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To observe the effects of oviposition as related to time of insem-

ination on fertility, four trials were conducted in which individually

caged White Leghorn hens were artificially inseminated with 0. 05 cc

of undiluted mixed semen obtained from 4 to 5 cockerels. These in-

seminations were made at 9:45 a. m. , 10: 00 a. m. and 12: 00 noon.

Beginning three hours prior to insemination and continuing to 29 hours

after insemination, the time of oviposition of each hen was recorded.

Eggs were saved and incubated for two periods, 2 to 9 days and 10 to

17 days following insemination. When the hens were inseminated

within three hours before oviposition or two hours after oviposition

fertility decreased; and the magnitude of this decrease was inversely

related to the time interval between insemination and oviposition.

Hens laying 25 to 27 hours after insemination also showed a tendency

toward low fertility; and the fact that a high percentage of these hens



also laid within two hours prior to insemination may have contributed

to this low fertility. A hard-shelled egg in the oviduct at the time of

insemination did not affect the resulting fertility unless that egg was

laid within three hours after insemination. Ovulation or an egg in

the anterior oviduct as far back as the magnum at the time of insem-

ination apparently had little or no influence on the resulting fertility.

There was a high correlation between duration of fertility and per-

centage of fertility.

To observe the effects of oxytocin on fertility, hens with hard-

shelled eggs in the uteri were either given an intravenous injection of

5 I.U. of oxytocin and inseminated after they laid, or inseminated

and then forced to lay by an intravenous injection of 5 I.U. of oxytocin.

Hens without a hard-shelled egg in the uterus were either given an

intravenous injection of oxytocin and then inseminated, or inseminated

with semen diluted with 0. 1 cc (2 I.U. ) of oxytocin per cc of semen.

Hens which had laid several hours previously and did not receive

oxytocin served as controls. Hens injected with oxytocin or insem-

inated with semen containing oxytocin had lower fertility than the

controls.

Addition of 0.5 I.U. or 1. 0 I.U. of oxytocin per cc of saline

solution used as a diluent for observing spermatozoa motility greatly

reduced spermatozoa motility. Addition of 2 I. U. or 4 I.U. of oxy-

tocin per cc of semen stored at 5°C caused temporary immobilization



of the spermatozoa; and when 1Z I.U. of oxytocin were added the

spermatozoa did not regain their motility.
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FERTILITY IN THE DOMESTIC HEN AS
RELATED TO THE EVENTS OF THE

REPRODUCTIVE CYCLE

I. INTRODUCTION

Artificial insemination of domestic fowl is one of the major

tools of poultry breeding and research. However, the reliability of

artificial insemination as a research tool depends on the varying

degrees of success obtained with its use. Percentage of fertile eggs

from artificial insemination could be influenced by factors such as

the technique of insemination or the physical condition of the birds.

Variations in the success of artificial insemination could unintention-

ally favor or penalize certain males or females and therefore affect

the reliability of the results.

The differences in success of artificial insemination of chickens

have been attributed to several factors, among which is the time of

day of insemination. Investigations have shown that morning insem-

inations of chickens result in a substantially lower fertility than that

resulting from afternoon or evening inseminations. The reduction of

fertility associated with morning inseminations has generally been

attributed to a high percentage of the hens having a hard-shelled egg

in the oviduct at the time of insemination; and high fertility with

afternoon inseminations has been thought to be due to the absence or
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low incidence of hard-shelled eggs in the oviduct at the time of

insemination.

Recent research from this station indicates that fertility as a

result of artificial insemination is impaired by the presence of a

hard-shelled egg in the oviduct only if insemination is done during

the last four hours prior to oviposition (Johnston, 1967). However,

in that research only hens that were inseminated at 8: 00 a. m. laid

within four hours after insemination.

The purpose of this study is to determine if the low fertility of

eggs resulting from an artificial insemination made a few hours

prior to oviposition occurs in hens inseminated later in the day as

well as in those inseminated at 8: 00 a. m. ; and to attempt to explain

the relationship of certain other reproductive events on fertility

following artificial insemination.
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II. REVIEW OF LITERATURE

Time of Day of Insemination

The reliability of many experiments depends, in part, on

successful artificial insemination. Therefore, it is desirable to

know at what time of the day to perform artificial inseminations that

will yield the highest and most consistent fertilization of eggs.

Investigations have shown that natural matings restricted to the

forenoon result in lower fertility than that of unrestricted matings or

matings restricted to the afternoon (Gracewski and Scott, 1943;

Parker, 1950). Likewise, artificial inseminations in the morning

hours have been characterized by a pronounced reduction in fertility

when compared to noon or late afternoon inseminations (Parker,

1945; Bornstein et al., 1960; Parker and Arscott, 1965; Johnston,

1967). Results of artificial inseminations made at various times of

the day are shown in Table 1.

Stages of Egg Formation and Fertility

The stages of egg formation have been shown to influence the

degree of success obtained by artificial insemination. (Moore and

Byer ly, 1942; Malmstrom, 1943; Parker, 1945; Bornstein et a]. ,

1960; Johnston, 1967). For a better understanding of this discus-

sion, Figure 1 and Table 2 provide a brief description of the



Table 1. Fertility as related to time of day of artificial insemination.

Fertility according to time of day of insemination
a. m. p. m.

Investigator 6:30-9:00 12:00 2:30-4:00 5:30-6:00 8:00-9:00 11:50 Days after
A. I.

Malmstrom 1943 54.5 2-10

Parker 1945 49.0 78.8 88.6 2-14

Schindler et al. 1959 88.9* 92.3* 2-6

Bornstein et al. 1960 76.5 86.9 2-6

Parker and Arscott 1965 78.0 91.0 94.3 96.0 2-9
96.0 96.4

Johnston 1967 76.0 94.9 92.9 2-9
*Does not include infertile hens.
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Ovary

Small ova

Infundibulum

Oviduct Isthmus
(with an incomplete egg)

Uterus

Vagina

Cloaca

Figure 1. Reproductive organs of the domestic hen.
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oviducal regions, their functions and the time spent in each by the

developing egg (Romanoff and Romanoff, 1949).

