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ABSTRACT 

E. G. Coggins M.Sc. 

TRANSPORT, SURVIVAL ABD UNION OF POREIGN ~m IN THE GENITAL 

TRACT OF THE RABBIT 

Fort;y virgin does were surg:l.cral1;y insem1nated with rabbit, boar, 

ram, bull or human seJllen in Experiment I. Transport and 8nrv1 val of 

spermatozoa were evaluated 12 hours 1ater. 

Rabbit, boar, ram, bull and human spermatozoa were recovered 

from 16, 3, 14, 5 and 5 oviducts, respectively. Greater numbers of 

rabbit and ram spermatozoa were transported than boar, bull or hUDlali 

spermatozoa. Greater proportions of rabbit, ram and human spermatozoa 

surv1 ved than boar or bull spermatozoa. 

In Experiment II, 1,112 ovulated and fo111cular ova from 

rabbits, pige or sheep were transferred into 67 does previous1;y 

insem1nated with homo1ogous semen. Location and condition of gametes 

were observed 24 hours 1ater. 

More ovulated ova than fo11icular ova were recovered and 

recovery of rabbit and aheep ova was greater than that of pig ova. The 

presence of homologous ova did not affect spermatozoan transport. 

Results indicated that capacitation of pig and sheep spermatozoa did 

not occur in the genital tract of the rabbit for althougn normal 

appearing fertilized pig ova were recovered, no fore1gn spermatozoa 

were observed in the zona pel1uc1da or perivitell1ne space of any ova 

in the project. 
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INTRODUCTION 

Under natural conditions, fertil1zation of memmeJ ian ova can 

occur if capacitated spermatozoa meet fertilizable ova in the ampulla of 

the oviduct. Mechanisms whereby spermatozoa are transported to the site 

of fertilization and became capable of penetratigg viable ova have DOt 

been clearly defined. 

Up to 20 billion or more spermatozoa are deposited in the 

mammaJ ian geni tal tract during mating but relati vely few reach the ampulla. 

Although it has been demonstrated that the female genital tract 1s 

primar1ly rèsponsible for spermatozoan transport, the mechanisms involved, 

other than DlUscular contractions of the tract, are not known. 

Transport of spermatozoa to the ampulla 1s relatively rapid but 

no ova can be fertilized until t,e spermatozoa have acquired the abUity 

to penetrate ova. This process 1s referred to as capacitation and 

generally requires a greater length of time than transport of spermatozoa 

to the site of fertilization. 

Spermatozoa can be transported up the oviduct of an unrelated 

species and can fertilize the ova of closely related species. The 

resulting heterologoUB zygotes will continue development to variOUB 

stages. Similarly, zygotes from union of homologous gametes can develop 

to blastocysts in the genital tract of unrelated spec1es. Therefore, the 

mechanisms involved in fertilization and further development do not 

appear to be species specifie. 

Thus, if gametes of domestic species could survive and unite 

in the genital tract of a laboratory anima.], investigations concel'Bed with 



the process of fertilization in those species could be conducted 

un4er more controlled laborator,y conditions. 
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To test this hypothesis, spermatozoa and ova trom domestic 

animals were introduced into the genital tract of the rabbit. In 

Experiment l, does were inseminated withrabbit, boar, rem, bull and 

human semen to observe transport and survival. In Experiment II, 

rabbit, pig and sheep ova were transferred into the ogiducts of does 

previously insemina ted wi th homologous semen. Tb.e transport, survi val 

and union of gametes was observed to evaluate the specificity of 

mechaniams involved in fertilization. 



REVIEW OF LITEBATURE 

Transport of Spermatozoa in the Genital Tract 

It has been known for somet1me {Beape, 1898} that muscular 

contractions of the female geni ta! tract of the. mammal were 1argely 

responsible for transport of spermatozoa. Of the 0.05 to 20 billion 

spermatozoa deposited in the genital tract during mating, only a very 

small proportion reach the ampulla or site o~·ferti11zation. Four 

regions of the geni ta! tract have been demonstrated to cause this 

dec1ine in numbers of spermatozoa reaching the ampul1a~ They are the 

cervix, uterine horns, uterotubal junction and 1sthmus. !flle relative 

importance of each anatomical. ares varies w1 th species. In the rabbi t, 

the cervix and uterotubaljunction were most predominate from this 

point of view, as only one out of 40 insem1nated spermatozoa passed 

through the cervix and of these, only one-third reached the utero

tubal junction. One out of 160 spermatozoa reaching the junct10n was 

transported into the oviduct and of these, one-fourth reached the 

ampul1a (Braden, 1953). The mechaniams invo1ved in reducing numbers 

of spermatozoa transported through these four areas are not known. 

However, Braden and Austin (1954) demonstrated that numbers of 

spermatozoa at the site of fertil1zation tended to be re1ated to the 

size of the site. Braden and Austin (1954) recovered a mean of 90 

spermatozoa from the ampul1as of rats 12 hûwr~ after mating. At 

sim11ar times after mating, Austin (1948), Chang (1951) and Braden 

(1953) recovered 5,400, 5,100 and 4,500 spermatozoa, respective1y, 

from the fal10pian tubes of does. Eetween 5,000 and 15,000 spermatozoa 

were recovered from the oviducts of ewes 11 to 48 hours after coitus 

(Braden and Austin, 1954; Mattner, 1963a). Rigby (1965) recovered 

a mean of 20,000 spermatozoa from the oviducts of sows 12 to 24 hours 

after insemination. Thus, concentration of spermatozoa at the site 

of fert1lizat1on remained fair1y.constant throughout the var10us 

spec1es. 

3 



•• 4 

The number of spermatozoa in the ampulla did not appear to 

b affected by the number of spermatozoa insem1nated. Chang (1951) 
6 

demonstrated that 1t 10 x 10 or more spermatozoa were insem1nated, 

the number of spermatozoa transported into the oviducts of does 

would be relatively constant and fertility would not be affected unless 

two million or less spermatozoa were introduced. 

Van Demark (1953) and Mattner (1963b) demonstrated that 

spermatozoan motility is not essential for transport. However, 

immotile spermatozoa were not transported as rapidly or in as great 

a number as motile spermatozoa. 

The female genital tract appeared to be pr1mar11y responsible 

for spermatozoan transport as the spermatozoa seemed to pl~ only a 

passive role. 

