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Epididymal sperm were added to embryological watch glasses containing 396 F, hybrid

mouse ova in a simple medium under paraffin oil. The dishes were gently agitated for

8 h in an atmosphere of 5% CO,, 5% 0,, and 90% N,. The ova were washed and cultured

in glass tubes for 96 h during which time 365 ova cleaved and 347 developed to morulae

or early blastocysts. Transferred to the uteri of pseudopregnant hosts were 299 of these

embryos, and 67 male and 44 female offspring were born. From these findings, it was

concluded that normal fertilization in vitro had occurred. Using first cleavage and embryo

development in culture as the criterion, we have confirmed these findings and have examined

some of the factors that affect fertilization in vitro. Epididymal sperm fertilized 122

of 131 ova whereas 39 of 122 ova were fertilized by uterine sperm. Agitation of sperm

and ova during fertilization resulted in fertilization of 139 of 166 ova compared to fertiliza-

tion of 84 of 168 ova without agitation. The highest fertilization rate (44 of 45) occurred
with ova surrounded by cumulus cells and continuous agitation of sperm and ova in

0.5 ml of medium for 8 h at 37#{176}C.

INTRODUCTION

A limited number of mouse ova have

been fertilized in vitro in explanted ovi-

ducts (Brinster and Biggers, 1965; Pavlok,

1968) or in a simple medium with uterine

sperm (Whittingham, 1968; Cross and

Brinster, 1970; Maukherjee and Cohen,

1970; Kaufman and Whittingham, 1972).

Fertilization has also been achieved using

epididymal sperm capacitated in bovine

follicular fluid (Iwamatsu and Chang,

1969, 1970, 1971) or human follicular and

tubal fluid (Mukherjee, 1972). More re-

cently, Paviok and McLaren (1972) and

Miyamoto and Chang (1972a,b) fertilized

mouse ova in a simple medium using epi-

didymal sperm. Ova fertilized in vitro have

been cultured to blastocysts in explanted

oviducts (Brinster and Biggers, 1965; Pay-

bk, 1967) and in a simple medium

(Mukherjee and Cohen, 1970; Mukherjee,

1972; Miyamoto and Chang, 1972a). De-

velopment to the 15- or 17-day fetal stage

has been achieved by Whittingham

(1968), Cross and Brinster (1970), and

Miyamoto and Chang (1971a) after trans-

planting embryos in the two-cell stage to

the oviducts of pseudopregnant recipients.

Mukherjee and Cohen (1970) and

Mukherjee (1972) obtained a small num-

ber of progeny after transplanting blasto-

cysts, developed in vitro, to the uteri of

suitable hosts.

This report describes a method for fer-

tilizing mouse ova in vitro with epididymal

sperm in a simple medium and their devel-

opment to morulae or blastocysts after 96

h in culture. The development of embryos

into viable young when transferred to uteri

of pseudopregnant animals was observed.

The effect of cumulus (i.e., follicle) cells,
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volume of medium, agitation of sperm and

ova, and the use of epididymal or uterine

sperm for fertilization in vitro were

examined.

MATERIALS AND METHODS
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Materials

All glassware was treated with chromic acid

solution and thoroughly rinsed with tap water

followed by distilled water before sterilization

either by dry heat (110#{176}Cfor 2 h) or autoclaving.

Rubber stoppers and caps were washed with 7X,

a neutral detergent (Linbro Chemical Co., New

Haven, Conn.). Sterile, plugged, plastic pipets

(Khnble or Falcon Plastics) were used in prepar-

ing medium.

Distilled water was prepared by filtering tap

water through a Honeycomb filter tube (No.

W15R4TZV) (Commercial Filters Corp., Melrose,

Mass.), through a Barnstead standard (No. 0802)

and mixed bed resin (No. D8902) cartridge, and

distilled in a Corning AG-3 glass still. The system

was emptied and flushed out at the beginning

of each week.

The medium was always prepared from freshly

distilled water which had a resistance of approxi-

mately 0.8 Mo. The components of the medium

are those reported by Whitten (1971), and the

source and amount of chemical used to prepare

the medium are presented in Table 1. All the

dry chemicals, except bovine serum albumin

(BSA), were weighed and placed in a sterile

Kimax No. 14915 milk dilution bottle; 100 ml

of distilled water were added, and the bottle was

gently shaken to dissolve the chemicals before

adding the 1% phenol red solution and sodium

lactate syrup. The medium was gassed for 15

mm with 5% carbon dioxide, 5% oxygen, and 90%

nitrogen (Ohio Medical Products, Lodi, N.J.) by

connecting the gas supply to a 1-mi plastic pipet.
The same gas mixture was used for all procedures,

since Haidi-i et al. (1971) and Whitten (1971)

have reported that oxygen concentrations above

5-10% inhibited oocyte maturation and ova culture.

