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Summary. Two experiments are described in which were studied the
morphological appearance and the subsequent development ofsheep ova

fertilized by uterine insemination. Ewes were naturally mated, or in-
seminated with freshly ejaculated semen, either whole or following
removal of the seminal plasma, or with semen recovered from the uteri
of naturally mated ewes ('uterine semen'). Fertilized eggs were collected
after insemination or mating and were either stained and examined or

transferred to recipient ewes.

Uterine insemination with whole or fractionated semen gave very
high rates of fertilization. 'Uterine semen' gave a low fertilization rate
due to poor quality samples. The proportion of eggs fertilized by uterine
insemination which developed into lambs or embryos was similar to that
of eggs collected from ewes naturally mated. Treatment of semen before
insemination had no effect upon subsequent development of fertilized
eggs.

More than 50 % of the fertilized eggs contained anucleate particles,
but neither the method of mating (uterine insemination or natural
mating) nor treatment ofsemen before insemination had any major effect
upon the incidence of such eggs. The presence of anucleate particles did
not preclude subsequent normal development.

It is concluded that the low lambing percentages recorded following
uterine insemination are not due to fertilization failure or abnormalities
of fertilization, but to surgical interference with the tract resulting in
expulsion or rapid transport of fertilized eggs.

INTRODUCTION

Surgical insemination of the ewe, involving the direct injection of semen into
either the Fallopian tubes or the uterine horns, has been shown to give high
rates of fertilization but subsequent lambing performances have been poor
(Salamon & Lightfoot, 1967; Mattner, Entwistle & Martin, 1969; Killeen,
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1969). Salamon & Lightfoot (1967) and Mattner et al. (1969) suggested that the
differences between fertilization and lambing were due to excessive embryonic
loss. However, their studies provided no direct evidence on the fate of eggs
fertilized by surgical insemination.

Either or both of two explanations may account for the large discrepancy
between fertilization and lambing performances, namely, the direct effects of
surgical insemination on the egg or on the genital tract.

The first explanation gains some support from the work of Killeen (1969),
who found that a number of eggs fertilized by surgical insemination contained
small anucleate particles. The incidence of these so-called 'abnormal' eggs
could account for some, but not all, of the difference between fertilization and
lambing performance. However, the study provided no direct evidence on the
viability of the 'abnormal' eggs. Surgical insemination places all the com¬

ponents of semen within close proximity of recently ovulated eggs and it is
possible that components which are normally lost or diluted during passage
from the vagina to the tubes are present in sufficient concentration to have a

deleterious effect upon the viability of fertilized eggs. In the rabbit, there is
suggestive evidence that high concentrations of seminal plasma can affect the
development of fertilized eggs (Chang, 1950; Hadek, 1959). Freshly ejaculated
semen probably contains a number of spermatozoa, which by nature of their
age and other characteristics may be classed as only partially competent.
Such spermatozoa may well lose their viability during passage through the
tract but, with surgical insemination, they could actively compete with 'fully
competent' spermatozoa. Eggs fertilized by partially competent spermatozoa,
however, may not possess the capacity for full development.

The second explanation depends upon the assumption that surgery and the
consequent manipulation of the tract result in failure of eggs to enter the
Fallopian tubes or in rapid transport of fertilized eggs to the uterus, a site
known to provide an environment unfavourable for 'underdeveloped' eggs
(Averill & Rowson, 1958; Moore & Shelton, 1964).

MATERIALS AND METHODS

Experimental animals and design
A flock of 500 mature cyclic Merino ewes, sixteen vasectomized rams and

six entire rams of proven fertility were used in two experiments designed to

study the morphological appearance and the subsequent development of
eggs fertilized by uterine insemination. The ewes were run with the vasecto¬
mized rams and they were inspected for oestrus twice daily at 06.00 and 18.00
hours.

The design of the experiments is shown in Table 1. Fertilized eggs were

collected from donor ewes which had been previously treated with 1000 to
1200 i.u. pregnant mare's serum gonadotrophin on the 12th to 14th day of the
oestrous cycle and the eggs were either examined after staining with 1 %
orcein, or they were transferred to recipient ewes. In Exp. 1, embryos were

recovered on the 16th day after oestrus, while in Exp. 2, recipients were allowed
to go to term.
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Treatment of semen and insemination
Apart from those animals in Exp. 2 which were naturally mated, donors

were surgically inseminated into the tip of the uterine horns with (a) 'fresh
semen', (b) 'washed semen' or (c) 'uterine semen'.

'Washed semen' was prepared in Exp. 1 by repeated washing and centrifug-
ing with calcium-free Krebs-Ringer phosphate solution (0-01 M-Na2HP04,
0-005 M-KC1, 0-001 m-KH2P04, 0-001 M-MgS04, 0-132 M-NaCl) or with
normal saline in Exp. 2. To 0-5 ml of fresh semen collected by artificial vagina
was added 9-5 ml diluent, the sample was centrifuged at 1500 rev/min for 10
min and 9 ml of the supernatant was then removed and replaced with fresh
diluent. The sedimented spermatozoa were resuspended by shaking and again
centrifuged. This procedure was repeated a further four times. The sedimented
'semen' obtained after the final centrifugation was used for insemination.

