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ABSTRACT 

Two prelimin�J experiments were conducted with arti�icially 

inseminated ewes to e.'Car::ine the considerable variation in counts o� 

spermatozoa recovered in �lushings �rom the reproductive tract. In 

the second trial, road transport stress immediately after 

insemination caused a reduction in the number of spermatozoa 

reaching the Fallopian tubes. 

In the third trial, sperm transport after insemination with 

fresh, undiluted semen at two sites in the tract at predetermined 

times relative to S)rnchronized ovulation ( progestagen-HCG treatment) 

was investigated. �eposition o� semen at the uterine end of the 

cervix or within the uterus using a specially adapted inseminating 

pippette, resultec in the recovery of higher numbers of spermatozoa 

from the uterus and Fallopian tubes 4 hours after insemination, than 

did insemination at the external cervical os. Twenty-four hours 

a�ter insemination similar numbers of spermatozoa were found in all 

segments for both sites o� insemination. Deposition of sen:en be�ore 

or after the expected time 0� ovulaticn, or at both times, had little 

effect on the numbers o� spermatozoa recovered. i.:ore ova vlith 

accessory spermatozoa were recovered from oviducts containing high 

numbers of sperm. 

The transport o� spermatozoa after deposition of �resh or 

frozen semen into the uterus by surgical and non-surgical methods, 

was studied in a fourth experiment. The number of spermatozoa 

recovered from the uterus and isthmus was similar for both types 

of semen, but only 'fresh' spermatozoa d eposited at surgery, 

reached the ampulla in significant numbers. 'Frozen' sperm 

deposited by both methods, and fresh sperm deposited non-surgically, 



did not reach the ampulla within � hours of insemination. 

Impaired transport of 'frozen' spermatozoa to the s ite 

of fertilization appeared to be a result of reduced longevi� of 

these cells within the female trac t, and may involve factors 

s uch as bre��age of sperffiatozoa in the uterus, and delayed 

transport in the oviducts. 

The i�rovement of sperm transport in the ewe through t he 

develop ment of non-surgical, intrauterine inseminations and 

using either fresr�y exte�ded or frozen senen, are discussed. 

vi 
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INTR.CDUCTION 

Among several advantages of artifical breeding of farm 

animals, is the rapid improvement that can be made following the 

increased selection pressure applied to individuals. 

While it is recognised that under natural mating conditions, 

some rams are capable of outstanding reproductive performance, the 

dissemination of superior genetic material over a large number of 

ewes, is only possible with the use of artificial insemination. 

Such practices have resulted in the successful grading-up 

of sheep in the Soviet Union and s ome South Arrerican countries. 

Australian sheep breeders r�ve used artificial breeding as a means 

of improving the national wool clip, and a few New Zeala nd f'arrr.ers 

have bred thei r  s heep artificially. 

The practical application of artificial insemination 

requires simple and effective methods that result in satisfactory 

conception rates, and depends on the development of a successful 

method of long-term preservation of ram semen , used in conjunction 

with synchronization of oestrus i n  ewes. 

The reduction in fertility at induced oestrus after 

progestagen synchronization may well be associated with impaired 1 

sperm transport in the female tract, as could be the low fertility 

a fter deposition of frozen semen. 

An understanding of the transport of spermatozoa in the 

female reproductive tract after artificial insemination may help 

in overcoming these physiological problems, and especially as in 

the future, timed inseminations w ithout regard to detection of 

oestrus, are e nvisaged. 



CHAPTEll I 

·'q_EVIE'.'T 01" LIT"E'{ATUTtE 



CHAPTER ONE 

REVTE'.'T OF LITEPJ1.TIJ'lli 

SYYClflOl:IZA?IO; CF CVULATICF M·�D FF.B.TILITY TO IFSEFIYATICNS 

AT P'!lliDETE'1YH"ED TD.':ES. 

Insemination without detection of oestrus has resulted in 

satisfactory levels of fertility being achieved in ea ttle ( ".'.'ishart 

& Young� 1 9 74) and to a lesser extent in swine (Dziuk � Polge, 

19 62 ) and sheep (Robinson, 1 958; 1 961). 

Synchronization of oestrus after a series of progesterone 

injections v1as achieved by Dutt & Casida (1 948 )  and O'l.:ar'J, Pope 

& Casida (1 950) , and �obinson (19 65) introduced a convenient 

intravaginal method of progesterone administration that is more 

suitable for treati!'.ent of large numbers of sheep. An abundance of 

literature has appeared on d ose responses and time relationships 

required to achieve optimum results ( e.g. �obinson, 1 967). 

Exploitation of artificial breeding of sheep expected with 

the development or this technique, ras r.ot oc curred, in part due to 

the poor fertility often associated with the induced oestrus 

(Robinson, 1 9 69). 

A wide range in the t ime of ovula tion after progesterone 

injections resulted in low fertility after a single insemination at 

a predetermined time ( �obinson, 1 9 5 8 ). The a dministration of 

Pregnant l:are Serum Gonadotrophin ( PNSG) after progesterone, failed 

to induce ovulations in the majority of ewes over a short period 

(Robinson, 1 96 1 ) .  

The use of Human Chorionic Gonadotrophin (RCG) , with and 

without PJ.:SG, has given variable .r esults. Killeen & Moore (1 9 70c) 



used both gona.dotrophins, and though ovulation v1as not well 

synchronized, P.S� appeared to exert its Luteinsing Ho�one-like 

properties (see Catchpole, 1964; Hutchison, 1964) 27 to 30 hours 

after its administration. 

An extensive combination of treatments was investigated by 

Braden, Lamond & 'tadford (1960). The best response was achieved 

after daily injections of progesterone with PLSG given on the day 

3 .  

of the last progesterone injection, follovred 24 hours later by FC:G. 

Lamond (196 2) observed no seasonal effects on the ability 

of PE:SG-ECG treatment to synchronize ovulation. 

Behavioural oestrus was almost completely inhibited w hen 

PJ::SG v.-as given concurrently >ti th the last progesterone injection 

(Braden et�' 1960; �obinson, 1?62). The incidence of oestrus 

increased when ?:::G folloVTed progesterone by up to 24 hours 

(Southcott, 3ra:len ?c ?,!oule, 1962). 

Dziuk, Hinds, Mansfield -'?: Baker ( 1964) fed 6-methyl-17-

acetoxy progesterone (I'.AP), followed. by an injection of ::!CG 

without H'SG, and ovulation was synchronized between 24 and 28 

hours after :-!CG. 'I'his was in agreement with Crtavant, '!.'hibaul t .?r 

'�_:intenberger ( 194-9). The method was repeatable (Hinds, Dziuk & 

Lewis, 1964; Dziuk, 1965; 1970). 

Silicone-rubber, impregnated with progesterone and 

implanted subcutaneously for 14 days, followed 24 to 30 hours 

after removal by 250-500i. u. RCG, has proven an acceptable method 

for synchronizing ovulation in sheep (Dziuk, Cook, Niswender, 

Kaltenbach & Doane, 1968; Dziuk, Levlis & Graham, 1970; Dziuk, 

Ellicott, ';leber&� C'"Q.eilly, 1970; Dziuk, Lewis, Graham& l:oyer, 

1972; Dziuk, C'�eilly, Ellicott, ':"Teber, Garner,?..: Doane, 1972). 

Preliminary trials using the same tecrmiques have been conducte d 
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with swine (Dziuk & Polge, 1962; Dziuk, 1970) and cattle (Graves & 

Dziuk, 1968). Ovulation occurred in the majority of animals 40 

hours after PCG, in both species. 

Synchroniz�tion of ovulation with ECG given after 

intravaginal sponge administration of progestagen has not been 

investigated. 

Fertility after Pr�G-P.CG-induced ovulations has been 

satisfactory during the breeding season (Cullen o''· Shearer, 196!,.) but 

not in anoestrous ewes (Braden :� 1{oule, 1962). 

After progestagen-synchronized oestrus, acceptable fertili� 

followed a single inseoination performed 48 hours after sponge 

removal ('={obinson, J::oore, Lindsay, Fletcher .J: Salamon, 1970). 

Equivalent conception resulted after inseminations with, and v:ithout, 

detection of oestrus (�obinson ,De r.:oore, 1967). 

One or two inseminations at predete�ined times, irrespective 

of oestrus, caused 43 and 62 percent of ewes to lamb (ttobinson, 

1970a, b) and ever. greater success has been achieved wi tr: small 

numbers of evres (rcClelland .?: c;,uirke, 1 971 ) • 

Fertility to set-tine insemination after implant-ECG 

treatments has been consistently high ( 60 to 85< Conception) to AI 

or natural mating. 

METHODS U'SSD FCtt T:{E STUDY CF SPE:U.: TW�SPCli.T 

The principal method employed for investigating the transport 

of spermatozoa in the female reproductive tract has involved the 

recovery of sperm from the vagina, cervix, uterus and Fallopian tubes 

at progressive intervals after mating or AI. 

The proposal of mechanisms of sperm transport has been based 

on information on distribution of spermatozoa in individual tract 

segments. 



Artificial as opposed to natural breeding, conferred the 

advantage of depositing a known number of sperm cells, while 

techniques enabling control of the oestrous cycle aided t he study 

of endocrinological fa�tors affecting sperm transport. 

Livability of sperrnatozoa >vi thin the tract (r;easured by 

duration of w.otility) has been most ·,yidely studied in vivo by 

deposition of sperm into ligated and non-ligated tract segments 

(Quinlan, Hare & �oux, 1933; Edt;ar.?· Adsell, 1960b) ar.d in vitro 

by incubation in isolated tract sections (!:a ttner, 1963b). 

Fallopian tube flushings, containing small nunbers of 

spermatozoa have generally been cotmted by direct microscopic 

observation at high magnification. Haemocytometric determination 

of sperr.. cell nu�bers in other regions of the tract is possible 

because of the higher concentrations fou�d. 

7/'arbitton, �-:cKenzie, Berliner ,�- Andrews ( 1937) counted 

5 .. 

sperm only in 'representative areas' on evaporated slides; 3raden 

(1953) centrifuged the flushings prior to resuspension and examination 

with haemocytometers. �he accuracy of these methods is questionable 

as sampling error is likely to be high in the former, and 

haemocytometers exaggerate cell concentration 7Then few sperm are 

present (Bane, 1952). 

Flushings placed directly onto a series of slides a nd 

observation with phase-contrast after a settling period (La ttner, 

1963a) proved less variable and achieved higher recovery of sperm 

than the method of Braden (1953). 

The cervix of the ewe appears to be the region of the tract 

from which spermatozoa are mos t difficult to recover. liattner (1966) 

calculated a 5� retention of sperm in the folds of the cervical 
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mucosa  after a single flushing. Thus Lichtfo o t  1 Salamon (1970 a) 

used the method of dividing each section o f  the cervix into six 

pieces . These were s tored in a known volume o f  saline and vigorously 

shaken before sampling , to facilitate sper3 r ecovery. 

(uinlivan -�· l:tobinson ( 1969) counted sperm on a slide 

follo'liing deep freeze storage of the flushing s ;  tlcis met!-,od might 

introduce extra losses of sperm on the a1ditional glas s�oare neeued, 

a�� da��ge to  sper� cells . 

Variability is  associatel with nhat ever method is used, but 

the as sumption that nu�bers o f  sperm recovered are representative of 

the ac tual numbers in the tract before flushing, must be accep ted if 

conclu sions are to b e  drann and .l:.ypo theses constructed. 

SPE!li:ATO ZOA H� THS �'\P"1CJUGTIV3 T'l!tC':' 

Spermatozoa in the female tract are considered as invasive 

organisms by 1obins on (1973). The mechanisms b_y w.i:ich they are 

protec ted and transported within this potentially hostile environment 

must therefore be  effective for a sufficient length of time to enable 

spermatozoa to make c ontact viith the ovura in the upper Fallopian tube . 

In the e7<e, at coitus, seruen is dep o sited in the anterior 

vagina.  

Diversity o f  opinion on  the time taken for spermatozo a to 

reach the Fallopian tube is apparent ( Table 1 .1) and has lead to the 

hypothesis that tvo types ·of transport mechanisms exist: ·Rapid 

tran sport ( sperm in oviduc ts within minutes of insemination ) ; and a 

more gradual progres sion of sperm from the lower tract. 

SPERl'.:ATOZOA I.� � VAGirA 

In the ewe, spermatozoa survive for only a few hours  after 

copulation, in the vagina . By this t�me, virtually all sperm 

remaining there are either dead or have ver:l sluggish ootili ty 



TABLE 1 .1 

3STIJ.:ATIO!\S OF THE TIME TA1\E'E FOR SPE�U:IATOZOA 

TO TRAVEL FRCJ.:: THE ANTERIOR VAGH�A TO THE 

FALLOPIAN TUBES IN THE E'.IE 

Authors 

QuirJ.an, ;.:are �": Roux, 1932 

Green & �inters, 1935 

Kelley, 1 937 

Phillips �?: AndreiTs, 1 937:c 

Lopyrin & loginova, 1939 

Schott C: ?hillips, 1 941 :c 

Starke, 1949 

Dauzier & 7.'intenberger, 1952 

Edgar & Asdell, 1960b 

Mattner, 1963a 

Mattner � Braden, 1 963 

l:Iattner (�: Braden, 1963 

Oh & Lang, 1 9 69 

Q uinlivan � ::tobinson, 1 969 

Lightfoot & Salamon, 1 970a 

:t-Th': = Natural I.:a ting 

AI = Artif icial Insemination 

¥ Cited by Edgar & Adsell 1960b 

J.:ethod of 
I.:ating 

m.: 

m.; 

m.r 

m.r 

Nlvi 

:NK 

AI 

m.r 

AI 

AI 

Tine Taken 

5 Hrs. 

30 mins. 

5 :J:rs. 

30 mins. 

8 Hrs. lf-0 mins. 

2 0  mins. 

6 mins. 

8 Hrs. 

2 Hrs. 30 mins. 

15 mins. 

8 mins. 

15 mins. 

4 Hrs. 

1 Hr. 

30 mins. 



(Quinlan et al, 1 933; Starke, 1 9� 9 ) . 

Within a short time af'ter insemination, spermatozoa move 

f'rom the vagina to a more favourable environrr.ent in the cervix, in 

suf'f'icient numbers to allow further progression to the upper tract. 

The interval f'rom insemination to the establishment of' a 

cervical sperm population :n the ewe, r�s been estimated to be as 

short as 1 5  minutes ( �tar:.-:e, 1949; :rattner, 1 963a), though Ch -�� Lang 

(1 96 9 )  measured maximal cervical nuBbers at 2 hours af'ter coitus. 

l.:echanisms of r:::ove:r,ent o f  spermatozoa from vagina to cervix 

appear to be a function of sperm motility and contractility of the 

cervico-vaginal musculature. 

!''on-motile sperm depo sited into the distal vagina have been 

reported as unable to progress to the cervix even after 8 hours 

(Dauzier, 1 953) and the retention of abnormal spenT.a tozoa in the 

vagina ( �tarke, 1 9�9) ::.ndic::.tes spe rm motility as the sole 120tivator 

of passage into the cervix ( Lightf'oot .�� '?_estall, 1971). 

However, other work ( e. g. l1:attner :': Braden, 1963) sug.:.;ests 

tract contractions as the predominant force. 

In other species, a similar situation.exists, ("'�alton, 1930; 

Bed:f'ord, 1971 ) • 

Radio-opaque material has been seen to move into the cervix 

of rabbits by virtue of' vaginal contractions (Kriebiel :?� Cars tens, 

1 939; 'Edgar -�, Adsell, 1%0b; Akester & Jnkster, 1961) but Foyes, 

Adams & Wal ton ( 1 958) -.r;-ere unable to confirm this . In the cow 

�owson ( 1 955), noted no penetration of' the cervical canal af'ter 

depositing radio-opaque oil into the anterior vagina. Dead sperm 

have been found in the oviducts after � minutes in the 

oxytocin-treated bovine tract (Van Demark & j.:oellier, 1951 ) .  



In women, vaginal contractions play the major role in 

movement of sper:c into the cervix ( Egli & Newton, 1 961 ) .  

8.' 

Some spermatozoa can survive for up to 1 8  to � hours in the 

vagina of the ewe, but the majority remain motile for only 1 2  hours 

( �uillan et al, 1 933). HoYiever, �uinlivan & �obinson ( 1 969) state 

that a vaginal sperm population remained viable for from 12 to 36 

hours after artificial insemination, but they did not differentiate 

betv;een live and dead cells . 

Considerable loss of spermatozoa occurs froD the vagina. 

Allison, ( 1 972b) detected no difference in the number of sperm 

recovered from the vaginae of ewes inseminated naturally or 

artificially. This loss is due primarily to drainage of semen 

directly, and to leakage of cervical mucus containing numerous 

spermatozoa (Lightfoot ::?: Salamon, 1 970a) . 

Ovarian steroid influence on vaginal sperm populations has 

been studied by Allison � �obinson ( 1 970, 1972) using progesterone­

oestrogen injections in ovariectomised ei'.'es. Oestrogenic effects 

were negligiole, but progesterone decreased the number of sperm 

recovered . 

SPS"IU·.:.ATO/:OA IY � G"S"Q.\DX 

( a) Duration of rotility. 

The cervix appears to offer the most favourable environment 

for sperm livability in the female tract. �uinlan et al ( 1933) found 

the maximum life span of spermatozoa in the ene to be in the cervix, 

where they remained motile for up to 48 hours; in vitro life of sperm 

was maintained for longer in cervico-vaginal fluid than in fluids 

from other regions of the tract ( Restall, 1969 ) . 



(b) The Cervix as a Spermatozoa Reservoir. 

9. 

The work of' 1-:attner (1963a,b) with the ewe, established that 

the cervix in this species has the ability to retain laree numbers of' 

spermatozoa which are gradually released to be transported to the 

Fallopian tubes. 7his reservoir ensures sperffi in the oviducts over a 

period of' time that wo�d normally include ovulation. This function 

has been observed in other species where the anterior vagina is the 

site of semen placement: rabbit (l[orton & Glover, 1974-a); goat 

(Kattner, 1966;1968); cow (I.:attner, 1966;1968); human (:ricl:.olson 

1965). 

Following the rapid establishment of a cervical pcpulation, 

the number of sper::1atozoa reri!ains high in the cervix and althoueh it 

has begun to decline 15 minutes after mating, it is ali7ays higher than 

in the uterus. Positive correlations have been established bemeen 

the number of sperm in the cervix and uterus, of the ewe ( (uinli van 

& 'tcbinson, 1969); and of the rabbit (�.:orton �: �lover, 1974-a). This 

relationship exists at a significant level for up to 12 hours after 

insemination in the ewe and emphasises the importance of' the cervix 

in providing the uterus with spermatozoa. 

The cervical spe� pool is maintained at high levels f'or from 

1 to 16 hours after coitus, and after this time, a linear decline 

occurs till 4-8 hours after mating, (Oh & Lang, 1969). 

In acting as a reservoir, the cervix also constitutes a 

major barrier to the progression of large numbers of sperm to the 

upper tract, and only a few million ever reach the cervix from the 

vagina. 

Within the cervix, a caudal to cranial gradient of' sperm 

numbers exists (Allison, 1972b). 
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Movement of sperm into the uterus assists the d ecline of 

cervical sperm numbers. �eplenishment from the vagina appears to 

occur for or�y a short time after insemination • 
.. 

(c) Cervical I:ucus and Sperm Penetration. 

Durin6 the time that sperm are normally in the genital tract, 

the cervix of the ewe is full of mucus. Sp erm entering the cervix and 

p assing to the uterus, must i:raverse this fluid which undergoes changes 

in its physical end chemical properties during oestrus. 

The physical appearance of cervical mucus during oestrus has 

been described by Dun :': :testall (1961). As mucus viscosity increased, 

fertility to AI Tias reduced. 

The chemical properties of' cervical mucus are reviewed 

by Vickery & Bennett (1968). 

Despite several re�orts, there is little evidence that any 

component of mucus is respoEsible for the prolongation of s u::-vival of 

sperm iri the cervix ( Giobons !!: rattner, 1966), and several reducing 

sugars measured in mucus ( glucose, sorbital, fructose) do not seem to 

act as extra-cellular energy sources for spermatozoa in the mucus, 

( Gibbons, Collis !!.� Sellwood, 1974.). 

Eechanisms of spermatozoa migration throug� cervical mucus 

are not competely resolved. �,:attner .. ?. Braden ( 1969a) implicated 

active flagellation of spermatozoa by rioting that live sperm, by 

virtue of their motility, were found mostly along the cervical mucosa; 

immotile sperm were found in highest concentration in the lumen only. 

The physical propoerties of cervical mucus appear t o  ai d both 

the movement of sperm through the cervix, a nd their alignment in the 

direction of the uterus. Tampion & Gibbons (1962) obse rved that 

spermatozoa are preferentially orientated in the direction along which 



the threads of mucus are drawn out .  They move along the line s of 

l east strain imposed by the molecular anisotropy of the mucus . 

11 • 

Further, the viOrk of Moghissi, Dabich, Levine & Fewhaus ( 1 964-) 

has shown a mechanism wl:ich a ids initial sp erm p enetration of mucus . 

Formation of phalanxes, a physical phenomenon that occurs when two 

fluids of differing viscosity come into contact, results in the 

accumulation of sperm at the tip s of the formations, and facilitates 

p enetration into the mucus . ln addition, they implicated an 

enzymatic (protease) depletion of �ucus viscosity whic� increased 

the degree of p enetration by spermatozoa . 

C ervical contrac tions are much less intense than those of the 

uterus, at  least in the ewe (Lightfoot, 1970) and thus s eem to play a 

less  important role in sperm migration through the cervix. ether 

workers have implicated drainage of mucus into the uterus, digestion 

of the mucoid ani consequent release of sperm into the uterine lunen 

(see Thibault, 1973). 

C iliated cells in the cervix (Re stall ,�. IJightfoct, 1970) may 

also play a part in orienting mucus threads, or in directing the 

movement of sp erm through the cervical canal .  

(d) Endocrine C ontrol of Cervical �.':ucus Produc tion . 

Several attempts have been made to correlate ffiucus characteris tics  

with the occurrence of oestrus and ovulation (�eland, 1 95 2 ; Cohen, 

Stein & Koge, 1 952 ; Scott-Blair & Glover, 1 957 ; l:cDcnald '� ?..ae side, 1 958 ; 

Lamond & Shanahan, 1 969 ) . The relative success  of many of these 

studies has indicated direct control of production, s ecretion and 

composition of cervical mucus by ovarian hormones . 