Species Specificity of Transport of Spermatozoa and Fertilization 

Evidence that spermatozoa could be transported up the genital 

tract and fertilize ova in another species has been present for many 

years (Ewart, 1898). Only recently has the problem been examined in 

aqy detail. Hammond and Walton (1929) inseminated rabbits with hare 

semen but did not get birth of living young, whereas Adams (1957) 

found that 97 percent of rabbit ova were ferti1ized when does were 

insem1nated with hare semen, indicating that the 1ack of young was due 

to incompatabi1ity at a 1ater stage of deve1opment. The domestic 

rabbit has also been inseminated with semen from snowshoe rabbits 

(Chang and McDonough, 1955) and snowshoe hare (Chang ~.!!,., 1964) 

yie1ding 30 and 96 percent ferti1ized ova, respective1y. Simi1arly, 

when ferrets and goats were inseminated wi th m1nk (Chang, 1956) and 

sheep semen (Warwick et al., 1932), respective1y, f~rtilized ova -- . 
were recovered. Thus, spermatozoa can penetrate add ferti1ize ova of 
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a c10sely related species, indicating that transport of spermatozoa 

and capacitation are not species specifie. 

Transport of spermatozoa has been investigated in 1ess closely 
\ 

re1ated species. Yochem (1929) found that rat and guinea pig spermatozoa 

were transported up the oviducts of guinea pige and rats, respectively. 

Phillips and Andrews (1937) demonstrated that rat spermatozoa can be 

transported ·~ough the uterotubal junction of the ewe. Leonard and 

Perlman (1949) surgically inseminated rats with live mouse, guinea 

pig, bull, rat and dead rat spermatozoa. Only live rat and mrely 

foreign spermatozoa passed through the uterotubal junction. In contrast, 

Howe and Black (1963) introduced immotile rat, rabbit, bull and human 

spermatozoa into ligated or unligated uteri of rats. The immotile 

spermatozoa of all four species were transported into the oviduct, 

although to a 1esser degree when uteri were unligated. 

Thua, work to date has sbown that foreign spermatozoa can be 

transported through the uterotubal junction and up the oviducts of 

unrelated species but penetration and fertilization of ova has not 

been investigated. 

Survi val of Ova in a Foreign Genital Tract 

Information on survival of ova in a foreign traot is almost 

entirely limited to ferti1ized ova; although Diokman (1963) did 

transfer unferti1ized rat ova into mated rabbits to investigate the 

affinity between homologous gametes or ohemotaxis. He observed a 

mean of 20 rabbit spermatozoa on eaoh rabbit ovum but only a mean of 

0.6 rabbit spermatozoa on four rat ova. 

Ferti1ized rat, mouse, sheep, goat and Sheep ova survived 

and cleaved to the blastocyst stage in the uteri of mice, rats, 

(Tarkowski, 1962) goats, Sheep (Warwick and Barry, 1949) and rabbits 
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(Averi11 .!!.!!., 1955), respectiye1y. As a further test of survival 

Adams !!..!!. (1961) transferred sheep ova, which had c1eaved to the 

b1astocyst stage in a rabbit uterus, back into ewes and got birth 

of living young. Ferret oya survived and deve10ped in rabbits' 

oviducts but not" in the uteri; but rabbit ova did not survive in ~ 

portion of the genital tract of the ferret (Chang, 1966). Hafez and 

Sug1e (1965) found that ferti1ized rabbit ova deve10ped to the 

b1astocyst stage in bovine uteri but most catt1e embryos fai1ed to 

c1eave in the uteri of pseudopregnant does. In contrast, Sreenan 

and Scanlon (1968) found that 90 percent of the catt1e embryos c1eaved 

in the uteri of rabbi ts when bovine fo11icular fluid was used as the 

transfer medium. 

Only ferti1ized oys have been shown able ~o survive and 

remain viable in a foreign genital tract. The statua of an unferti1ized 

ovum in a foreign tract has not been investigated. 

In summary, many of the mechanismB invo1yed in ferti1ization 

and subsequent deve10pment did not have species specifie requirements. 

Transport and capacitation of spermatozoa occurred in the female 

genital tract of c10se1y re1ated species but only transport has been 

investigated in non-re1ated species. Ferti1ized oya survived in a 

foreign genital tract but viabi1ity of unferti1ized oys has not been 

invest1gated. 



MATERIALS AND METROns 

EIPERIMENT I: Transport and Survival of Foreign Spermatozoa in the 
GeDi tal Tract of the Rabbi t 

Port y virgin, New Zealand White does, weighing fram 2.8 to 

4.2 Kg were each surgically inseminated wi th 0.5 ml of fresh whole samen 

from rabbits, boars, rams, bulls or humans, six hours after an 

ovulating dose of Humen ChorioDic Gonadotrophin (HCG, Ayerst Laboratories, 

Montreal, Quebec). Twelve hours after insemination the does were killed 

and their reproductive tracts removed. The oviducts were flushed with 

pbysiological saline. The number and condition of the spermatozoa and 

ova recovered were recorded. 

Collection and Insemination of Samen 

Semen was collected from mature males of proven fertility. 

Immediately after collection, all semen was placed in an insulated, 

cor~stoppered, warmed, 10 ml glass vessel. No attempt was maàe to 

maintain the temperature of semen aboveroom temperature oth~r than 

the insulation around the vessel. 

Percent and rate of motility of the spermatozoa were checked 

on warmed glass slides immediately after collection and insemtnation. 

The concentration of spermatozoa in each semen semple was determined 

by the hemacytometer method (Appendix Table 1). The inseminating 

equipment, surgical instruments and gloves, were thoroughly cleaned and 

autoclaved between inseminations to prevent possible contamination. 

Four to six hours prior to insemination, the does were injected 

intravenously with 50 I.U. of HeG in 0.5 ml of physiological saline. 

Following sodium pentobarbitol anaesthesia (1 grain/2.28 Kg of bo~ 

weight, Haver Lockhart Laboratories, Brampton, Ontario), a five ClÏl!"midventral 

incision was made in the lower abdomen. Upon exposing the uterine horns, 

7 



•• 8 

a ligature was placed loosely around the horns one cm anterior to the 

cervix (Appendix, Figure 1). The inseminating equipment consisted of 

a blunt 22 gauge needle attached to a 0.25 ml glass syringe. ~e tip 

of the needle was forced through the wall of the uterus posterior to 

the ligature and then eased along in the lumen until the ligature 

could be tightened around it. The 0.25 ml of semen was then slowly 

expelled :into the horn. As the needle was withdrawn, the ligature 

was further tightened to preven semen loss. 

Recovery of Sperma tozoa and Ova, 

iThe does were killed 12 hours after insemination. Their 

~eproductive tracts were removed and dissected free of connective 

tissue. The uterine horns and oviducts were separated at the cervix 

and uterotubal junction and placed in four separate petri dishes. A 

sample of fluid from each uter:ine horn was placed on a warmed slide 

and examined for percent and rate of motility of the spermatozoa. 

Each oviduct was flushed from the infundibulum ta the 

uterotubal junction \Vi th five ml of physiological sal:ine, then in the 

opposite direction with five ml to yield a total of 10 ml of flushings 

from each oviduct. The ova were removed from the flusfiings with the aid 

of a stereoscopic microscope and placed in a drop of saline on a slide 

between ~ro ridges of paraffin-stopcock grease mixture. A coverslip 

was pressed down on the ridges until contact was made with the ova. 