Table 2. Oviducal regions, their function and the time spent in each
by the developing egg.

Oviducal
Region Function

Duration of stay
Hours Minutes

Infundibulum Receives ovum & fertilization site 20

Magnum Secretion of albumen 3 0

Isthmus Formation of shell membranes 1 10

Uterus Deposition of shell 19 0

Vagina Passage from uterus to cloaca Briefly

No Egg in the Oviduct

Some evidence indicates that the best time to artificially insem-

inate hens is immediately after they lay (Moore and Byer ly, 1942).

Ovulation does not normally occur until after the previously ovulated

egg is laid, with the average time of ovulation being about 30 minutes

after laying (Warren and Scott, 1935). Therefore, insemination

immediately after laying would provide the sperm with an unobstructed

oviduct in which to travel to their storage sites and to the site of

fertilization. Hens inseminated within three to fifteen minutes after

laying may lay fertile eggs as early as 24 or 25 hours after insemin-

ation (Bobr, Ogasawara and Lorenz, 1964). This emphasizes the
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speed at which sperm may traverse the oviduct when it is free from

obstruction. It should be noted that in this case ovulation had to occur

soon after insemination since the average time from ovulation to

oviposition is 25 hours (Warren and Scott, 1935). The oviduct would

be free from obstruction when a hen fails to ovulate and immediately

after laying. However, it appears that results from insemination

made immediately after laying and prior to ovulation are somewhat

superior to inseminating hens which fail to ovulate (Moore and Byer ly,

1942). On the other hand, there is some evidence that fertility is

reduced when hens are inseminated near the time of ovulation (John-

ston, 1967).

Egg in the Magnum

An ovum in the magnum at the time of insemination appears to

adversely affect fertilization of eggs (Malmstrom, 1943; Moore and

Byer ly, 1942; Johnston, 1967). The fact that an ovum in this region

may be a complete block to sperm passage could be a contributing

factor to this phenomenon (Bobr, Lorenz and Ogasawara, 1964; Bobr

et al 1964b). Also it has been shown that at the body temperature""1

of the fowl sperm are immotile in secretions from the magnum

(Munro, 1938). Other workers have reported that secretions of the

magnum increased the respiration rate of spermatozoa and that the

spermatozoa suffered a temperature-reversible immobilization
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(Munro, 1938; Ogasawara and Lorene, 1964; Hamner and Williams,

1963).

Membranous Egg in the Oviduct

A membranous egg in the oviduct at the time of insemination

seems to have a beneficial affect on the fertilization of eggs. Several

investigators have reported that inseminations made while a membran-

ous egg is in the oviduct results in higher fertility than inseminations

made at any other time (Gracewski and Scott, 1943; Malmstrom, 1943;

Parker, 1945; Johnston, 1967). Why this stage of egg development is

especially conducive to fertilization is unknown. Motility of fowl

spermatozoa can be maintained in the isthmus and magnum at a higher

degree and for a longer period of time than in any other part of the

oviduct (Schindler and Hurwitz, 1966).

Hard-shelled Egg in the Oviduct

The presence of a hard-shelled egg in the oviduct at the time of

insemination has been shown to be detrimental to fertility (Moore and

Byer ly, 1942; Malmstrom, 1943; Parker, 1945). Since hard-shelled

eggs in the oviducts of hens are very common during the morning

hours and less frequent in the afternoon, the low fertility from morn-

ing inseminations has generally been attributed to the high incidence

of hard-shelled eggs present during the morning hours (Warren and
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Scott, 1935; Warren and Gish, 1943; Parker, 1945; Bornstein et al. ,

1960). The incidence of hens having a hard-shelled egg in the oviduct

may be as high as 61-66 percent during the morning hours, whereas

in midafternoon it may be as low as 9 percent (Warren and Gish,

1943; Parker, 1945); however, the presence of a hard-shelled egg

may not be the only factor that affects fertility resulting from morn-

ing inseminations. Such factors as the diurnal changes in sperma-

togenesis, the diurnal rhythm in semen volume and total number of

spermatozoa, and variations in the mucosal condition of the oviduct

and sperm storage sites at different times of the day have been sug-

gested as factors that may affect fertility from morning inseminations

(Bornstein et al. , 1960; Johnston, 1967).

A hard-shelled egg in the uterus, especially one about to be

laid, has been shown to have a definite detrimental effect on the

success of artificial insemination. Therefore, an investigation of the

events which occur during the final stage of egg formation and the

factors which initiate these events, may provide a clue as to why

artificial insemination at this time is less productive than at other

times.

Results of artificial inseminations made at different stages of

egg development are shown in Table 3.



Table 3. Fertility as related to stage of egg formation at the time of insemination.

Investigator

Stage of egg formation
Just
laid

No
egg

Egg in
Magnum

Membranous egg
Isthmus Uterus

Soft
egg

No hard
shell egg

Hard shell
egg

Days after
A. I.