The infertility of sheep grazing oestrogenic pastures  has b een 

shown to b e  due in part, to a low cervical population of sp ermatozoa, 



resulting in significantly fewer tubal sperm at the time of 

:fertilization ( Light:foo t ,  Croker �: r:eil , 1 967 ). An P.yper-oestrogenic 

environment has been implicated ( I"ightfoot,  Smith, Gumming , Farshal 

Wroth & Hearnshaw,  1 974). The elevated oestrogen levels cause an 

exces sive p roduction of thin, watery mucus ( Smith, 1 971 a) that impairs 

sperm transport in the cervix (�mith , 1 971 b ) . 

Lindsay & Franci s  ( 1 968 ) noted a linear response in the 

weight of cervical mucus produced, by sp ayed ewe s ,  to inj ec ted 

stilboestrol. They concluded that progesterone s ensitises  the animal 

to re spond to oestrogens , and also maintains a constant level of 

sensitivity. In agreement, Allison ( 1 972a,b ) and Allison 8: l.obinson 

( 1 972 ) showed, using a serie s of progesterone and oe strogen 

con:binations in ovariec-l:. on:ised ewe s ,  that sperm tran sport was affec ted 

by the pro duction of DUcus in the cervix whi ch was under control of a 

critical b alance between the stero ids . Croker,  Robinson -�: �helton 

( 1 974) no ted a relationship between the number of sperm in the cervix 

o:f spayed er1es  and the do se of oestrogen administered. 

S imilarly, Smith & Allison ( 1 971 ) have p ointed to  an abno�al 

endocrine state of entire ewes  after progestagen-induced oe strus ,  that 

causes a reduced p a s sage of sperm in the cervix and therefore into the 

Fallopian tubes .  Maximum production of mucus coincided with minimum 

visco sity and reduced the build up of a cervical sperm reservoir. 

The administration o:f  relaxin had no e:f:fect on the success  of 

a cervical insemination ( Salamon & Lightfoot ,  1 970) . 

SPEil:ATC ZC A HT T:-:E UTSR.U:S 

Sperm enter the uterus from the cervix in two p o ss ible ways. 

Firstly by me ans o:f some cervical mucus entering the uterus (Lineweaver, 

Ha:fez ,  Bhlers , Dickson & King, 1 970) , and secondly by gradual migration 



out o� the cervix along the mucosal lining (see Hartffian, 1 957). 

1.Iigration of' spermatozoa through the uterus appears almost 

unequivocably a result of' contractions of' the myometrial tissue 

13. 

(Van Demark , 1958) , the intensity and frequency of' which, are highest 

during oe st��s  (�eynold s ,  1965). The absence of' uterine fluid in the 

ewe an-1 rabbit (-o_eynolds , 1 96 5), reduced the role played by 

flagellation by spermatozoa .  

SperQ are rapidly distributed throughout the uteru s ,  

irrespective of' their motility (Dauz ier, 1955a ; Lattner, 1963b ; Ch,  

Lang & Dugenzich , 1969 ) . �otile cells are able to  move in both c ranial 

and caudal directions out of the uterus  of' the ewe ( 1.:attner , 1 963b ) . 

The rap id d i spersal of radio-opaque material thro ugh the uterus 

has been no ted in othe r  species  (Kriebiel :�: Carstens ,  1 939 ; Van Demark 

& roellier , 1 951 ; �owson, 1955,  Bickers , 1960) . 

Smooth rr.uscles  of the bovine uterus are responsive t o  oxytocin 

(Van Demark & Hays, 1 952)  and a s imilar response has been recorded in 

the ewe ( Thibault .� 'Tiintenberger-L'orres , 1967; lightfoot , 1970) and 

sow ( Stratman, Self' & Sr!lith, 1959). 

Stimulation of' the tract soon after mating has increased the 

number of sperm in the ?allop ian tubes ( Austin , 1964) . This has been 

ob served in the rabbit (Bedford , 1971), the ewe (Lightf'oo t ,  1970) and 

the cow (Van Demark , 1958 ) .  The stimulus has taken the f orm  of'  sterile 

matings and tactile stimulation of' external genitalia, and involves the 

central nervous system ( Cross, 1959) . The subsequent release o� 

endogenous oxytocin initiates the smooth muscle contractions (Van 

Demark & Hays, 1952 ; !-lays & Van Demark , 1 953). 

�oberts & Share (1968) and Fox & Knaggs (1969) have recorded 

elevated levels of' plasma oxytocin soon after coitus in the ewe and 



woman, respectively .  

However, Lightfo o t  (1 970) considered that t he c o ntractions o f  

the o vine tract ind uced b y  mo unting and mating were entirely d ifferent 

in character from tho se induced by intra-venous inj ection of oxyto c in. 

Bedford (1 971 ) o £fers two tteories to account f o r  the increase 

in contractility observed at , o r  s o on after, mating . E ither the 

coital stimulus increases the activity of the tract trxo ugh neural 

pa thw ays ,. or, a s eminal plasma constituent may be  responsible .  

�am and r.UEan se�en is known to contain an ' oxytocic-like ' 

sub stance (Ea\7ker, '?.oberts ?: ':''almsley , 1960) . A pro stagland in known 

to stimulate c ontractions of the uterus , is  i�plicated . 

D uring a natural oestrus in the ewe , contractions of the 

uterus move in b oth cran i al and caudal d irections , or ig inating from 

any p o int along the uterine ho rns . In the exteriorised uterus at 

laparotomy ss-et moved tonard the tubes  a nd 16';', tovrard the c e rvix 

(Brinsfield � P.awk, 1969) . 

O estroGens have two effec ts on sperm transport in the uterus . 

1.:o til i ty of the tract is increased (!'!oyes et al , 1959b ; B ishop , 1961 ; 

Brinsfield , 1 968 )  b ut the rate of sperm breakage a nd disappearance i s  

greater after oestradiol inj ections (Hai'l'k .:;,; Co oper, 1 971 ) .  

Progestero ne appe ars to �� ve the oppo s ite effects ( �owso n, 

1955 ; Hawk & Co oper, 1971) . 

Synergism betv:een the two ovar ian steroids is also p robab le 

with progestero ne affordin[ the necessary sens itivity to oestrogen 

that is seen in other reprod uctive functions . Thus the altered 

o estrogen patterns associated with synchronised oestrus (Eenricks, 

Hill & �ickey, 1 973) , red uced fertili� thr ough d ecreas ing sperm 

transpo rt to the Fallopian tubes. 
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The uterus  has b een identified a s  the main site of leukocytic 

invasion of the reproductive tract in many sp ecie s :  rabbit (Kahajan ,re 

Menge,  1 966 ; Vorton & Glover, 1 974a) ; goat (�attner, 1 968) ; ewe ( Oh  

et  al , 1 969) and cow ( ?.:attr.er ,  1 968 ; Eowe ,� Black , 1 963 ) . Leukocytes  

are p resent in greatest number in the uterus during the f ir st 2 to 4 

hours after de!)O  si tion of' semen . 

Sig�ificant relationship s between the number of leukccyte s  

i n  the uterus and the number o f  sper� inseminated, have been found 

in the rabbit ( :r,:ahaj an & l'.Ienge ,  1 966 ) .  l.iattner ( 1 968)  found no such 

correlation in goats  o r  cows . 

Leukocytes are present in greater numbers during o estrus 

than in the p rogestational phase of the cycle (Howe , 1 967 ;  Cor�ey 

& P.awk , 1 970) . The influence of ovarian hormone s on leukocyte 

populations in the tract are described by Brinsfi eld, :P.awk .?: '�'tighter,  

( 1 964) . 

Ch et al ( 1 969 )  suggested a differential �·hagocytosi s of  dead 

sperm in the uterus of the ewe ,  but live  sperm and sep arated heads 

and tails  are engulf'ed by these c ell s .  

Peak uterine p opulations o f  spermatozoa have generally be en 

recorded about 1 2  to 24 hours after insemination in the ewe (!.�attner ,  

1 963a ; Oh t.� Lang , 1 969 ; Quinlivan & R.ob inson,  1 969 ; Killeen ?.� I.io ore , 

1 970a) . Estimates of ITean uterine sperm numbers at this  t ime have 

ranged from tens to htmdreds of thousands . 

SPE'RJ.IATC ZOA :!:!-.! Tr:::<: FAILOPIA;· TUBES . 

( a) The Utero-tubal Junction a s  a Barrier to Spern. 1,�ovement. 

The junction between the uterine horns and the Fallopian tubes  

has b een considered as  the second maj or b arrier to sperm transport in 

the ewe (Dauzier �� Wintenberger, 1 952 ; Killeen ·�: ?::oore , 1 9l0a ; Thibault, 



1 973 ) which may act a s  another reservoir of spermato zoa for the 

oviduct s .  

1 6 .  

J{.o tili ty of spermatozoa app ears to b e  an advantage for passage 

acro ss  the junc tion in sheep (�:attner, 1 963b ; Ch et al , 1 969)  and 

rabbits (Inkster, 1 964) , though the se same authors report that dead 

sperm do o ccasionally reach the ovarian side . Leonard � Perlman 

( 1 9�9 ) cons idered sp erm motility e s s ential for pa ssag e acro s s  the 

utero-tubal junction in the rat .  

The clo sure of the utero-tubal junction (UTJ )  appears to b e  

under endocrine c entral . Edgar �- A sdell ( 1 960a) concluded that at, 

and for three days after oestrus ,  clo sure of the UTJ in the ewe , 

prevents tuba-uterine movement of fluid , due to an oestrogen-induced 

oedema of the tissue ne ar the j unction . � !owever, Lop.frin �- Loginova 

( 1 939) claim that the �allopian tub es are imp erviou s to sp erm for only 

1 5  to 1 7  hours b efore ovula tion . 

O e s trogens also p ro�o te clo sure of the UTJ in rabbi ts 

(Noye s et al , 1 959a) . 

�epo rts on the progestational effects on the UTJ are few. 

Op ening of the lumen in sheep on the 4th day of the cycle (F.dgar & 

Asdell 1 960a) occurs at a time when progesterone secretion from the 

corpu s luteum is increasing . Hunter ( 1 972 )  injec ted proge sterone 

locally into the utero-tubal junction of sows and found an increase in 

the number of polysp ermic egg s .  He suggested that opening of the 

sphincter allowed greater numbers of spermatozoa into the Fallopian 

tubes . 

(b)  Sp ermatozoa Il:igration in the Fallop ian Tubes . 

Sp erm survive for r elatively short p eriods in the oviducts of 

ewes .  Guinlan et al ( 1 933 ) rep orted that motility was maintained for 
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no longer than 1 2  hours ,  while Mattner (1963b) observed degenerative 

morphological changes 5 hours after tubal insemination. 

It is probable that sp ermatozoa are aided by forceful muscular 

contractions in their ascent of the isthmus (:!-:afez -\· Black , 1 969) , with 

spe�tail flagellation be ing more important for movement in the 

ampulla (Dauzier, 1 955b) and for fertilization (Austin , 1964) . 

Directional flou of Fallop ian tube secretions have been 

studied bir Bellve & KcDonald ( 1 968) and I.:cDonald & Bellve ( 1 969 ) , who 

showed that peak isthmal flow o ccurred on d ays 3 to 5 of the cycle . 

Flow out of the ampulla end of the tube s reached a maximum on day 2 

and accounted for the maj or part of total tubal s ecretions . �luid 

:flow may therefore offer resistanc e to spe rm ascent in the isthruus , 

but aids it in the ampulla . 

Cilia lining the oviducts of ma��l s are more imp ortant for 

directing the ovum down the ampulla ( ::afez .�- Black , 1 969) against the 

direction of fluid moving out of the ovarian end of the oviduct 

(Bellve 8: KcDonald, 1 968) . 

Spermatozoa are lost from the oviduct by pas sage into the 

peritoneal cavity (�owlands , 1 958 ; Bdgar & Asdell , 1960b ; vorne & 

Thibault ,  1 96 2 ;  1.:attner, 1963a ; Mattner & Braden, 1 963 ; Ink ster ,  1964.) , 

but are abl e  to  enter from the opp o s ite direction (Adams , 1 969) . 

The number of spermatozoa in the Fallopian tubes app ears to 

be a function of the efficiency of transport through the lower 

reproductive tract . 1�attner ( 1 963a) and Quinlivan c�: -qobinson ( 1 969) 

found p eak sperm numbers in the tubes 24 hours after insemination,  

while Oh & Lang ( 1 969) showed a build up in the isthmus from 4 hours , 

rising to a peak at 1 6  hours after coitus . No data were pre sented 

:for sperm in the ampulla in the latter report .  
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Estimates of maximum numbers of tubal sperm have varied 

considerably,  but are in agreement in that only a ve� small percentage 

of the sperm deposited ever reach the site of fertilization. 

SPE"R.I.I }1JKBERS AFD FE"?.TII.J 7.ATIC:f'T 

A relationship between the effi ciency of sp erm transport and ·� 

fertilization rates, has been found in many species : rat and mouse 

(Braden ,z, Austin , 1954) ; rabbit (Braden, 1 953; Cverstreet, 1 970); ewe 

( Lightfoot ?.: Sala:non, 1 970a) . 

Cuinlivan & Robinson (1967 ) described the chances of 

fertilization occurring in the ewe a s  slight, moderate or high, when 

200, 200 - 6ooo, or 6000 spermatozoa , respectively, are in the 

oviducts at about the tirr.e of ovulation. Kennedy & Kennedy ( 1 972 ) 

also observed a relationship bet'.·1een the number of tubal sp erm and 

the likelihood of fertilization in young l,:erino e·;ves. 

?.raximum tubal sperm populations appear to occur approximately 

16 to 2� hours after their dep c sition in the anterior vagina . 

Ovulation occurs about � to 36 hours after the onset of oestrus . The 

time of arrival of the ovum in the ampulla and maximum sperm numbers 

in the tube i s  a critical period that governs the probability of 

fertilization. ?eak numbers of sperm in the ampulla are not maintained 

for long ( Quinlivan & �obinson, 1 969 ) and are likely therefore,  to 

change with the time of insemination relative to onset of oestrus .  

Ageing of sperm an�or ova can lower fertilization rates 

(Roche, DziQ� & Lodge, 1968).  Therefore, inseminations at times that 

result in the sperm ' awaiting ' the ovum, or vice versa, are likely to 

contribute to reproductive wastage (Hafez , 1 966) . 
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FACTO"lS C O!-:TRIB'L'"TING TC FAILu:tE OF 2PERJ:'i TRAJ:SPOR.T IN TI-::E F.'.'iE . 

PR.OGBSTAGE!'T-INDUCFD OE�TR.US 

Hanc ock ( 1 96 2 )  p o s tulated that an alteration in the p attern of 

di stribution of sp ermato z o a  in the female r ep roductive trac t, and hence 

in the numbers avail able for fertil i zation, may cause the l owered 

fertil ity often ob s e rved f ollowing p ro g e s tagen treatnent for the 

synchronization of o estrus in sheep . 

Quinliv an � R.obinson ( 1 967 ) found that sp erm rec overy from 

the Fallop ian tubes of the ewe , was reduced at the fir st p o s t-withdrawal 

o e strus after synchronization with intra-va ginal spone e s .  ?urther ,  

Q uinlivan :-�� "i.ob ins on ( 1 969)  attributed the chang ed p at-tern to a f ailure 

to e s tabl i sh a sp ermato z o an p opulation in the cervix . 

Four mechan i sms operating t;:; reduc e the e ff i ci ency of sperm 

transp ort at the induced oestrus h av e  b een identifi ed as a re sult of 

the p roges tatio n al effec t s  of the hormone treatment:  

( i) Fa ilure to e s tabl i sh a c e rvical p opula tion sufficient to 

ensure prol ong ed miera tion of sperm t o  Fall op ian tubes ( � uinl ivan (� 

R.ob ins on, 1 969 ; Hawk ± C onley , 1 97 2 ) . 

( ii)  Increased sperm c ell di sapp e aranc e from the vag ina ( Oh & 

Lang, 1 96 9 ; Hawk ,  1 972a·; 1 973 ) . 

( iii) Inc reased sperm breakage and disapp earance from the 

uterus (Hawk r.':: C onley , 1 971 ; 1 973 ) . 

( iv) �educed frequency, intens i ty and r eversal o f  direction, 

o� uterine contractions ( Hawk & Ekternkamp , 1 973) . 

Pro s taglandin-induced oe s trus maintains a greater e ffi ci ency o f  

sp erm transp o rt than p ro gestagen-induced o estrus, but is s till l e s s  

favourable than sp erm p a s sage in t he  naturally cycl ing ewe ( Hawk, 1 973 ) . 

However, fertility to induced o e s trus is no t alway s  l ow 
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(McDonald, 1 966 ; Jenning s & Crowley, 1 970) and this app ears to be a 

function of achieving the c o rrect steroid balance (n.obin s o n ,  1 969). 

I 

Spermatozc� from the male of a c l o s ely rela ted spe c i e s  can 

traverse the fei!lale rep roductive tract (Kaha j an 'J. J,:enge , 1 966 ; Hanc o ck 

& 1>'1cG o vern , 1 968) , tho ugh fertilization i s  lovr. 

C ompari sons of spe rm transp ort b e tween breeds of sheep have 

not been undertaker. , though they are lik ely to ari s e  as a r e sult 

of different endo crine environments . 

Young Lerino ewe s di sp layed a reduced cap a c i ty to transp ort 

sperm to the ?allo:p i an tub e s  a s  comp ared to mature ei7es (Kennedy c� 

Kennedy ,  1972 ) ,  but C' h  ;.;: tang (1969) found no age differ e n ce in 

llomney sheep . 

The ins ertion of an intra-aterine-device into one uterine 

horn of the ev;e causes  an ip silateral imp a irment of sp erm transp ort 

through the uterus . The foreign b o dy enhanc e s  l euko cytic emigration 

to the uterus and redu c e s  the number of c ontra c t ions moving toward 

the ov iduct s  (Brinsfi e ld z� Hawk , 1 969 ; :-:awk , 1 970 ; C onley & Hawk , 

1 970 ; Brinsfield, Cl  ark �- Hawk , 1 971 ) • 

FACTO':tS A�'�•'ECTIYG S?3'l.YA'I'C ZOA TP,_��·;::pcl.T HT THE F'S?:AIE AF'ITR. 

AltTIFICIAL D�2ErtDTATI 01'\ 

In view of the number of � chanisms op erating to transport 

sp ermatozoa to the Fallop ian tube s , it i s  apparent that many factors 

will affect the efficiency of this movement when relatively few sperm 

are placed in the genital tract of the ewe, as in artificial 

insemination. 

l'!Ul.:BERS CF ·sPF.:-qJ.:ATC ZOA IKSEI.aNATI:D 

The quantity of sperm cells required for insemination will 
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vary with the p e rcentage of l ive , mo t il e  c ell s in the samp l e  and with 

the s ite and tirr:e of in semination. Bmruens ,} :lob inson ( 1 962)  

c oncluded that a d o se o f  50 t o  1 50 mill ion sperm i n  C . 05 t o  0 . 1 ml 

of semen should yield an a c cep table concep tion rate to a s ingl e 

ins eminati o n .  Low diluti o n  doe s no t alter this ap preciably ( �.ia t�;ner, 

'Entwi s tle & Eartin, 1 969 ; "Sntw i s tle --?- r.':artin , 1 97 2) . �alamon ( 1 962 ) 

ob s erved that for av ery d e crease of 25 mil J i o n  sp er!:'. below 120 mill i o n ,  

13r'! fewer ewe s lambed . 

Th e effect o f  numb ers of sp e rm d ep o s i ted on the number of 

sp erm reach ir.g the Fallop ian tube s i s  e mpha s i s ed a t  low sp erm do s e s .  

The differenc e  in sp erm transp o rt b e tween p rog e s tagen-treated 

and untre a t ed e 1;e s was e l iminatea when l arg e numbers of sp e rmatoz o a  

w ere insecinated ( ��inlivan , 1 970) . 

The imp o rtance of the eff e c t  of sperm nuobe rs ins ecina ted i s  

p robably more imp o rtar:t w he n  fro zen ram s emen i s  u s ed (L i ghtf o o t  G: 

Salamon, 1 97Ca ,b ; S al anon :� Li ghtf o o t ,  1 97 0 ) . 

Two inseminations 1; i thin one o e s tru s ( 1 2 to 24- hour interval ) 

have gene rally re sul ted in higher fertil ity than a s ingle ins emination 

( O s ik o;.sk i ,  1 956 ; ::; o l a s , Dauzier, C ouro t ,  C rtavant c:": 2 igno r e t ,  1 968 ; 

Linge , 1 97 0 ;  Prahov ,  D o i ceva , !:l o i c ev ,  B arkov �;: Had z i i sk i ,  1 970) , 

though s ome worker s  have shown no such advantage ( e . g .  Z e lt obrjuh , 1 968 ) . 

I t  is prob ab l e  t hat two inseminations are advanta g e ou s  due t o  
. 

a g reater number of spe rm in the Fall op i an tub e s  over a reuc h longer 

p eriod , increa sing the chance of an e g g - sp erm c ontact .  Fowever , the 

magnitude of the difference betwe en one a nd two in seminations w ill 

dep end o n  the time and s it e  of - ins emination , and on the number of 

sp erm p er do se ( Salamon & Lightf o o t ,  1970). 
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SI"''P. CF I!"ITI·.:I!�ATIC� 

The usual site of s emen placement in the e11e , is j u s t  within 

the cervix , through the external c ervical o s .  Insemination at thi s  

site allo7Ts a grea ter chance of e s tabli slcing an adequate c e rv ical spero 

p op ulation . Dep o sition into the anterior vag ina i s  c ons idered 

unfavourable due to a l e s s  suitable envirolli�e nt for sperm l ivab ility.  

However , Koger ( 1 951 ) and Tjup ic ( 1 959 ) hn.ve achieved sati sfactory 

levels of fertility after vag inal inse�inations . 

Dun ( 1 955 ) has re c o rded the variation fc und in the complexity 

of the cerv ical p apillae o f  sheep of all age s ,  ar� has related this 

to the difficul ty of locating the op ening to the c e rvix . In aged e<ies  

e sp e cially , the numerous folds ob s cured the op ening and reduced the 

chance s  of a successful ins emination . I n  rr:o s t  other c a s e s ,  there was 

littl e  diff iculty in f inding the o rifice �ith the aid of a sp eculum 

and light s ource . 

D ep th of pene trat ion of the cervix i s  normally limited to l e s s  

than 2cm, though 3alamon ,� Lightfo o t  ( 1 967 ) achieved up t o  3 cm depth 

with ' c erv ical traction ' .  

