 OAJ' •  ! j l n.� 1 5mg.Ss� No re spons e I . I I � I I l ! 1 1 i 5 .  2 .  79 ! - juten;.s + ! IV 40U 0 }..--y. i I i I I 

. 
- �  

. 

I 1 2 1 9 .  2 . 79 I Es trus Uterus 0 j iV 40U Ox.y. I I I . I I I I I � 1 3  1 1 0 .  2 .  79 ·I Es trus !Uterus 0 
I
IV 40U O xy .  1 I I I -

! 1 4 1 1 1 .  2 . 79 j - ! Uterus 0 1 IV  40U OXj'•  I I 1· ' ' i I . I I 
I I ! l 

L I . i I �' ---4..---�-""""---------l 

APP<Sflll>I X v .  EXPERIMENTS ON cmv X88 1 6 7  (SPAYED ON 2 9 . 1 . 7 9 )  

(Key: 0 = no activi ty , + = contracting , I  = increase , D = decre ase , IV = intravenous ,  EP = epidural , _  

Uf = int ramu scular , Est . = e stradiol benzo a t e ,  Oxy . = Oxytocin )  

----
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; No .  Dc...'.: e I2zL·ous-TJ:;i:ic-= ... l J  I n j e c tious l LTt G :r-). n e  D.. c t:!. ....,:l_ ty jRa �· o::::- rJi�e f''Jt.he r I I 11 1--:: y c l e  o.ctivit:;l . E?. ft e r· t :r .: ;) t :-: <':�, , ?�riod  ·_ nj e c ti o n I Rere<;.:r.-!< 
1 1 F·r� ·� c · · " -1 ' '-' . .... .,.. , )  ,. , . � ,.  • ' l "' " t e s 

•- \ . � c..: � V. r-_.. l. C J  .·:. ! . l:.:_J --. � '-4 1....- ....., .· .i . ... ..... · f 

I r , - ID.l 20mg. Est l - I 1 1 3 0 l U terus enl arged l 
1 Cervix dil ated 1 

i I I bo s t imul ation � ' 1 
1 I ! I i 1 ; after 1 0U 

4 : 4 .  2 .  79 

5 : 5 .  2 � 79 

6 ! 6 . 2 . 79 I 
�:�f3 t L'""� �. l u t.::: r-,�s  + I 

j "";'"-, ,. l .L: ' • ;  ) J  c )-::/ . 
r:-,� t� � ' iT J.. n .,...-, c.- ..:.. 1 "- �  A ''• TT (' · � .1 "-'  .- .. 1v j ,J I.J ,  .... .... ... l . .� , . J. . .. j ....... · J .. ..J ...... ,,,r 6 

]_ �- �--- i U terus + j LIT 41JU O xy . I 

' 
! I ! I I 

I I "13 2�- � ��- � !L atency 4 '  
I I I 
' I 

I i 88 T� . !Ldency 4 '  

I 1 05 I jL atency 3 '  I 
i 

I I 

i 7 l --e. 2 .  79 - . !Uterus + j T:2 40U 0}.--y . i - I ... 1 05 I Latency 1 1 ' ! I I 
. i 

i 

I 
I 

I 
8 ; 1 2  . 2 . 79 
9 1 1 5 . 2 . 79 

I 

�! I I 
I 

I 
I 
I 
I 

__ ! '  __ · L  

I 
I ! 
I 

I 
I 
j 
I 

; I 
- j \J terus + ....., , 11 r.., c-;�1  : ·0n i � - .  � • V _I.J l - e .. t i ..,.. .1. 
- !U terus 0 l IV 40U Ox:y. I 1 c e rvix 0 I I 

I I 
I I I 

I 
I 1 L ___ I . 

A- PPErfJ>I "- vr . EXPERIHENTs r:JN cor.r B2 (SPAYED oN 26 . 1 1 .  7 8 )  

I I 1n.� 40U Oxy4 Tit no re<ponse - ! 
No respon s e  

I I I I I I I I 
I 

I I 
( Key : 0 == no activity ,  + = contracting , I = in ::::reas e ,  I1T= iJJ.traveno11s , EP = ep idural , IM = intramu s cul ar/ 

Est . = e s t rad iol benzoa te ,  Oxy . . = Oxytocin) 

i I I I I 
! I 

I 
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No . Date Estrous Init ial Inj ections Ute rine ac t ivity 
cyc le act ivity a f t er treatment 

Frequency Ampl i tude 

__L -��--- _I 

COI\T D3 l 8  

1 1 1  . 7 .  7 9  Es trus Uteru s  + IV 20U Oxy . I I 

2 1 6 . 7 . 7 9 - Uteru s  0 IV 2 0U Oxy . 

3 2 4 . 7 . 79 - Uterus 0 . IV 20U Oxy . 

-------·- ---

COVl D542  

4 1 1 . 7 . 7 9 Estrus Uterus + IV 20U Oxy . I I 

5 2 4 . 7 . 79 - Uterus 0 IV 2 0U Oxy . ·  

� _[ --- - ----

A-.PP GI'IblX V I I .  EXPERIMENTS O N  COW D 3 1 8  AND COW D542 

Rec o rd ing 
period 

Minutes  

1 20 

1 2 0  

1 2 0  

I 

80 

(Key : 0 = no act ivity , + = contract ing , I = increa se , IV = int r�venous , 

6o 
' 

O ther Remarks 
inj e c t ions 

I --------

I Rec tal manipu-
lat ion . 

S l ight response 

S light r esponse 

- -- ----

. . .  

S l ight response 

Oxy . = Oxytocin )  
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