Moore and Byerly 1942 59.0 51.0 49. 0 39. 0 2-14

Malmstrom 1943 64. 3 48. 4 52. 2 70. 0 54. 0 32.6 2-10

Parker 1945 72.8 78.8 45.4 2-14

Schindler et al. 1958 89. 4* 85.7* 2-6

Bornstein et al. 1960 84. 3 62.8 2-6

Johnston 1967 89.5 90.5 96.4 97.0 85.2 2-9
*Does not include infertile hens.
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Uterine Secretions

As the egg passes from the isthmus to the uterus, and -during

the first five hours in the uterus, aqueous salts pass through the

membranes into the egg and the egg is said to be "plumped" (Bur-

mester, 1940). The inorganic ion composition of fluid present

within two hours before oviposition occurs (oviposition fluid), differs

from that of fluid present earlier (plumping fluid). The major differ-

ence being that sodium is the major cation of plumping fluid and potas -

sium is the major cation in oviposition fluid. Also calcium and mag-

nesium concentrations are greater in the oviposition fluid than in the

plumping fluid (El Jack and Lake, 1967). It is known that potassium

can stimulate motility of fowl spermatozoa (Wales and White, 1958),

and that potassium and calcium ions play a part in regulating smooth

muscle contractions (Burnstock, Holman and Prosser, 1963). It is

possible that the great increase in potassium concentration in the

uterine fluid near the time of oviposition may have stimulatory_ effects

on the muscular activity of the vagina and uterus (El Jack and Lake,

1967). This could prevent the entry of spermatozoa into the utero-

vaginal glands or cause their expulsion from these glands which are

storage sites for spermatozoa (Bobr, Lorenz and Ogasawara, 1962;

Bobr et al. , 1964a; Fujii and Tamura, 1963). Wales and White (1958)

reported that dilution of 0.5 ml of semen with 4.5 ml of a solution
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containing 0.3 mM of calcium (approximately 60 mM ca. liter)

caused agglutination of fowl spermatozoa in vitro. However, insem-

inations with semen diluted with solutions duplicating the inorganic

ions of plumping and oviposition fluids showed no difference in their

effect on fertility (Johnston, 1967).

Shell Calcification

Shell calcification occurs in the uterus (Romanoff and Romanoff,

1949). The uterus itself contains very little calcium (Common, 1938;

Taylor and Hertelendy, 1960, 1961; Hertelendy and Taylor, 1961) and

the main source of calcium for shell formation is probably the blood

(Winget, Smith and Hoover, 1958). The rate of calcium deposition in

formation of the shell is characterized by an initial slow phase lasting

four or five hours, followed by a rapid and fairly constant phase

lasting from 12 to 16 hours (Warren and Scott, 1935; Burmester,

Scott and Card, 1939; Burmester, 1940; Bradfield, 1951). As men-

tioned earlier, the high level of calcium present in the oviduct during

shell deposition could affect fertility by causing agglutination of the

spermatozoa (Wales and White, 1958).

Orientation of the Egg in the Oviduct

Most, if not all, eggs are formed in the oviduct with the pointed

end toward the posterior of the hen (Olsen and Byer ly, 1932; Bradfield,
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1951). It is known that the egg may be laid with either end foremost.

At least 20 to 30 percent (Olsen and Byer ly, 1932) and perhaps the

majority (Bradfield, 1951) are laid with the blunt end first. There-

fore, the egg must be rotated 1800 while passing down the posterior

end of the oviduct. It has been shown that some, and perhaps most,

of the eggs undergo this rotation in the uterus (Olsen and Byer ly,

1932; Bradfield, 1951). One report indicates that this rotation of

the egg is a normal event which occurs during the last one or two

hours prior to oviposition and that during the rotation the egg sinks

to a more ventral position (Bradfield, 1951). Another point of view

is that the egg becomes lodged in a deep blind sac on the posterior

wall of the uterus, so that the egg must be rotated to be laid (Curtis,

1916; Olsen and Byer ly, 1932).

It has been suggested that a hard-shelled egg may act as a door,

progressively closing and blocking the passage of sperm through the

oviduct to the infundibular glands (Johnston, 1967). Since the infundi-

bulum is the site of fertilization and the infundibular glands are

storage sites for spermatozoa, this could definitely have an effect on

fertility (Patterson, 1910; Van Drimmelen, 1946). Perhaps the

orientation of the egg at the time of insemination determines whether

or not the egg effectively blocks sperm passage to the upper portion

of the oviduct.
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Cuticle Formation

The cuticle, a thin protective film of transparent material, is

formed on the surface of the shell between the completion of the shell

and the expulsion of the egg. Its chemical composition is similar to

that of the egg membranes (Romanoff and Romanoff, 1949).

Since a membranous egg in the oviduct at the time of insemina-

tion is apparently conducive to fertilization (Gracewski and Scott,

1943; Malmstrom, 1943; Parker, 1945; Johnston, 1967), it seems

unlikely that, chemically, the oviducal environment during the forma-

tion of the cuticle would have an adverse affect on fertility. However,

physically the two environments may be quite different.

Oviposition

After remaining in the uterus for a period of 18 to 20 hours, the

egg is forced out through the vagina and cloaca by uterine contractions

(Sykes, 1953; Sturkie, 1965). It is also thought that the uterus con-

taining the finished egg is prolapsed through the vagina and cloaca,

and the egg is dropped from the cloacal orifice (Bradfield, 1951). In

either case, uterine contractions play an important role in oviposition.

There is some evidence indicating that the vagina also contracts

during oviposition (Sykes, 1955), and that the "bearing down" reflex,

which is characterized by an increase in respiratory rate and strong
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contractions of the abdominal muscles, aids in the expulsion of the

egg (Sykes, 1953, 1954, 1955). The bearing down reflex is initiated

by cloacal or vaginal stimuli such as an egg entering the vagina (Sykes

1954, 1955).

The bearing-down-reflex contractions of the lower part of the

oviduct may provide the mechanism of sperm transport in the oviduct

anterior to the vagina (Allen and Grigg, 1957). Evidence indicates

that the junction of the uterus and vagina acts as a barrier to sperm

passage and that the initial muscular force of the bearing down reflex

occurs at the uterovaginal junction (Allen and Bobr, 1955; Allen and

Grigg, 1957). Certainly, such contractions at or near the time of

insemination could impede sperm transport and movement through the

oviduct and possibly cause their expulsion out through the vagina and

cloaca.

