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- Previous attempts to transfer embryos non-surgically to heifers have
been rather discouraging. The present expeniment describes a simple
non-surgical technique where the 61h-71h-day old embryo is placed
in a 0.25 ml ministraw, fitted into a common insemination gun and
transferred cervically to synchronized lactating dairy cows. Thirty
two viable embryos were transferred to the middle part of the uterine
horn ipsilateral to the ovary containing the corpus luteurn, It was easy
to pass the cervix, and most embryos could be deposited in the horn
within 1 or 2 min. Eighteen animals were diagnosed pregnant (56 %).
It is conceivable that the easy atraumatic transfers and manage
ment (feeding, oestrus control) of the recipients contr-ibuted to the
high pregnancy rate.

non-surgical embryo transfer; lactating cattle.

A prerequisite for practical application of embryo transplanta
tion in dairy herds is the use of non-surgical methods for both
recovery and transfer of the embryos. Development of reliable
and efficient techniques for non-surgical recovery of embryos has
been accomplished (Rasbech 1976, Greve et al, 1977, Greve &
Lehn-Jens en 1977), and more recently preliminary results of
non-surgical single embryo transfer have been given (Greve &
Lehn-Jensen 1978). Although more specific instruments for
transfer (transplants) have been described in the literature
(Hahn et a. 1975, Brand 1975, Hahn & Hahn 1976, Rasbech 1976
and 1978), most contemporary transfers are carried out with an

• This work was supported bya grant from the Danish Agricultural
and Veterinary Research Council.
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ordinary insemination gun (AI gun) either to already mated re
cipients (Boland et al. 1975, Gordon & Boland 1977, Boland &
Gordon 1978) in an attempt to produce twins or to unmated re
cipients (Sreenan 1975, Greve 1976, Renard et al, 1977, Hahn et
al, 1977, Heyman et al . 1977, Trounson et al . 1978, Newcomb et
al. 1978) . It is generally accepted that the pregnancy rates after
uni- or bilateral non-surgical cervical transfers are reduced al
though the causes are yet to be elucidated (Brand & Akabwai
1977) . Brand & Drost (1977) have given a complete survey of the
non-surgical transfer technique with the AI gun and the estab
lished pregnancy rate (range 12-45 %, average 29 %) . In only
two studies a pregnancy rate above 60 % was achieved (Hahn et
al, 1977).

In most studies heifers rather than cows have served as re
cipient animals, although it is well established that cervical can
nulation of a heifer in dioestrous is more difficult than in the
cow. Greve and more recently Boland & Gordon utilized lactating
dairy cows as recipients, but they did not reveal higher embryonic
survival rates in cows than have been described in heifers.

In several Danish herds it would be preferred to use lactating
dairy cows as recipients, and it was the aim of this experiment
to examine the survival rate of bovine embryos transferred cer
vically to the uterine horns of lactating dairy cows by means of
a common AI gun.

MATERIAL AND METHODS

Ten lactating dairy cows belonging to the main domestic
breeds (8 Holstein-Friesian and 2 Red and White Danish) were
superovulated and flushed non-surgically as previously described
(Greve et al. 1977). The average day of collection, i.e, the number
of the day from the superovulatory heat until collection occurred,
was 7.1 days, and at this stage the embryos were compacted mo
rula (CM), early expanding blastocysts (EEB) or expanded
blastocysts (EB). The embryos were identified and isolated under
stereomicroscope. The viable embryos, i.e. embryos with the ex
pected age and without signs of degeneration (swollen and/or
degenerated blastomers) (Greve et al. 1978) , were placed in mini
straws (PVC-straws, 0.25 ml) in the following manner (Boland
1976, Greve 1976):

A 1.0 ml tuberculin syringe was adapted to the proximal end
of the transparent straw by means of a small latex tube. Under
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stereomicroscopic control approx. 0.05 ml of the flushing medium
(Dulbecco's PBS-medium) was drawn into the straw. By lifting
the straw above the surface of the medium a small air bubble
could be aspirated into the lumen, and this was followed by
another 0.05 ml medium containing the embryo. A second air
bubble was then placed in the straw and finally some medium to
fill the straw completely (Fig. 1) . Surrounded by the two air
bubbles the embryo was safely retained in the middle of the
straw, and its position could be checked by placing the trans
parent straw under stereomicroscope prior to transfer.
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Fig u ret. Diagram of a Casson 0.25 ml straw loaded with an
embryo.