The ova were then examined microscopically for the number of spermatozoa 

in the cumulus cells, in the mucin layer, attached to the zona pellucida 

and in the peri vi telline space. Fixing for 24 to 48 hours in 25 percent 

ace tic acid - 75 percent alcohol and staining with 0.5 percent orcein 

in 40 percent acetic acid (Chang and Folge, 1964) was used to determine 

the presence of spermatozoa in the ooplasm, metaphase plates, pronuclei 

and polar bodies. 
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After removing the ova, the flush1ng fluid was poured into a 

30 ml centrifuge tubes. Then the petri dishes were r1nsed with five to 10 

ml of distilled water which was added to the contents of the centrifuge 

tubes. After centrifugation, for 20 minutes at 800 G'S, all of the 
'3' supernatent was siphoned off. The remajning 0.1 to 0.2 ml of sediment 

were picked up in a Pasteur pipette and expelled isside a rectangular 

ridge of vaseline, slightly smaller than a 22 x 50 mm coverslip, on a 

slide. Approximately 0.2 ml of five percent sodium citrate was used 

to rinso the centrifuge tube and pipette ~ A 22 x 50 mm coversl1p 

was compressed on the vaseline ridge to make a complete seal around 

the sediment and the rinsings. A spermatozoan count was then done 

on the contents of the slide. 

Due to the non-random distribution of spermatozoa numbers, 

data ':R:J/ analysed by analysis of variance (one way classification) 

following an x = x + i transformation. Dat~ involving only those 
\.I/\--t. 

an; mals showing transport was analysed by analysis of variance (uneven 

replication) without transformation. 

EIPERIMENT II: Transfer of Ovulated and Follicular Rabbit, Pig, and 
Sheep Ova into the O~duct of the Rabbit 

General 

A total of 67 virg:l.n, New Zealand White does, weighing from 

3.0 to 4.5 Kg, were surgically inseminated wi th fresh whole semen from 

rabbits, pigs or sheep. Rabbit, pig or sheep ova were transferred into 

the oviducts two to four hours after insemination. Totals of 84 

ovulated rabbit ova, 121 foll1cular rabbit oocytes, 672 ovulated pig 

ova, 174 follicular pig oocytes, 16 ovulated sheep ova and 45 follicular 

sheep oocytes were transferred into 14, 14, 70, 16, 3 and 7 oviducts, 

respectively. The do es were killed 24 hours after transfer and their 

reproductive tracts were removed. The ova were recovered and their 

location and condition recorded. 
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AlI manipulation of ova was done in a heat-treated ten percent 

homologous serum-acidic saline medium (Chang, 1959). The complete 

medium including 100 I.U. of penicilltq!ml was passed througb a 

M1l1ipore fil ter, T,ype H.A. with a pore size of 45 u, prior to use. 

Flushing of ova from either oviducts or f0111cles was accomplished 

with war.m (32-35
0
0) medium. With the aid of a stereoscopie microscope, 

a micromanipulator w1 th a fine glass tube tip was used to pick up 

and transfer ova (Appendix, Figure 2). 

The recipient does were anaesthetized with sodium pentobarbitol 

or Fluothane (Halothane, Ayerst Laboratories, Montreal, Quebec) and a 

high lumbar incision was made in each side to expose the oviducts. The 

glass tip of the micromanipulator wae inserted 1.0 to 1.5 cm into the 

ovarian end of the oviduct and the ova gently expelled in approximately 

0.1 ml of medium. The incisions were then closed with suture. 

Twenty-f~ur hours after transfer, the recipient does were 

killed and their reproductive tracts were removed. Following removal 

of connective tissue, the uterL and oviducts were separated at the 

uterotu~al junction and cervix. A sample cf uterine contents was 

placed on a warm slide; and percent of motile spermatozoa and rate 

of motility observed. The oviducte were thorougbly flushed with 

physiological saline into a gridded petri dish. If ~ of the ova 

were not recovered, the uterine horns were also flushed. The ova were 

mounted, examined, fixed and stained as in Experiment L. The presence 

of normal nuclei in blastomeres was also determined. 

The percentage values in Experiment II were amalysed with 
2 

oontingency tests (X ). 
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Trial 1 

Fourteen virgtn, New Zealand White does were insem1nated with 

0.5 ml of fresh who1e rabbit semen as in Experiment I. Two to four 

hours 1ater, 6 to 12 fo11icular ooc.ytes and 2 to 10 ovulated ova were 

transferred into opposite oviducts of each doe. Fourteen virgin, 

New Zealand White does were ki11ed 12 hours after intravenous injection 

of 100 I.U. of RCG to serve as a source of ovulated ova. Fo11icular 

oocytes were recovered from 14 untreated does. 

Trial 2 

Five does were inseminated with ram semen as in Experiment l 

and four to six hours 1ater, three to seven ovulated or four toeight 

fo11icular ova were transferred into opposite oviducts. The source of 

ova was 12 cul1 ewes synchronized with Me1anogostero1 Acetate (British 

Drug Rouses Ltd., Toronto, Ontario). On the 1ast d~ or d~ 17 of 

treatment, each ewe was injected with 1,000 I.U. of Pregnant Mare's 

Serum (ms. Ayerst Laboratories, Montreal, Quebec). Forty-e1ght hours 

1ater, 500 I.U. of RCG were admin1stered to the ewes. Animals were 

slaughtered 36 and 44 hours after RCG to yie1d fo11icular and ovulated 

ova, respective1y. 

Trial 3 

Two to six hours after surgical insem1nation of 0.5 ml of 

boar semen, :3 to 12 ovulated and 3 to 12 fo11icular ova were transferred 

into 16 and 16 oviducts, respective1y. Porcine reproductive tracts 

were ce11ected at an abattoir. Fourteen tracts whose ovaries contained 

normal recent ovulations and 30 tracts whose ovaries had a minimum of 

four te six mm fo11icular deve10pment supp1ied ovulated and fo11icular 

ova, respective1y. 

Trial 4 

Thirteen does were inseminated w1 th boar semen, as in Experiment 

l and four to six hours 1ater, 5 to 16 ovulated ova were transferred into 
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each oviduct. In order to supp1y freshly ovulated ova, 25 prepuberal 

gi1ts, weigh1ng from 80 to 85 Kg were superovulated by injections of 

2,000 I.U. of PMS and 500 I.U. of BCG (:Baker and Coggins, 1968) and 

ki11ed 44 hours after BCG to supp1y freshly ovulated ova. 