Sympathetic and parasympathetic innervations of the uterus have

little or no influence on oviposition (Sturkie and Freedman, 1962;

Freedman and Sturkie, 1962).

There is considerable evidence that neurohypophysial hormones

initiate uterine contractions and thus cause oviposition. Pituitrin has

been shown to cause contractions of the avian uterus (Morash and

Gibbs, 1929; Mc Kenney, Essex, and Mann, 1932). Preparations

from the posterior pituitary, containing the pressor and oxytocic

fractions, have been shown to cause premature laying in the pigeon
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and chicken (Riddle, 1921; Burrows and Byer ly, 1942; Burrows and

Fraps, 1942). Several investigators have shown that the posterior

pituitary of the chicken contains arginine vasotocin rather than

vasopressin as in most mammals, and also that the chicken uterus

is more sensitive to vasotocin than to either vasopressin or pure

oxytocin (Munsick, Sawyer, and Van Dyke, 1960; Heller and Picker-

ing, 1961). Recently, assays show that the vasotocin content of the

posterior pituitary decreases at the time of oviposition and that the

blood level of vasotocin increases greatly two to five minutes before

oviposition and then decreases to resting levels within five to ten

minutes after oviposition (Tanaka and Nakajo, 1960, 1962; Douglas

and Sturkie, 1964).

The uterovaginal glands, storage sites for spermatozoa, have

an extensive vascular system which may allow the spermatozoa to be

influenced by hormones (Gilbert, Reynolds and Lorenz, 1968). The

ability of the spermatozoa to gain entrance to these glands could be

influenced by these hormones when insemination occurs near the time

of oviposition. Whether or not such hormones have a direct influence

on sperm survival or their fertilizing capacity is not known. However,

oxytocin given intramuscularly at a level of 3. 0 I.U. immediately

prior to insemination, caused an increase in fertility for the first

three days but no difference thereafter (Hawes, 1962). Also, admin-

istration of oxytocin to hens that had been inseminated three days
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previously with P32 tagged semen gave significantly higher sperma-

tozoa counts in oviducal washings than in hens which did not receive

oxytocin. This indicates that oxytocin may be involved in the release

of sperm from the storage glands (Prasad, 1967).

There is evidence that recently ruptured follicles influence

the time of oviposition. Removal of the ruptured follicle causes a

delay in oviposition (Rothchild and Fraps, 1944a, 1944b; Conner and

Fraps, 1954). This influence could be hormonal in nature and it is

conceivable that these hormones affect spermatozoa in some manner.

Ovulation seems to have an adverse effect on fertility (Johnston, 1967).

Obviously, a newly ruptured follicle would be present immediately

after ovulation and the influence of ovulation on fertility could be

caused by hormones from the ruptured follicle.
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III. EXPERIMENTAL PROCEDURE

General Procedure

Individually caged White Leghorn hens were used in all trials.

These hens and the males supplying the semen were housed in the

same building and subjected to a 14-hour artificial light-day from

5: 00 a. m. to 7:00 p. m., PST.

Semen collection and artificial insemination procedures were a

modification of the method of Burrows and Quinn (1939). Mixed

semen from 4 to 5 cockerels was used in all trials with each hen

receiving 0.05 cc of undiluted semen. Insemination was done as soon

as possible after collection of the semen with the maximum time

between collection and insemination being 40 minutes.

In the first experiment, eggs were saved and incubated in

groups of 2 to 9 days and 10 to 17 days following insemination. In the

second experiment eggs were saved for incubation for the 2 to 9 day

period only. All eggs were candled on the 18th day of incubation and

the fertile eggs were transferred to hatching trays. All other eggs

were broken out and observed macroscopically for evidence of

embryonic growth. Chicks were removed from the incubator and

counted on the 22nd day; and unhatched eggs were broken out to

recheck their fertility.
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Statistical analyses in this study were made by arcsin transfor-

mation of the percentage values and then testing the difference between

means of independent samples of unequal size by the following test

statistic (Snedecor and Cochran, 1967).

t
3-c-

1

S_xl - x2

First Experiment

Fertility as Related to Time of Insemination and Time of Oviposition

The first experiment, consisting of four trials, was designed to

determine if hens inseminated at hours other than 8: 00 a. m. and

laying a few hours after insemination exhibited low fertility as did

those inseminated at 8:00 a. m. (Johnston, 1967). Inseminations were

made at 12:00 noon, 9:45 a. m., and 10:00 a. m. in the first, second

and third trials, respectively. In the fourth trial most of the hens

were inseminated at 10:00 a. m. but a few hens were inseminated at

8: 00 a. m. for the purpose of obtaining additional data on hens laying

shortly before insemination.

In the first trial, all hens were palpated to determine the

presence or absence of a hard-shelled egg in the uterus before insem-

ination. They were recorded as "with" or "without" a hard-shelled

egg at the time of insemination. In the other trials, hens were
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considered to have had a hard-shelled egg in the uterus at the time

of insemination if they laid within 15 hours after insemination. Dur-

ing the first four of the developing egg's 19 hour stay in the uterus

the rate of shell deposition is slow and the egg was considered to

have a soft shell during this time (See page 12). However, no hens

laid their first egg between 10 and 15 hours after insemination;

therefore, only hens laying within 10 hours after insemination were

considered to have had a hard-shelled egg in the uterus.

In all four trials the time that each hen laid her first egg after

insemination, up to 29 hours, was recorded. In the last three trials

time of laying before insemination was recorded beginning at least

three hours prior to insemination. A total of 440 hens and 4, 546

eggs were used in this experiment.

Second Experiment

Effects of Oxytocin on Fertility

It was thought that the hormones of oviposition may be involved

in the reduced fertility of hens laying near the time of insemination.