Into a Nalgene filter unit (0.45 �m average pore

size) were place 20 ml of the medium which

was allowed to stand for 15-30 mm to moisten

the membrane and to remove any toxic substances.

The medium was forced through the filter by

positive pressure applied by means of a large

rubber stopper through which passed a glass tube

connected to the gas supply. Bovine serum al-

bumen (240 mg) was dissolved in the remaining

80 ml of medium which was also filtered using

positive pressure to prevent frothing and to main-

tain the desired gas pressures. The medium was

TABLE 1

SOURCE AND AMOUNT OF CHEMICALS

USED FOR PREPARATION OF MEDIUM

Chemical Amount

NaC1 (Mallinckrodt) .5. 140 g/iiter

KG! (J. T. Baker) 0.356 g/liter
KH,P04 (Maiiinekrodt) 0. 162 g/liter

MgSO4#{149}7H 20 (Mallinckrodt) 0.294 g/liter

NaHCO, (Fisher) 1.900 g/iiter

Glucose (Fisher) 1.000 g/liter

Ca lactate (L).5H,0

(Schwarz-Mann Research) 0.527 g/liter

Na-lactate 60% Syrup (DL)

(Pfanstiehl Lab Inc.) 3.7 mi/liter

Na-pyruvate (Schwarz-Mann

Research) 0.025 g/iiter

K-penicillin-G (Schwarz-Mann

Research) 0.075 g/liter

Streptomycin sulfate

(Schwarz-i�vIann Research) 0.050 g/liter

1% Phenol red solution (Difco) 1 .0 Inl/liter

Crystalline bovine albumin

(Pentex) 3.0 mg/mi

divided into 20-mi aliquots in milk dilution bottles

gassed and stored at 5#{176}Cfor use during the week.

Aliquots of 1 ml of medium were placed in Kimax

No. 45048 culture tubes (12 x 75 mm) which

were fitted with rubber stoppers. Tubes were

gassed for 15 s through a sterile 19-gauge needle

attached to the gas supply via a cotton plugged

disposable syringe. They were allowed to stand

at 37#{176}C for 15-30 mm, and regassed for 15 s

before being used to culture ova (Whitten, 1971).

Paraffin oil (Fisher Scientific Co. No. 0-119)

was equilibrated with medium without BSA by

bubbling gas for 15 mm into a 50-mi glass-stop-

pered centrifuge tube containing approximately

35 ml of oil and 5 ml of the medium. The

oil-medium suspension was centrifuged and stored

in the incubator during that week.

Animals

The gametes were obtained from F, hybrid mice

of the cross (SJL/Wt x C57BL/lOWt) and its

reciprocal. They were bred in the research colonies

of The Jackson Laboratory, provided food and

water ad libitum, and 14 h of light (5-19 h).

The colony contained 400-500 females 2-6 months

old and housed four to five per cage. Mice in

proestrus were selected in the afternoon by the

visual appearance of the vagina (Champlin, Dorr,

and Gates, unpublished) to provide unfertilized

ova between 8-9 h the following morning (ova

collected approximately 3-5 h after ovulation).
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The males were housed singly and only animals

that had not mated during the previous week

were used.

STANDARD METHODS FOR

FERTILIZATION in vitro: EMBRYO

CULTURE AND TRANSPLANTATION

The method for fertilization in vitro was similar

to that reported by Whittingham (1968). Embryo-

logical watch glasses containing 0.5 ml of medium,

overlaid with 2 ml of equilibrated paraffin oil,

were prepared the previous evening and incubated

overnight at 37#{176}C in a gas-filled anaerobic jar.

The watch glasses were removed from the anaero-

bic jar the following morning and placed on a

slide warming tray (37#{176}C) equipped with a Plexi-

glas hood through which the standard gas mixture

was passed. Female mice, selected in proestrus

the previous afternoon, were killed and both ovi-

ducts were removed. These were placed in the

medium under oil and the ampullae were punc-

tured with a 27-gauge disposable needle resulting

in the release of ova surrounded by cumulus cells.

The oviducts were discarded. The ova in each

watch glass were collected from a single female.