Under surgery, intra-uterine ins eminations have r e sulted in 

the fertili z a tion of large numbers of ova ( Lightfoot B� Salamon, 1 970a ; 

Trounson & 1::o o re ,  1 974-) . The by-p a s s ing of the cervix eliminate s a 

large s ource of lo s s  of sperm from the tract and yields a s i gnificantly 

higher rate of fertilization (Killeen & I.-:o ore , 1 970a, b ) . 

Little attention ha s been g iven to the p o s sibility of an 

intra-uterine placement of s emen in f i eld trial s .  

THill C F  Ili'�!.:H� ATION 

Most wo rkers have observed higher fertility to inseminations 

during e arly to mid o e s trus (�iarbitton et al , 1 937 ; Carb onerro Bravo , 
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1 955 ; O sikowski ,  1 956 ; S chindler ,� Amir,  1 973 ) though o the rs have no t 

found any stage-of-oestrus effects ( �incla ir, 1 957 ; Jone s ,  1 968 ; 

Lightfoo t & Salamon, 1 970a) . 

Chang e s  in the prop e rtie s of c ervical muc us account for 

the d ifferential sp er� transp ort and fertility that has been 

ob served ( Dun & �e s tall , 1 961 ) .  

Time of insemination ha s no effect on transport efficiency 

when sp erm are placed into the uterus under surgery (Killeen & 

Eo ore 1 97 Oa ,  b )  • 

Fertility to insenina tions with fro zen seme:1 is  invariably 

low (Visser, 1 974) . Factors re sp onsible fo r tJ..._i s have no t been 

extensive ly s tudi ed . 

I t  app ears that l ongev ity of ' frozen ' spermato z o a  i s  reduc ed 

in the fer!lale rep roductive t ract ( !.:at�ner e t  al , 1 96 9 )  and be c ause 

of thi s, th e sechani s�s of sp erm transport are l e s s  effec tive 

( Lopyrin P: Loginova , 1 958 ; Lightfo o t  ,_?-: Salamon ,  1 970a ,  b ) . 

The p resent wo rk was  conducted a s  a s erie s  of trial s ,  

inve stigating sperm transpo rt i n  the reproductive trac t,  aft er 

artificial ins e�ination at p rede terrr.ined t ime s foll owing ho rmone 

treatment de s igned to synchroni z e  ovulation in ene s .  

The use of an inseminating p ipp e tte enabling the d ep o si tion 

of s emen into the uterus will be asse s s ed in terms of the di stribution 

of sp ers throughout the tract, to determine the advantage s of by-p a s sing 

the cervix ,, which app ears as the maj o r  site of sperm transp o rt failure 

in the ewe . 
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A study of the transport of spermatozoa after insemination 

with frozen ram semen is included in an attemp t  to identify factors 

contributing to sub-fertility obs erved after inseminations with 

such material . 



C H A P T E R II 

M A 'I' "E R. I A L �  A :r:' D  r. ;;: T E O ::l S  



CHAPTER 'MO 

l'::A�RI .U.� .AlTD 1 ""::Trc·DS 

EXPE'!lii.:mr'T'AL .AJ.'HLA.LS 

A series of four trial s was carried out on  th e F o . 2 Sheep 

Farm, Lassey University, in 1 974 and 1 975 , involving 1 32 :tomney and 

Border Leicester X 1tomney e·�res . 

C e strus was synchronized using polyurethane intravaginal 

sp onges impregna tea with 40mg 6 -methyl-1 7-acetoxy-progesterone ( I.:.AP ) . 

Ro tational grazing on p redominantly perennial ryegra s s -white 

clover pasture s ,  was aimed at mintaining rather tl-_an increas ing , 

livewe ight s .  

Prior t o  the start of each experiment, ewes were ring-crutched 

to minimize accumul ation of fae ces  around the tail . �hi s facilitated 

the insertion of sp onges  and ins eminati o ns . 

Seven oature J.omney rams ·.1ere used for semen collectior.. .  

SEI/EF C C LL'-":CTI Orl 8:. EVALUA'I.'I CT'� 

( a) Training of �ams . 

Twelve ovariectomis ed ewes were available for use as teaser 

ewes for ram training in 1 974. ','Then required, e11e s were subcutaneously 

inj ected with 1 0mg proges terone in 2ml p eanut o il every s ec ond day 

for 4 days , and 6gug of oestradiol benzo ate inj ec ted on the 5th day. 

The ewes were run with a ·,harnes s ed,  vasectomised ram. 

Rams were �ccustomed to the collection s ite  surrounding s by 

allowing them access to this area. Following this familiarization 

pro ces s ,  a teaser ewe was placed in a head-crush crate from which ,  the 

rear of the ewe extended far enough to allow mounting by the ram 

without interference . Each ram in turn, was allowed access to the ewe 
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without using the a rtifical vagina (AV) . 

'i'tithin a week , all rams were well adap ted to ejaculating into 

the AV. 

In the b reeding s eason of 1 975 , hormonal treatment of spayed 

ewes was not  �dopted as naturally cycl ing e;-.·e s were available .  

Rams accus tomed to serv ing into the a rtificial vag ina, d id s o  

regardles s o f  the s tage o f  the cycle of the ewe , and the p re s ence of 

a ewe was usually suffici ent to eli cit mounting and ejaculation. 

It  was found e s s entj al tha t  individual ram b ehav iour p atterns 

b e  known to the collector, and that a c on st ant routine b e  adhered to . 

Any deviation fron the procedure t o  which the rams had adapted , meant 

e i ther a p rolong ed p eriod till e j a c ul ation, o r  fa ilure to c o llect a 

samp le .  

(b ) Prep araticn of the Artifi c i al Vagina . 

Plate 2 . 1  illustrate s the c oreponents o f  th e a rtific ial vag ina . 

The AV was p rep ared f o r  u s e  in the manner de scrib ed by 

t:ilovanov ( 1 960 ) . '!'he temp er ature mo st suited to all rams was  between 

40 and 45°C . �ater-soluble j elly was u sed for lub ricatio n .  

Collection of semen was peformed by defl e ction of the 

pro trudif¥S penis into the end of the AV. Knowl edge o f  the mating 

characteristics of each ram was sufficient to de tercine the suc cess  of 

a collection . The ram was removed from the c ollecting area when 

s ervice was completed. 

( c ) Assessment of Semen Quality. 

The collecting tube containing the s emer: was placed in a water 

bath at 35°C and s toppered with cotton wool.  As soon as p o ssible , a 

small drop of the s emen was placed on a warm slide between two c overslip s .  

A third coverglass was placed over the drop of semen a nd  motility o f  the 
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samp le s c ored on a 0 t o  5 scale . A saEp l e  of indi s tinct wave s  with 

no mo tion sc ored 0 ;  while 5 repre sented a s amp l e  of highly dis t inct 

and rap idly swirling wave s .  

4 l ive/d e a:'!. s ta:..n (� o s in-nigro s in) wa s p rep ared ( Plate 2 . 2 )  

and an haemocytometric determinati on of spe rm c ell conc entration na s 

conducted. In c o njunction with thi s ,  a sp e c tropho tometric reading of 

the amount of l i ght ab sorbed by a s emer: s arr.p l e  diluted 1 : 500 w i th 2·� 

sal ine , w a s  mad e . App endix I contains the reg re s s i o n  analys i s  of 

sp ermato z o a  c on c entra tion ( Eaemo cytome te r) , on ab s orp tion reading . 

This regre s si o n  was employed as a �eans of rap id a s s e sscent of sperm 

den s i ty ·;vhen sp e ed o f  op e ra tions was nec e s s ary .  

O nly tho s e  sampl e s  reaching a mo til i ty s c ore o f  4 o r  b e t�er, 

and a reading of 0 . 2 5  on the spe c tropho tometer (3 X 1 09 sp erm p er ml) , 

and with 9� live c e ll s ,  were used for ins ecinati ons . 

U7SE!.:JrA':'IOF OF "E�'i"ES 

All in s emina t ions were c om9 le ted rri thin one hour of s emen 

collect io n .  A duck-b illed sp eculum and the inseminatine p ipp e tte 

shown in Plate 2 .3 were u s ed .  

Po ole d  semen samp les from a ll rams w ere used throug ho ut .  

].!ini-s travrs ( 0.25ml) were fill ed w i th ser:1en using a disp o s able 

syringe . The s traw was p lac ed in the p ip p e t te a nd the extendine tip 

was cut o ff .  A volume o f  app roximately 0 . 2m1 of s er:�en remained in 

the s traw . 

Each ewe wa s ins er:1inated by p lac ing h er hind quarters ' over 

the rail ' ( !,:iller, 1 961 ) .  For a vag inal in s emination, the t ip of the 

p ipp ette was p l ac e d  jus t within the c ervical canal and s emen flooded 

ove r  the external o s .  An intra-uterine ins emination involved the 

manipulation o f  the pipp ette to p enetrate the c ervix as deeply a s  
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p o s s ible ( up to 5 or 6 cm dep th ) . �he p lunger was rorced rorward t o  

exp el the s emen rrom the s traw . Plate 2 .4 shows an inseminat ion in 

pro gre s s .  

A r.ote was made of' the apparent succ e s s  o f  each ins emina tion, 

to gether w i th a brier de s c rip tion of the app earanc e of the c erv i c al mucus . 

After ins eminatio n ,  ewe s w ere lert undi stu rb e d  in covered p ens 

or were run on p a dlo ck s clo s e  to the lab o rat o ry t ill the t ime or 

slaughter . 

SLAUGli"'l:'E::t C:' �:.'Es 

The e.nimals vrere sl aughter ed at the p re s crib ed t ime s f o llowir.g 

a p eriod orf p a s ture . The abdomen nas op ened by a ventral inc i s i on 

through the mamnary gland and the rep ro duc tive trac t rerr.o ved with 

minimum di s turbanc e .  

Li gatures were ti ed b e tween the oviduc ts and uteru s ; 

uterus and c ervix ; and c ervix a nd vagina . 

PO ST- SLAUG'-._�'l_ ��A".'; -�:-1' C-:.<' R�F"1CJUCTIV'S T1.AC �S 

( a ) C varian Ob servati o n s .  

The numb er and s i z e  or f o llicle s a n d  c o rp o ra lut e a  were 

recorded ror each ova�J .  Abn o rmal itie s s uch as cy stic or luteinised 

roll i cl e s  were al s o  no ted . 

(b)  Flushing the -:.<'all op ian �ub e s .  

I n  exp e riment 1 ,  e ach Fall op ian tube was rlushed rrom t he 

uterine end w i th two 1 m1 �l i quo t s  of o .% NaC l .  Air vra s forced 

through the tub e s  b etween each v olume or sal ine . 

Equivalent volume s or rlushing rluid were pl aced onto a 

s eries  or 5 sl ide s ,  direc tly rrom the oviducts .  A cover slip ( 22 x 50 mm) 

supported by va s eline was placed over the rluid and sperm all owed to 

se ttle fo r 20 minute s .  C ount ing was perrormed on a light microscope 
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a t  X259 magnificati on. Be tween 4 and 1 0  traverses acro s s  the en tire 

width of the fluid v;-ere made and the number of �perm on each s li de 

c al culated, a c c o rding to the e.rea ob s erved . 

In exp eriment s  2 and 3 ,  the p ro cedure w a s  modified to fac il i tate 

ovum r ecovery . I n s te ad of flushing directly onto s l ide s ,  the entire 

volume o f  oviduct washing s  wa s c oll ec ted in a sr:lall glass b owl wh ich 

was examined for the p resence o f  ova . � g g s  were remo ved in a s  small 

a vo lume as p o s s ib l e  e. ncl p lac ed or. to s ep ar!'l. te s l ides which v.- e re then 

examined at high �� gnificat ion (X450 ) f o r  th e p re s ence of sp ermato z o a  

o n  the zona p elluc ida . Th e remaining flu shing s 7iere stained w ith a 

few drop s o f'  1 ..... aque ous eo s in ,  and evenly di s tr ibuted onto a s er i e s  

of. s l ide s and ex a r..ined a s  b ef o re for the numb er o f  sperma to z o a .  

I n  experiment 4 the same p r o c e dure v:as cls e d ,  excep t  that each 

�allop i an tub e ·,·:a s  s ev ered in�o i s thmu s and awp ulla . Ee.ch of the se 

s e gments were flushed w ith 1 nl  o f  s aline into a gla s s  bo-;;1 . 

( c ) Flushing the Uteru s . 

F.ach s ide of' the uteru s vras flushed v;i th 5ml of' s al in e .  !)ue 

to the larg e numb ers o f  sp err: f o und , the nunb er o f  spe rm  p r e s e nt wa s 

cal culated from the mean o f  5 haemo cytome tri c determinatio n s . 

( d) Flushing the C erv ix .  

Each cerv ix w a s  flushed from the uterine e nd  with 1 0ml of 

s al ine . The wa shing s were c o llected in a vial , vigorous ly s r.ak en ,  

and sp erm numbers e s timated by haemo cytome ter . 

( e ) Flu shing the Vagina . 

The anterior he.lf of the vag ina was op ened and p laced in the 

top of a s�ll funnel . The exp o s ed lumen was washed with 5ml of saline 

which d raine d into a c oll ecting vial . Haemo cyto metric determina t i o n  

o f  sperm numb ers i n  t h e  flushings w a s  p e rfo rmed a fter the addition of 



aqueous eo sin to a id identification of sp ermat o z oa , as c ellular 

material was often p r e s ent . 

( f) Cvum Rec overy . 

',','hen an ova ry s howed signs of an ovula t io n ,  the corre sp onding 

Fall op ian tub e v1as f'lushed and examined f'or ova . The eggs were 

removed and p laced on s l ides under a covergl a s s  supp orted by f our 

drop s o f  a va s eline-p araf'fin mixbrre . Pre s sure ;·;a s e.pp l i ed to the 

c overslip till the e g g  1:a s  trapped b etv:een the slide and c overe;la s s .  

The ova vrere exar.:!..n e d  under a li ght micro s c op e and mo s t  v;ere 

photographed. Pre s ence and the n�mber of' ac c e s s o ry spercat o z o a  

were rec orded, a s  w a s  the sta g e  of cl eavage . 

All reprodu ct ive tracts were flu s hed f o r  spe rLl wi th in two 

hours of slaughter . 



PLATE 2 . 1 

PLATE 2 . 2  

�omponents of  the Artifical Vagina 

A. Lined protection c over . B .  C ollection tube 

C .  Rubbe r  liner. D .  PVC casing . 

Photomicrograph of  Spermatozoa after 

Live-dead S taining ( eosiq/nigro sin) 

(x900 ) . 





PLA� 2 .3 �nseminating Inst��ents .  

A .  D etachable tip B. 'Sxtending straw. 

c .  Pipp ette barrel D .  Plunger.  

E .  Cerv ical grip s F .  Vaginal Speculum 

PLA '!.'E 2 •. 4 Insemination in p rogress . 





C H A P T E � I I I  

E :V A L U A T I O N O F  T "S C H r i � U ;<: S  



CHAPTER . TFtEE 

EVAI,UA'::'IOY OF 'I"":';}-:'l�I �ill S 

To gain experience in t he use of techniques, two preliminary 

trials were conducted in July, 1974 ('Experiment 1 )  and ::.<'ebruary -I-:ar ch 

1975 (�xperi�ent 2 � .  

Am ong several aspects, the methods of re cove �J of sper mat oz oa 

fr om the reproductive tract an d est imati on of the ir numbers, 

received mos t a ttenti on . 

TP.E DI.ST!?.ISuTICr CF SFS'P..: : .. A':'CZCA IN 

TRE GEIU TAL T? . .ACT AF'E� A l<_TI:?IS IAL 

I!�SEI:I!T ATI CT EA 'iL Y C 'I_ LA TS r· c:;:: S'L":tU'S . 

Rec overy of sperEatozoa fr om the repr oductive tract by :.:a ttn er 

& Braden (1969b) has indi cated that t here is a di:feren ce in the 

distribution of numbers of sperin >d tl:in t he tra cts of e-;res inseminated 

early or late in oestrus. ":'his may explain t r-.e sever al rep orts of 

the a chievement of higher fer tility t o  inseminations at various t imes 

during oestrus (e. g. C sik owski, 1956 ) . 

This trial was iniated to investigate S?erm distributi on in the 

cervix , uterus a na.  Fallopian tubes of ewes after inseminati on early 

or late in oestrus. 

Materials �. 1.:ethods. 

Thirteen �omney and B order Leicester X �omney ewes were 

treated with intravaginal sponges f or 16 days . Harnessed, vase ctomised 

rams were run with the ewes at the end of progestagen treatment . 

Cbservation for mating �narks at 0800, 1 200 and 1 800 hou:cs , allowed ewes 

to be allo cated to gr oup s described in Table 3 .1 .  
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Each e11e was inseminated at  the external cervical os ,  with 

0 .2  ml of fresh, undiluted semen ( approx.  7 X 1 08 spermatozoa) . 

TABLE 3 . 1 

( n=3 ) 

Group Time of Ins emina t i o n  � Interval I ns emina t i o n  

to Slaughter ( h r s ) 

1 Early 

2 Early 24-

3 Late 4-

4 Late 24-

�arly = 0-1 2 hrs afte r ons e t  of o e s tru s 

Late = > 1 8  hrs after onset of oestrus 

Results .  

Seven o f  the 1 3  ewes ( 56:"':) exhibited o e s trus by the fifth day 

after sp ong e removal one on day 2 ;  six on day 3 .  

One ewe was found to be in-lamb when slaughtered , and s o  all 

ewes not showing oestrus by day 7 were laparotomised .  

Exarination of  the ovaries ,  showed that s ix ewe s failed to 

exhibit oestrus for a variety of reasons ,  i . e . pregnancy ( 2  ewes ) , 

silent heat ( 1 ewe ) , lo st sponge during treatment ( 1 ewe ) , absence 

of follicular development ( 2  ewes ) . 

Spermatozoa were recovered from six ewes ( Table 3 .2 )  which 

exhibited oestrus .  The animal that was inseminated and slaughtered 



Group 

1 

2 

3 

4 

TABLE J.2 

Nm::B"R"llS OF SFF.�J:ATOZOA �BC O���D FROM 

THE GENI'I'AIJ T�CTS 07 :F.''"ES Ir EXPSRI1-�NT 1 

Tac Fumb er !:umb e r  of sp ermato z o a  recovered from: 

of ewe C e rvix Ut erus Fallop ian Tub e 

1 29 1 62 , 500 62 , 500 0 

257 3 , 500 0 0 

31 8 1 60 , 000 l1.0 , 000 30 , 000 

297 1 , 087 , 500 0 1 1 0 

1 3ll- 2 25 , 000 50 , 000 0 

502 7 , 500 0 0 



and found to be  pregnar.t, did not yield spe rmato zoa from the cervix . 

'l'he flushings from the first animal ( 257 ) , vrere c ollected. in 

a vial and stored immediately under deep freeze .  After t.�avring , 

counts  were very low in the c ervix and non-existant in the Fallop ian 

tubes . :)ue to the difficulty of detecting sper:::atczoa,  this method 

vras sub sequently abandor.ed in favo ur of the direct slide c ounting 

technique already de scribed. 

The re w ere no significant effect s  of �ime of ins e8ir�tion or  

Time o f  slaughter, on  the number of sperm recovered from any 

segment of the tract .  

Discu s s ion . 

In e·,o;-e 31 3 , ( inse r.:ina ted. in early o estrus and slaughtered. 

24- hours later) , spero Ttere d. i stributed. tl-:r oughout tl:e tract .  ;?.ut 

in late-inser-inated ewes ,  s�ermatoz oa had not reached  tl:e �a: lop ian 

tubes in h igh n�bers . At Ir- hours after insemination, ' early ' ewes 

had. sperm in t he uterus , but ' late ' ewe s  d id no t .  

These trends are in  a gree:nent with the data of Mattner :?c 

Brad.en ( 1 969b ) . �hey sugges ted the difference in spernato zoa 

distribution to be a re sult o f  the increased vi sco sity of cervical 

mucus lat e  in oestrus cau sing slor.er progres sion of sp ern up the tract .  

No assessment o f  the amount o r  vi sco sity o f  nucus vras made in the 

present study. 

EX�RIMEIIT 2 

THE EFF?.C':" C:;' �-CA.D Tn_A?TS ?C '>.T HJ::S:)IA�LY AFTER AT?.TTI'I C IAL IYSB: :I!.K' I CT-T ,  

CN THE JIST?�BUTICV C ::?  SP!'::U.::A'l'C' ZCA H� THE n.EP'>.ODUCTIVE TR..\CT OF Tr� r.:''.'B 

Physiological effects of s tress  imp osed on the ewe , may 

influence spermatozoa in the genital tract ,  through inhibition of 

contractions of the uterus . 
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The stress  imposed. by a 2ll- hour train j ourney, induced. 

ovulations in the anoestrous Eerino (Brad.en ,(l-: l.ioule , 1 964 ) ,  and. 

r.:attner ( 1 963a) has demonstrated. follo77ing natural mating of 

' conditioned. ' ana 'unconditioned. ' enes , significantly fewer sperm in 

the Fallopian tubes of the latter group , 1 5  minutes  after coitus . By 

4 ana 48 hours after mating ,  the difference v;as unaetectable . 

On the basis  of these results l.Iattner concluded. that only 

the rap i� transport of sp ermatozoa was affected.  by the s tres s ,  ana 

overall there v;as no difference in the gradual pro gression of 

spermato zoa  from the cervix to the s i te of fertilization . A cervical 

reservo ir ;vas established. vri thin a short time ana o!!ly within 1 5  

minutes of mating were tract contractions suffi ciently reduc ed. to 

caus e an impairment of sp erm transport mechanises . 

!�o studie s app ear to have been reported. on the effect of 

stres s  on sp erm transp ort ,  after artific ial insemir�tion in sheep . 

If the stres s  reduces  sp erm trar. sport in the naturally mated. ev;e ,  then 

its p resence during insemination, or soon after, cay in part contribute 

to p oor fertilization re sul�s . 

The second. p reliminary trial was conducted. tc determine whether 

the conveyance of ewes  by truck to an abbattoir, after artificial 

insemination had. any effect on sperm transport to the Fallopian tube s .  

1-:aterials �: !.:ethod.s . 

Twelve Romney ewes were treated. with intravaginal sponges for 

7 days,  ana each received. 500iu PI.ISG at sponge removal . All evres Tiere 

inseminated. with 0 .2  ml of fresh,  undiluted. semen,  48 hours after Pl.:sG . 

Oestrus detection by vasectomised. rams was omitted to avoid. the 

effect  of mounting ana mating on sperm transport that has been 

observed. in sheep by Restall ( 1 961 ) .  
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Ewe s were allocated at random, to two eroup s of six .  The 

' Trucke d '  group 11ere ins eminated at the f i eld lab oratory and then 

trucked by road ( 20 minutes ) to an abb atto ir where they were slaughtered 

at a t ime c o rre sp onding to 4 hours after insemination .  The second group 

(Non-trucked) were insemina ted and salughtered at the f ield laboratory . 