The temperature of the room serving as laboratory was moni
tored by means of a digital thermometer and kept above 20 oe.
When transferring the loaded AI gun to the stall, the temperature
of the medium surrounding the embryo could drop below that
temperature. An exact recording of these deviations was not pos
sible. Having filled the straws they were labelled with donor No.,
time of collection and in some instances with the feature of the
embryo (morula or blastocyst). Until transfer the straws were
placed in an incubator at 35-37°e, and they were fitted in the
AI gun just prior to the transfer (generally within 2-6 hrs.) .

Thirty-two synchronized* lactating dairy cows served as re
cipients and were kept in their normal environment on a balan
ced feed ratio. The handling of the cow prior to the transfer was
gentle, and a crush or shute was never used. The cows received
an epidural analgesia (3-5 ml 2 % lidokain**), the rectum was
emptied and the site of the ovulation (corpus luteum) was
determined.

• Synchronized with a single or double injection of Estrumat® vet.
(cloprostenol), which was kindly supplied by ICI-Pharma, Copenhagen.
•• Lidocaini chloridum NFN.
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The vulva was cleaned with 70 % ethanol and opened as much
as possible when the AI gun was passed into the vagina. Under
rectal control the instrument was carefully guided through the
cervical canal and led into the uterine horn ipsilateral to the
ovary containing the corpus luteum (ipsilateral transfer). The
passage within the uterine horn was done extremely gently. At
the vicinity of the intercornual ligament the instrument could
generally not be advanced further, and the embryo was deposited
by pushing the plunger. After withdrawal, the tip of the instru
ment was examined for presence of blood and mucus.

Pregnancy diagnosis was established by rectal examinations
5-7 weeks subsequent to transfer, and animals not being preg
nant were examined for subsequent fertility.

RESULTS

The synchronization time, i.e . the difference between the
occurrence of heat in the donor and the recipient, was within
± 12 hrs, An average of 8.8 embryos were recovered by non-surgi
cal means from the 11 donor cows, and 6.3 (av.) of these were
considered viable, i.e. had reached the expected developmental
stage (late morula, early expanding or totally expanded blasto
cysts) without visible morphological alterations (swollen, de
generated or lysed blastomers) . Some of these embryos were
used for other purposes (deep freezing, surgical transfer, cultiva
tion), and only a total of 32 embryos or 3.2 per donor were trans
ferred cervically by means of the AI gun (Table 1). The cervical
passage was easily accomplished, and in all attempts the embryo
could be deposited safely within the uterine horn ipsilateral to
the ovary containing the corpus luteum. The embryo was gene
rally placed at the anterior border of the intercornual ligament,
but in some instances it was possible to eject it even deeper in

Tab I e 1. Results of cervical transfer of single embryos to lactating
dairy cows.

Mean ± s.e.m.
Range
Total

Number of
transferred embryos

per donor

3.2 ± 0.4
1-9
32

Number of
surviving embry os

per donor

1.8 ± 0.27
0-4
18

Pregnancy
rate (%)

56.0
25-100
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the uterine horn. Blood was observed at the tip of the instrument
in two cases, where both recipients conceived. A close examina
tion of the straw. and the tip of the sheath subsequent to transfer
failed to reveal any retention of embryos. The interval between
recovery of embryos and the subsequent transfers did not exceed
8 hrs, All transfers were carried out under field conditions. Eigh
teen recipients (56 %) were diagnosed pregnant 5-6 weeks
after the transfer. Fourteen recipients (44 %) that did not be
come pregnant all conceived in the following oestrous periods
(1.7 AI per conception and a 65 % 1st service conception rate).