Trial 5 

A procedure simi1ar to that of Tri~ 3 waa used, with the 

exception that the recipient does were injected with 100 I~U. of RCG 

seven to eigbt hours before transfer. Seven to sixteen ovulated pig 

ova weretransferred into each oviduct of four does previously 

inse~ted with boar semenand injected with RCG. 

Trial 6 

The procedure involyed was simi1ar to Trial 5 with the 

exception that the uterine horns were not 1igated following insemination. 

Six to twenty ovulated pig oya were transferred into each oviduct of 

four does previously inseminated with boar semen and injected with RCG. 

Trial 7 

The substitution of rabbit semen for boar semen was the only 

difference between Trial 7 and Trial 6. Three to twenty ovulated pig 

oya were transferred into each oviduct of six does previously injected 

with RCG and inseminated with rabbit semen. 



EXPERIMENTS ·AND RmULTS 

EXPERIMENT I: Transport and Survival of Foreign Spermatozoa in the 
Geni tal. Tract of the Rabbi t 

General. Response 

In Experiment l, 250 normal ovulations were counted in the 

40 does injected with Human Chorionic Gonadotrophin (HCG) for a mean 

ovulation rate of 6.3 ovulations per doe. A total. of 220 or 88 percent 

of the ova were recovered. At least one ovum was recovered from each 

oviduct. Examination of uterine horns and their contents at the time 

of recovery indicated that few, if ~, spermatozoa had. escaped 

through the ligated end of the uterus. 

Experimental. Response 

As native species, rabbit spermatozoa were transported in 

highest numbers but not in sign1ficantly (P> 0.5) greater numbers than 

rem spermatozoa. 

Total. numbers of rabbit and rem spermatozoa transported and 

numbers of those spermatozoa in the oviduct fluids were sign1ficantly 

greater (p <. 0.01) than that of boar, bull and human spermatozoa 

(Table 1). Rabbit spermatozoa were present in 16 of 16 oviducts whereas, 

foreign spermatozoa were recovered in only 27(4~ of 64 oviducts. 

Numbers of oviducts containing boar, rem, bull and human spermatozoa 

were 3, 14, 5 and 5, respectively. 

Statistical analysis of total. numbers of spermatozoa transported 

was done on Only the data from those animale in which spermatozoa were 

transported. No sign1ficant (P)0.5) difference was found between ~ 

of the species. 

13 
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Table 1. NUMBERS OF RABBIT, BOAR, HAM, BULL AND HUMAN SPERMATOZOA RECOVERED FROM THE RABBIT OVIDUCTS 

Speciee of No. of S;eerm Aesociated wi th O~ 
Sperm Animal s No. of No. of No. of 
Inseminated Inseminated An1malèsOviducts Sperm/Ani. 

Habbit 8 8 16 121 

Boar 8 3 3 51 

Ham 8 3 4 46 

Bull 8 2 2 27 

Human 8 3 3 71 

S;eerm in OViduct Fluide mot&h~-:' 

No. of No. of No. of JTOl;~ 

Animale Oviducte Sperm,l Ani. Sperm 

8 16 569 691 

3 3 291 342 

7 14 478 524 

3 5 56 83 

3 5 271 330 

Sperm in Animale Showing 
Trans;eort 

No. On No. in 
ova Pluid 

121 569 
105 742 

159 440 

107 148 

227 690 

Total 
No. 

691 

880 

599 

330 

915 

• • 
~ 
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r:JV:--

The criter~ for transport of spermatozoa to the ampulla was 

presence of spermatozoa on the ova or in the ova. Numbere of rabbit 

spermatozoa associated with ova were eignificantly greater (P< 0.01) 

than numbers of foreign epermatozoa (Table 1). All 56 ova recovered 

from does ineeminated with rabbit semen had one or more spermatozoa 

aseociated with them. A total of 47 (84~ of these ova were 

fertilized, whereas, foreign spermatozoa were attached to rabbit ova 

from 12 (44%) of 27 oviducts shown to contain epermatozoa. When 

foreign spermatozoa were not observed in the oviduct fluids, no 

spermatozoa were sean on the ova. 

Evaluation of attachment to or penetration of rabbit ova by 

spermatozoa was done at a time when prelimjnary work indicated that 

50 percent or more of the ova were nude and not surrounded by mucin. 

No foreign spermatozoa were observed attached to the zona pellucida of 

rabbit ova but appeared to be either stuck in the cumulus cells or in 

.the mucin. The lack of ability of foreign spermatozoa to attach to 

rabbit ova was most noticeable in does inseminated with ram semen. 

A high proportion of the ova recovered were completely nude without 

mucin and due to this, only 4 of 14 oviducts contained rabbit ova with 

ram spermatQzoa associated with them. Foreign spermatozoa were not 

observed either in the zona pellucida or perivit~~line apace of the 

rabbit ove.. 

Examination of uterine contents showed that ram and human 

spermatozoa survived as well as rabbit spermatozoa (Table 2). On the 

basis of percent loss of motility, significantly (P(O.Ol) more rabbit, 

ram and human spermatozoa remained motile than bull or boar spermatozoa. 

The same species also survived well from the point of view 

of number of horns containing motile spermatozoa. 
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Table 2. SURVIVAL OF FOREIGN SPERMATOZOA IN THE RA13BIT UTERUS. 

Species of Sperm ~ Moti1e S;eerm Rate of Moti1itZ No. of Homs 
Inseminated Initial Final Initial Final Conta:i ni ng 

Moti1e S;eerm 

Rabbit 61 32 2.3 1.6 16 
Boar 57 2 2.0 0.2 4 
Ram 46 17 1.8 1.2 14 
Bull 62 0 1.9 0 1 
Human 61 40 2.0 1.8 15 

Results demonstrated that boar, ram and human spermatozoa can 

survive in the uterus and that al1 four foreign species of aper.matozoa 

can be transported through the uterotubal junction of the doe. Al1 

four speciee of foreign spermatozoa can be transported up the oviduct 

to the ampul1a bu~ did not appear able to attach to or penetrate the 

zona pe11ucida of rabbit oyat 

ElCPERIMENT II: Trans;eort, Survival and Union of Gametes from Rabbi ta, 
Pigs and Shee;e in the Genital Tract of the Rabbit 

General Response 

Totals of 504 (65%) ovulated and 170 (50%) fo1licular ova 

were recovered from the 67 does in the seven trials. Of these ova, 

375 (74%) ovulated and 103 (61%) fo11icular ova were recovered in the 

oviduct. In trials five to seven the 14 recipient does injected with 

100 I.U. of HCG ovulated a mean of 7.7 ova of which 66 percent were 

recovered. This recovery rate was significant1y corre1ated with the 

recovery rate of transferred pig ova in the same trials (r = 0.55). 