Therefore, two trials were conducted to study the effects of oxytocin

on fertility.

Five groups were used in the first trial and were as follows:

A. Hens were inseminated shortly after laying.
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B. Hens with a hard-shelled egg in the uterus were given an

intravenous injection of 5 I.U, of oxytocin and then insem-

inated shortly after they laid.

C. Hens were inseminated several hours after they had laid.

D. Hens were inseminated several hours after they had laid

and after they had been given an intravenous injection of

5 I.U. of oxytocin.

E. A volume of lcc of mixed semen from four males was

diluted with 0. lcc (2 I.U.) of oxytocin. Hens with no egg or

a membranous egg in the oviduct were inseminated with

0. 05cc of the diluted semen.

It was found in the first experiment that hens inseminated

several hours after they had laid had the highest fertility (group C).

Therefore, this group was the control. Hens in groups A and B

were similar in that they had laid shortly before insemination, but

those in group B were forced to lay by injecting oxytocin. Group A

also might be considered as a control for group B.

In the second trial groups A through E were the same as in the

first trial. One additional group, F, was as follows:

F. At night (9: 30 p. m. ), hens with a hard-shelled egg in the

uterus were inseminated and then given an intravenous

injection of 5 I. U. of oxytocin to cause oviposition.

Group F was included because it was desired to have hens that were
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inseminated shortly before an oviposition due solely to oxytocin

injection.

In all groups the time of lay before insemination and whether or

not they laid on the day following insemination were recorded.

The oxytocin used in this experiment and the third experiment

yet to be described was P. 0. P. (Oxytocin Injection), 20 U. S. P. units

per cc, a product of Armour-Baldwin Laboratories.

It was noticed that the oxytocin used in these experiments con-

tained 0. 25% acetic acid and 0. 5% chlorobutanol. To determine the

possible effects of these compounds on semen, a stock solution con-

taining 0. 25% acetic acid and 0. 5% chlorobutanol in distilled water

was prepared. The stock solution was added at the levels of 0. lcc

and 0. 3cc to 0. 5cc samples of mixed semen. These levels corres-

pond to the amounts of the above compounds present in 2 I. U. and

6 I.U. of oxytocin. Spermatozoa motility was observed, and it was

found that the lower level had no affect on motility but that the higher

level reduced motility. Since the lower level contained more acetic

acid and chlorobutanol than did the amounts of oxytocin mixed with

semen that was inseminated, it was concluded that the presence of

acetic acid and chlorobutanol in the oxytocin did not affect the results

of the second experiment.

Oxytocin was administered by injection into the brachial vein.

The injection was made using a one cc syringe and a 25 gauge needle.
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Eggs laid as a result of oxytocin injection of hens in groups B

and F were checked for shell thickness by measurement with a micro-

meter. This was done in an attempt to determine if the eggs were

really premature and oviposition would not have occurred without

oxytocin injection. The shells of eggs obtained from group B in the

first trial were of normal thickness when compared to shells of eggs

from other birds in the flock; and it could not be definitely established

that oviposition was not about to occur normally. In the second trial

eggs obtained from groups B and F were definitely thin-shelled and it

was assumed that oviposition would not have occurred normally.

A total of 144 hens and 745 eggs were used in this experiment.

Third Experiment

Effect of Oxytocin on Semen

Using mixed semen from six cockerels, spermatozoa motility

was observed by hanging drop slide using the following diluents: (1)

normal saline solution, (2) normal saline solution containing 0.5 I.U.

of oxytocin per cc of solution, (3) normal saline solution containing

1.0 I.U. of oxytocin per cc of solution.

Four 0.5 cc samples of the mixed semen were placed into small

test tubes. One sample received no additions and served as the con-

trol. The remaining three samples received 1 I.U., 2 I.U. , and 6 I.U.

of oxytocin, respectively. These test tubes containing the samples
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were then stoppered and stored in a refrigerator at 5o
C. Motility, as

determined by the method of Boone and Huston (1963), was observed

immediately after the samples were prepared and at various times

during storage.

Motility of the spermatozoa in the sample which received 6 I. U.

of oxytocin may have been affected by amounts of acetic acid and

chlorobutanol that were present (See page 22).
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IV. RESULTS AND DISCUSSION

Fertility as Related to Time of Oviposition

The results of the experiment concerned with fertility as related

to time of oviposition after insemination are presented in Table 4

and Figure 2. Fertility of those hens laying within three hours after

insemination was substantially lower than that of hens laying four or

five hours after insemination. These differences were statistically

significant at the P < . 01 level for all groups, except for the difference

between the 3rd and 5th hour which was significant at the P < . 05 level.

Those hens laying their first egg 25 to 27 hours after insemination

also showed a decrease in fertility. Both of these periods of low

fertility were in agreement with the results of Johnston (1967) which

showed that hens laying their first egg 1 to 4 hours and 23 to 28 hours

after insemination had lower fertility than other hens.

All of the hens laying within three hours after insemination were

inseminated at hours other than 8: 00 a. m. ; therefore, the phenom-

enon of reduced fertility following inseminations made a few hours

prior to oviposition was not limited to 8: 00 a. m. inseminations but

occurred following inseminations made at other times as well.

The time of day that an egg was laid seemed to have no affect

on whether or not that particular egg was fertile (Table 5). The data

suggested that eggs laid between 6: 00 p. m. and 10: 00 p. m. were less
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Table 4. Fertility as related to time of oviposition after insemination.

Hour of first egg
after insemination

Hens
no.

Eggs
no.