'q_e sults . 

Follicular s t imulation following PI.:SG was not great . The 

average number of larg e f ollicles p er ewe in the two group s was 2 . 0  and 

2 . 5  (P > 0 . 1 ) .  Ne' ovulatio n s  had o c curred at slaughter . 

No t all ewe s  yielded sp erma�ozoa from every reg ion of the 

trac t .  Failure to re cover sperm from any segment of the tract of e17e 

823 nec e s sitated that analysis  be confined to only 5 sheep in the 

non-trucked group .  

Eore ewe s yielded sp erm fron the c e rvix in trucked than 

non-truck ed group s ( 6/6 v s  2/5 resp ec tively) . mhe difference app ro �ched 

a s ignificant level, ( chi
2 = 4.72 ; 0 . 05< P< 0 . 1 ) .  

Sp erm were rec overed from the uteri of all e>;es , and from the 

oviduc t s  of 4 ewe s in b o th groups ( Table 3 .3 ) . 

A comp arison of the mean numbers of sp erm in the oviducts of 

all ewe s in each group , failed to  show a s i g nificant difference , (P  > 0 . 1 ) .  

However , the me ans bas ed on only thos e  ewes from which tubal sp erm y;ere 

reco vered , showed that more sp erm had reached the Fall op ian tub e s  in 

the non-trucked sheep ( P  < 0 .02 ,  Table 3 .4) . :'to differenc e s  were 

det ected b e tween the me an numbers of sperm in the uterus o r  c ervix 

of trucked and non-trucked ewe s .  

D i s cu s sion 

The s tres s  imp o s e d  by transp orting sheep by road imme diately 

aft er artificial ins emination, had reduced sp erm numbers in the 



TABLE 3 .3 

BCi'l'J:I:A'J'r::D ?'1TJ :r:s-q� C F  �P8"1! .A'rC 7.0A TtF.CCVETtED 

FROr.: TPS �EPl.C· DUCTIVE �J1..C'!'S OF 'E'.'!ES 

SLAUGP'IT. l?'RD 4 PClJTlS AFT'El. IESF:I.:IrATJ Ol''!' . 

(EXPERil:":FT 2 )  

TRUCKED E',,,'F.S }TOJIT-1'TI.UCK'"ED E','.'E S 
( n-6 ) ( n-6 ) 

'Sv;e  c e rvix Uterus Fallop i an Ene C e rvix Uterus Fallop ian 

T ag !'Jumber Tub e Tag Numb e r  Tub e  

472 3 ,722 , 500 9 , 260,000 51+1 2 305 4,300 , 000 226 , 000 0 

1 06 280 , 000 1 40 ,000 1 390 535 25 ,000 960 , 000 21 ,205 

530 5 , 1 20 ,000 1 80 , 000 0 1 92 0 1 85 , 000 7 , 093 

766 1 35 ,000 1 1  o , ooo 0 1 07 0 1 36 , .54-0 8684-

1 86 225,000 70 ,000 1 320 793 0 50,000 1 2 ,724-

755 1 1 2 ,500 1 1 1 , 500 37ll-5 823 0 0 0 



'l'ABL'E 3 .lf-

NUMBERS OF SPERJ.1ATOZOA RECOVET{ED FR01! 

WITHIY THE '1EP1C·D�CTIVE Try._AC'I'S CF 'J"!lFCIGm ArD rTOJT-T�UCJ(ED F.',',"R S 

T!l.UCI\SD 

Rep roductive Number Bwes 
Tract Segment with Sp erm 

C ervix q 

Uterus 6 

Fallop ian 4 
tub e s  

('<'X')PnT' ";'>-m 2 ) c.. r , , .. _ l  . . ..� l ,  .L 

l.':ean !�umber 
+ + Sp erm - SE 

51 2 , 800 
� 1 99 , 600 

2lf-1 , Boo 
'!:. 209 , 000 

2!.f-69 + 1 l :.2 5 -

+ Adjus ted me ans , reconversion from log
1 0 

data 

N . S .  = Not significant 

rumb er Tt:wes 
with Sp erm 

2 

5 

4 

r Ol'·� -TRUC IC:�D 

!.:ean r�umber + + 
Sp erm - SE 

3 27 , 800 
� 1 31 , 200 

1 91f- , ooo 
'!:. 1 61 , 000 

1 1  , 350 + 1 272 -

0i enifi cance 
level 

1'.,- � 
- � . .. .: . 

r� . s .  

-<. 0 .02 



Fallopian tubes .  

Spermatozoa migrate through the uterus by means o�  uterine 

contractions (Dauzier !-';; ';'iinterb erger, 1 952 ; I.:attner ��: Braden, 1 963 ) . 

The release o� endogenous adrenaline caused by the imposed stres s ,  IT4Y 

be su��icient to  disrupt uterine migration by spermato zoa ,  and hence 

the numbers in the Fallop ian tubes were reduced. 

Kattner ( 1 963a)  considered this ��ect to be transitory, 

lasting �or 1 5  minutes , but no t 4 hours , after natural mating . 

The p resent study indicates that tte e�fect of s tress  lasts 

�or at least J+ hours in the arti�ically bred ewe . 

On the basi s o� this prelimir.ar'J experirc.ent, it ·;ras deci:led 

that inseoina tion and slaughter of e·:, es would t a.."l-:e place at the same 

location . 

The g reat variab ility in recovery and e stimation of numbers 

o� sp erm in the reprc ductive tract ·aas a no table feature o� both 

experiments .  

The experience gained, suggested several areas where care�ul 

attention in tec��ique i s  necessary: 

(a) The success  o� an insemination into the cervix night i�luence 

the e stimated sperm numbers recovered s oon a�ter AI . The �loading or 

penetration of the cervical os would result in greater cervical sp erm 

than an insemination into ·the anterior vagina. 

(b) A very low p ercentage of cells depos ited, are recovered. 

( c) The method of direct counting imr.£diately a�ter slaughter ,  

limited the number o� tracts that could b e  analysed e��ectively o n  one 

d�. (Between 6 and 8 tracts by one investigator) . 

(d) Stress imposed on the ewe can reduce the transport of sperm to 

the upp er reproductive tract .  
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�ATC ZCA pr TEE ttEF1CDUCTI'\T'P.: :'"l .. A C: T 

F� SE, lJrDIIU'RD ..7.: =:;� 

This trial inve s tiga ted. the clistribution of sp eriT.ato z o a  in 

the tract following artificial ir,s emination at p recleterr:.inecl tioes  

after hormone treatment and ITithout the detection of  oestrus . 

( a) General 

Seven.ty-two 6- and 7-year-old D_onney e7ies  were tre::!.ted. ni th 

intravaginal sponges for 1 4  days . 

"Sach ewe was intran:uscularly inj ected. with 500i . u .  �C C 2�- hours 

after the re:-: oval of sponees .  Cn the basis  of prevj.ous 'lior�<: (�z iuk , : 

C ovrorkers )  the exp e c t ed time of ovulation 'iia s p redicted to o c cur 30 

hours after ESG .  

(b )  Exp erimental �esign 

A completely randomized blocks cle sign (2 Block s )  incorporating 

a 2 X 3 X 2 factorial , was used .  The factors were : 

( 1 ) Site of ! nsemination • • • • • • • • • • • Vagir..al ( just within the 

external cervical os )  vs  Uterine (Deep as possible into c e rv i c al canal ) . 

( 2 )  Time of Insemination • • • • • • • • • • •  Single insemination 1 2  hours 

before expected time of ovulation ( --1 2 ) ,  vs single insemination 1 2  

hours after ovulation (+1 2) , vs two inseminations ( one before and one 

after ovulation (� 1 2) .  

(3 ) Time of Slaughter after insemination • • • • • • • • • 4 r�s V S  24 hrs . 

Figure 4. 1  shows the daily experimental procedures for block � ,  

and Figure 4.2  indicates the sequence of inseminations and slaughter, 
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relative to the administration of HCG . 

9 At each single insemination, between 7 .4 and 8 . 0  X 1 0  

soermato zoa were deposited ; at each of  the two inseminations ,  half 

this number were inseminated (3 .3 to 3 . 8 X 1 09 ) .  

( c )  Statis�ical analysi s .  
., 

Data were exai:'iinea after logarithmic transformation ( sp erm 

count + 1 ) to overcome zero values . Unless  othe rv'lise stated, 

analyses  of variance were performe d  on the transforr::ea data using 

the following linear model : 

e
jklmn 

where , Y is  the transforffied number of sp erTI recovered 

from the segment of the tract of nth e·.ve in the 

j th blo ck receiving the klmth treatment combination.  

n = 1 ' 2 ,  o r  3 • . 

fl is  a common mean 

R .  is the j th effect of Blo ck :  j = 1 '  2 J 

sk i s  the kth effect of Site of insemination ;  k = 1 ' 2 

Tl 
is  the lth effect of Time of insemination ; 1 = 1 ' 2 ,  

K- is the mth effect of Time of Slaughter ;  ID = 1 ' 2 / ID 
Factors in p arentheses  are interactions 

ejklmn is the random error associated with each 

observation. 

3 



The following component analysis (Fixed factors , I.:odel 1--

Snedecor, 1 956) , was used for testing variance ratio s .  

Source of Variation Expectat�on of r :ean 

r:J
2 2 

Blocks + klmnB J. 

Site of Inserr:ination ( r • t  ' 0' 2 
j lmnd 2 - � e J + s 

Time of Insemination ( Time) 
0" 2 + jkmn6 � .L 

Time of Slaughter ( Slaughter) 0'
2 

+ j lmn� � 
Site X Time (1 2 . r:f 2 + J !Jln "'" �·.:... 

f1 2 ') 
� ite X Slaughter + jlno' ;.K 
Time X Slaughter d

2 
+ jkne' �K 

Site X Time X Slaughter � 2 · f1 2 + Jn �TK 
Error d 2 

F = I. :ean ��uare 

I .  TIT::E OF OVULATIOF 

RESULTS 

e 

2cuares 
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The 1 2  ewes slaughtered 22 hours after ECG �ere no t exp ected 

to have ovulated, but one had done so (Table  4.1 ) .  The ovum 

recovered from this ewe s till retained its cuzulus cells ,  indicating 

ovulation very clo se to the time of slaughter. 

Synchronized ovulations appeared to have occurred. Firstly, 

the incidence of ewes ovulating did not differ significantly between 

slaughter at 42 and >46 hours after HCG (Table 4 . 2) . Secondly, the 

appearance of corpora lutea on ovaries  of ewes slaughtered 66 hours 

after HCG ,  suggested that ovulation had occurred substantially before 

the time of slaughter. , 



TABIE 4 . 1  

I nt e rval from Eumb e r  Numb e r  of ewe s  :; erc enta.ge 
HCG to slaughter of ewe s o vulating of ewe s 

(hrs ) ovulatinG 

22 1 2  1 8 .3 

42 1 2  1 1  91 .7 

46 24 1 9  79 . 2  

66 24 1 7  71 . o  

� 42-66 60 47 78 . 3  
·- -- .. -......... ___ 

':':'ABIE 4.2  

I nterval from !:umb er of "Ewe s :  ':'o tal c1 i "..l 
HCG to slaughter ·:·i th 7.'i thout �Tumb er C vulations 

( hrs) � .L .  C .L .  o f  Ewe s 

42 1 1  1 1 2  91 .7 

>46 36 1 2  48 75 .0  

C .L .  = C o rp o ra Lutea 

Chi2 = O .T4-3 - No t  Significant 
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Each of the 1 1  ewe s  which had not ovulated 22 hours after HCG 

c ontained at least one large follicle,  the rnaj ori ty of ·which were 

pre-ovulato� in appearance .  

Twelve ewes had not ovulated a s  expected a t  slaughter ; 5 had 

two quiescent ovaries ;  4 had been slaughtered just p rior to ovulation 

( each of these ewes had pre ovulato� follicles ) ; and 3 showed little 

ovarian stimulation ( only one small or med.illiu follicle) . 

Of the 4 ewes which had not ovulate:i bu: contained 

preovulatory follicle s ,  3 were from treatnents slaur;htered at 46 

hours after RGG . 

Ewes inseminated 1 2  hours before ovulation, ge:r.erally showed 

thin , clear mucus in the vagina, similar to that found in early oestrus 

during a normal cycle . Cb servation of cervical mucus 1 2  hours nfter 

ovulation, tended to s�o� a thicker, le ss abundant nucus .  

1 1 .  '!"l.EC CiJi<'"'lY C"? SFE-:-l� :A'l'C ZCA 

( a) From the Vagina . 

Spermatozoa were not recovered from the vagina of an�y ewe 

insemina ted into the uteru s .  

Table 4 .3 sho�s the mean numbers of spermatozoa recovered 

from vaginally inseninated ewe s .  £,:ore sp erm were found in the vagina 

at l 1- hours ( 5 .908 � 0 . 084) than at 24 hours (4 .922 � 0 .31  0) ( P <  0 . 025) . 

(b )  From the Cervix . 

Table 4 .4 shows the effect of Site of insenination on the 

number of ewes from which sp erm were recovered from the cervix . The 

5 ewes that did yield cervical sp erm after insemination into the · 

uterus ,  all had cervices  in excess  of 7 . Ocm length . The 31 e>Yes that 

did no t have sp erm in the cervix all had cervices of 6 . 0cm or les s .  



TABLE 4- .3 

NUMBE1tS ( TI.Al'��O :tl.:SD) CF SPE� :.ATC ZOA ">.-:cc C"'R..,0D T""'!.CJ.: 

THE ANTETICl. VAGI:·A CF VAGH�ALLY II'�SEI.:I��ATE:9 'E'.'::<:s ( n= 6 ) 

Time of Tirr.e of SlauGhter r·umb ers of 
I nsemination ( hrs after I . + .  ) r:ser::lna vlOn �p errr. T?.ecov<::red 

(Ee an 
+ 

c:: "' ) - . . . "' . 

-1 2 4- 6 .1 1 1  + 0 . 1 54 -

24 5 . 276 + O . C·S5 -

+1 2 lt- 5 . 797 + o . c2.'+ -

24 5 .492 + 0 . 1 23 -

!.1 2 4 5 .8 1 5 + 0 . 1 70 -

24 4- . 209 + C c -, � - . • '-' { / 

Sourc e of Variation d . f .  Lean Square s 

Blo cks 1 1 .  775 I·� . S .  

Time 2 1 .  755 r . s .  

Slaughter 1 7 . 548 = 

Time X Sl aughter 2 1 .261 '1\T � ... . . '-' . 

Error 29 0.81 8 

N . s .  No t Signific ant 

P <  0 . 05 



TABLB 4- .4 

EFFSC'f.' OF SITE CF DTS:<:I �H�AT I OF ON TEE rtJ!,J3"F:R 

S ite o f  
Ins emination 

Uterus 

Vagina 

Number 
Yielding sp ern 

From C ervix 

5 

35 

h .

2 
c J. = 

o f  :Si'les : 
:-e t yi elding sp erre 

Fro m C ervix 

31 

1 

50 . 625 ,  P <  O . OC5 

'f.'o ��al 
J-:urrib er 
of ew e s  

36 

36 

_, ...... . _:.we s  

41 . 

Yieldir:g 
Sperm 

1 3 . 9 

99 . 2  

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

The transfo rmed 2e an numb ers of sp e rc rec overed from the 

cerv i c e s  of vag inally ins er::iv..a ted ev; e s , are g iven in Table 4. 5 .  The 

analys i s  of variance rev e aled no s ourc e s  of s ig nifi cant varia tion, 

but 50< ot t o tal variar ... ce was due to the T ime of Slaughte r .  

( c ) F r c m  the Uteru s .  

Prel iminary analy s i s  o f  the numbers o f  sp erm re c o vered froc 

the uterus showed that s i gnificant hete ro g en e i ty of variance existed 

(S � e  Appendix IIa) . The mo st app rop riate 1-:ay of exai:lining the da ta 

wa s ther efo re to "p o o l " ,  in each blo ck ,  the thre e ob se rvati o n s  p e r  

c ell and analy s e  the s e  me an s .  Tab l e  4- . 6  rec o rd s  these data and the 

analysis of varian c e . 

Flushing tra c t s  4 hours after a vag inal inse�inat ion r e sulted 

in fewer sp erm in the uteru s ,  than were p r e s ent after 24 hours , o r  

at e ither t ime after intra-uterine dep o s it i o n  ( �able 4 .7 ) . 

Table 4 . 8  shows that it was the S i t e  of Insemination X Time 

o� Slaughter that var i ed with the Time of inse minati o n .  

F ewe st sp e rm wer e  in the uterus l1- h o ur s  after a s ingle 



TA3LE 4 . 5  

Time of Tirr.e of Slaughter !'urub er of su e rs 

Insemination ( hrs after Insenination ; "!lecovered. ( + 
�)  "' ean - ,. -' 

-1 2 4 5 . 289 + 0 . 1 85 -
24 5 . 1 30 + c . 1 1 9  -

+1 2 4 5 . 238 + 0 . 1 29 -
24 4 .91 9 + 0 . 071 -

:1 2 4 5 . 367 + 0 . 1 C7 -
24 4 .541 + C . 91 7 -

Source of Variation d.f.  :.: ean Squares ?artition of Variation 
(%) 

Blocks  1 0 . 1 577 L S .  4.7 

T ime 2 0 . 1 984 K . S .  5 .9 

Slaughter 1 1 .6977 N . s .  50 .4 

Time X Slaughter 2 0 .3645 F. s .  1 o . s  

Error 29 0 . 9496 28 .2 

1 oo . o  

N . S .  Not Significant 



TA:3L"S 4.6  

(EXPE'Ul-:SFT 3 ) 

S ite of Time of 
Insemination Insemination 

Vagina -1 2 

+1 2 

Uterus -1 2 

+ 1 2 

Interv al to 
�laughter ( hrs ) 

4 

24 
4 

24 
4 

24 

4 
2lt-
4-

24 

4 

21-t-

Al'ALYSI S C ?  VAT)JlL:CE 

Sourc e of Variation 

Blocks 
S i te 
Time 
Slaughter 
Site X 'l.'ime 
Site X SlauGhter 
Time X Slaughter 
Site X Time X Slaughter 
E rror 

N .S .  Not S ignificant 
" p < 0 . 05 
""" p < 0 .005 
X!fX% p < 0 . 001 

d . f .  

1 
1 
2 
1 
2 
1 
2 
2 

1 1  

Block 1 3lock 2 

1 . 593 1 . 687 
5 .379 5 . 330 
1 . 684 1 . 629 
5 . 095 5 . 259 
3 .061 5 . 21 8  

5 .279 3. 1 11-7 

5 . 64-3 5 . 61 6 
5 . 224- 5 .430 

5 .34J;. 5 .259 
5 . 238 4 .926 
5 .304- 5 . 537 
4 .8311- 4- .783 

!,:ean Square s 

0 . 001 
14. 681 

0 . 229 
6 .347 
0 . 61 4  

1 1 . 886 
2 . 533 
1 .707 
0 .430 

T'T o s  o 
:O:::le!f 
1\. � l• • , _ • • 

r: . s .  
!f!f!f!f 
::f 
o.o5 <. P < o . 1  



TABLE 4- .7 

THE HITERACTim� 0? SITE OF n:ssr.:I�TATI O?-r A.FD THIE OF 

SLAUGHTER er; TEE N1fl.IEE:tS OF SFE'r : lEC O'iJEl,.�') F:rlCL Th'E U�'?.US 

(EXPERII.:EI:\T 3 )  

Site of 
I nsemina tion 

Vag ina 

Uterus 

1 � r + � 'P' r l .. ean - .. ....... . 

S ourc e  of Variation 

2 .4-70 

5 .4-51 

B e tween S i t e s  7/i thin 4-hrs 

B etween S i t e s  7,','i thin 24-hrs 

Error 

N. S .  No t Significant 

XX:lCX P <  0 . 001 

Time of 
( hrs after 

4-

i' 
0 . 59st -

+ 
0 . 06 9 

d . f .  

1 

1 

1 1  

2laughter 
in semina tion) 

24-

4- . 91 5 
+ 

0 . 3 5 6  

5 . 073 
+ 

0 . 1 07 -

Eean Squares 

o .oso r . s .  

o .L:-30 



va ginal insemina t io n .  Two ins ereina t ions into tte v a8 ina re sul ted in 

fe\7er s p e rm a t  4- and 2h hours , than r;e re f o und 2h ho urs after a s :i ngle 

inseminat ion at thi s  s i te ( Tabl e  4- . 8 ) . 

Following uterine dep o s i t i o n  of s e rrien , sp erna to z o a  vrere 

reco vered in s imilar numbers from the uteru s  at b o th t ime s of re c o very ,  

regardle s s  o f  th e  p lacement o f  one , o r  two l o t s  of serr:en . 

The sup eriori ty of u terine ins e2ina tions o c curred v;i thirl 4 

hours o f  d.ep o si t ion of s er:1en, but by 24 hour s ,  sp erm hc..d !L1.ic;ra-'ce3. to 

the uterus in similar r.ur:b ers , irre sp e c t i v e  of the 8i te a t  wl� i ch t:-- e_y 

were dep o s i ted . 

( d) �rom the �allou ian Tub e s .  

S quivalent numb ers o f  sperr:! -.:ere :r e c overe,i from b c th o vicLuc t s  

o f  eacr. tra.ct
, 

( s e e  Ap : , er:dix ::- Ib ) . ":1_e sul t s  e.re "cl: erefo r e  pre O'. en t ed 

a s  the numb er of sp err:: re c o v ere ·i froD b o tl:'l --;oallo:J ian tube s .  

_,he varie.b ili ty o f  the data w a s  highly hetero g eno u s  

( Ap� endix I I c ) . ' :? o o l inr; ' ob serva t ion v; itl1in e a.ch cell o f  e ach blo ck 

resulted in the data g iven in Table 4- . 9 . The e.naly s i s  o f  varianc e  

di s c l o s ed a significant S it e  o f  in s e2ina tion X Ti�e o f  sl auehter 

intera c t i o n .  

A short interval from vag inal inseminatio n  to sl aught er, 

re sulted in fe;, sp erm ir: the F all op ian tub e s . O nly o n e  o f  1 2  ewe s  

ins eminated once a t  the c erv i c al o s ,  yielde d  sp erm from the tube� 4 

hour s  after ins emination . All ev; e s  rec eiving two lo t s  o f  s emen in 

the vag ina had sperm re c o vered from the oviduc t s . 