Table 1

design of the experiments

Treatment of semen before insemination

Experiment 1
1. 'Fresh semen'—freshly ejaculated
2. 'Washed semen'—washed with

calcium-free Krebs-Ringer solution
3. 'Uterine semen'—recovered from

naturally mated ewes

Experiment 2
1. 'Fresh semen'—freshly ejaculated
2. 'Washed semen'—washed with

normal saline
3. 'Uterine semen'—recovered from

naturally mated ewes

4. Nil—donors naturally mated

Total

No. of fertilized eggs

Stained* Transferred to

recipient ewes

20 19

21 20

18 18

14

11

19
21

29

28

40
35

124 189

* Fate of recipients: Exp. 1—embryos recovered; Exp. 2—
lambed.

'Uterine semen' was obtained by flushing the Fallopian tubes and uterine
horns of the naturally mated ewes with 10 ml of calcium-free Krebs-Ringer
phosphate solution (Exp. 1) or normal saline (Exp. 2). The flushings were

centrifuged at 1500 rev/min for 10 min and the supernatant was removed to
leave 0-2 to 0-4 ml of diluent and sediment. The sediment was resuspended in
the remaining diluent and a small sample was taken for examination. A number
of samples which contained few, or no, progressively motile spermatozoa were

discarded.
Ewes were inseminated under local Xylocaine anaesthesia, 12 to 27 hr after

they were first observed in oestrus. No attempt was made to control the number
of spermatozoa inseminated. Each ewe received 0-02 to 0-04 ml semen irres-
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pective of its treatment and inseminations were made into both uterine horns
with the volume of inseminate approximately equally divided between each
horn.

Recovery of eggs
Eggs were recovered by flushing the Fallopian tubes and portions of the

uterine horns of donor ewes with sterile sheep serum 60 hr after they were first
detected in oestrus. This interval was adopted to ensure that the majority of
fertilized eggs had cleaved at least once by the time they were recovered.
Cleavage was taken as the criterion of fertilization and fertilized eggs collected
from individual donors were approximately equally divided between those
destined for cytological examination and those destined for transfer. An attempt
was made to attain uniform numbers of eggs within groups. However, variations
in numbers of eggs recovered, or in numbers of eggs fertilized, made impractical
the achievement of uniform group size.

Examination of eggs
Cleaved eggs destined for cytological study were examined as unstained

preparations and then were re-examined after staining with 1 % orcein. They
were classed as normal or abnormal:

Normal All cells of approximately equal size, with one nucleus in
each cell.

Abnormal Type 1. Anucleate particles present.
Type 2. Multinucleate cells present.

All one-cell eggs recovered from donor ewes were examined for evidence of
fertilization.

Transfer of eggs
Transfers were made to the Fallopian tubes of recipient ewes which had been

first observed in oestrus within ±12 hr of their respective donors, and each
recipient received one egg. Recoveries and transfers were carried out under
general anaesthesia with Nembutal.

Recovery of embryos
Embryos were recovered from recipients on the 16th day after the transfer

oestrus (i.e. 13 to 14 days after transfer) by flushing the uteri in vivo with 10 ml
normal saline. The flushings were collected through a 5-mm bore glass cannula
inserted into the tip of one uterine horn. Embryos and their associated mem¬

branes were examined under a dissecting microscope ( x 20 magnification).

Lambing
During lambing, the recipients were inspected at least once daily and newly

born lambs were identified.
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RESULTS

In the two experiments, 449 eggs were recovered from 131 of 138 donor ewes

(Table 2). In Exp. 1, there was no effect of any treatment on the proportion of
eggs that were recovered while, in Exp. 2, there was an effect of treatment (P<
0-001) due to the high rate of recovery (86%) from naturally mated donors. In
both experiments, there was a marked reduction in the proportion of eggs that
were fertilized following insemination with 'uterine semen'.

Ninety-nine uncleaved eggs were recovered, of which eighty-two were from
ewes inseminated with 'uterine semen'. Only eight had spermatozoa attached
to their zonae, of which five showed definite evidence ofpenetration by sperma¬
tozoa. None of the remaining eggs showed any evidence ofhaving been fertilized.

The cell stage of the 350 fertilized cleaved eggs ranged from two to eight
cells with the majority (301) of four to eight cells. There was no effect of any
treatment on the distribution of cell stage.

Table 4

recipients which had embryos or lambs following the

transfer of cleaved eggs collected from ewes inseminated

with treated semen

Treatment
of semen

'Fresh'
'Washed'
'Uterine'
Nil

Total

Method of
insemination

Uterine
Uterine
Uterine
Naturally mated

Recipients

Experiment 1

Total
with an

embryo
19
20
18

63
45
33

57 47

Experiment 2

Total
no. which

lambed

29
28
40
35

59
43
53
51

132 52

Proportion of recipients in which eggs survived—Exp. 1 : 22
—

3-27; NS.
Exp.2:/23 = 1-44; NS.