Fertility (2-9 days)
Av. of hens Eggs

1/2

1

2

24

19

23

117

97

132

30. 64

38. 32

41. 21

23. 08

35. 05

40. 15

3 20 119 66.98 68.91

4 32 189 93.24 93.65

5 24 133 88.84 92.48

6 2 10 100. 00 100. 00

7 2 11 100. 00 100. 00

9 1 4 75.00 75.00

10 1 4 100. 00 100. 00

17 1 7 14. 29 14. 29

19 6 40 67.76 67.50
20 11 67 77.24 82.09

21 18 114 78. 94 81.58

22 31 168 84. 51 83. 33

23 37 219 84. 62 82. 19

24 43 235 81. 72 82. 13

25 25 141 76. 04 78. 01

26 22 114 68.46 68.42
27 22 108 76.65 77.78
28 18 90 76.34 77.78
29 4 20 88. 75 90. 00

> 29 51 216 78. 38 84. 72
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Figure 2. Fertility as related to time of oviposition after insemination.
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fertile than were eggs laid at other times; however, these differences

were not statistically significant.

Table 5. Fertility as related to the time of day that an egg was laid.

Time of
oviposition

Total
eggs
no.

Fertile
eggs
no.

Fertility
%

8 a. m. -10 a. m. 163 96 58.90

10 a. m. -12 noon 160 97 60.63

12 noon-2 p. m. 75 42 56.00

2 p. m. -4 p. m. 40 22 55.00

4 p. m. -6 p. m. 25 16 64.00

6 p. m. -8 p. m. 4 1 25.00

8 p. m. -10 p. m. 3 1 33.33

10 p. m. -8 a. m. 38 24 63.16

Fertility as Related to the Presence of a Hard-shelled
Egg in the Uterus at the Time of Insemination

Data on ferility of hens with and without a hard-shelled egg in

the uterus at the time of insemination are presented in Table 6 and

Figure 3. For the 2 to 9 day period following insemination, the aver-

age fertility of all hens with a hard-shelled egg in the uterus at the

time of insemination was significantly lower than that of hens without

a hard-shelled egg in the uterus (P < . 01). Of those hens inseminated

while a hard-shelled egg was in the uterus, only those laying within
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three hours after insemination had lower than average fertility

(Figure 2). If the latter hens are removed from the calculations the

remaining hens inseminated while a hard-shelled egg was in the uterus

had higher fertility than those that did not have a hard-shelled egg in

the uterus. This shows that a hard-shelled egg in the uterus does not

have an adversed effect on fertility unless that egg is laid within three

hours after insemination.

Table 6. Fertility of hens "with" or "without" a hard-shelled egg in
the uterus at the time of insemination.

Hens Eggs Fertility of eggs Av, fertility of hens
Groups no. no. (2 to 9 days) % 2-9 day 10-17 day

% %

"With" 148 816 64.22 63.79 21.03

"With-3 hr. "* 62 351 93.45 91. 79 36. 17

"Without" 289 1,539 80.05 78.81 27. 91

*Hens with a hard-shelled egg in the uterus minus those laying within
three hours after insemination.

The reduced fertility associated with inseminations made during

the last three hours prior to oviposition could be caused by a number

of factors including the position of the egg in the uterus and/or changes

in the oviducal environment. The egg is rotated 180° during the

last one or two hours prior to oviposition (Bradfield, 1951). The

orientation of the egg could determine how effectively it blocks

sperm passage. However, since fertility progressively decreased
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as time between insemination and oviposition decreased (Figure 2),

it seems unlikely that orientation of the egg would be the complete

answer. The actual position of the egg in relation to the uterus and

vagina may be a more important factor. The sperm blocking effect

of the egg may become more acute during the time of rotation when

the egg sinks to a more ventral position in the uterus; or the effect

may increase as the egg moves closer to the vagina.

The environment within the uterus changes as the time of

oviposition nears. The change from plumping fluid to oviposition

fluid, which occurs approximately two hours prior to oviposition, is

characterized by a decrease in sodium and increases in potassium,

calcium, and magnesium (El Jack and Lake, 1967). However, no

difference in fertility was observed when hens were inseminated with

semen diluted with inorganic-ion solutions simulating these fluids

(Johnston, 1967).

Hormones related to oviposition could influence sperm survival

and movement and will be discussed later.

Fertility of Hens Laying Before Insemination

Data on fertility of hens laying within three hours before insem-

ination are presented in Table 7 and Figure 4. Fertility decreased

progressively as time of lay approached time of insemination. This

phenomenon has been reported earlier by Johnston (1967) and he
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Table 7. Fertility of hens laying within three hours prior to insem-

ination.

Time of last egg before
insemination (Hours)

Hens
no.

Eggs
no.

Av. fertility of
hens (2-9 days), %

1/2 42 219 72.74

1 29 141 75.95

2 46 254 83.15

3 20 117 90.61

pointed out that some of these hens would have been ovulating or had

an egg in the magnum at the time of insemination. To investigate

the effects of ovulation on fertility, hens laying within three hours

before insemination were classified as ovulating or nonovulating,

based on whether or not an egg was laid on the day following insem-

ination. The fertility of ovulating hens steadily increased as time

between laying and insemination increased. This agrees very closely

with the results of Johnston (1967). The fertility of nonovulating hens

decreased to a level significantly (P < . 01) below that of the ovulating

hens (Table 8, Figure 5). This is contrary to the results of Johnston

(1967) which showed that the nonovulating hens had consistently higher

fertility than the ovulating hens. However, in both studies the data

on the nonovulating hens were rather limited. From this study it

would appear that ovulation has no adverse effect on the fertilization

of eggs, but is coincidental to some other factor that does affect

fertility.
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Table 8. Fertility of ovulating and nonovulating hens laying within
three hours before insemination.

Time of last
egg before
insemination Hens

(hours) no.

Ovulating
Av. fertility

of hensEggs
no.