C omp ared t o  vag inal dep o s ition of s emen, intrauterine 

ins emination re sulted in a 4-fold increase in sperm in the Fall op ian 

tub e s  4 hours after a s ingle ins eminatio n .  :!-1ovrev er, b y  24- hours , 

the numb er s  o f  sperm transported to the tub e s  were €quivalent , for 



TABLB 4-. 8 

Time of '" . .c lme of ·� l aughter (' " +-,: l ... e of I r:. s e::�ir..a ti on 
Ins emination after Inserr.ir� tion 

( hrs ) Vagina Uterus 

-1 2  4-

24-

+ 1 2 4-
24-

�1 2 l+ 

24-

J I.:ean 
+ s . r.: .  -

S ource of Variation 

Between Sites ':','i thin 4-hrs 
for Time -1 2  

Between Sites  '.'"i thin 2l�ohrs 
for Time -1 2  

Bet?ieen Sites ','.'i thin 4-hrs 
for Time +1 2 

Between �i tes 7.'i thin 24-hrs 
for 'i'ime + 1 2 

Between Sites '.'"i thin 4-hrs 
for '!'ime :!:1 2 

Between �i  te s �·;i thin 24-hrs 
for T.ime !1 2 

?rro r 

1-� . s .  Not. Sit;nificant 

3f!ICXX p < 0 . 001 

1 . 64.0 
+ -

5 .3 5 5  
+ -

1 . 657 
+ 

5 . 1 77 
+ 

4- . 1 .3 9 + 

4- . 21 3 
+ 

d .f .  

1 

1 

1 

1 

1 

1 

1 1  

0 . 04-7 J 5 . 629 + C .  C1 J+ -

0 . 025 5 • .327 
+ 0 . 1 03 -

o.c28 5 . 302 
+ 0 r.J ,  -z, -

• ..._._r../ 

o . os2 5 . 082 + 0 . 1 56 

1 . 079 5 .4-21 
+ c . 1 1 7  -

1 . o66 4 . 809 + c . c26 

t:ean S quar e s 

1 5 .  91 6 !!!X!f!f 

0 . 001 r . s .  

1 3 . 286 :l!;:o!� 

0 . 009 y <:" .. .  J .  

1 . (AO 0 . 05 <  P <  0 . 1 

0 .355 1'� � 
• •  I.. • 

0 .4-30 



TABI.E 4 . 9  

(EXPSTIEENT 3 ) 

�ite of 'rime of I nterval 
Imsemination Insemi nation Slaughter 

Vagina -1 2 

+1 2 

:!.:.1 2 

Uterus -1 2 

+1 2 

:!.:.1 2 

Sourc e of Variation 

Blocks 
S ite 
T ime 
Slaughter 
S ite X Time 
S ite X Slaughter 
Time X Slaughter 
Site X Time X Slaughter 
E rror 

N . S .  No t S ignificant 
XX P <  0 .01 
XXX p < 0 . 005 

4 
24 
4 

24 
4 

24 

4 

24 
4 

24 
4 

24 

d . f .  

1 
1 
2 
1 '  
2 
1 
2 
2 

1 1  

to 
( hrs ) Block 1 Block 2 

o .ooo o . ooo 

3 . 599 3 . 282 

1 .053 o . ooo 

2 .986 1 . 025 

1 .099 2 . 021 
3 .643 2 . 652 

3 .785 2 . 309 
2 .01 0  3 .089 
3 .30C 3 .279 
2 .399 2 . 035 
2 . 262 3 .449 

4 .029 3 . 8C9 

Eean Squares 

0 .4305 
8 . 6338 
1 . 5693 
6 .001 0 }!� 
0 . 1 252 
8 . 1 737 
0 . 9631 

F .  S .  

t� . s .  

"JI.T C:: 
- . . � .  

1 . 271 2  
0 . 5373 

r-� . s . 



b o th sites of insemination ( �2ble 4. 1 0) . 

C l a s s ifi cati o n  of ewe s into four g roup s  a c c o rdine to the 

numb er of sp ermato z o a  rec overed from the oviducts is shorrn in Tab l e  4. 1 1 . 

Four hours after insemination into the vag ina, all ey; e s  had 

e ither none , or low number s  of spe rmato z o a  in the tub es . At the same 

time after uterine dep o s it ion of s emen, ewe s  were i i s tribu�ed in all 

categori e s ,  with the maj ority fall ing in the r.:::oderate and high cle. s s e s  

(Table 4. 1 1 ) .  Twenty-four hours after ins eminati o n ,  the d i strib ution 

were similar for both s i t e s  o f  in semination. 

( e ) To tal Sp erm �ecoverea. 

An average of C . 09-' ( range 0 . 005 to o . S!�A) of spe r� inseminated, 

were reco vered. fron the ent ire rep ro duc ::..ve tro.c t .  ':'abl e  4 . 1 2 sho>rs 

the mean p erc ente.t;e s u e r::1 rec o vered for each t:�e atLent [; roup . 

A ere :1ter rec overy o c curred in v2.g inal ( 0 . 1 1 · ') than in uterine 

( 0 .04'_,.) inseminated evres ( P < O . C05 )  c>.nd at 4 than at 24 hours af�er 

insemination ( 0 . 1 --'  V S  0 .05.-", ? (  C . C05) . ?he interaction app ro ached 

s tatisti c al s ignificance ( O . C5 <  P <  0 . 1 ) .  i.e c overy of sperr:1 after a 

s ingl e  insemination was h igher t han after �ro ins eminations ( 0 . 08 v s  

o .o6<;  P < o .os ) . 

I I I . Trr. 1 I ST�I3liTICI. C"? SFETIJ,: IF T!::: '.'.::C L"' 'L"SP'i.CDUSTJ\TT.:' T1{_.\CT 

Figure 4 .3 shows the me an numb ers of spe rw r ec overed from 

each segment of the tract after sinele or d ouble inseminatio n s . 

( a ) Vaginal Inseminatio n .  

Four h ours after a s ingle ins eminat i o n ,  a marked caudal to 

c ranial decline o ccun·ed in the rep ro ductive tra c t  (!i[ure 4.3a) . 

At the same time aft er two ins e minatio n s ,  this de cline was l e s s  

noticeable due t o  the higher u terine sp erm p op ulation (�igure 4.3b ) . 

Twenty-four hours after a single inseminatiqn, the d e c line 



T.ABLB 4-.  1 0 

(EXPEUI.:EPT'I' 3 ) 

Site of Time of �laughter after I ns e::1ir:a tion -- -
I n s emination 

4- hr9 24- hrs 

Vagina 0. 696 + 0 .34-2p 2.865 + 
0 .398 - -

Ute rus 3 .064- + 0 . 257 2. 895 + 0 .362 - ,. 

j rean 
+ 

Source o f'  Variation d . f' .  :.:ean :::CJ.uare s 

B e tweer. � · +  .:: l ... e s  ··-i thin 4-hrs 1 16 .829 'll::!t:!::X 

Between S it e s  ···i thin 24-hrs 1 0 . 003 '!IT � .L'· • ._ • 

Erro r  11 0.537 

. N . s .  Not Significant 

p < 0. 001 



Ti�e or SlauEtter 
(hrs after I ns eminati on) 

4-

24-

TABLE 1�-o 1 1  

THE DI STTIBUTION CF E" 'E S  CLA SSIFIED AGC0'1Dil'TG TO THE 

Nu'1:1JER OF ,t::PET?i. ATC ZOA TffiC C'!En�r.:D F'lCl'.: � ::CALLCPIA!" TUBES 

S i te or 
Insemination 

Vagina l':o . or Ewe s : 

Percent : 

Ute rus r 0 • 0 f F.vr e s : 
Perc ent : 

Vagina ro . of C:we s :  
Perc ent : 

Uterus ro . of 7we s : 
Perc en-1; : 

Pi eh 
(> 50CO ) 

0 

0 

3 
1 6 .7 

3 
1 6 .7 

6 
33 . 3  

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

�1b er� of 2l? orcnto z o a  i� T�].?e s 
b .ode rate Low rone 

( ZOOC-l1.999 ) �2000 ) 
--------- --------·--- - -� 

0 Ll- 1 4-

0 22 . 2 77 . 8 

8 5 2 

4-4-.4- 27 . 8  1 1  . 1  

5 8 2 

27 .8  4h .Lt- 1 1  . 1  

1 8 3 , 
5 . 6  4h .ll- 1 6 .7  



TABLE 4- . 1 2 

'I'REATI:""EF'l' EE'�'f�CTS ON TT-'E PK'1C'Et'T Tt�C CVF.TtY Cli' SPET?j.'A'l'G�CA "F';.Gi .  1R8 GEri TAL T..,ACT 

Site of 

Insemination 

Vagina 

Uterus 

N . O .  Not Significartt 
X p < 0 .05 
XXX P <  0 .005 

Time of 

I ns emination 

-1 2  

+1 2  

!.1 2 

-1 2  

+1 2  

'!:1 2 

Time of �laughter 

( hrs after ] nsemination\ 

4-
24-
4-

24-
l+ 

24-

4-
24-
4-

24-
4-

24-

M�AlYSI S  CF VNnAT-CE 

;� Sperm Tt.ecovered 

(Lean + 
� .F. . ) -

( � ncular 7ran sfori; :ation ) 

2 . 868 + 0 . 5h7 -
1 . 81 5 + 0 . 1 73 -
1 . 925 + o . 1 6c -
1 . 392 + 0 . 223 -
2 . 1 83 + 0 . 1 ,50 -
1 . 330 + 0 .326 -

1 . 61 3 + 0 . 221 -
0 . 973 + 0 . 087 -
1 . 01 s + 0 . 1 07 -
0 . 805 + 0 . 1 70 -
1 . 1 30 + 0 . 085 -
1 . 1 77 + 0 . 1 11-3 -

Source of Variation i . f .  Lean Squares 

Site 
Time 
Slaughter 
Site X Time 
�ite X SlauGhter 
Time X Slauehter 
Site X Time X �laughter 
':':rror 

1 
2 
1 
2 
1 
2 
2 

59 

1 1  . 50h 
1 .776 
5 . 270 
0 • .31 0 
1 .j3C 
o . 3 [,l ,_ 
0 . 1  C5  
0 . ' .3 0  

-··-· - � - ·  ... � 

Xi! X 
:::.:: 
!tX ::O:: 
"?..... ·C' J . .. � . 
c . 05 < F < 0 . 1 
.,. .,.  ·r• ... . . . . 
'!'T � - • . s .  



-
.. 
>< -
Q 
0 -J 

0 LLJ 
er LLJ � c 
0 
l&J 
er 

� N 
� 
� 
er 
LLJ 
Cl. 
(I) 

er 
l&J 
Q) 
� 
� 

6 

5 

FIGURE 4.3 

DISTRIBUTION OF SPERM IN THE REPRODUCTI VE TRACT 

( Experiment 3 )  

)j/J) Uterin e Ins e mination 

(a) Single lnsem; 4hrs (b )  Double lnsem ;  4 hrs 
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existed o nly b et-;;-�en the uteru s  a nd tte ovi:luc t s  (F igure 4 . 3 c) . 

Following a double in� emina t io n , there 'aa s  l i t t l e  d ifferenc e  

b e tween reg io n s (-::- igure 4 . 3d) . 

�ubal sp e rma to z o a  numbers were high 24 h our s after 

ins eminati on ( s ir,gle or d o ub l e) , due to the h i gh ute rine sp erm 

numb e rs a t  thi s time (�i6ure 4 . 3 c , d) . 

(b ) Uterine I r. s emir� t io n .  

�p e r�a t o z c a  �ere i n  the ute ru s  i n  s imilar numb e r s  irre sp e c tive 

of nusbe r of in s erdnat io r. s  or t ir:;e of slaugh te r .  C nly 24- h ours after 

the s ec ond o f  t 7t o  ir..s er::.ir.at io n s ,  v: a s  the diff e rence be tween uterine 

and tubal sp erm mwb er reduc e d . 

C v e rall , u'::erir.e in seminat i o ns re s ul ted. i n  higher nurr.b ers 

of sp erm in the u terus and Fallop ian tub e s  4- hours after in semina t i o r. ,  

b u t  no t a t  24- ho urs . 

Table 4 . 1 3  shoTis that from the 47 ev: e s  whi ch ovula ted , 56 

o vulations were r e corde d .  ':'hirty ( 59''') ova Ylere r e covere d ,  o f  which, 

9 ( 27 .3r) had sp e r=  a ttached to , o r  in , in the z c n� p elluc ida . 

Cnly one ovum 'Sa s  cleaved . 

There t ended to b e  a g r eater re c o v e ry  of ova v;i th s perm o n  

t h e  z o na p elluc ida at 24 h ours than at 4 hours aft er in semi na t i o n  

( 0 . 1 � P < 0 . 25 ) . 

'"'he r elat ionship b e twe e n  the prop o rtion o f  ova r ec o vered with 

sp erm o n  o r  in the zone p e llucida and the numb e r  o f  sp ermat o z o a  p er 

tub e i s  g iv e n  in Figure 4 .4 . 



TABLE 4 . 1 3  

INCI DENCE OF THE RE COVERY OF OVA \'.'I TE A1ffi ·�·11THCUT SPERJ� ON Ol. HT THE ZONA PELLUCIDA 

Site of 

Insemination 

Vaeina 

Uterus 

Time of 

Insemination 

-1 2 

+1 2 

::1 2 

-1 2 

+1 2 

::1 2 

: 1 ovum cleaved ( 2  cells ) 

Time of Slaughter 

( hrs . after Inseminati on) 
-· 

1._ 
24 

' 4 
211-
4 

24 

lt-
21f-

4 
24 
4 

24 

ArALY:'I S C li'  GHI 2 
-----------------·-----·· 

rain Effects 
Value of' 

Cva "'tecovered 

rumber of 

ova �ecovered 

1 
3 
3 
4 
2 
5 
0 
lf-
2 
3 
4 
2 

cbi2 

Cva ''.'i th �perm 

· -------- - -------

�ite 
Time 
:::lg_ughter 

0 . 01 6 
0 . 360 
o . G1 3 

I' . �c-; .  I'o t  Significant 

rT . � .  
!'!" . s .  
r� . s .  

0 . 1 03 
1 . 21 0 
2 . C80 

r: . s .  
T '  •-:-
� . . ' . 
0 . 1 < P < 0 . 25 

!-!umber of Ova 

with Sperm on Zona 

0 
2 
0 
1 
0 
2!)e  
0 
1 
0 
1 
1 
1 
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FIG URE 4 . 4  

RELATIONSHIP BE TWEEN NUMBER OF TUBAL SPERMATOZOA AND 

PROPORTION OF OVA WITH SPERM ON OR IN ZONA PELL UC IDA 
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DISC:USSICH 

( a ) Synchron�zaticn of C vulation. 

45 . 

The coTibir:ation of  :proges tagen and P.� G app eared to succes sfully 

synchronize  ovulation in the I!1ajori ty of ei';e s in this trial . Because 

no animals were slaughtered clo se to the exp ected tii!1e of ovulation ,  

the degree of syr..chroniz ation could only be  e stimated to o ccur 

between 22 and 42 hours after ?C G .  

Facial ecz ema �as prevalent on the p roperty during the 

inve stigation and of the 5 ewe s  that had inactive ovari e s ,  one had 

l iver damage ,  and I+ disp layed the external le.sions c!:aracteristic of  

this disease.  In other experilliental e;·; e s  a sirr:ilar retardation of 

ovarian activity by facial ecz ema , has be en ob served U : .� . ?:cDonald 

(b ) Sperwato z o a �ransp ort . 

The percentage sperm recovered frorr; the reprcd;Jctive tract  of 

the progesta&en-treated ewe , in the present work ,  is in agreement 

with Quinlivan _:>. ?.obins:: n ( 1 969 )  and Hawk �: Ccnley ( 1 972 ) . Veginally 

insecinated ev.· e s  yielded a higher reccver.J rate , presumably due to 

the retention o f  spe rm in the cervical mucus ,  or because of di sap p earance 

of cells fro;:n thi s  region ( C onley ,�- Hawk ,  1 969 ) . ::'ignifican tly fewer 

sperm were recovered from the vagina 24 hours after insemination than 

at 4 hours , the difference was not accounted for by sperm movement 

into the cervix . 

The recovery rate after single inseminations was higher than 

after two inseminations. This  was probably due to greater disappearance 

of spermatozoa from the f irst volume of semen, which b.Y the t ime of 

recovery had been in the tract for between 28 and 52 hours . 

Direct uterine depo sition of semen might be inferred from the 



numb er of ewe s yielding cervical sperm after ' intra-uterine ' 

insemination ( Table 4 .4) . 3ut the met�od of flushing may al so have 

c ontributed to reiu c e  the numb er of e7i'e s from w hich sp erl!l -.vere 

rec overed frol!l the c ervix . A cranial to caudal direction was 

n ec e s sary due to the c.uc o sal folds . I f  s emen -.ras depo sited a t  the 

j unction o f  the cervix and uterus , then the insertion of the flu shing 

needle from the uterine end may ha ve �i s s ed mo s t  of the sp erm in 

this regio n .  

A s  i n  the naturally mated ewe (1:attner, 1 963a ,b ; l.:attner .?: 

Braden, 1 96 3 ) , tte c ervix in the artif icially bred evre app eare d to 

act as a res ervoir of sp er::-.ato z o a  for the upper r egions of the 

tract.  Yo  diff eren ces were detected in cervical spe rm p opulations 

of vaginally in seminate<i e-c.-e s ,  but numbers viere generally h igher 4 

hours after ins ecination , than at 24 hours . ':t.vo inseminat ions i'i ithin 

24 hours , did not e��ance the numb ers of sp erm in the cervix , 

indicating thn.t a n:aximur:; sperm p op ulation v.-as e s tab lished , irre spe ctive 

of the nUI:J.bers of spe ro d ep o s ited . A high correlation b et·,y een 

cervical a nd uterine sp erm numb er s  at 4 hour s  ( r = 0 .8 )  but no t at 

24 hours ( r = 0 .4) indicated a d i s so ciation between the two sp erm 

p opulation s  by the later time . 

The p rovis i on of oviduct sperm from the uteru s was shown by 

a significant correlation b etwe en sp erm numb ers in the se trac t s e gments 

at 24 hours ( r = 0 . 87 ;  P < C . 01 ) , but no t at 4 hours , and by greater 

tubal sp erm 24 hours after a s ingl e  vag inal in semination tha t had 

o ccurred with a concomi tant increa se in uterine sp erm numb ers 

( see Figure 4 .3 ) . 

There appeared to b e  littl e re s i s tance to sperm transpo rt 

through the utero-tubal j unct io n ,  a s  sp erm were distributed in the 

uterus and ovidu() t s  at 4 and 24 hours after uterine insemination, 



in a similar pattern.  

'!'he recovery of ova suet;es ted that sp erma to z oa were no t well 

distributed throuGhout the �all op ian tub e , as only 1 of 30 ova �as 

c l eaved, and o nly 27 ·A had sperm in the o u ter egg layers . �his  p o ints 

to a delayed sperm movement into the ampulla after artific ial 

in semina tic n as c crnp ared to natural ma tine ( C· h ·� Lang , 1 969 ) • 

I t  i s  c o��ludei that dep o s ition o f  s eme n clo se r  t o  the 

uterus than is  normally p o s s ib l e  i s  advantageous for up to 4 hours 

after ins emir�tion, as ereater numbers of sperm reach the �allop ian 

tubes . A s  a re s;..l t ,  such ins emina tions clo se to the time o f  

ovulat i o n ,  are likely to re sult in superior levels o f  fertilization .  

Tw o  inseminations T�itl:in 24 hours app ear t o  be  useful only when 

deposition is a t  the external os of the cervix uteri ar:.d w:- en sp erm 

distrib�tion in the tract is  examined 4 hours after ins ecina t io n .  
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. CHAPrER -:<'IVE 

Thi s trial was de signed to comp are the tran sp ort of 

sp ermato z o a  to the ampull a  of the oviduct after dep o s i tion of fre sh 

or fro ze n seme n  into the uteru s ,  in ar. at�e�p t  to char� c te ri z e  s o me 

fac tors that ·nay be c o ntr ib uting to cau se a reduct ion in fertilitj' 

to in sereinations with fro ze n ra� seme n .  

1�TE"IUALS MTD �'.ETHODS 

Thi rty- s ix 6-and 7 -ye ar-cld Romney e·u e s  were s ub j e c ted t o  

p ro g e s tager.-HSG tr e a t�er.t t o  synchro n i z e  ovul atio n .  

were : 

A 2X 2 X 3 fac to rial de s i gn ( n = 3 )  Ylas used ; the fac t ors 

( 1 ) Type of Seme n  • • • • • • • • • • • • • • • • • • • • • • • • • �re sh v s  Fro z e n  

( 2 )  1:ethod o f  I nsemina tion • • • • • • • • • • . . • • • • .Surg ic al v s  �·o r.- sure; ical 

( 3 )  Time o f  Slaughter afte r in semina tion • •  4 v s  24 v s  48 hrs . 

Figure 5 . 1 shows the plan of the expe riment. 

Frozen semen
x 

was p roce ssed in mini-s traw s ( 0 . 25ml) . 

Immediately before in se.:::ina tion, the s traw s were thawed in a ·gater 

0 
bath at 36 C fo r 1 2  s e conds . The perc ent r:c.o tile c ell s  was de termined 

by s taining a thawed samp l e  on each day of insemination. 

App roximately equivalent numbers of live sp errrato z o a  ( 1 00 to 

1 20 X 1 o6 ) were dep o s ited for b o th typ e s  of seJT.en, by var�ring the 

x
C ourte sy of Dr.  J . F .  Smith , Ruakura Agricultural �e search C entre . 



MAP sponge - I 

FIGU R £  5·1 

PLA N  OF EXPERI MEN T 4 

Time ot Slaughter otter Ins emination 

4 hrs 24 hrs 48hrs 
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Repeat ed 3 times g f vtng 3 e w es per treatment 

. · 1 · 
1 : 1 : 1  
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volume inseffiinatei. 

All ins e�inations took place 1 2  hours before the predicted 

t ime of ovulation . 

Non-surgical insemina ticns were perfcrr.:ed as in �xperir:1ent 3 .  

For sureical inseminations ,  mid-ventral lap aro t o my was performed 

under light anae stl:e sia (rrewbutal ) , and the uterus vra s exteriorised.  