An overlay of 0.5 ml of medium with 2 ml

of oil in a watch glass was prepared immediately

after the ova had been collected. A male was

killed by cervical dislocation and both vasa defer-

entia and cauda epidmdymides were removed and

placed in the watch glass. The tissues were cut

into sections and sperm were allowed to disperse

into the medium for 5-10 mm. Care was taken

to keep the watch glass warm and gassed during

this period. Approximately 30 � of the sperm

suspension (�-..20,000-50,000 sperm) were pipet-

ted into each watch glass containing ova, and

the watch glasses were placed in an anaerobic

jar, gassed for 5 mm (3 liter/mm) and placed

in a Cyrotory shaker Incubator model No. C-25

(New Brunswick Science Co., New Brunswick,

N.J.) rotating at 60 rev/nun for 8 h. Ova were

removed from the watch glasses, washed once

in fresh medium, and pipetted into culture tubes

(Whitten, 1971). In many of the ova, two pro-

nuclei and polar bodies were visible, but because

of the time required these were not thoroughly

examined at this stage. Tubes were examined the

following morning and the number of normal two-

celled ova were recorded. Embryos were cultured

for 64-72 h (day 3) and were transferred as

morulae or early blastocysts to uteri of day 2

pseudopregnant recipients (McLaren and Michie,

1956). Pseudopregnancy was induced by mating

females to sterility tested vasectomized males. The

females were housed individually and allowed to

deliver their offspring.

RESULTS

In ten replications and a total of 396

ova, 365 (92%) ova cleaved using this tech-

nic; and 347 (95%) embryos developed in

culture from these zygotes. Of 299 embryos

transplanted to the uteri of suitable hosts,

111 (37%) offspring, 67 males and 44 fe-

males, were born; indicating that develop-

ment was not parthenogenetic and fertiliza-

tion had occurred.

These results were readily repeatable as

seen in the control groups in the subse-

quent experiments, but occasionally there

were unexplained low rates of fertilization.

Corn pariron of Epididymal and

Uterine Sperm

Two estrus females were paired at 7 h

with males and the females were killed

at 830 h. The uteri were removed and

placed in a watch glass containing 0.5 ml

of medium overlaid with 2 ml of paraffin

oil. The uteri were cut into sections and

the sperm were allowed to disperse into

the medium for 10 mm. Of this sperm sus-

pension 30 �sl were pipetted into watch

glasses containing ova. Epididymal sperm

preparations, as described earlier, were

used for comparison. Sperm counts were

not made, but gross observations indicated

that the sperm numbers were similar in

both preparations. Of the 131 ova, 122 (13

clutches; 3 replications) were fertilized by

epididymal sperm whereas only 39 of 122

(12 clutches; 3 replications) were fertilized

by uterine sperm. This difference was

shown by x2 to be significant (P <0.01).

The motility of the uterine sperm was less

than that of the epididymal sperm when

observed at the time of ova transfer to the

culture tubes.

The Effect of Varying the Volume of

Medium Both with and without Agitation

It is considered that some of the effects

of agitation may be due to release of a

fertilizin-like substance from the ova

(Thibault, 1969). Such an effect would be
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Not agitated

Volume No. No. No. No.

(ml) ova cleaved embryos ova
No.

elnbryos

0.2

Total

10

8
9

11

6

7
31#{176}

3

2
6

8

2

2
23

3

2
6

6

0

2
21

9

7

9

9

11

10

33

9

4
9

8

6

4

40

9

2

7

8

6

4

36

0.5

Total

13

9

8

8

8

10

56

11

2

7

3

1

8

32

9

2

6

2
0

8

27

9

8

10

11

10

11

39

9

8

10

11

9

10

57

8

8

10

10

9

10

33

1.0

Total

9

9

9

10

7
7

51

5

4

1

8

3
6

27

5

4

0

8

3
4

24

8

8

9

10

8

9

52

6

3

7

9

6

9

42

5

4

3

9

6

9

36

Two clutches per treatment and three replications.
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possibly be dependent on the volume of

medium in relation to sperm and ova num-

bers, and there could be a significant vol-

ume-agitation interaction. Therefore, we

examined these factors siniultancously.

The standard procedure was followed

and 1/3 of the egg clutches were placed

in 0.2 ml of medium, % in 0.5 ml, and

the remainder in 1 ml of medium. One-half

of the clutches in each replicate were agi-

tated in the usual manner, whereas the

others were incubated without agitation.

There were two clutches per treatment

with three replications, and the results are

given in Table 2. Two-way analysis of co-

variance (Steel and Torrie, 1960) of the

number of ova cleaved covariated with the

number of ova per clutch showed that agi-

tation of sperm and ova significantly

(F(1,29) = 14.905, P < 0.01) increased

the fertilization rate. No significant

(F(2,29) = 1.042, NS) effect of medium

volume for fertilization was observed, but

the largest number of ova cleaving (97%)

occurred when fertilized in 0.5 ml of me-

dium with agitation. The number of em-

bryos developed in culture from number

of cleaved ova was not influenced by the

treatments. The data in Table 2 are pre-

sented as single clutches to show the repro-

ducibility of the technic.