Examination of the uterine contents of the 57 does whose uteri were 

1igated fo11owing insemination, indicated that few, if any, spermatozoa 

had escaped through the 1igated end of the uterine horns. The p~esence 

of spermatozoa was demonstrated in nine of ten does whose uteri were 
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not l1gated. Only when rabbit spermatozoa came in contact with rabbit 

ova were normal appearing attachaent or penetration of the zona 

pe11ucida observed (Appendix, Figure 3). In al1 other cases, the 

spermatozoa appeared to be either stuck in scy remaining cumulus ce11s 

or in the mucin l~er (Appendix, Figures 4 and 5). 

Experimental Response 

Trial 1:- Comparison of Ovulated and Fo11icular Rabbit Ova Transferred 
into Does 

Ovulated rabbit ova were transferred into one oviduct and 

fo11icular rabbi t ova into the other oviduct of does, four to six hours 

after surgical insemination with rabbit semen (Table 3). Percen't of 

Table 3. COMPARlSON OF TRANSPERRED OVULATED AND FOLLlCULAR RABBIT OVA. 

Type of Total No. Total No. Ova % Total Ova % Ova % Total Ova 
Ova Oviducte Transferred Recovered Recovered Ferti1ized 

from Oviduct 
a 

Ovulated 14 84 83 73 60 

Fo11icular 14 121 54 48& 17 

a. Number of ova recovered in the oviduct divided by the total number of 
ova recovered. 

ovulated ova recovered was significant1y greater (P( 0.01) than that of 

fo11icular ova. S1mi1ar1y, percent of ovulated ova recovered in the 

oviduct wae significant1y greater (p <.0.01) than that of fo11icular 

ova. Sigrificantly more (P( O~Ol), (f < 0.05) ferti1ized ovulated (93%) 

and fo11icular ova (85%) were recovered in the oviducts (Appendix, 

Figure 6). Ferti1ization rates for ovulated andf~m11icular ova were 

60 and 20 percent, respective1y. General1y, greater quantities of 

mucin were found on ovulated ova than on fo11icular ova (Appendix, 
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Figuree 7 and 8). Similarly, no mucin was obeerved on ovulated or 

follicular ova recovered in the uterus (Appendix~ Figure 6). 

Ae the amount of mucin eurrounding the ova increased, the 

number of epermatozoa aseociated with them aleo appeared to increase. 

The mean numbere of epermatozoa aesociated with ovulated and follicular 

ova recovered from the oviducte were 54 and 41 epermatozoa, reepectively. 

The higher mean number of epermatozoa aeeociated with ovulated ova would 

appear to be due to the greater quanti ty of mucin but the mean number 

of epermatozoa attached to the zona pe11ucida, or in the perivitelline 

epace of ovulated ova (18) was aleo greater than that of follicular 

ova (5). 

Trial 2:- Comparieon of Traneferred Ovulated and Follicular Sheep Ova 

Ovulated and follicular aheep ova were tranaferred ioto doee 

previously ineeminated eurgically wi th rem semen. 

Table 4. COMPARISON OF TRANSFERRED OVULATED AND FOLLlCUL.AR SHEEP OVA 

Type of 
Ova 

Ovulated 

Follicular 

Total No. 
Oviducte 

3 

7 

Total No. Ova 
Transferred 

16 

45 

% Total Ova %Ova 
Recovered Recovered 

From Oviduct 

88 86a 

a 
78 71 

a. Number of ova recovered in the oviduct divided by the total number of 
ova recovered. 

Due to the low numbers of ovulated ova involved, no etatistical 

differences could be demonstrated between ovulated and fo11icular ova 

on the basis of trasnport of ova or ova recover.y (Table 4). There 
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appeared to be a difference in number of ova with spermatozoa attached 

but 12 of the 13 follicular ova came from one anima] in which 

extremely high numbers of spermatozoa were transported. No differences 

were observed in the amount of cumulus or mucin on the ova although 

the amount of mucin appeared to be less than that observed on rabbit 

o'Va in Trial L 

Trial 3:- Comparison of Transferred Ovulated and Follicular Pig Ova 
From an Abattoir 

In the present trial, ovulated and follicular pig ova were 

recovered at a local abattoir and were then transferred into does 

previously inseminated with boar semen. Significantly (1;'< 0.01) more 

ovulated ova were recovered than follicular ova (Table 5). Fourteen 

Table 5. COMPARISON OF TRANSFERRED AND FOLLlCULAR PIG OVA (ABATTOIR SOURCE) 

Type of 
Ova 

Ovulated 

Follicular 

Total No. 
Oviducte 

16 

16 

Total No. Ova % Total Ova 
Transferred Recovered 

97 62 

174 40 

% Ova Recovered 
From Oviduct 

a. Number of ova recovered in the oviduct divided by the total number of 
ova recovered. 

(23~ normal appearing fertilized ovulated ova were recovered (Appendix, 

Figures 9 and 10). Only three of these ova had spermatozoa associated with 

them. Estimated age of the ova did not appear to affect cleavage. No 

spermatozoa were observed in the uterine smears or on control ova from 

ovulated ova donors. Fifty-one (73~ recovered follicular ova appeared 

to be undergoing normal maturation whereae 59 (8l~ of the control 

follicular ova contained normal appearing vesicular nucleii (Appendix, 

Figure 11). Ovulated ova were surrounded by more mucin than follicular 
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oya when recovered 24 hours after transfer but did not have as much 

mucin on them as the rabbit oya in Trial 1 (Appendix, Figures 12, 7). 

Trial 4:- Effect of Source of Ova 

In an attempt to eliminate the problems inyolved in us1ng oya 

obtained at an abattoir, prepuberal iilts were superovulated with 

exogenous gonadotrophins. Gilts were killed 44 hours afterHCG and the 

genital tracts remoyed immediately upon death of the animals. Thus, 

length of time between death of the animal and ova recoyery was reduced, 
'1. . 

excessive heating of' the abatto1:r\ eliminated, age of the oya pre-

determined and possible contact with a boar ayoided. The oya were 

then transferred into does previously inseminated with boar semen. A 

total of 145 (~54~ oya recovered of which 67 (46~ were in the 

oviduct (Table 6). Only three (3~ oya appeared to be fertilized but 

spermatozoa were not present on the zona pellucida of any of the se 

ova. Howeyer, spermatozoa were found associated with oya in eight 

other oviducts. The condition of recovered ova was similar to that of 

ovulated oya in Trial 3 with respect to amount of cumul.us and mucin. 