DISCUSSION

The pregnancy or survival rate of single embryos obtained in
this investigation was relatively high when compared with pre
vious reports using a similar technique (Table 2), and even
higher than the results from surgical transfers (Greve & Lehn
Jensen 1977).

Tab I e 2. Survival rates after transfer with the AI gun.

Survival rate (%)
of single embryos

Previous reports (direct transfer)

Boland et al. (1975)
Sreenati (1975)
Boland (1976)
Boland et al. (1976)
Greve (1976)
Hahn et al. (1977)
Heyman et al. (1977)

Renard et al. (1977)

Boland & Gordon (1978)
Greve & Lehn-Jensen (197'8)
Newcomb et al, (1978)
Trounson et al. (1978)

25a
25 (bilateral)
17a
12a
321>
62.9
35.3 (day 7-9)
56.6 (day 10-11)
38.4 (day 12-13)
36.8 (unilateral)
45.0 (bilateral)
33.3a, b
33.0
35.0
4&.0

a Mated heifers (twinning studies). b Dairy cows.

As indicated in Table 2 the survival rate of single embryos
has been variable, and although some studies have given satis
factory results, it is generally believed that the survival rate has
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to be improved before the method can be more widely used. This
study, however, has indicated that non-surgical transfer to dairy
cows can give results comparable to surgical transfers. The cervi
cal transfer in these 32 cows was accomplished rapidly, generally
within 1 min., and without damage to cervix or endometrium.
Previous studies (Boland 1976 ) have indicated that an easy
cervical transfer will contribute to a higher subsequent survival
rate, and our investigations tend to support this concept. Pre
vious data from this laboratory concerning transfer mainly to
heifers have yielded a significantly lower pregnancy rate (Greve
& Lehn-Jenseti 1978 ), which also supports the "cervical-factor"
concept. In both cases where blood was observed on the tip of the
sheath did the recipients become pregnant, which would indicate
that occurrence of blood might not interfere with the embryo
survival rate. In a recent twinning study (Boland & Gordon
1978 ) 5-6-day old embryos were transferred to lactating dairy
cows, but the survival rate was not different from that obtained
after transfer to heifers (33 %). The same observation was re
ported by Greve (1976) using dairy cows as re cipients for day 5
embryos.

In this study only 6%-7%-day old viable embryos were
transferred, and although several studies have indicated that
more developed stages (Tab le 3) would be preferable, this con
cept could not be su stained by the results of this study.

All embryos were transferred ipsilaterally, since contralateral
deposition is known to reduce the survival rate of embryos in
both surgical (Sreenan 1976, Tervit et al. 1977 ) and non-surgical

Tab l e 3. Survey of survival rates of various developmental stages
of bovine embryos.

Previous reports

Heyman et al. (1977)

Trounsoll et ai. (1978)

Age of
embryos (days )

7-9
10-11
12-13
7-13

6
7
8
9

6-9

Survival rate (%)
of single embryos

35
56
38
43
22
40
50
59
46
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transfers (Brand & Akabwai 1977, Heyman et al. 1977). As the
determination of the site of corpus luteum was much easier in
cows than previously found in heifers, this should ensure a more
correct selection of the horn.

Since embryos 6lf2-7lf2 days after ovulation will be located
close to the tip of the uterine horn, it was assumed that a pre
requisite for achieving a high pregnance rate following either
surgical or non-surgical transfer was deposition of the embryos
very close to the utero-tubal junction. More recent data from
surgical transfer to the tip of the horn or to the base of the horn
(Sreenan 1976) and most non-surgical results have proved that
deep deposition is not necessary for obtaining reasonably good
survival rates. A gentle, atraumatic deposition is considered more
essential for the outcome, although some results indicate that
cervical/uterine damage is not detrimental for the outcome
(Newcomb et al. 1978).