A 1 6-gauge .hyp odermic needle was  used  to  p ierce the  w all of  the 

uterine co�·.1a . �e2er. ,.-as expelled in t o  tl:e corpus  uteri by 

c arefully forc int:; the insesinat ing p ippet-:e throue� t.!; e puncture 

and insi.J.e the lumen �  ?late 5 . 1  si:cws the ex teri orised uterus e_rd 

inserted p ipp ette . �.!;e p erit or.eum end abdo�inal t i s � ue �ere 

sutured and e>7es p l a ced. in recovery pens . �laughter tc. ok place 

4-, 24 or 4-8 hours after inseminatio n .  

� tati s t i cal trea t�ent o f  da ta � a s  a s  in experirr.ent 3 . 

I .  TH3 CF CVULA'l'I C}� 

'1'ESlTI' S  

C :f  the 24- ewe s  exp ected to have ovulatP.d, only 67: had done 

so  ( 'I'able 5 . 1  ) • Nine e;v es failed to show an cvula tion p oint on either 

ovary for various rea sons , i . e .  quiescent ovarie s  ( 2  ewes ) , cystic 

follicle s (1  ewe ) , slaughtered before ovula tion as judged by unrup tured , 

preovulatory :follicles ( 6  ewes ) . 

Four, and 2 ewe s ,  slaughtered a t  42 and 6G hours after PC: G ,  

resp ectively, had preovulatory follicle s ,  and there app eared to be 

little difference in the app earance of corpora lutea on the ovaries 

of ev1es slaughtered 42 and. 66 hours after PC G inj ection.  



5C . 

7ABLB 5 . 1  

(BXPF.1lll.:e:FT 4-) 

Interval from Numb er V umb er o f  e·.;e s ,.._. ewe s 
ECG t o  Slaughter of e;ve s  ovul a ting ovulating 

( hrn ) 

22 1 2  0 0 

4-2 1 2  7 58 . 3  

66 1 2  (' 66 .7 0 

i 4-2-66 24- 1 5  62 . 5  

The se ob s e rva t i o n s  in:l i c 2 t e  a sp r e ai o f  ovul at i o n s  o ver the 

time-r ange cons ide re d  rathe� than a na rrow i nt e rval dur ing whi c h  the 

maj o r i ty of ovula t io n s  o ccurred . 

Table 5 . 2 s h ows that s urs e ry ha d no eff e c t  on the inc i de nc e 

of o vulations or the degree of foll icul ar d ev e lopment , as the numb e r  

o f  c orp ora lutea and large foll icle s were s imilar f o r  all ewe s . 

( a) From the C ervix . 

Sp erm were r e c o vered from the c ervi c e s of mor e e we s 

surgical than non- surg ical inseminations ( 1 3/1 8 V S  8/1 8 i 

x2 = 2 . 86 , 0.05 < P < 0 . 1 ) .  

The mean numbers of spe rmato z o a  recovered from the 

after 

cervix 

ewe s  in each treatment , are re corded in Table 5 .3 .  Surgical 

dep o sition of s emen into the uteru s ,  resulted in higher numb ers o f  

o f  

sperm in this reg i o n  o f  the trac t ,  than did no n-su�gi c al insemination 



TABLE 5 . 2  

T'tEATl�I''T EFFECTS Of: FOLTI CULAR. DE"VELOPI.::S�:-T AN"D THE 

NLITvffiER CF C O T?.FO'tA LUTEA er OVA "JES AT SL.AUGE'l'KR. 

':"yp e of !:: e thod of 
S emen I ns emination 

Fresh Surgical 

Non- surgi cal 

Fro z en Surg ical 

!-:on-surg i c al 

CL C o rp o ra Lutea 
LF Larg e F ol l i cles 
1::F I::edium F o ll i cle s 

Time o f  S lauehter 
( hrs after In seminatio� 

4 

24 
48 

4 

24 
48 

4-
24 
48 

4 

24 

48 

To tal 

!'umb e r  
C:Jo LF 

0 7 

2 4 

1 5 

0 2 

2 5 

3 5 

0 2 

2 2 

2 2 

0 2 

1 2 

2 7 

1 5  45 

o f :  
r �  

0 

0 

0 

1 

0 

0 

3 

0 

1 

2 

1 

2 

8 



Typ e of' 
Semen 

'Fresh 

Fro zen 

TABL'R 5 . 3  

:t-M::BERS ( TRANSFORI.lr<:D )  OF �ffi'?J.:ATO ZCA "i."EC OW.'1ED F:tOl\I 

THE CE�VIX OF E'.'rE S AFTE:t IY�-UTt.:RI!� n:sr;r.:n�ATI CNS 

Method of' 
Insemina tion 

Surgical 

�;on-surgical 

Surgical 

Non-surgical 

T ime of �lauehter 
( hrs after I ns emina tion) 

4 
24-
48 
4 

24 
48 

Ll-
2ll-
48 

4 
24 
48 

AJ'TALYSI s O'F VA DJMTCE 

Source d . f' .  : 'ean SSJ.UB.Y'e s 
Type of' Semen ( �emen _ 
l.:ethod of I nsemina tion ( r e tho d )  
Time of' �lauehtor (;,laughter) 
Semen X Kethod 
Semen X Slaughter 
hlethod X SlauEhter  
S effien X hlethod X Slaughter 
'Error 

N . 2 .  Not S i gnif'ic ant 

1 
1 
2 
1 
2 
2 
2 

rn "-+ 

o . OOlt-9 �- '('I ._ . e I • 
26 . 5954 0 . 05 < P < 0 . 1  
5 .56l1-C �.T � J . . ...... . 
0 . 1 776 r: . � .  
0 . 691 5 11. � 

I • I , . 

0 .7580 r � 
L • ' e 

0 . 9!t-92 ,_. � 
l • • • •  

7 . lt-3 50 

Numbers of' Sperm 
Recovered ( J,:ean ! SE) 

4 .456 
+ 2 . 24-2 -

3 .311-5 + 1 . 678 -
3 .085 

+ 
1 • 5!+-5 -

3 . 1 29 + 1 . 569 -
1 . 11311- + 1 . l,-.34 -
1 .  593 + 1 . 593 -

3 .993 
+ 1 . 999 -

2 .  951 + 1 .483 -
4 .377 + 0 . 1 00 
2 . 852 + 1 .4-38 
1 .492 + 1 .492 -
1 . 392 + 1 .392 



( 3 .700 ! 0 . 586 vs  1 . 982 � 0 . 528) . The differenc e ap_:. roached 

statistical s ignificance ( 0 . 05< P < 0 . 01 ) .  

(b ) From the Uterus .  

51 . 

Table 5 .4 shov1s the treat:nent mean numbers of sperm recovered 

from the uterus .  There were no significant effect s .  ::-rowever , 30 . 5;:  

o f  total variation was due t o  the �ime of slau�hter , and 221. due to 

the interaction of Me thod. and S l aughter. ::xa;nina t i o n  of treatment 

means sugges ted that after surgical insemination , higher mean numbers 

of sperm v;ere found in the uterus at 4 hours . 

( c ) From the I s tr�u s .  

Data are pre sent ed a s  the sum of the number o f  spe rm i n  the 

i sthmus of the l eft and r i ght ov id.uc t s . ':'he varie.nce of the data wa s 

homogeneous ( X
2 = 1 2 . 54 ; 1 1  d .f.  - rs) . 

Table 5 . 5  p re sents the t rea t�ent �ean numbers of sp ermato zo a  

recovered from the isthmus . �here was a s ignificant in�eraction of 

r.�ethod of insemination and :'ime of slaughter. 

�egre ssion analysi s of  this :ntera c t i o n  revealed di stinct 

changes  in i sthmal sperm popul ations after surgical and non-surgical 

insemination (Table 5 . 6) . Figure 5 . 2 shows that following surgical 

placement of semen into the uterus , there was a s i gnifi cant linear 

decline in the number of spermatozoa  recovered from the isthmus with 

time (P < 0 . 005 ) . Cpposed to thi s ,  an increase in isthrnal sp erm from 

4 to 24 hours,  followed by a decline to 48 h ours , occurred after 

non-surgical depo sition of s emen ; the quadratic c omponent of which 

was highly s ignificant (P < 0 . 005 ) . 

( d ) From the Ampulla . 

Table 5 .7 shows that s ignificant heterogeneity of variance 

existed among the data for numbers of spe rm  recover�d from the ampulla . 



_Typ e  of 
Semen 

Fre sh 

Frozen 

TA!3LE 5 .4 

!rtJMBE"lS ( TRAYSFO'RI.:":D ) OF �1-� 11-,�ATOZOA l..�G OVF.:1l":D F1:1.NI 

THE UTERUS AFTETI. IFT1A-UTE'UNE DBFO SITION OF �m,:EN 

1.:ethod of 
Insemina. tion 

T ime of Slaughter Number o f  Sperm 
(hrs afte r  In0emina tion) .Recover·ed \l.:e�n .± SE) 

4. 6 . 299 + 0 . 593 -.Surg ical 
24 3 . 557 + 1 .794 

48 1 . 6&1- !. 1 . 684 
Non- surgi c al lf- 3 .356  + 1 . 679 

2lt- 4- .799 + 0 . 052 
lf-8 3 .483 

+ 1 • 711-3 

Surgical 4 5 . 602 + 0 . 3 01 
24 3 .3 66 + 1 . 680 
48 3 . 233 + 1 . h1 9 

lt- 3 . 0711- + 1 . 550 
24 3 . 333 + 1 . 67 6  

Non- surgical 

lf-8 1 . 566 :!: 1 . 5 66 

ANALYSIS OF VA:)J AFCE 

�ource o:f Variation d . f  • · 
_ _].�ean �.quares Part; tion of V ariation (1) 

� emen 1 · 2·. 2 554 r. s .  - 5 . 2 
ll!ethod 1 4 . 261 6 rr . � . 9 . 8  
Slaughter 2 1 3 .3261 F . � . 30 . 5  
� emen X J;Ie tho d 1 1�-o 6773 rT . C:.  1 O .  7 
Semen X Slaughter 2 0 . 3 1 21 K . S . 0 . 7  
I\!e th o d  X Slaughter 2 9 . 6 537 F . S .  22 . 0  
:iemen X J.:e thod X Slaughter 2 2 . 211-09 r . 2. .  6 . 5 
Error 21t- 6 .3709 1 4 . 6 

--·- ·� --- · 

F . S .  No t Significan t 



Typ e of 
Semen 

Fresh 

Froz en 

'PABLB 5 .5 

:NtTh13ERS ( TlW'�SFG RMED) OF �PEPJ:ATO�OA REC OVE:lBD F!lCl.: THE I STI-n.:US 

Time of Slaughter J.:eth o d  of 
Ins emination (hrs after J n semina tion) 

Surgic al 4 
24 
4-8 

· Non- surg ic al l� 
21� 
4.8 

Surg i cal 4 
24 
48 

Non-surg ical 4 
24 
48 

�'t\AIJY�I S OF VAPJ !lf�CE 

. Sourc e  of Variation 
�eme n  
1.1e thod 
Slaughter 
� emen X I-.:e thod 
Semen X Slaue;hter 
Ne thod X Slaue;hte r  

Semen X E ethod X SlauEhter 
E rro r 

r . s .  Pot S ignificant 

d . f .  · t:ean · !3qu are-:s::--__ 

1 · - o �-5G59 r .  8 . 
1 8 . 2842 X 
2 1 7 .7904 XXX 
1 0 . 1 720 N . S .  
2 
2 
2 

24 

X P <  0 . 05 

o . 21,.1;.5 r .  � .  
8 .7676 x� x 
0 .3296 rr. s .  
0 .99211-

x:;.::t P <  0 .005 

;"umber of Sp errr.ato z o a  

�ecovered (t.:ean !. S .E . )  

4.345 
+ 0 . 1 52 -

3 . 358 + c .��-85 
0 . 563 + 0 . 563 -
1 . 93 6  + 0 .969 
3 . 1 25 + 0 . 223 
0.73h 

+ o .  7314-

4 . 1 52 + 0 .096 -

3 . Oli-3 
+ 0.31!_8 

o .  733 + 0 .733 
0 . 771 + 0 . 771 
2 . 61 5 + 0 .369 
1 . 2l�9 + 0 . 631 



Time of Slaughter 
( hrs after I n s e r::i:-.a tion) 

4 

24 

48 

TABJ..E 5 .  6 

�ethod of Insere ination j 
Surg i cal !�on- surg ic al 

4-. 248 + 0 . 1 27 a 1 .353 + 0 . 61 2 c 

3 . 201 + 0. 285 ab · 2 . 874- + 0 . 226 b -

0 . 992 + o • . �e.le.8 - c 0 . 648 
+ 0 .41 5 c 

Sub scrip ts i� c omr..on, not s ignific antly i iff er e n t .  
(Dunc an ' s ! : ul tip le l.ang e ?e s t  ---- L i t tl e  ,�- ':ill s , 

1 97 2 ) . 

Source of Va riation d . f .  Lean Squares  

Linear: 

Slaughter : Surgical 1 38 .8854 !I:: X X  

Slaughter : ran-surgical 1 0 .3920 i'T 0 s 0 

Q uaclratic : 

Slaughter : Surgical 1 2 . 2634 Y . S .  

Slaughter :  :r-;on-surgical 1 1 1 . 5751 XXX 

r:; . s .  l'·o t  S ignificant 

X %X P <  0 .005 
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TABLE 5 .7 

l'TUI.:BERS ( TR.AESFCPJJ!:D ) OF Sl-'"E�1.ATOZOA R�C OVERED 

FROl.i TP:E A1:PULLA 

Typ e of L e thod of Time o f  Slauc;hter Furr;b er of Sp erm 
S emen I ns emination ( hr s after I n s enination) ( ' "  + s .-: . )  1i.ean -

----
Fresh Surg i c al 4- 3 . 54-9 

+ 
0 . 1 09 -

24- 3'. 1 86 + 0 .4C6 

4-8 1 .Lf-68 + 0 .754-
Non- surgical 4- o .ooo 

24- 0 .836  + 0 . 836  

4-8 1 . 553 + 0 .780 

Fro z en Surg i c al 4- o . ooo 

24 1 . 997 + 1 . 002 -

48 1 .300 + o . G63 -

!-�o n- sureical 4- o . ooo 

24 1 . 586 + 0 . 83 8  
48 1 • 204- + 0 . 601+ 

Hete ro e eneity h .
2 

c � = 28 . 5248 , P <  0 . 005 



Thi s  was c aused. by the incons i s tent data from animals slaughtered 4 

hours after insemination.  

52 . 

C o nsideration of' the data c ollec ted at 24 and 48 hours after 

insemination, sho-r;ed the variation to be hon:;c geneous (Bartle tt ' s Test) . 

Analysis of' variar�ce cf the s e data sLowed no s ignificant main 

effec t s  or interactions (Table 5 . 8 ) . 

Of' tl-:e treatment group s in which the ewe s vrere slaughtered 4 

hours afte r ins err::_nation, 3 had zero variance and therefore ,  no 

analysi s  v1as atte:::p t ed. 

�igure 5 .3 presents the trends ob served in sp erm p opulations 

in the ampulla . Cnly after surgical insemination of fresh sen:;en were 

sp erm present in high m; . .I:lbers . ':'hey remaine:i high till 24 hours 

after insemina t i o � ,  anl although analysi s  revealed no statistical 

significance , a s ub stantial decline occurred from 24 to 48 hours . 

None of the other treatr::ent s re sulted in sperm in the a:opulla 

4 hours after in semination, and by 24 hours , they were s till lower 

than at L�e corresp on:iing time after surgical depo sition of' fre sh semen.  

(e ) · � otal f.p erm �ecovered 

Table 5 . 9  c ontains tbe Eean percent recovery of spe rm from 

the trac t s  of ewe s  in each treatment .  :'he analys i s  of' variance of' 

the se data after angular transfo rmation, shows s everal s ignificant 

effec t s .  

Insenination with fresh semen re sulted in more than a 1 0-f'old 

�ncrea se in the recovery rate than occurred after depos ition of' 

1"rozen semen ( 1 . 8� vs 0 . 1 3;b ;  P <  0 . 05 ) . !?.ec overy of sperr2 was higher 

after surgical ( 1 .8�� than non- surgical insemination ( o . o?;%) . 

A linear de cline in p e rcent recovery o ccurred with t ime after 

insemination (P  <. 0 . 01 ) .  The high recovery rate of  sp erm after surgi cal 



TABLE 5 .8 

AYALYSIS CF VAIUAYCE OF F1H.lBE'i.S CF SFE'!'IJ.: ll_�C CV��'IED 

FROM THE AI-.:PULLA 24- AED 4-8 EC�RS Al''.!.'�l. n;SE;.:n·ATIOY 

Sourc e o f  Variation d . f .  

S emen 1 

Hethod 1 

Slaughter 1 

Semen X I.:e tho d 1 

Semen X Slaughter 1 

},:ethod X Slaut;hter 1 

S emen X M e tho d X Slaughter 1 

Error 

N . S .  N o t  S ignificant 

1 6  

: :e an Square s 

0 .3373 1� . s .  

2 . 8968 :N. S .  

1 • 61 02 r . s . 

1 .1 J+89 ?T . s . 

0 . 001 9 r .  � .  

2 . 8209 �� . s .  

1 .  701 6 N .  S .  

1 .7092 
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FIG URE 5.3 

SPERM POPULA TI ON$ IN THE AMPULLA AFTER 
DEPOSI TION OF FRESH OR FR OZEN SEMEN 

(a) Fresh , SurQfcal (b) Frozen . S urQfcal 

3 

2 

4 24 48 4 24 

(c) Fresh, Non-surQical (d) Frozen , Hon-surQical 

2 

4 24 48 4 24 

TIME A F TER INSEMIHATION (hrs) 

48 

48 



Typ e of ;.: e tio d of 

Semen I nse ir.ina tion 

Fresh Surgical 

!-Ton- surgi cal 

Frozen 2urg i �2.l 

I! o n- surgical 

S ource of variation 

S emen 
1:e th o d  
Slauehter 
Semen X :i.: e thod 
S emen X Sl au6hte r 
1.1e thod X Slaughter 

'::'ABLE 5 .9 

Time o f  

Sl augh ter 

( hr s ) 

4-

24-
48 

4-

2Lt-
48 

4-

24-
4-8 

4-

24-
4-8 

d . f . 

S emen X 1.;ethod X Slaughter 
Error 

1 
1 
2 
1 
2 
2 
2 

24 

N . S .  ro t S ignific ant 
X P < 0 . 05 
XX P < 0 . 01 

Percent Rec o ve �  of 

�.p erma to z oa 

1 0 .220 

0 . 31 0 

0 . 1 02 

0 .090 

0 .072 

0. 1 38 

0 .570 

0.050 

0 .036 

0 .030 

0. 050 

0.020 

Lean S qu ares 

66 . 1 24-
87 .703 
68 . 64-0 
30 . 932  
27 . 1 68 
78. 20lt-
43 . 607 
1 3 .2 1 9 

X 
X 
X 
?: • s .  
r . s .  
!:X 
t� . s .  



ins emination with fresh s emen ,  at 4 and 24 hours , cau sed a· s ignificant 

Me thod X Slaughter intera c tion. 

I I I . BREAKAG"S OF 2fE :.>J:.ATC ZCA 

During the c ounting of spe rm in the trac t flushing s ,  it wa s 

app arent that in s ome ewe s ,  a high de gree of breakage of sp e rm  cell s ,  

� the sp erm head-midp i ece j unc tion had oc curred . 

Broken c ell s were c ounted a s  ' tail s ' ,  b ut s ingle sp erm head s 

were often se en. I.: o s t  broken cells app e ared in uterine f'lushing s , 

and to a les ser ex tent in the i s tr�us .  Tab l e  5 . 1 0  p re sents the 

treatE:ent mean p ercent brok en cell s in the uteru s .  Yo separated heads 

o r  tails were found in the ampulla of an7 ev;e . 

TABJ..,E 5 . 1 0  

Typ e of r :e thod of -n •  .. lme of s laughter after 
S emen I nsemination 

4 

Fre sh Surg ical 3 . 3 

Non-surgi c al o . o  

Fro z en Surg ical 49 .7 

Non- surg ical o . o  

IV. LEUKC·CYTES nr Tffi :lEPR.C DUCTIVE T'lACT 

24 

2 .7 

o . o  

5 . 8  

4 . 2  

Ins e:clination ( hrs ) 

48 

o . o  

o .o  

o .o  

o .o  

Tnble 5 . 1 1  give s the re sult s o f  a s ub j ec tive a s s e s sment o f  

the pres ence o f  p olyreorphonucle ar p hagocyte s  in uterine flushing s .  

Generally, fre sh semen caus ed a gre ater leuk o cyte p opulation in the 

uterus . Surgical ins emination per �' appeared not t o  influence thi s  



resp onse a s  fro z e n  s emen dep o si t ed in thi s vray did no t induce high 

p opulations of p hago cytic cell s .  

Plate 5 . 2  shows the phago cyto s i s  o f  a sp ermato z oo n .  

V. CVUM 1'/SCCVF:"'tY AFD F'F.'1.TILI ZATIOE 

From the 1 5  ewe s which ovulated , 1 4 ova ( 91�) were r e c overe d .  

Ova were j udged to b e  fertiliz ed by t h e  presence o f  normal 

cleavage (7 ova) or by the p res ence of sp erma t o z o a  in the oute r  egg 

layers (3 ova) ( Table 5 .1 2 ) .  

Four s ingle c ell ova had no sperm on o r  in, the z o na 

pellucida , a nd were c ons idered unfertil i z e d .  

Plate s 5 .3 to 5 . 6 ,  show s ome of the ova rec overed . 

"Significantly more ova -.vere cleaved among tho se rec overed 

2 
at 48 hours aft er in sesinat io n ,  than at 24 hours , ( X  = 1 0 . 0 ,  P <  O . C1 ) .  

( a) Time of C vulation.  

DI �CUSSICT 

Ovulatio n data for ewe s in thi s  trial suggest e:l tha t the 

hormone tre atment failed to synchronize ovul a t ion . r o t  only cli d  f ew 

ewe s  ovulate , but the :listribution of ovulat ions , suc;g e s tei that 

HCG had failed to induce rup ture of foll i cl e s .  

(b ) Sp ermato z o a  Transp o rt .  

�urgi cal ins emination o f  s e men, showed that sp ermatoz o a  are 

capable of moving into the cervix from the uteru s ,  often in large 

numb ers . 

\'ti thin the uteru s ,  sp erma t o z o a  were maintained in relatively 

high numbers for l o nger than 24 hours after ins emination . Although 

no attemp t  was made to dis tingui si·, between mo t il e  and immo t il e  sp erm 

in flushing s ,  the movement of sp erm from the uterus into the c ervix , 

and back into the u terus , may a id in mainta ining uterine sp erm 

number s . 