Trial 5:- Effect of Ovulating Recipient Does 

Administration of gonadotrophin to recipient does such that 

ovulation occurred two hours after transfer yielded 72 percent ova 

recovery of which 97 percent were in the oviduct (Table 6). The pig 

ova were surrounded by more mucin as compared to previous trials 

(Appendix, Figures 12, 13) but the rabbit ova were surrounded by 

considerably mor.e mucin than the transferred ova. Transport of 

spermatozoa appeared to be adyersely affected in that spermatozoa 

were observed on the ova in one animal (Appendix Table 2). 
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Table 6. EFFECT OF OVULATION OP RECIPIENTS, NONLIGATION OP UTERI AND 
SPECIES OF SPERMATOZOA ON GAMETE TRANSPORT AND UNION 

T,jlal, Total No. Total No. Ova % Total Ova % Ova Recovered 
No. Oviducts Transferred Recovered :From OViduct 

4 26 269 53 46a 

5 8 88 72 96a 

6 8 89 67 100a 

7- 12 129 65 100a 
- . 

a. Number of ova recovered in the oviduct di Vided by the total number of 
ova recovered. 

Trial 6:- Effect of SurgiCal Insemination Without Ligation 

Surgical insemination without ligation had no apparent effect 

upon transport of ova or spermatozoa. Sixt Y (67~ out of 89 ova were 

recovered all of which were in the oViduct (Table 6). Only two of 

eight oviducts contained ova with spermatozoa on them. Six pig ova 

and four rabbit ova were recovered with me ans of three and two 

spermatozoa attached, respective1y. Spermatozoa were present in seven 

uterine smears. Survival of spermatozoa was improved as five of eight 

uteri contained moti1e spermatozaa (Appendix Table 2). 

Trial 7:- Effect of Species of Spermatozoa 

Substitution of rabbit semen for boar semen in this trial 

yielded an opportunity to observe attachment of spermatozoa. Al1 66 

percent of ova recovered were in the oviduct of which, 80 percent were 

fertilized (Table 6). A mean of 48 rabbit spermatozoa were observed 

on recovered rabbit ova as compared with a mean of 14 on pig ova. 

Totals of 59 (74~ pig ova and 44 (100%) rabbit ova had spermatozoa 

associated with them. The rsbbit spermatozoa on pig ova appeared te be 

either stuck in the mucin l~er or at least held on to the Bona 

pe1lucida by the mucin. 



:DISCUSSION 

Mammalian spermatozoa can be transported up the geni tal tract 

of unrelated species and can be capacitated and fertilize OTa in a 

closely related species. However, the degree of relationship between 

species appears to have influenced the detail as well as the end 

pOint of many investigations. 

Neither the quantitative aspects of foreign spermatozoa transport, 

total numbers of spermatozoa transported, nor the presence of spermatozoa 

in the ampulla of an unrelated species have been reported. Experiment l 

was des1gned to determine these two factors. 

Boar, ram, bull and human spermatozoa were observed in the 

oviducts of at least three of the eight does in each insemination group. 

These results are somewhat lower than those reported by Howe and Black 

(1963). Immotile rat, rabbit, bull and human spermatozoa were 

inseminated into the uterus of oestrous rats and then their cervix 

was ligated. Foreign spermatozoa were observed in at:least one oviduct 

of each anima]. It would appear that the uterotubal junction of the 

rabbit is more selective than that of the rat. The basis for selection did 

not appear to be any physical characteristic of the foreign spermatozoa. 

Motility did not affect transport as ram spermatozoa had the 

lowest initial motility rating but was transported in seven of eight 

does as compared to only three of eight does for the other foreign 

spermatozoa. Previous work in other species of mammals has shown that 

motility is not essential. Van Denmark (1953) reported that immotile 

bull spermatozoa were transported up the bovine genital tract "almost as 

w~ll as motile spermatozoa. Howe and Black (1963) also demonstrated that 

motility is not necessary for transport in the rat. 

22 
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As in the work of Howe and Black (1963) and Phillips and 

Andrews (1937), the latter authors, having observed passage of rat 

spermatozoa through the uterotubal junction of the ewe, . 

gross spermatozoan morphology did not influence the selectivity of the 

uterotubal junction. Human spermatozoa were different morphologically, 

particularly head shape ~d size, fram all other species but were 

transported into the oviducts of as DIall1' animals as boar or bull 

spermatozoa. 

Chang (1951) concluded that when does were 1nâeminated with a 
6 

minimum of 10 x 10 spermatozoa the number of spermatozoa transported into 

the oviduct was relatively constant. Similarly, in the present project, 

number of foreign sperrnatozoa ineeminated nad no apparent effect on the 

number of oviducts containing foreign spermatozoa or number of spermatozoa 

transported both within and between species. 

Transport of any foreign spermatozoa resulted in transport sim11ar 

in number to that of rabbit spermatozoa. Numbers of rabbit spermatozoa 

transported were much lower than that previously reported. Austin (1948), 

Chang (1951) and Braden (1953) recovered 4,500 to 5,400 rabbit spermatozoa 

from the oviducts of does 10 to 14 hours after mating or insemination. 

In contrast, 691 rabbit spermatozoa were recovered from the oviducts of 

does 12 hours after surgical insemination in the present study. The 

spermatozoan recovery technique, although similar to previous work 

(Braden, 1953), ~ have accounted for the low numbers of spermatozoa 

observed. Although cervical ligation improved spermatozoan transport in 

rats (Howe and Black, 1963), it ~y have adversely affected transport in 

rabbits in the present study. 

Since motility, morphology or number of spermatozoa inseminated 

did not affect transport, some chemical characteristic of the semen or 

the phyaiological statua of the doe ~ have been responaible. 
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Eliasson (1965) postulated that prostaglandin, a substance found 

in seminal plasma, aided spermatozoan transport by stimulating smooth 

muscle activity, thus increasing uterine moti1it.y. A recent review 

(von Euler and E1iasson, 1967) indicated that human semen contained very 

high amounts of prostaglandin, ram semen intermediate amounts, boar semen 

a low amount and bull and rabbit semen contained no prostaglandin. 

Although number of spermatozoa inseminated had no apparent affect on trans

port, i ts combination w1 th prostag1andin content mq be a partial expalanation 

of the transport of foreign spermatozoa, particular1y ram and bull 

spermatozoa. High numbers of ram and bull spermatozoa were insem1nated 

but high numbers of ram spermatozoa were transported and low numbers 

of bull spermatozoa. 

The physio1ogical status of the does in this experiment ma;r have 

affected transport of foreign spermatozoa. Braden (1953) recovered 

extreme1y high numbers of rabbit spermatozoa from the oviducts of 

approximate1y eight percent of mated does. He postulated that the 1ack 

of or lowered 1eve1 of discrimination against spermatozoa by the uterotubal 

junction in these cases, was due to faulty spermatozoan transport 

mechanisms in individual does. Another possibi1ity could be that due to 

random selection of does in Experiment I, approximate1y 40 percent were in 

the non-fo11icular phase of the cycle wh en selection against spermatozoa 

ma;r be minimal. Approximate1y 40 percent of does inseminated w1 th human, 

boar or bull semen showed transport. 