Nonovulating
Av. fertility

Hens Eggs of hens
no. no. (2 -9 days)

1/2 34 185 71.67 8 34 77. 29

1 22 109 74.36 7 32 80. 95

2 40 224 86.29 6 30 62. 22

3 18 106 93.45 2 11 65. 00

As mentioned in the review of literature, an ovum in the mag-

num at the time of insemination appears to reduce fertility (Malm-

strom, 1943; Moore and Byer ly, 1942; Johnston, 1967). Assuming

the average time between oviposition and ovulation to be 30 minutes

(Warren and Scott, 1935), and the passage of the egg from the infundi-

bulum to the magnum to be 20 minutes and from the magnum to the

isthmus to be three hours (Romanoff and Romanoff, 1949), most of

the ovulating hens laying one to three hours before insemination would

have had an egg in the magnum at the time of insemination. Therefore,

if an egg in the magnum at the time of insemination reduces fertility,

those hens laying one, two, and three hours prior to insemination

should have had about the same level of fertility. Figure 5 shows

that fertility of ovulating hens steadily increased as the time between

oviposition and insemination increased. Thus, despite the presence
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of increasing amounts of albumen, the rate of fertility continued to

rise. In view of this, it would seem that the presence of an egg in the

magnum may not affect fertility directly but, like ovulation, may be

coincidental to some other factor affecting fertility.

As mentioned earlier, hens laying 25 to 27 hours after insem-

ination showed a tendency toward reduced fertility. Examination of

the data revealed that of those hens laying 25 to 27 hours after insem-

ination, over 80 percent also laid within three hours prior to insem-

ination. Since hens laying within three hours prior to insemination

showed a reduction in fertility, this may account, at least partially,

for the lower fertility of hens laying 25 to 27 hours after insemination.

Classifying the hens which laid 25 to 27 hours after insemination as

having or not having laid within three hours prior to insemination, the

2 to 9 day fertility results were 74. 8 and 89. 6 percent, respectively.

Although this difference was not statistically significant (P< . 05), a

difference of over 14 percent certainly suggests that whether or not

the hens laid shortly before insemination had some affect on the

fertility of hens laying 25 to 27 hours after insemination.

Duration of Fertility as Related to Time of Oviposition

Duration of fertility was measured as the last day after insem-

ination that each hen laid a fertile egg. With the exception of some

hours where only one or a few hens were involved, duration of
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fertility was shortest for those hens laying within three hours and

during the 26th hour after insemination (Table 9). Except for the

9th and 10th hours where only one hen was involved, hens laying four

to ten hours after insemination had a relatively long duration of fertil-

ity. These hens would have had a hard-shelled egg in the oviduct at

the time of insemination. Therefore, a hard-shelled egg in the ovi-

duct at the time of insemination seemed to affect duration of fertility

and fertility of eggs similarly in that a hard-shelled egg apparently

was favorable to high fertility and duration of fertility unless it was

laid within three hours after insemination. Figure 6 shows that dura-

tion of fertility and percentage of fertility were highly correlated.

Effects of Oxytocin on Fertility

Fertility results of the experiment with oxytocin are presented

in Table 10. In every case where oxytocin was involved (groups B,

D, E and F), fertility was significantly lower than that of the controls

(group C).

As it was expected, fertility of hens that were inseminated

shortly after they laid (group A) was significantly lower than that of

the controls. Hens that were forced to lay by injecting oxytocin and

then inseminated (group B) had a fertility rate comparable to that of

group A and significantly below that of the controls.
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Table 9. Duration of fertility as related to time of oviposition after
insemination.

Time of first egg
after insemination

(hours)
Hens
no.

Av. duration of
fertility (days)

1/2 24 4.54
1 19 4.42
2 23 5.96
3 20 8.75

4 32 11.53

5 24 12.00

6 2 13.00

7 2 13.00

9 1 8.00
10 1 7.00
17 1 2.00

19 6 8.67

20 11 10.82

21 18 10.39

22 31 10.48

23 37 10.38

24 43 10.51

25 25 10.64

26 22 8.64
27 22 10.50

28 18 10.22

29 4 13.00

> 29 51 9.16



Table 10. Effects of oxytocin on fertility.

Group Description

A Hens were inseminated shortly after laying.

B Hens inseminated after being forced to lay
by injection of 5 I.U,. of oxytocin.

C Hens inseminated several hours after they
had laid (Control).

D Hens inseminated several hours after they
had laid and after an injection of 5 I.U. of
oxytocin.

E Hens with no egg or a membranous egg in
the oviduct were inseminated with semen
containing 2 I. U. oxytocin per cc of semen.

F
At night (9:30 p. m.), hens with a hard-shelled
egg in the uterus were inseminated and then
forced to lay by injection of 5 I. U. of oxytocin.

Hens
no.

Eggs
no.

Av. fertility of hens
(2-9 days), %

33

22

181

105

72. 58 **

75. 68*

27 127 91,19

27 155 45. 59**

24 119 58. 21 **

11 58 57. 21 **

* Difference from controls (C) is significant at the P < . 05 level.
**Difference from controls (C) is significant at the P < . 01 level.
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Some evidence already has been presented indicating that the

low fertility of hens that are inseminated shortly after they lay is not

due to ovulation per se but to some other factor or factors coincidental

to ovulation. Premature expulsion of an egg does not change the

time of the next ovulation (Warren and Scott, 1935). Therefore, the

hens in group B that were forced to lay prematurely and then insem-

inated, would not have been ovulating near the time of insemination.

The low fertility exhibited by those hens must be due to the oxytocin

injection or to some other factor associated with the act of laying

and not to ovulation.

It was found in the first experiment that hens inseminated sev-

seral hours after laying usually had high fertility. This is confirmed

by the fertility of the controls (group C) in this experiment. The hens

in group D also laid several hours prior to insemination, but they

were given an intravenous injection of oxytocin before insemination.

The results show that the injection of oxytocin caused a 50 percent

reduction in fertility. Whether this reduction in fertility was due to

a direct effect by oxytocin or to some effect initiated by the oxytocin

is not known.

