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Hormonal induction of oestrus and ovulation (superovulation)

in the sexually immature mouse was studied with the principal purpose

of determining the viability and developmental capacity of the super~

ovulated eggs, The observation of responses (and factors influencing

them) of prepuberal female mice to the gonadotropic treatment employed
supplemented the main investigation.

Response %o the gonadotropic trestment. A relationship between
prepuberal age at treatment and the number of Graafian follicles ruptured
was demonstrated (and confirmed in later work) in some of the stocks of
mice tested. Mice three weeks old at the time of initial treatment
ylelded the highest numbers of ova (maximum obtained in this study froem
one mouse, 98 ova), Howaver, genetic, nutritional and other énvironmenta.
factors appear to influence the relationship between age and number of
ova. The proportion of three- to four-week old sexually immiiure females
which mated was observed in one outbred stock of mice to be positively
correlated with age at treatment. Time of onset of follicular rupture
(which was shown to be independent of diurnal regulation) was found to be
so uniform among mice of the hybrid stock used that both the rate and the
duration of superovulation could ho'o-tllntod.

¥iabllity and developmenta) capacity of the equs. The percentage
of superovulated eggs (from prepuberal mice) which underwent normal
naturatioh. penetration by spermateszca and formation of pronuclei wae
found to be as high as that among eggs from mature, untreated mice. Both
the viability and stage of development attained by superovulated eggs at
3 1/2 days post coitum (p.c.), 1.0., shortly before uterine implantation,
indicated that the treatment of immature mice with gonadotropins had

resulted in ovulation of qualitatively normal ova., However, an inverse

Use other side if necessary.



relationship existed between the number of eggs superovulated and
their subsequent rate of survival as well as rate of cleavage up
to 3 1/2 days pe.c. Despite this t.elproutl,}niutlpnthlp. the
absolute numbers of normally iovtlnptag‘blattsayutnr1neroagud
proportionally to the yleld of eggs (no increase when fertilization
was experimentally delayed by more than 10 hours). Transplantation
of eggs to mature hosts enabled the demonstration that normally
cleaved 3 1/2~day eggs from mature and treated immature mice were
comparable in viability and in capacity for normal embryonic growth
' dpﬂi§4ta'l/ifapyt‘6fﬂgqgtnt&on»(;,o.. one day before birth). The
efficacy of transplantation of egge in the mouse hli been discussed
in the light of results obtained following use of the technique.

It is concluded from the findings presented thet super~
ovulation of the sexually immature mouse csn be highly recommended
as an experimental approach to a wide variety of biological research

problems.
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PREFACE

Not so very many years ago a geneticist might have felt secure
in his belief that the egg came first - the organism later. In the
present generation, however, researches in physiology of reproduction
are able to shed new light on the age-old question by demonstrating
some of the roles which the materns]l soms plays in determining onto-
genetic and even phylogenetic development.

The studies reported here deal with the ovum of the sexually
imature mouse, Inasmuch as ovulation has been induced experiment-
ally, the investigation, of necessity, touches on aspeets of the
physiclogy of the prepuberal mouse which regulate her response to
the hormonal treatments used. The developmentsl fitness of artifieially
ovulated eggs iz demonstrated by several procedures, including trans-
plantation to mature hosts, 145 a consequence of the findings, new
experimental approaches are made svailable to biological research.

The author's sineere gratitude is expressed to Professor C. H,
Waddington for his supervision of this investigation and for having
made available the research facilities of the Institute of Animal
Geneties, University of Edinburgh, For financial support during the
initial period of study, meny thanks go to the Roscoe B, Jaskson
Memorial Laboratory, Bar Harbor, Maine, and to Dr. C. G, Little for
his efforts in procuring the necessary fellowship funds., Finaneisl
assistance for one year of research was gratefully received in the
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form of a studentship from the University of Edinburgh. Much of the
writing of the thesis was completed while the auther was in residence
~ at Bar Harbor as an investigator on projects supported in part by
research grant RG-4827, awarded to the Jackson Memorial Laboratory by
the National Institutes of Health, Pullic Health Service, U, 8,
Department of Heslth, Education and Welfare.

Dr. R. A. Beatty's supervision, encouragement and very helpful
advice throughout this investigation has been deeply appreeiated.
The author is also indebted to Drs. M. N, Rummer, A, W, H, Braden
and R, G, Edwards for their constructive eriticism of the work of
this thesis, For statistical advice, thanks are due to Drs. B, Woolf,
A, K, Robertson and C, K, Chai, The foundation stocks and all hybrid
mice used in these studies were kindly supplied by Drs. D, 8. Falconer
and T, €, Carter, respectively.

Appreciation for technical sssistance is expressed to the
following: J, Isaaceon and his staff, for care of the mice used;
D. Roberts and R, Soper, for art work; D. Pinkney, his assistants,
and G, MeKay, for photography; J, Armstrong, for histology; and
Marjorie Higgins, for typing of the thesis.
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The induetion of ovulation and/or ocestrus by hormone treatment,
although first applied in the mouse more than 30 years sgo, has
scareely begun to be exploited in laboratory animals despite its
potential usefulness as a research tool. Early use of the technique
in the laboratory, primarily on rabbits, was devoted to the study of
fundamental problems in applieation of the method to agricultural
breeding programs. Now, hormonal control over reproductive processes
is widely and successfully employed in farm animsls in conjunction
with artificisl insemination, in pioneer work on transplantation of
eggs, and in therapeutie treatment of non-breeders (these uses having
been reviewed for work on the ¢ow, by Lamming snd Rowson, 1952 and
by Willett, 1953; the sheep, by Robinson, 1951; and the sow, by
Spalding gt al., 1955). However, the applieation to laboratory animals
of hormonslly induced cestrus as a teol in biologieal research has
received 1little attention relative to the prospective value of such a
procedure,