Overal1, it appeared that transport of foreign spermatozoa 

through the uterotubal junction of the rabbit was affected by one, or a 

combination of three factors, those being; number of spermatozoa 

inseminated, amount of prostag1andin in the seminal plasma and 1eve1 of 

discrimination against spermatozoa exhibited b.Y the uterotubal junction. 
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Observations of spermatozoan viabi1ity in the oviduct were not 

POSS~_,-1;bus __ ~~~~_~_~ased on moti1i ty of uterine spermatozoa. 
Species that were transported in large numbers also seemed to survive 

we11, but survival was not essential as s1m11ar numbers of boar and human 

spermatozoa were transported but the latter survived sign1ficant1y better 

than the former. 

Evaluation of transport of foreign spermatozoa to the empul1a was 

based, on the attachment of spermatozoa to rabbit ova. Normal appearing 

attachment or penetration of rabbit ova by toreign spermatozoa was not 

observed. Foreign spermatozoa associated with rabbit ova were either 

SiUOk in cumulus ce11s, attached to a mucin 1qer or lying in a mucin 

1qer. This inabi1ity to attach to rabbit ova was particularly noticeab1e 

in does inseminated with rem semen as a high proportion of recovered ova 

were nude and free of mucin. As a result, rem spermatozoa were observed 

on the ova from four of fourteen oviducts containing spermatozoa. Thus, 

foreign spermatozoa are transported to the ampul1a if they are transported 

through the uterotubal junction but cannot attach to or penetrate rabbit 

ova. 

Upon estab1ish1ng that foreign spermatozoa are transported into 

the oviduct of the rabbit the next phase to test was capacitation of 

spermatozoa. Assuming that ova p1~ a passive ro1e in the union of 

gametes, ovulated and fo11icular ova from pigs, aheep and rabbits were 

transferred in the oviducts of does inseminated with homo1ogous semen. 

This technique was used in Experiment II to evaluate transport of 

foreign ova and capacitation of foreign spermatozoa, based on penetration 

of homo1ogous ova in the genital tract of the rabbit. 

Transport of ova varied both within and between species. The 

proportion of ovulated ova recovered was greater than that of fo11icular 

ova for al1 three species. S1m11ar1y, the proportion of ovulated rabbit 

and sheep ova recovered in the oviduct was greater than the proportiûü ûf 

fo11icular rabbit and sheep ova. The majority of ovulated rabbit and pig 

ova that were transferred, were in a cumulus mass, whereas, fo11icular 

ova of the same species were transferred as a group of individua1s. The 
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greater Bize of a cumulus mass appeared to &id transport and recovery 

by retaining the ova in the oViduct after transfer and slowing down 

transport through the oViduct. Bimilarly, Dickmann (1964) recovered 

84 percent of the cumulus-intact ova but only 74 percent of the cumulus

devoid ova that were transferred into the left oViduct of mated does. 

The proportion of ovulated rabbit and sheep ova recovered and 

the proportion of those found in the oViduct were significantly greater 

than ovulated pig ova from Trial 3 (P< 0.01). Only follicular sheep 

ova were significantly greater than follicular pig oys in the preceeding 

two categories, but the follicular sheep ova were recovered for transfer 

six to eight hours before ovulation of the donor and as such were more 

like ovulated ova. Binee no sheep ova were transferred in a cumulus mass 
t:;(2? 

but recovery rate and retens10n in the oviduct were very good, it 

appeared that ova transport mechanisms also involve the type of cumulus 

surrounding ova. 

Ovulation of recipient does increased both recovery rate and 

more importantly the proportion of pig ova recovered in the oViduct. 

Non-ligation of the uterine ho ms did not affect ova transport but did 

demonstrate that unrecovered ova were being lost out of the ovarian and 

of the oviduct at the time of transfer or shortly after. 

The mechanisms involved in removal of cumulus cells and 

deposition of mucin are iftfluenced in a manner s1m11ar to ova transport 

mechanisms. The cumulus cells were removed from ovulated ova easier and 

better than from follicular ova. Perhaps as a result of more rapid 

cumulus removal or the nature of the surface of the zona pellucida, 

ovulated oys &lso were surrounded by more mucin than follicular ova. 

Again, similar to transport resul ts, rabbi t ova, ovulated or follicular 

were surrounded by more mucin than ovulated or follicular sheep ova 

which were surrounded by more mucin than pig ova. Ovulation of recipient 

does resulted in recovery of pig ova with ~ore mucin on them but the 

native oys so ovulated were surrounded by twice as much mucin as the pig 

ova. 
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Transport of ova was influenced by species of ova, type of 

cumulus cells and amount of cumulus cells. 

The mechanisms involved in removal of cumulus cells and 

deposition of mucin are ~egulated by species of ova and type of cumulus 

cells. 

Survival of ova was based on amount of segmentation of ovulated 

ova and nuclear maturation of follicular ova. Less than five percent of 

the ovulated pig or sheep ova showed any degeneration but more importantly, 

74 percent of the follicular pig ova appeared to be undergoing nuclear 

maturation. A similar portion of the follicular rabbi t ova had matured 

but the low level of fertility was due to the mucin being laid down prior 

to nuclear maturation. Chang (1955) also observed very low fertility 

of transferred follicular rabbit ova. 

The presence of homologous ova in the oviduct did not affect 

transport of spermatozoa. The proportion of oviducts containing ova 

with spermatozoa on them rema1ned approximately the same as in 

Experiment 1. Ligation of uteri did not sign1ficantly affect spermatozoan 

transport, nor did ovulation of recipient does. 

Since foreign spermatozoa were only transported in 20 percent 

of the does, capacitation of spermatozoa and penetration of ova were 

difficul t to assess. At no ;;time were foreign spermatozoa observed ei ther 

in the zona pellucida or inside ova of any species. All spermatozoa 

appeared to be either stuck in or on the mucin l~er. In Trial 7, 

87 percent of pig ova had rabbit spermatozoa stuck in the mucin l~er, but 

rabbit ova had a higher mean number of spermatozoa associated with them. 

This was not considered to be a chemotoxic effect as rabbit spermatozoa 

could not attach t0 9 or penetrate, the zona pellucida of pig ova. 

Similarly, in Experiment l and Trials 5 and 6 of Experiment II, boar 
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spermatozoa could not penetrate the zona pe11ucida of rabbit ova. The 

greater number of rabbit spermatozoa en rabbit ova was due to the number 

of spermatozoa in the zona pe11ucida and perivite11ine space. On the 

basis of 1ack of abi1ity to penetrate ova of their own species, boar and 

ram spermatozoa could not be capacitated in the rabbit. 