To investigate the influence of oxytocin on spermatozoa survival

and on their ability to fertilize eggs, lcc of mixed semen was diluted

with 0. lcc (2 of oxytocin; hens with no egg or a membranous egg

in the oviduct were inseminated with 0. 05cc of the diluted semen
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(group E). The resulting fertility was far below that of the controls.

These results indicated that oxytocin can influence sperm survival

and/or their capacity to fertilize eggs. It is possible that the oxytocin

in the semen caused contractions of the uterus and thereby influenced

the survival or transport of the spermatozoa. However, this seems

unlikely since each hen received only 0. 09 I. U. of oxytocin in the

0. 05cc dose of diluted semen. Also, each dose contained slightly

over 0. 045cc of undiluted semen, so that the total number of sperma-

tozoa inseminated was not greatly reduced.

When hens with a hard-shelled egg in the oviduct were insemin-

ated at night (9: 30 p. m. ) and then forced to lay by injecting oxytocin

(group F), fertility was significantly reduced. This was expected

since previous results showed that hens laying shortly after insemin-

ation exhibited low fertility. The point of interest is that neither

oviposition nor ovulation was about to occur normally; therefore, the

reduction in fertility must have been due to the oxytocin or to the

physical act of oviposition caused by it. Night inseminations have

been shown to be satisfactory, so the time of insemination should not

have influenced the results (Parker and Arscott, 1965).

Effect of Oxytocin on Semen

Addition of oxytocin to the saline solution used as a diluent to ob-

serve spermatozoa motility caused immobilization of the spermatozoa
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(Table 11). The results showed that 1. 0 I.U. of oxytocin per cc of

saline solution may completely immobilize the spermatozoa when

used as a diluent to observe motility, and that 0. 5 I.U. of oxytocin

per cc of saline solution immobilized the majority of the spermatozoa

and reduced the vigor of the remainder. It was thought at first that

the spermatozoa were dead, but it was found later that further dilution

with saline solution caused most of the spermatozoa to regain their

motility.

Table 11. Spermatozoa motility in various diluents.

Motility
Diluent 1st trial 2nd trial

Normal saline solution 84* 84

Saline plus 0.5 I. U. oxytocin/cc 12 11

Saline plus 1 I. U. oxytocin/cc 0 11

*The first figure represents the percentage of motile sperm
and the second figure represents the vigor of the sperm
where 0 equals no movement and 5 equals maximum move-
ment. Thus a score of 84 indicates that 80 percent of the
sperm were motile and that they were moving at a speed of
four.

The effects of oxytocin on spermatozoa motility of stored semen

are shown in Table 12. The majority of the spermatozoa were immo-

bilized by 30 minutes after the addition of oxytocin. Treatments 2 and

3 showed that the effects of oxytocin diminished with time, and by three

hours after storage spermatozoa motility increased. The spermatozoa
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Table 12. The effect of oxytocin on spermatozoa motility of semen
stored at 5° C.

Motility)'
Treatment 5 min 30 min 3 hr 19 hr 24 hr

1. 1/2cc semen (control) 84 74 74 63 63

2. 1/2cc semen plus 1 I.U. oxytocin 33 12 23 23 23

3. 1/2cc semen plus 2 I.U. oxytocin 44 22 63 63 43

4. 1/2cc semen plus 6 I.U. oxytocin 22 11 11 11 11

*Average motility for two trials.

in treatment 4 did not respond in the same manner. This could be

due to the higher level of oxytocin or, as mentioned before, to the

higher levels of acetic acid and chlorobutanol that were present in the

oxytocin preparation. After 24 hours of storage, spermatozoa motil-

ity continued to decline in all treatments.

Oxytocin would be present in the oviduct shortly before and

after oviposition. It is conceivable that the low fertility resulting

from inseminations made near the time of oviposition is due to

immobilization of the spermatozoa making them unable to migrate

through the oviduct or to enter sperm storage glands.
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V. SUMMARY AND CONCLUSIONS

Many factors can influence the success of artificial insemina-

tion in the domestic fowl. Several of these factors, namely, time of

lay with respect to time of insemination, certain stages of the repro-

ductive cycle, and the possible effects of oxytocin, were investigated

in this study. The following conclusions are drawn from this study.

1. Inseminations made within three hours prior to oviposition

result in low fertility.

2. The phenomenon of reduced fertility following inseminations

made within three hours prior to oviposition is not limited

to 8: 00 a. m. inseminations.

3. Inseminations made within two hours after oviposition

result in low fertility.

4. When oviposition occurs within the period of two hours

before or three hours after insemination, fertility decreases

progressively as time between insemination and oviposition

decreases.

5. Hens laying within the period of 25 to 27 hours after insem-

ination show a tendency toward low fertility.

6. The low fertility of hens laying in the period of 25 to 27

hours after insemination is due, at least partially, to the

fact that a high percentage of these hens also laid within



46

two hours prior to insemination.

7. The time of day that an individual egg is laid has little or no

influence on its fertility.

8. A hard-shelled egg in the oviduct at the time of insemination

does not have an adverse effect on fertility unless that egg

is laid within three hours after insemination.

9. Ovulation near the time of insemination apparently has little

or no effect on the fertilization of eggs.

10. An egg in the magnum at the time of insemination seems to

have little or no influence on the resulting fertility.

11. Duration of fertility and percentage of fertility for the 2 to

9 day and 10 to 17 day period are highly correlated.

12. Hens given an intravenous injection of oxytocin shortly before

or after insemination exhibit low fertility.

13. Dilution of semen with oxytocin (2 I.U. /cc semen) reduces

fertility.

14. Oxytocin when added directly to semen or to a saline solu-

tion used as a semen diluent decreases sperm motility.
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