The Effect of Cumulus Cells and Duration

of Agitation

The effect of cumulus cells and the dura-

tion of incubation with agitation on fer-

tihzation rate were examined. Cumulus

cells were removed from approximately

one-half of the clutches of ova with hy-

aluronidase (bovine testes, Sigma Chemi-

cal Co.) at a concentration of 1 mg/mI

TABLE 2

THE EFFECT OF DIFFERENT VOLUMES OF MEDIUM BOTH WITH AND WITHOUT

AGITATION ON FERTILIZATION AND EMBRYO i)EvEi.oPML�NT in vllro

Agitated

No.
cleaved
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TABLE 3

THE EFFECT OF CCMUI.US CELLS AND I)IJRATION OF AGITATION ON FI.:RTLIZATION AND

EMBRYO 1)EVEI,OI’MENT in vitro

Without cumulus cells Vs ith cullIulus cells

1)uration of

agitation

(h)
No.
ova

No.
cleaved

No.
embryos

No.
ova

No.
cleaved

No.
embryos

1 26#{176} 1 1 28 7 6

3 31 4 2 28 S S
3 33 15 5 32 27 27

5 30 16 16 43 44 44
11 29 14 13 29 26 24

One clutch per treatment and three replications.

of medium. Each clutch was treated sepa-

rately and washed three times in 1-mi

aliquots of nuedium to remove the hy-

aluronidase before being placed in the em-

bryological watch glass. Control clutches

were treated as described above. All ves-

sels were placed in the Gyrotory incubator

after sperm introduction and samples of

the naked ova and those still within the

cumulus cells were removed after 1, 3, 5,

8, and 11 h of agitation. The ova were

transferred to culture tubes and observed

for cleavage and subsequent embryo devel-

opment (Table 3).

The data from one clutch per treatment

and three replications were analyzed by

two-way analysis of covariance as des-

scribed previously. The presence of cumu-

lus cells resulted in significantly (F( 1,20) =

10.590, P < 0.01) greater fertilization ir-

respective of the duration of agitation.

Fertilization rate was also significantly

(F(4,20) = 4.277, P < 0.05) affected by

duration of agitation. Ova with cumulus

cells and agitation with sperm for 8 h re-

sulted in the highest fertilization rate

(98%). There was no significant difference

between the treatments in the proportion

of cleaved ova that developed into

embryos.

DISCUSSION

We have described a method for fer-

tilization of mouse ova in vitro, and have

observed their subsequent embryo devel-

opment in culture and birth of viable off-

spring after transferring them to uteri of

pseudopregnant recipients. The conditions

required for optimal fertilization are mild

agitation of epididymal sperm with ova

plus cumulus cells for 8 h in 0.5 ml of

medium overlaid with oil.

The superiority of epididyrnal as com-

pared with uterine sperm for fertilization

in vitro may result from adverse effects

of the uterine environment. The uterine

sperm were observed to have reduced mo-

tility after 8 h incubation with ova in vitro.

A possible explanation for this effect could

be the presence of toxic substance( s) from

either or both the male and female repro-

ductive tracts.

Fertilization (32%) using uterine sperm

in the present study is similar to the results

of Whittingham (1968) and Mukherjee

and Cohen (1970) but differs markedly

from the 90% fertilization reported by Cross

and Brinster (1970). This discrepancy

could result from the use of different

strains of mice (i.e., inbred, random bred,

and hybrid), but a more plausible explana-

tion is that Cross and Brinster (1970) used

extremely high levels of BSA (30 mg/ml)

in the medium. Kaufman and Whittirigham

(1972) recently reported fertilization rates

of 70-80% (three experiments) using uter-

me sperm in medium supplemented with

32 mg/mI BSA. The beneficial effect of
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high levels of BSA for fertilization in vitro

has not been determined.

Results from studies by Iwamatsu and

Chang (1969, 1970) indicate that mouse

sperm may require a period of maturation

before sperm penetration can occur. This

study demonstrates that sperm maturation

in vitro is complete after 3 h in our me-

dium. Approximately 50% of the ova were

fertilized after removal of the cumulus cells

and thorough washing of the ova; there-

fore, it appears that tubal secretions or

cells from the female tract are not neces-

sary for maturation of mouse sperm.

Thibault (1969) postulates that washing

the ovum disperses a fertilizin-like sub-

stance from the zona pellucida that facili-

tates attachment of capacitated sperm to

the rabbit ovum. Evidence to substantiate

this hypothesis has been reported by

Thibault and Dauzier (1960, 1961), who

observed an increased fertilization rate

when ova and sperm were placed in a dis-

continuous washing system; however, these

findings could not be repeated by Bedford

and Chang (1962). Mild agitation of sperm

and ova increased the fertilization rate in

this study indicating that agitation may en-

hance the dispersion of a substance (“fer-

tilizin”) from the mouse ovum which pro-

motes sperm maturation. Further studies

are underway to determine the mechanisms

for fertilization in vitro in the mouse.
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