Simi1arly, after the commencement of this project, the inab11ity 

of spermatozoa to become capacitated in a foreign tract was reported by 

other workers. Edwards !1.!!. (1966) found that human spermatozoa 

1ncubated in a rabbit uterus for one hour fai1ed to penetrate human 

fo111cular oocytes when both were incubated together ~ vitro for up to 

35 hours. Bedford and Shalkovsky (1967) 1ncubated rabbit spermatozoa in 

the uterus of cats, ferrets, guinea pigs and rats. The spermatozoa did 

not survive longer than 12 hours in the first three species and did not 

ferti1ize any rabbit ova when inseminated into the oViduct of a doe 

13 and three-quaI"ters to 14 and a half hours after an ovulating dose of 

ReG. On the other hand, rabbit spermatozoa survived up to 48 hours in 

the rat. uterus and when inseminated after five to 18 hours of incubation, 

ferti11zed three percent of the ova indicating at 1east partial 

capao1etion. 
• 1 

Deapitè discouraging capacitation data, 23 percent of the pig 

ova recovered in Trial 2 appeared to be ferti1ized. Trial 4 technique 

was used to increase the ferti1ization rate but instead, it dropped to 

four percent indicating that the c1eavage was probably segmentation due 

to age of the ova or some aspect of abattoir processing. A1so, none of 

the c1eaved ova in Trial 4 had spermatozoa associated with them. 

In aummary, it may be said that fore1gn gametes were transported 

in the genital tract of the rabb1t. Rowever, union and fert111zation was 

prevented by the spermatozoa not be1ng capacitated or if they wer~ 

capacitated, they were unab1e to penetrate the ova due to some effect 

of rabbit oviduct on the zona pe11ucida. 
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-- Site of Semen Deposition 

~~r~;I--- Ligation 

:Figure 1. Diagramatic Representation of the Genital. 
Tract of the Female Rabbit. 



Figure 2. Equipment used for Manipulating Ova. 
A - gridded plastic petri dish 
B - 20 ml syringe 
C & D - flushing needles 
E - Iris scissors 
F - forceps 
G - dissecting needles 
H - micro syringe and glass tip 
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:F1gul'e 3. 

'.: .. ' . 

Bright field photomicrograph of four-celled rabbit 
ovua with rabbit spermatozoa attached to or 
penetrattng the zona pellucida 500x 
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:Figure 4. Interference' cOlllJtraet photo
aicrograph ot an UDtertilized 
sheep OVUDl w1 th ram spe1'll&tozoa 
stuck on or in the mucin l~er 
300x 

Figure 5. Interference contrast photo
micrograph of an unfertilized 
sheep OV'.:l1 wi th À'am spermatozoa 
lodged in the cumulus cella 
300x 
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Figure 4. Interference constrast photo
micrograph of an unfertiUzed 
sheep ovum with ram spermatozoa 
stuck on or in the mucin layer 
300x 

Interfe~ence contrast photo
mi8rocraph of arl unferti li ze:.l 
sheep ovum 'Ni th ram sperraatozoa 
lodged in thr~ (~wnul us cells 
)J);.:: 
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Figure 6. Interference contrast photomicrograph of two fol11cular 
rabbit OTa that were recovered from the left uterine 
horn and oviduct of the Sam8 animal. 

Single-cell ovum - recovered in the uterus 
Two-cell ovum - recovered in the oviduct 
400% 
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Figure 7. :brterterenceo.v..t-photo
a1crographot81x~el1 
cmdated rabbi t·· OVUlll ft th 
JIlUC1n coat 300x 

Figure 8. Interference contrast photo
. micrograph ot t1ro-cell 
. toll1cular rabbi t ovum w1 th 

IlUC1n coat 300x 
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Figure 7. Interference contrast photo
micrograph of six-cell 
ovulated rabbit ovum with 
mucin coat 300x 

Fi~~~e 8. Interference contrast photo
micrograph of two-cell 
follicular rabbit ovum with 
mur.in coat "500x 

•• 38 



:,; " 

• > l, . .. , . " 

Figure 9. Phase contrast photomiorograph 
of a two-cell pil ovum - before 
fixing and stai ni ng 450x 

Figure 10. Phase contrast photomicrograph 
of a two-cell pig ovum - after 
fixing and stN»i ng 450x 
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Phase contrast photomicrograph 
of a 1;'IIo-cell pig ovum - before 
fixing and stajning 4~Ox 

Pha8P contrast photomlcr~g~aDn 
';~' ~l l"".r.;:·'-('~~ 1 pig ,)Vum - ;;.:'tr'r 

r: X~ rlp .:'~[lr; ~r.h~ !~~ r...g 4:-: .. :;.: 
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Figure 11. Phase contraat pbotomicro~aph of a control 
follicular p1g ovum with a ves1cular nucleus 
550% 
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l'1gure 12. Interference colltrast photo
miorograph of a pig o'YUa wi th 
sUght JlUcin coat 300% 

Figure 13. Interference contrast photo
micrograph of a pig ovum with 
muoin coat 300% 
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Figure 12. Interference contrast photo
micrograph of a pig ovum with 
s1ight mucin coat 300x 

Figure 13. Interference contrast photo
micrograph of a pig ovum with 
mucin coat 300x 
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Appendix Table 1. VOLUME AND QUANTITY OF SBJIEN IBSlIfiBATED lB 
EXPERIMENT l 

Speciee of Sperm Animale Vol. of Samen Sperm 
Inàeminated Inseminated Ineeminate~orn Ineem1nated 

Ro. ml %l06 

Rabbit 8 0.25 175 

Boar 8 0.25 165 

Ram 8 0.25 1560 

Bull 8 0.25 808 

Human 8 0.25 144 

et 
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Appendix Table 2. TRANSPORT OP RABBIT, BOAR AND HAM SPERMATOZOA 
IN EXPERD4ENT II 

Trial Animals No. of Sperm Animals w1 th Total ova in 
Number Insem1nated Insem1nated/Horn Sperm on Ova Oviduct w1 th 

%106 
SEerm Associated 

No. No. No. % 
1 14 67.3 14 78 95.1 
2 5 589.7 3 15 24.6 

3 2.6 83.5 5 23 29.1 

4 13 72.2 8 38 56.7 

5 4 142.5 1 2 3.2 
6 4 67.3 2 6 10.0 

7
a 6 40.2 6 44 100.0 

7
b 6 40.2 4 59 74.2 

a - Spermatozoa on rabbit ova 

b - Spermatozoa on pig ova 
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Appendix Table 3. suaVIVAL Oli'RABBIT f :BO.m AND R.AM SPlmfATOZOA 
IN EIPERIMENT II 

Trial Horns Sperms Rate of Homs Containing 
Number Inseminated Koti1e Moti1i!l Koti1e S;eerms 

No. % Ho. 

1 28 61.7 1.7 18 
2 10 44.0 1.8 0 

3 32 72.5 2.4 8 

4 26 72.4 2.5 2 

5 8 67.5 1.9 0 

6 8 67.5 1.9 5 

7 12 66.3 1.5 10 