Although all non-surgical transfers are performed in the mid
luteal phase when the uterus is susceptible to infections, intro
duced with the AI gun, the susceptibility presumably could be
increased with simultaneous manipulative trauma of the genital
tract, but most reports have failed to establish any relation be
tween embryo survival rate and infections assessed by cervical
culture (Hahn & Hahn 1976, Trounson et al. 1978) . A satisfactory
reproductive performance of the heifers following scham transfer
tends to support this concept (Seidel et al, 1975). Enhanced
uterine motility following cervical stimulation and subsequent
ejections of the transferred embryos do not occur on day 6-8 or
later when most transfers are performed (Brand & Akabwai) .

Some reports have revealed an inverse relationship between
the interval from recovery to transfer (hrs.) and embryonic sur
vival rate (Hahn et al, 1977, Gordon & Boland 1977). However, a
recent large-scale intercontinental transfer experiment (from
Canada to Italy) has indicated that embryos transferred within
18-33 hrs. after recovery yielded pregnancy rates identical with
those achieved when embryos were transferred immediately « 6
hrs.) after recovery (Bedirian et al. 1979). Since all transfers in
our experiment were accomplished within 8 hrs., it is unlikely
that this time interval had any influence upon the embryonic
survival rate.

It has been established in several studies (Elsden et al. 1978)
that the quality or viability of embryos will determine the sub-
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sequent survival rate, i.e , embryos of good quality will yield a
higher pregnancy rate than fair or poor quality embryos. In this
experiment only good quality or "normal" embryos were trans
ferred and hence made it impossible to evaluate the "between
embryo quality factor".

Since both recipients and donors exhibited strong external
signs of heat following the cloprostenol injection, the recorded
synchronization time was considered exact.

More recent investigations in the embryo transfer work have
been concerned with the quality or suitability of the recipient
animals (oestrus cyclicity, hormonal profiles, nutritional status,
Jacobson 1979). It is believed from this study that lactating dairy
cows (2nd and 3rd lactation especially) constitute better recipient
animals than do heifers, which are very often kept under sub
optimal feeding and management conditions.

Although it is impossible to assess the influence of the various
factors that might have affected the survival rate in this study,
it is believed that the manual dexterity of the operator, the very
rapid atraumatic deposition of the embryo in the proper horn,
optimal feeding and nutritional status of the recipient cows, i .e,
management factors, and an exact determination of their heat,
all have contributed to the high pregnancy rate.

The present investigation was carried out under practical
conditions, and the outcome indicates that non-surgical transfers
could be performed with satisfactory pregnancy rates.
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SAMMENDRAG

IEgtransplantation pa kvreg. Ikke-kirurqisk ooerjerse! at 6%-7% dage
qamle embryoner til lakterende malkekeer.

Undersogelsen beskriver anvendelsen af ikke-kirurgisk overtersel
af embryoner til lakterende malkekoer. Efter udskylndng, identifika
tion og isolation anbringes det enkelte embryon i et mdndstra, 0,25 ml,
Efter at inseminatoren er Iadet, fpres denne under omhyggelig rektal
kontrol ud i uterushornet ipsitateralt til ovariet, som indeholder det
funktionsdygtige corpus luteum, og embryonet deponeres sa dybt 810m
muligt. Toogtredive embryoner overtertes pa denne made til 32 syn
krondserede, lakterende malkekeer, og 18 blev drsegtige (56 %) . Dettc
resultat er overraskende godl Endnu er det svsert at vurdere virknin
gerne af eventuelt medvirkende faktorer, men den lette cervikale pas
sage og recipienternes gode fodringstilstand hal' uden tvivl medvirkel
til den drregtighedsprocenrl.
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