TABL'E 5 . 1 1  

PRESEFCE OF LEUKOCYTES n� T:::E UTEL?.US 

Typ e of 
Semen 

Fresh 

Fro z e n  

r.:e tho d of ' 
Insemination 

Surgical 

Non-surg ical 

.�urgical 

ran-surg ical 

0 No s core rr.c.de 

- None seen 
+ 
- Very Fev; 

Time of  Slaughter 
( hrs after Ins e�ination) 

4-
24 
48 

4 

24-

48 

4-

24 
48 

4-

24 
48 

+ S ome but few 

++· liany 

+++ Very :rumerous 

J,eu.."k:ocyte 
8ount 

+++ 

++ 

++ 
+ 

+ 

0 

+ 
+ 



Type of 
S:emen 

Fresh 

Frozen 

I.iethod of  
Insemination 

Surgical 

Fen-surgical 

Surgical 

Non-surgical 

'1'ABLE 5 . 1 2  

IYCIDEi'�CE OF T1f8 JEC O�Tl.Y OF FERTILIZED OVA 

Time of  Slaughter numb e r  of ova : 
(hrs after Insemination) "�le covered Fertilized 

4- 0 0 

211- 2 2 
4-8 1 1 

4- 0 0 

211- 2 1 

4-8 3 2 
4- 0 0 

24- 1 1 

4-8 2 2 

4- 0 0 

24- 1 0 

1+-8 2 1 

TOTAL 14- 1 0  

Criterion of 
Fertilization 

Singl e cell , many sperm; 2 cell 

2 cell 

SinGle c ell , sperm in vitellus 

6 cell , 2 cell 

Single c ell , manY spe� 
6 cell , 8 cell 

4- cell 
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Surgical ins emination usually r e sulted i n  higher uterine sp erm 

numb e r s  than non- s urg ical ins emination, and indicated that direct 

intra-uterine dep o s ition of s emen did no t o ccur under non- surg ical 

c onditions . 

The data rec o rded for spe rm in the is thmus reflects l i ttle o r  

n o  re si s tanc e  t o  spe rm mov ecent imp o se d  at the utero-tubal j unc tion,  

a s  s urg i cal insemination of fre sh semen re sulted in high numb ers of 

sp e rm distributed throug!1out 
,
the upp er repro duc t ive tract >7ithin 4 

hours of ins e�� ination.  The quadratic c omp onent of non- surg ical 

insemination (Figure 5 . 2 )  sho ws that the d i s tribu tion of sperm within 

th e i s thmus Tia s dis s imilar to that which o c curred after surgical 

dep o sition. ':.'hi s  1va s  a refle c tion of the s ite a t  wh i ch s erren wa s 

exp elled froiJ the inser:1ina t ing ;:) ipp ette . I f  no n- surg i cal ins emina t i o n s  

d ep o s ited semen a t  the j unction o f  th e cervix and uteru s ,  then the 

d i s tribution of sperm cells wittin the uterus was mo s t  probably l e s s  

tho rough than when s emen was p la c e d  d irectly -;v i thin the uterus at 

surg e ry .  C ons equently, a p eriod of t ime ( 24 h ours ) was nece s sary 

for a build up of a maximum i s thEal p op ulatio n .  

I f  a barri er to sp erm p a s s age exi s t s  within the oviduc t ,  it 

p robab ly o ccurs e ither w ithin the isthmus o r  at the i s thmus-amp ulla 

junction. The numbers of sp erm in the is thmus decl ined from 24 to 48 

h o urs following non- surgical insemination, and tho s e  in the a�p ulla 

rose or were unchanged , b e twe en the se t ime s .  Thi s  s ug c es t s  that p eak 

p op ulations in the top of the Fallop ian tube did no t oc cur till s ome 

time later than 24 hours after placement of s eme n. The dis tribution 

o f  fre sh s p erm throughout the oviduct 4 hours after surgery may 

indica te that the i sthmu s-ampulla barrier op e rates for only a c ertain 

t ime in response to changing ovarian s te ro id output , or that the 



p re sence of large numbers of presumably viable spe rmatozoa in the 

isthllius , render s  the b arrier l e s s effec tive . 

56 . 

Iv:otility of spe rm may therefore play the predominant role of 

sperm transp ort to the ampulla from the i s thmus . r·o s eparated tail s 

or he ads of spermato z o a ,  seen in large numbers in the istr.mus,  ·t;ere 

found in the ampulla of any ewe . Following pla c ement of frozen ser:1en 

into the tract, or  fre sh semen by non- surgical me thods , sperm transpo rt 

was much les s  effective in the initial p eriod (4 hrs ) after 

insemination.  �ven by 24 hcur s ,  few sperm v;ere in the amp ulla after 

the se  treatnent s .  

Thi s  study ha s p o inted to twc fac tors that a.q � ear to be  

re sp on sible for  the reduction in numbers of  frozen  sperr::. in  the  top 

of the oviducts : the high degree o f'  dacage to cell s oc curring in 

the uterus,  and, l e s s  e f�ective sperm transp ort .  

Breru(age o f  sperm cell s app eared to b e  a ?hys ical phenou.enon. 

It wa s probably assoc iated v;i th semen pre servation, as  the degre e of 

breakage was no t reflec ted by the p resence of leukocyte s in the uteri 

of ewes receiv ing frozen semen. 

Sp ermato zoa di sapp ear within the tract , due in part , to 

phagocyto s i s  by leukocyte s .  J,:o st cornmonly, comp lete sperm were 

undergoing engulfment at the sperm head, but some s eparated tail s 

were seen within leukocyte s  • 

..,he p rop ortion of cells dep o s ited which were recovered vras  

higher after surgical dep o s it ion of fre sh semen a nd the perc ent recovery 

indicated that disap p earance of sperm was considerably higher after 

insemination with frozen s emen. The reduced transpo rt of frozen sp e� 

was reflected by the low recovery rate at all times ex cep t 4 hours 

after surgical insemination ( Table 5 . 9) . 



A summary of the sp erm transport mechani sms that ap p eared 

to have op erated in the movement of sp e rn to the acp ulla is e iven 

in Tab l e  5 . 1 3 .  

� .  



TABLE 5 . 1 3  

SUl.ll.!AllY OF S OME l.�CF.A:nsr:s OF SPE'U1I T!lANSPC:tT 

IN THE REPRODUCTIVE Tl.ACT 

�yp e of Semen ana S,Eerm in the Uterus ,�: I sthmus : 'R.ela ti ve l'Tumbers Sp erm 
1.�ethod of' Insemination A!1parent 1'1 s s e s  secl in J,mpulla 

Distribution p roportion Decree of' 
of' sperm motile cells damage 

Fre sh ; Surgic al Good Fich Nil High (up to 24 h ) 

Fresh ; J'Ton-surgical Poor High Nil Low ( ini tially) 

Fro z en ;  Surgical Good Low High Low ( all times )  

Frozen ; Non-surgical Poor LOV/ High Low ( all times)  



PLATE 5 .3 

PLATE 5 .4-

�ingle-cell � unfertilized ovum 

recovered 24- hours after Fen­

surgical insemination with 

frozen semen. 

2-cell ovum recovered 24 hours  after  

surgical insemination with fresh semen. 





PLATE 5 . 5  6-cell ovum recovered 48 hours a�ter , 

non-surgical insemination with �re sh 

semen. 

PLATE 5 .6  &.cell ovum recovered 48 hours �ter 

surgical insemination with �ro zen semen . 





C H A P T B �  VI 

G E N E -R A L  D I S C U S S I O N 



CP.APTBR SIX 

In sp ite of exp eri ence in the use of t e chni que s  of sp erm 

re cove� gained in the p reliminary trial s ,  the degree of v ariat ion 

in c ount s  w a s  not sub s tant ially reduced in 1\xp eriment s 3 and L� . 

�eemingly unc ontrollabl e variation in sp err;: c o un t s  b e t':;ee:r;. a nimal s 

exi s t s ,  and unl e s s  larc;e nun:b e r s  o f  experime ntal ewe s are avail able , 

thi s problem i s  l i�ely to himler the iden tif ica tion of the 

phys i o l o g ic al mechanisms involved in the transp ort of s p e rr:, in the 

femal e geni tal trac t . 

':'ransfo rma tion of the data did n o t  alvrays elimina te 

h etero gene i ty o f  variance which remained in the uterine and ov iduct 

c ount s  in 'Exp eriment 3 ,  and in anpulla c ount s  in Exp e ri!!lent 4 .  ':::hi s 

indicate s a s ource o f  variation o the r than that a s s o c i e. te d  with 

enumeration data . 

C aref'ul attention to exp erimental t echnique s was adop t ed 

a s  far a s  practicable , but the p resent work indicated several f'actors 

that p robably c ontributed to the v ariation in sp erm c o unts b e tTieen 

the same region of the trac t s  of dif'ferent ewes : 

( a) :Mis identification of spe rm  c ell s . 

I n  f'lushing s mainly from the oviduc t s  and vagina , ep ithelial 

cell s are often present and the s e  can be mis taken f'or spe rm .  The 

addition o f  aqueous e o s in to the washing s in Experiment 3 and 4 

f'acili tated the accurate identification of sp erm . I.�attner 3: Braden 

( 1 963 ) have p o inted out the increa s ed accuracy of detection of spe� 
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after allowing a settling period b ef o re examinati on and t hi s  pro c edure 

wa s followed . 

(b ) D ifferenc e s  in volume o f  fluid c o ll e c ted after flushing . 

C o n s i de rab l e  variation in the s i z e  o f  rep roductive trac t s  

o c curred b e tween animal s .  Thi s  l ead to the c oll ection o f  di ffering 

v o lumes o f  fluid from similar s egments of rep roductive tract . ?or 

example , from the 2ml of s aline u s ed to flush each Fallop ian tube in 

Experiment 3, the volume rec o vered after flu s ing varied from le s s  than 

half , to almo s t  the t o tal quant i ty .  Eaemocytometer de te rmina tions o f  

cell numb e r s  vrere c al c ulated on the basis  of volume collec ted after 

flushing the uterus and c ervix . 

( c ) Transference of spe� cell s owing to c onta�ination by equipnent . 

C l ean e quipment was used for each flushing . Powe ver , a s  

c ons iderabl e handling o f  the tract s  ·::as neces sa:rJ us ing the de scrib ed 

method ,  i t  i s  po s sible that sperm rr.ay hav e be en -transferred b etween 

s egr::1ents . ':'l:i s  ap� eared tc be the case in Experiment 1 ( see  Table 

3 . 2 ,  ewe 297 ) . Dauzier ( 1 35o)  has sugge sted that reports of 

sp erma t o z o a  reacl:ing the ovari an e nd of th e cv iduct s ';; ithin a few 

minutes of insemination ( rap id transp o rt) are a t trib utable to 

c o ntamination by sp erm f rom e l s ewhere . 

Careful exper�ental techniques aimed at reducing the error 

variance thus app ear les s eff ective than an increase in the nunber 

of experimental animals as an appropriate way of overcor.1ing much of 

the variation ob served v7i th such work .  I t  s i::ould not b e  f o rgo t ten 

however , that on any one day , only a limited number of rep roductive 

tracts can be processed if. p rolonged micro scop ic ob servation i s  to 

be avo ided . 

e ther than ;fi th the aid of surgical procedure , the uterus 
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o f  the ewe i s  almo st imp o s s ible to reach du e t o  the p hysical 

diff i cul ty o f  p enetrating the c erv ic al canal . Very li ttle v:o rk has 

been carried out on the development o f  e quipment that would all ovr 

non- surg i cal intra-uterine ins emina ti o ns . Insk e ep ( 1 974) has u s ed a 

45cm tap ered ins eminating tube to dep o s i t  s effien in the uterus of 

" s ome " ewe s .  

H igh ra t e s  of fertilization hav e b een a chieved after surg i c al 

ins erdnat ions into the uterus and this i s  a refl e c tion of the h igher 

numb er s cf sp erm transr:. orted to the tub e s  ( Kill e en -� ,  �:core , 1 97 0a ) . 

The p re s ent ;-;o rk has c o nfirmed t!-�i s by showing s i g nifi cantly 

high tub al sp e rm numbers 4 hours after ins emina t i o n ,  but b ecause 

relatively few fertil i z e d  eGg s were rec overed , the relat i o n ship 

be tvleGn sp ero tr:msp o rt and ferti l i z at ion rat e  ·;.- as not cl early sho·.m . 

D e ep p ene tra tion of the c e rv ix of erre s ·r;as not always 

su c c e s sful but it >ia s  e s t ir::.ated that in a t  lea s t  5 0,-: of evte s ,  a dep th 

of 5 cm was p o s s ible u s ing thi s e quipment . A p air of cerv i c al grip s 

vr ere used o cc a s i o nally to provide tra c tion on the cervic al p alJ illae , 

but u sually, th i s  re sul ted in damage to the ti s sue by tearing . 

J,� odifi cation of the p ipp e t t e  to include a more flexible tip , 

and manipulation, via the rectum , o f  the p ipp ette throuGh the c e rv ix , 

( a s used by Anders en , Aamdal 8� Fougner , 1 97 3 )  may a s s i st in reaching 

the uterus in the maj o rity of sheep . The re sul t s  of Expe riment 3 

ind i cated tha t  succe s s ful p enetra t i o n  of the c e ryix dep ended on the 

length of the c ervical cana l ,  whi ch varied from 3 to 1 0cm in l eng th. 

No reliable me tho d fo r s el e c ': ing e w es with a s h o rt-length c erv ix 

can be advanc e d .  App rox imately � of the ewes ins eminated ' intra-

uterine ' suffered ex treme haemo rrhaging and o edema of the c erv i cal 

tis sue . The t ime tak en for ea c h  insemina tion ( �- minute s  p er e>;e ) ,  



might reduce the effectiveness  of this  instrument if large numbers of 

sheep are to be insemina ted .  

SP�.:A'::'C ZOA Tn.Ar �?O'tT A:F'TS...,_ A"1':r'I"'IC IAL IIT�: :nTAT:cr . 

The numbers of sperm recovered from the tracts o f  e w e s  in the 

p re sent exp eriment s ,  are in general agreement with o the r reports 

( rv:attner P.� Braden , 1 963 ; 1!attner , 1 963a,b) , but tho se rocovered from 

the uterus were higher than thos e  found af te r  art i f i c i al ins eminn. t i o n  

by C::uinlivan and 'Tlobinson, ( 1 969) . 

A mean recovery rate of  le s s  than c . 1;; of sperm d ep c s i ted 

after intravag inal p ro g e s ta g en sp onge treatment , agree s w i t h  F.:n•k :"_ 

Conley ( 1 972) , and i t  app ea red tha t in vaginally ins eEinated eTie s ,  

the greates t l o s s of spe:::-m o c cu:::-red from the vag ina by drainac e of 

semen to the exterior . A ten-fold reduction in vag inal nucber s 

occurred from 4 t o  24 hours after ins emination . :-Iawk (<. C onley ( 1 971 ) 

estimated that more than 6 �( of c ell s dep o s i t ed are lost  by thi s m e an s . 

The examina t i o n  of thick , chee s e -l i k e  ;::ucus in the vag ina o f  s ome 

ewes slaughtered 24 hours after insemir..a ti on ('Expericent 3 ) ,  indicated 

that phagocytic destruction of spermato zo a in the vag ina had al s o  

o ccurred. This s ource of  loss  was reduced by intra-uterine 

depos ition of semen. 

�he cervix of  the ewe acts as a reservoir of sp ermato zoa,  and 

as a barrier to sp erm migration.  Experiment 3 showed that the 

advantage of by-pas sing the cervix , by placing the s emen near to the 

uterus,  was revealed in tems of the effectiveness  of sperm transport 

to the oviducts within 4 hours of insemination. Twenty-four hours 

after vaginal insemination sperm had moved from this reservoir to 

the upper tract in numbers equivalent to tho se found after ' uterine ' 

depo sition of semen. 
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Similar numbers o f'  sp erm were present in the uterus at both 

4 and 24 hours after intrauterine inseminations (Exp eriment 3 ) . ro 

statis tical dif'ference in c ervical sp erm numbers ;vas evident af'ter 

vaginal inseminations . This suggests  that di sapp earance  of' sp erm 

in the uterus between 4 and 24 hours , was low. J.eukocytic  engulf'ment 

(Exp eriment 4) sugge s ted one source of l o s s ,  but C onley ' .  Hawk ( 1 971 ) 

estimated that not more than 5,% of' sperm loss  in the trac t is due 

to p hagocyto s i s .  

T?.e sults o f'  �xperiment 4- showed that sperm car: move from the 

uterus into the cervix . A mechanism of spe rm ::J.over:.ent betv.-een these  

hro sections of' the tract r:.ay maintain high n�mbers of' spe rm in both 

segments for up to 24 hours . Thus K iJ.leen �. l<oore ( 1 970a) suet;e st 

that regions of tl:e tract o ther t!:an the cervix , cay act as s:;:: erm 

reservo irs for the ?allop ian tube s .  

The degre e  of resistance imp o s ed by the utero- �ub al j unction 

to sperm transp o rt ir: the e.ve , is not clear .  'Sdgar :�: Asdell ( 1 960a)  

suggest it ha s a valve-like action . e ther workers have sug ge sted 

that mo tility of sp erm is an advantage f'or pas s aGe from the uterine 

cornua to the isthmus ( e . g .  Ch et al , 1 963 ) . �he implication f'rom 

the present work ,  of' lack of restraint to sperm movement at this 

site, agrees  with �uinlivan & "'.obinson ( 1 969 )  vrho sugge sted that the 

isthmus posed a greater barrier to sperm p rogres sion than the utero-

tubal junction.  Bishop ( 1 961 ) and Hafez & Black ( 1 969 )  report that 

f'ew muco sal f'olds are present at the utero-tubal junction of'  the ewe , 

and Anderson ( 1 928) has shown that the s tructure require s ver,y little 

p ressure to allow f'luid f'low into the oviducts . Analogy f'rom other 

sp ecies (Braden, 1 953 ;  Greenwald, 1 963 ) also  s uggests the isthmus as  

posing greater resistanc e to  transport of' spe rm due to  its  smaller 



diameter . D irec tion of flon o f  oviduct s e c re tions through the 

i sthmus i s  again st the foN•ard movement o f  sperE in this region 

(Bellve & KcDonald, 1 968) . 

The exi s tanc e  of a b arrier to ova transp o rt at the i sthmus­

am�ulla j unc tio n ,  has b een shown by Holst ,�� Braden ( 1 972 ) , the 

op ening of wh ich app ears to b e  under s tero id hormone c ontrol . The 

p re s ent wo rk indicated that sp erm mo tility i s  an advantage for p a s sage 

from i s thmus to ampulla. The fac t that spe rm fror:J f resh s em en 

dep o sited under surgery were found in h igh numbers in the amp ulla at 

al],_ time f of reco very, sugge s t s  that the barrier Day not be effec tiv e 

when large numb ers of viable sp ero are in the is t��u s .  

E i ther there is a b arri er to spe rm movei:lent in th e tub e s that 

has accounted fo r the ob s e rved sp e r::: i i s tribution p attern s , o r  some 

o ther facto r is contribut ing to cause a delayed sp ern transp ort to the 

amp ulla in the artific ially in semina l;ed e·;;e . 

The di strib ution of spe rmato z o a  in the isthmus and ampulla 

of the oviduct c�xp eriment +) indicated a p eak ampulla sp erm 

p opulation later than 24. hours after insemination. At t�·· is  time , 

c ons ide rably le s s  than half of the total sp ermato z o a  in the oviduct 

were in the upp e r  half o f  the tub e s .  S imilarly, whe n the vrhole 

'Fallop ian tube was flushed (Expe riment 3)  4: hours after ins emination, 

sp erm w ere re c overed in high numbers . But re sults from �xpe riment + 

sugg e s t  that a t  thi s  t :;.me , nearly all of the se s_?e rm were probably 

in the i sthmus and not the amp ull a .  Thi s  means that t o tal tubal 

spe rmato z oa ( rep o rted by many work ers ) may not be a true indication 

of sp erm t ransp o rt to the s it e  of fertili zation and it s rel at ionship 

to fertil i ty .  

I n  Exp eriment 3 ,  the ab s ence of cleaved ec� s s ugge s ted that 



poor sperm t ransport to th e site o f  fert ili zat ion had occurr ed ,  or 

ins uffi c i ent time h ad elaps ed to allow normal cl eavage to take plac e .  

From the d at a  o f  D ziuk ( 1 965) , �he n  ins e mination took plac e 1 5  hours 

before o v ul at ion, the firs t  cl eavage o f  blas tomeres occurred ab out 

20 hours after ovulation . Thus in th e p resent study , thos e ova 

r ecover ed from ewes ins eminat ed b efore ovulat ion, p rob a1)l�:r had 

insufficient time fo r cl eavag e .  O va from ewes ins eminated af ter 

ovulation and recov ered 24- hours l at er , ought to h av e  cl e a ve d  if 

fer t il i z at ion �as s ucc es � ful . ?owev e r ,  only one "as cl eaved ( recover�d 

from a ewe slaught ered 2'+ hours aft er th e s ec ond of two ins eminat ions ) . 

This s ugges ts a slow tr ansport of sp e rm to the amp�:lla , Tihere 

fert il i z a tion t ak es p l ac e  (P.o ls t -�� B rad e n ,  1 972) . 

The p ercent reco very of sp errr. froc the t ract vras low ,  and 

drainag e of s e�en p robably ac counted fo r �uch of th is los s from 

v aginal l y  ins e::�inated ewes . :J'o·:;ever, th e recoverJ of sperm from 

within th e trq c t  of uterine- ins ecinat ed ewes was also low and loss 

to the e x t er ior through the vagina was cons ider ed unli�: ely as no ei7es 

had sper m  recovered from t his s ection of the trac t .  

!'.:ech anisns of sp erm di s ap:p earance i n  t he uterus are not cl ear . 

Phagocytosis is clearly one s o�ce and alt �o ugh some workers s ue; g es t  

that t his accounts for v ery lit tle o f  th e loss ( Conley & Hawk , 1 971 ) 

o th e rs h av e  not ed that phagocytos is is difficult to obs e rv e  us ing 

light and phas e  contrast mic roscopy, but that under the el ectron 

mis croscope , I!'.any of th e  sperl!; c ells not s e en v;ith the less 

sophistocated e quipm ent can be obs erv ed ( Brinsfi eld , C l ark , Gerich & 

P.awk , 1 970) . Incorporation of sp erm into epith elial glands (Aus t in ,  

1 975) is also another poss ible s ourc e o f  loss of sperm c ells wit hin 

the rep roductiv e t ract . Void anc e t o  th e p e ritoneal cavity is known 

t o  occ ur (Ed gar & Asd ell , 1 960b) and in the pres ent inv estigation · 
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thi s  may acc ount for s ome disapp earance of sp erm, p articularly from 

tho s e  ewe s  ins emina :;ed intra-uterin e ,  a s  higher tubal spe rm numb ers 

ex i s ted s o on after ins eEination .  �etention o f  spe rm after flushing 

is p robably one o f  th e larc e s t  s o urc e s  o f  ' unac c o unte d-for ' 

sp erma to z o a  in the rep rodu c tive trac t ,  e sp ecially in the cervix , 8- S  

in Exp e riment 4, tho s e e77e s  insemina ted unde r .surg ery i n t o  �;he uteru s ,  

yielde d. a much hi gher p ercent re c overy o f  .spe r:�. than o c c urred. in 

Exp eriment 3 .  