Examination of eggs
Twenty-four cleaved eggs were lost or fractured before examination was

completed and have been excluded from the experiment. In all, sixty-seven of
the 124 cleaved eggs available for morphological study were classed as 'abnormal'
(Table 3). Sixty-five contained one or more anucleate particles (Type 1 —

PI. 1, Figs. 1 to 3) and the remaining two had one multinucleate cell.
Frequently, Type 1 eggs contained more than one anucleate particle, but

these were invariably associated with normal nucleated blastomeres. The size of
particles varied from that of a polar body to that of a normal blastomere. Type
1 'abnormal' eggs invariably showed nothing more unusual than one or more

anucleate particles.
In Exp. 1, 'abnormal' eggs were equally distributed between the various
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PLATE 1

All figures are phase contrast photomicrographs of abnormal (Type 1) eggs.
Fig. 1. A four-cell egg which contained numerous small anucleate particles. Fresh prepara¬
tion. x280.
Fig. 2. A seven-cell egg which contained five anucleate particles. Two of the particles
(arrowed) can be distinguished in the photograph. Fresh preparation,  280.
Fig. 3. A four-cell egg which contained an anucleate particle (arrowed). Orcein stained
preparation,  140.

(Facing p. (¡ )
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treatments, whereas, in Exp. 2, there was an effect of treatment due to a low
incidence in ewes inseminated with 'washed semen'.

Development following transfer
In Exp. 1, twenty-seven of fifty-seven ewes had embryos and, in Exp. 2,

sixty-eight of 132 recipients lambed (Table 4). None of the embryos or lambs
showed any obvious abnormalities and there was no effect of any treatment on

the proportion of eggs which survived to become embryos or lambs.

DISCUSSION

Apart from ewes inseminated with 'uterine semen', very high rates of fertiliza¬
tion were achieved by uterine insemination. It is apparent that low lambing
performances reported following uterine insemination (Salamon & Lightfoot,
1967; Mattner et al., 1969; Killeen, 1969) are not due to failure of fertilization.
The low fertilization rates recorded in both experiments following insemination
with 'uterine semen' were probably due to the poor quality of the semen. A
number of samples used, particularly in Exp. 1, contained few progressively
motile spermatozoa.

Eggs fertilized by uterine insemination were viable and capable of normal
development when transferred to recipients. Although the survival of transferred
eggs was somewhat lower than could be expected (Moore & Rowson, 1960;
Moore & Shelton, 1964), the proportion that did develop to become normal
embryos or lambs was not affected by the method of insemination, or by
treatment of semen before surgical insemination.

More than half of the eggs examined were classed as 'abnormal' and the
greatest incidence (71 %) was recorded in ewes which had been naturally mated.
Clearly, uterine insemination was not responsible for such abnormalities, nor

did the presence of seminal plasma at or near the site of fertilization affect
fertilization or the subsequent development of fertilized eggs.

Multinucleate cells, as observed in Type 2 'abnormal' eggs, represent gross
aberrations and such eggs may very well be incapable of full development.
However, the low incidence of these eggs—two of 124 examined—suggests
that they are of little consequence. Anucleate particles, as observed in Type 1
'abnormal' eggs, may be of little or no importance. The high incidence of this
type of egg, particularly in naturally mated ewes, strongly suggests that they
are in fact normal in so far as further development is concerned and should be
classed as 'atypical' rather than 'abnormal'. Hancock & Hovell (1961) recorded
that fertilized sheep eggs with irregular sized blastomeres were capable of full
development and Killeen (1969) suggested that eggs similar to those of Type 1
observed in the present study were viable. The low incidence of Type 1 eggs in
ewes inseminated with washed semen in Exp. 2 is difficult to explain, particu¬
larly as, in Exp. 1, similar treatment resulted in a high incidence of eggs with
anucleate particles.

The low proportion of eggs recovered following uterine insemination may
indicate the reason for the poor lambing performances recorded following
uterine insemination. Overall, uterine insemination gave high fertilization rates
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in eggs recovered, but the proportion recovered was relatively low. Thus, 20
to 30% less eggs were recovered following uterine insemination than after
natural mating in Exp. 2. Surgical interference with the tract seems to result
either in expulsion or rapid transport of eggs. Rapid transport would seem to be
implicated as the authors (unpublished data) have obtained high recovery
rates, as well as high fertilization rates, following uterine insemination when 48
hr, or less, elapsed between insemination and recovery of eggs. In the present
study, 60 hr elapsed between insemination and recovery. Thus, it seems that
the low lambing performances observed following surgical insemination are due
to abnormal transport of eggs resulting from surgical interference.
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