}:o st workers c onp arir..g sp ern trar. s�) ort after dep o s ::..t :.o n  o f  

fre sh o r  :fro zen s er..e � a t  the ex ter1:al c e rv 2.cal o s ,  ho.ve f o l�ncl n r::.ar1:e:i 

sup e r i o rity o f  the fo rce r rr.aterial ( e . t:; .  1 :attr:er et al , 

pre s ent inve s t i gation has rev ealed no diff erence in sp e l"'l:' trar.s� ort 

in the rep roduct ive tr::: c t  ·;;h.en fre s h ,  un:iiluted, and frozen s er�.en 

were dep o s ited t hrcugl"'.. the c ervix . C il��: -.-;hen fr e sh s e:�:en ;·:as T: l3.c ed 

in the uterus unc.er surc e ry ,  did more sper!:l react the ar;;.p ulla than 

after p l acer!ent of fro z e n  s emen .  Thi s  effe c t  -,·; as ob served a t  4 h ours 

af ter insemination . Thi s s ugg e s t s  that the c e rv ix i s  a s i te of sp erm 

tran sp o rt failure aft er ins emination w i th fro z en se:::e n .  ':'hi s  re sult 

is i n  agreement w ith Lopyrin �- L o g inova ( 1 958) and S alamon c'l: L ightfo o t  

( 1 967 ) .  

Ne arly half the spe r2 rec o vered. from the u te ru s  o f  ev.-e s 

ins em inated with fro zen se:�:en were b roke n .  Thi s  app e ared to b e  owing 

to a p hy s ic al rather than phys iolog ical mecl� ani sm ?.nd may therefore 

be a r e sult of the pre s ervation pro c e s s . ':"_.at s on t: l.:artin ( 1 97l�) hav e 

iden t ified o ther structural chang e s  t o  ram spermato z o a  o ccurring after 

deep freeze s to rag e .  '''hite , Black shaw �;; Emmens ( 1 951�) h av e  sho•m that 

ram sp erm after fre e z ing have a reduc ed l ong evi ty on incubation in v i tro . 

Although s imilar numbers of motile sp ermato z o a  Yrere dep o s ited 



under surge ry , the difference in numb ers of spe rm in the oviduc t s  

afte r insemination w ith fro z en a s  c csp ared t o  fre sh s ese n, sue e e s t  

a n  imp a irme nt o f  tran sp o rt of the forf.ler r.1aterial . ':::'1-:.e im� l i cation 

that mo tility p lay s an imp ortant role f o r  s p e rm p a s sace in the amp ulla 

( Bxp e riment 4- ;  D auz i e r ,  1 955b ) , sug c; e s t s  that l ov;e r  numbers of viable 

fro z en sp ermato z o a  were p re s ent in the i s thmu s ,  and therefore , 

eventually in the amp ul l a .  

I t  i s  unl i�: ely that t he r:e chani sms o f  spe r::: trc.n sp o rt 

ex t e rnal to the sperma t o z o on would differ for tl>.o se that had c· een 

s ub j e c t  to deep -free z e  s t o rag e . Thu s it s e ems p robab l e  that reduc ed 

l o ng e vity of· fro zen sp e rm within thf: rep roduc t iv e  tra c t ,  rende r s  

the s e  mechani sms l e s s e ffective . 

';:hile the fertil i z ing ab ility of fro z en sp er::: ha s  b ee n  

que s ti o ned ( Swith , 1 97 5 ) , the r edu c e ::l  f e::::til ity o f  e ·. : e s  ins emina ted 

with fro z en secen, app e ars to be the re sul �  o f  redu c e l  tran sp ort of 

sp e rm to the ar:..pull<J. ('Sxp eriment 4-) . ':.'!:. e t ime taken for the t��ans p o rt 

of fro z en sp e r� wa s c l early l � ng e r  tr4n fo r fre sh sp e rn .  3 o th the 

p erc ent of tubal sp e rm in the amp ulla and the r eco very rate of fro z e n  

spe rm c el l s ,  refle c t s  th i s  slow p as s age in the trac t .  

E arlier ins eminat ions w i th fro z en semen relative to the tic.e 

of ovulat ion, may therefo re b e  of b enefit whe n  con s i de ring the time 

of maximum sperm p op ul a tions at the s it e  of fertil izati o n .  

p-•'H" . •  ! J  

The observat ion in Exp eriment 2 illu s trated the eff e c t s  that 

s tre s s  can hav e on one reproductive function in the ewe . ':'he ex i s ten c e  

o f  s tre s s  o n  animal s during the insemination p ro c edure cannot b e  

d i s c ounte d .  The following observations from the pre sent s tudy 

indica tea retardation o f  spe rm transl) O rt afte r a rtif i c i al inseminatio n . 



( a) There ·;ras a slower progression of  sperm to the s it e  of 
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fertilization than is apparent after natural mating (F.xp erirr.ent 3 ;  

!.lattner , 1 963a,b ; rattner &3raclen ,  1 963 ; Ch t: Lang , 1 969) . 

(b )  The distri8ution of  sperm in  the is thmus after non- surg i c al 

insemination (Experiment 4) shoned that a builJ up o c curred froo 4 

to 24 hours after insel!!ination. If the ser::.en i ias b e ing exp elled at 

the junctio n  of the c ervix and uterus,  the n  the observed p attern in 

the isthmus could be due tc a l e s s  thorough distribution of sp erm 

in the uterus . Uterine contractions are c ons idered to be s e gmental 

rathe r than p eris tal tic ( 3 i shop ,  1 96 1 ) ,  enco uraginc:; disp er sal ra thm· 

than mass  move;:1ent . S tr e s s  dur ing insemination rnay have cause3. a 

reduction in uterine c cntractions r e sulting in a slorrer disp er sal 

of sp erm thro ush -:l1e uterine lwnen.  Lap aro tomy Jo e s  not appear to 

reduc e the c ontrac til i ty of myometri al t i s s u e  ( B rin sfielcl "· Ea1rk , 

1 969 ) , hence insesination under surgery p robably resulted in a 

thorough distribution of spe r:-: through the uterus and ':he is thmus 

(Figure 5 . 2 ) . 

' 

( c ) :r-ro evidence of rapid transport after artifi c i al ins e rdna t i o n  

was observed. From a t o tal of 4-2 ewes inseoinatecl a t  the external 

c ervical o s ,  in only 2 ewes were sp erm recovered from the Fallopian 

tub e s  within 4 hours of insemination. 

(d )  Two inseminations at the cervical op ening (Experiment 3)  did 

not enhance the number of  spernatozoa recovered from the tubes 4-

hours after the s econd insemination .  This  was unexpected as  the se 

ewe s  were slaughtered at a time equivalent to 28 hours after the 

firs t volume of s emen,  a result that was not reflected by those e;1e s 

receiving one insemination and slaughtered 24 hours later . It  is 

unlikely that the number of sp erm dep o s ited was limiting sperm 
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transp o rt to the tub e s  (Emrnens -?: 1.ob inso n ,  1 962) , as each of' the two 

ins emina t ions c ontained ap p roximately 3 X 1 09 sp ermato z o a .  The eff e c t 

of' s tre s s  durine the f ir s t  ins eminatio n ,  and the added handl ing of 

the s e  sheep , imp l i c a t e s  a neural effect o p e rating in s ome ewe s  to 

retard the tran sp o rt of' s p e rm  in the tra c t .  

Boland & G o rdon ( 1 972)  have sugg e sted that stre s s  during 

ins emination may cau s e  the de crease in fertility cf e':re s  re ce iving 

two do s e s  of' s e::::e n  a t  app o inted tirr:es after r_o r::::one treatr::ent . ��he 

eff e c t s of s tre ss on r ep roduc tive functions in the e:--;e are n o t  ·:rell 

do cumented as suitable c o n trol c onditions are diffi cult t o  e s tabl i sh .  

'I'hibaul t ( 1 973 ) rr�aintains that only unde r c ornpletely free :nating 

conditions is there a large sperm as c ent which o c curs at th e sane 

sp eed in all e·:; e s .  She ep are r.1ore ap t to s uffer some de c; ree c f  tratur.a 

during ins e�ination a nd a re therefore no t l i�ely to exhib it the 

s timul ato ry r e sp o n s e  to artificial in semination tha t has b een ob s erv ed 

in cattl e  (Van D er::ark .?.: !-1ays , 1 952 ) . In the p re s ent v;c rk ,  ewe s  Tiere 

p la c ed over a Tail for ins eEination a s  o ther e quipment s uch as an 

ins eminating c radd.le ( see ;.:aule , 1 962 ) "Na s no t available . I mp roved 

c o nditions for ins eminations might help in reducing s tre s s  imp o s ed 

on the ewe .  

Any stre s s  imp o s ed on the ewe p robab ly exert s its eff e c t  o n  

sp e rm transp ort b y  reduc ing c ontrac til i ty of the tra c t ,  p a rti cularly 

that o f'  the uteru s . The stimulatory effe c t  o f  oxyto c in on uterine 

tonus ( d i s cu s sed in Chap ter 1 )  i s  inhib i t ed by the admini s tration o f  

exogenous ep inephrine (Van D emark & Eay s , 1 952 ; Eays & Van Dema rk ,  1 953 ) .  

The p hy s i o l o g ical reac t i o n  to s tre s s  i s  the endogenou s  rel e a se o f  

e p inephrine . �ough handl ing o r  fright c a n  re sul t  in ��e rel ease o f  

s uffic i ent adrenal ine t o  inh ib i t  c ontrac t i o n s  of the female tra c t . 



That this ef:f'ect can last for a long p eriod of t ime -.;a s  

indicated in "Experiment 2 >7here s p e rm transp o rt v;as recluc ed even 

after 4- hours ; and i s  supp o rted by the finding of ;:rarren & Hawk ( 1 971 ) 

that the eff e c t  of an intra-uterine device on smo o th mu s c le 

contractions in the e1v e ,  can b e  ob s erved f o r  a s  l ong as 2 years after 

its rer:1oval . S tres s - indu c ed reduction of uterine contrac til i ty may 

therefore be the cause of the apparently p o o rer distribut ion of sp erm 

in the ut erus anu i s tlunus after non- surg ical ins eminat ions (Exp eriment 4-) , 

and may explain the s ev eral rep o rt s that have f ailed to sho·,7 evidence 

or rapid sp e rm transp o rt or incre a s ed sp erTI movement to t he tub e s  afte r 

inj ection of oxyto cin ( J o nes , 1 968 ; J one s ,  :·.:artin & Lav.v o o d , 1 969 ; 

Salamon 0: Lightfo o t ,  1 970) or foll owinc; the s �:. erile r::a t ing of 

artifically inser::inated e'/ie s (¥a'l7k , 1 972b ) . 

':'he ins ertior.. o f  the ins eminating p ip p e'tte t:·:rout; h  the ce rvix 

of e1:e s in the p re s ent ·,70 rk ;nay have b een mo re trauma tic t!:en vaginal 

ins ewina tions , and hence by 24 h ours after ins erdna tions , there v;as  

l i ttle difference b e n;een s i t e s  of ins emination i n  the numb ers of 

sperm recovered. from the to:? of the rep ro cluc tive tr?.. c t s . 

�uture s tud i e s  rr.us t  therefo re b e  am1re , of the effec ts of 

s tr e s s  en spe rm tran sp ort and of t he conditions under wl'cich animals 

may b e  sub j e c t to s tr e s s e s .  P a st inve stigati ons that hav e involved 

the movement of exp erimental animal s after treatnent ( e . g .  C�uinl ivan 

& �obins on ,  1 969 ) should .be evaluated with this qual ificati on. 

CCECLUSI CFS 

Recovery of  spermatozoa from all segments of the reproductive 

trac t of the ewe ,  necessitates the slaughter of anit�ls at pro gre s s ive 

time-intervals after the depo sition of s emen .  Assumptions are then 

made on the physiological mechanisms of sp erm transport op erating 



between e ach time of  recovery.  

In o ther ·uo rd s ,  a dynamic sys tem i s  inves tir;ated and 

evaluated on the bas i s  of ' static ' data . �ecovery of spe rm from 
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each s egment mus t  therefore take place as often a s  p o s sible in order 

to hyp o the s ise on the sovement of sp erm through the tr�ct .  �hu s ,  

cons iderable exp ense  o f  exp erimental resource s  is incurred , which may 

not always be  justified due to the variability of the clata collected . 

A method that allows repeated rec overy o f  sper� from the 

tract  of the same animal i s  not available . A s  the transpo rt of 

sp ersato z oa to the Fall op ian tubes app ears to be a f�ction of the 

efficiency of novesent through the lower trac t  s egments ,  rec overy of 

sp erm from the oviduct might mean a more efficient sethod for 

investigation of facto rs affecting tr:m sp o rt of  sper::.a toz o a  in the 

feeale . ?lushing the tubes  at lap aro tosy ( such as i s  done for er;g 

transfer v; or�·- ) rr:ight be employed, or a :>1o -lificat�on of the Lethod of  

collec '; ing :?a2.lop iar. tub e s ecretions ("3ellv & : :c:8onald,  1 963)  could 

be  us ed as a r;-,eans of  rep eated sampling from the tract of  the same 

ewe , a t  various times after insemination.  

The p otential of an inseminating instrument allowing the deep 

penetration of the c ervix , and p o s s ibly dep o sit ion of s emen into the 

uteru s ,  has been p arti ally shown. The number of spermatozoa  

transp orted to  the Fallop ian tubes 4- hours after insemir.ation into 

the uterus was s ignif icantly higher than a fter insemination at the 

external cervical o s .  The likelihoo d  o f  f ertil ization therefore 

app eared t� be higher. 

This  equipment rr� have greatest benefit for increasing the 

fertility of ewe s ins eminated with frozen semen. Field trials 

asses sing the f ertili ty to ins eminations with this equipment are 
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neede d  to corrob o rate the evidence that sp erm transp o rt i s  enhanc e d  

by reffioving the re tardation imp o s ed by the c e rvix . I n  the se exp eriment s 

there was no difference betv1e en one ins er.c.ination bef o re or  afte r 

o vul ation, or b e tvre e n  a s inele o r  d o uble d o s e  o f  sp e r:r,ato z o a .  'I'hi s  

c ould have b e e n  a re sult of the large numb ers o f  sp erm dep o s i ted o r  

that dep o s ition a t  the uterus re.r.':o ved the eff e c t  o f  the c ervix where 

e ndo crinological effe c t s  have the i r  r:1a j o r  iT'.:flue!'lc e .  Further 7ro rk 

u s ing variavle nw::tb e r s  of sp erm p e r  in s er::ination r�ight indi cate 

the l imi ts to w: i c h  fre shly ex t er.de d ram s emen c ould b e  used. 

I t  is de s i rab l e  tha-t future s tu ii e s  o f  spere tran sp o rt be 

s uppl emente:l 71i th l amb ing resul ": s a s  the in utero viab il i ty of ova 

fertil i z ed by fro z e n  sp ermatozoa ha s no t b ee n  inv e s t i g a t e d .  

The development o f  a suc c e s :. ful r::e thod o f  synchroniz ing 

ovul a t io n  and ins e::cinatinc vri thout ob s erv a t i o n  for o e s tru s ,  ;!:icht 77i·:':.en 

the s c op e  of artific ial b re eding of she ep in :�e-,7 Zealand ,  ev en. -. i i  thout 

the u s e  of fro z e r.  semen. J iluted s emen u s o :l  on the lay of , o r  day 

after collection has b ee n  very suc c e s s fully achieved in the dairy cattle 

indus try and such a tecl".nological devel opment '.'i i th ram s eJr;en, rr,ay 

have application in F ew Zec.land . 

Although the inj e ction of ECG rr�y n o t  b e  entirely s ati sfac t o ry 

for the induction o f  ovulations, the use of S)�thetic g onado trop hin­

rele as ing fac tor s  night be more promising . P.ovrever, as the c e rv ix o f  

the ewe app ears t o  b e  the· s ite o f  sper� transp o rt failure afte r o e s tru s 

synchro nization, the inseminating ins trume nt u s ed in thi s s tudy might 

allow suc c e s s ful s e t-time inseminat ions after p roge s tagen treatment , 

without the nee d  for exp ens ive ovulating ho�one s .  
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A P P E N D I C E S 



APmTDIX I 

THE ASSES�.:E!\T OF SPERJfi.ATOZOA C Ol'�CE:t-TTRATION 

IN SEMEN SAMPLE S 

From 36 s emen c olle c t i o n s  p er�o �s.ed durine the tra ining 

o� rams a s i g ni�ic ant l inear relationship r;-as e s tabl i shed b e t¥iee n  

the sp erm de n s i ty o� t he  s amp le ( mea sured by haemo cyto me te r) and 

the turb idome tri �  readi ng o �  the s amp l e  dilute d  1 : 500 • . 

"0 • .,.., � ·  _.e gre s s J.on :. q_ ua "J.o n :  

where 

C orrelat i o n  � o e�f�cient : 

... 
Y = 0 .22 + 1 1 . 35X 
.. Y i s  the c o nc entra tion o f  sperm in 

the samp l e . 

X i s  the turb ido�etric r e a ding . 

r = 0.955 , P < 0 . 001 . 
xy 

The �oll ovring t able 'aa s  u s ed �or rap id evaluation of sp erm 

den s ity. 9 The c oncentration is read a s  X 1 0  per ml .  o� semen . 

( e . g .  the c onc entratio n of a s enen s amp l e  that r egis tered a turb idi�J 

a 
readine o �  0 . 26 ,  i s  3 . 1 71 x 1 0/ p er ml o� s emen) . 

0 2 4 6 8 

0 . 1  1 .355 1 . 582 1 . 809 2 . 036 2 . 263 

0•2 2 .490 2 .71 7 2 . 944 3 .1 71 3 .398 

0.3 3 . 625 3 .852 4.079 4 . •  306 4. 533 

0 .4 4.760 4 . 987 5 . 214 5 .441 5 . 668 



APPENDIX II ( a) 

SPERJ:ATCZOA Il' TF-S UTSRUS 

(EXPERIMBl� 3 )  

B.Ac.LIT'IETT ' S TEST OF HCl':OG��ITY OF VAR.I.Al!CE 

� i  te of 
:!" nse mination 

Vagina 

Uterus 

Tir;:e of 
I n s e::in2.tion 

-1 2 

�1 2  

-1 2 

Time of 
�lauehter 

( hrs)  

4 

24 

4 

24 

4-

24 

4 

24 

4 

24 

4 

24 

Chi 2 = 1 1 2 . 544, 1 1  d.f. P <  0 . 001 

Varir.:nce 
2 

s 

6 .460 

0 . 01 0  

o .oso 

0 .057 

0 .020 

0 . 1 58 

0 . 029 

0 .480 

Variance is there�ore s ignificantly Hetero geneous . 

2 
!. o g  s 

o . s1 o 

-1 .377 

0 . 81 9 

-2 .000 

o .627 

0 .655 

-1 . 969 

-1 . 244 

-1 . 699 

-0 . 801 

-1 . 538 

-0.31 9 



APPENDIX II (b) 

NUI,ffiE:?.S 0!1' SPEP..: �TOZOA R�COVE"!lliD FRO: : THS 

LEFr AJ:D R.IGRT FALLOPIAr TUBES 

TE ST OF COI':l :or C O,l"'.ELATIO�: C OEFFICTIFT 

( Sne de c o r ,  1 956 : p 1 78 )  

Treatmer:t G roup n n-3 r z ':'.'e ighted z 
( n-3 ) z 

Vag ina ,  -1 2 ,  4-

24 6 3 0 . 842 1 . 228 3 . 684 

+ 1 2 ,  4-

24 6 3 0 . 964- 1 . 999 5 . 999 

!.1 2 ' 4 6 3 0 . 997 3 . 250 9 .  7 51 

24 6 3 0 . 989 2 . 599 7 . 796 

Uterus , -1 2 ,  4 5 2 0 . 980 2 . 298 4 . 595 

24 6 3 0 .967 2 . 04-4 6 . 1 3 2 

+1 2 , 4- 6 3 0 . 84-3 1 . 232 3 . 695 

24 6 3 0 . 997 3 . 250 9 .752 

!1 2 , 4 6 3 0 . 989 2 . 599 7 .796 

24- 6 3 0 . 996 3 . 1 06 9 . 31 9 

59 29 68 . 51 9  

chi
2 = 1 4. 558 , 9 a . f .  P <  0 . 05 .  

'".'e ighted 
S o uare 
( �-3 ) z2 

l!- . 524-

1 1 . 995 

31 . 695 

20 . 259 

1 0 . 5 58 

1 2 . 533 

4- . 556 

31 • 695 

20 . 260 

28 . 94-7 

1 77 . 01 7  

Therefore conclude that all c orrelations b etween left and right 

oviduct sp erm are from a c ommon p opulation. Thu s ,  comb ination 

of data for the Fallop ian tube s i s  p lausible.  



APPEl1)1X II ( c ) 

(EXPERH!ENT 3)  

BA.lfl'LETT ' s '2-'EST oF  Hm.:oGEFEITY OF VA;:liArCE 

· Site o f m ·  of Time of - Varianc e J.. :!.rne 
2 I ns emination I n s emination . Slaughter 2 · Log s s 

. Vag ina -1 2 4 0.01 0 -2 . 000 

24 0.034 -1 .!+69 

+1 2 4 1 . 660 0 . 220 

24 1 . 5lf-8 0 . 1 89 
�1 2  4 2.881 0 .459 

24 2 . 295 0 .361 

Uterus -1 2 4 2 . 274 0 .357 

24 1 .71 3 0 . 234 

+1 2 4 0 .01 9 -1 .721 

24 3 . 07 6  0 .4.88 

�1 2  4 1 .954 0 . 292 

24 0 . 1 01 -0 .996 

Chi
2 

= 59 .83 , 1 1  d.f. P <  0 . 005 

�herefore Variance is significantly Eeterogeneous 
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