Artifieislly induced breeding in laboratory animals is appli-
cable to a variety of experimental uses. Under the appropriate regi-
men of gonadotropin injections, the laboratory animsl may be induced to
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2
suparovulatel, i.e., to ovulate more ova than would normslly be shed
in the absence of treatment., Superovulation is an excellent source
of ova for much-needed deseriptive studies (histochemical, oytologieal
and physiclogieal) en preimplantation stages of mammalian development.
Similarly, superovulation ean provide large mumbers of ova for experi-
mental treatments such as are used in the induction of heteroploidy
and parthenogenesis (Beatty, 1957)., When spplied to the production
of animals in the laboratory, induction of cestrus permits the im-
plantation and possibly the birth of excessive numbers of young. Also,
by hormonal treatment and mating of sexually immature animals, the
generation interval can be shortened. (e.g., to as little as 34-39
days in the mouse, as shown by Adams, 1954). The ability to increase
litter size and to shorten the generation interval could be of con-
siderable importance in genetic testing programs where increased pro-
duction would mean more rapid accumulation of genetiec ratios., Treat-
ment with gonadotropins hes already been sucecessfully applied to
large-seale production of female animals for assays (Gates, unpublished),
large litters from superovulated mice having been reduced to normal
size by the removal of males at birth. For studies on embryology and
physiclogy of reproduction, treatment with gonadotropins affords a
means of making large numbers of animals in oestrus available at any

1The verb "o superovulate®, in addition to ite original com-
notation, "to ovulste large numbers of ova, following hormone treat-
ment”, has come through common usage to mean also "to induce super-
ovulation". Accordingly phrases like "mice were superovulated" and
"the technique of superovulation” are used throughout this text.



3
given time, By this means, problems involved in ovulation, egg
transport, fertilizetion and fertility of femeles may be studied
under eontrolled conditions, Thus, at least three important uses
of hormonally controlled oestrus in the laboratory animsl sres:
(1) an abundaut source of memmelien ova for experimental studies,
(2) a technique applicable to ineressed production of animals and
(3) & means of studying basic problems in embryclogy and physiology
of reproduetion.

Among the laboratory animals, the mouse is well-suited to
hormonally induced oestrus for the uses cited above. Since there
is relatively little variation in diameter between the ova of
eutherian mammals (Parkes, 1952), the mouse ovum, in terms of size,
is suitable for deseriptive studies of the mammslian egg. In view
of the wealth of knowledge about its genetic constitution, the mouse
is especially useful for studies on the gemetic effects of hetero-
ploidy after its experimental induction in superovulated ova. Recent
successes in the culture of mouse ova (Whitten, 1956) now make
practicable the treatment of mouse ova in yitro. After culture and
treatment, mouse ova may be transplanted to mature hosts for gesta-
tion; resistance of the mouse to infection is high, favouring the
relatively easy method of transplantation of eggs by means of
lapsrotomy. In addition to these factors, economy and rapid breed-
ing meke the mouse an excellent experimental animal for the applica-
tion of hormonslly controlled cestrus to the study of problems in
mammalisn embryology or reproduetion,
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The sexuslly immature mouse offers several unique advantages
over the adult in the industion of cestrus. Higher egg ylelds after
superovulation are usually obtained from immature mice (Fowler and
Edwards, 1957, for the mature mouse; and Gates and Rumner, 1957, for
the immsture mouse). Since the prepuberal mouse does not secrete
appreciable amounts of gonadotropin, there is little competition be-
tween sdministered and intrinsic hormones as could be the cage with
adult animals (Gates and Edwards, in preparation), When it is desired
to have the combined advantages of supernumerary ovulations and
pregnancy, progesterone therapy permits gestation in the immature
mouse (Smithberg and Runmer, 1956)., Finally, the greater avail-
ability of immature mice is of considerable advantage over the use of
mature femsles in the application of superovulation to resesrch

problems,

Aims of the Ipvestigation
In view of the apparent advantages of the prospective use of

superovulation in the sexually immature mouse for biclogical research,
it was considered worthwhile to study those aspects of the technique
about which present knowledge is inadequate. The main phases of the
work are covered in Chapters II through V, references to pertinent
literature being presented in the introduction to each e¢hapter. In
Chapter II, consideration is given to some of the factors influencing
the numbers of eggs superowulated and the percentage of treated
females which mate. The ability to induce ovulation of excessive
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numbers of egge with regularity is of considerable advantage when
superovulation is used as a source of fertilized or unfertilized ovs
for experimentation, Chapter III is a study of the accuraey with
which induced ovulations may be timed -- knowledge whieh is of value
in experiments requiring study, treatment, or fertilization of eggs
at a known time before or after ovulation. Data are presented in
Chapter IV which indicate the rate of survival and the development
reached by eggs from superovulated immature mice during esrly stages
of fertilization and just prior to implantation., The viability and
the capacity of superovulated eggs for normal growth during embryonie
and foetal development is assessed in Chapter V by the method of
transplantation to a mature host. The information presented in
Chapters IV and V should be of value in determining the suitability
of the technique for use as a source of normelly developing ova,
embryos or live young. As a consequence of the experimental results
presented in this investigation, it has been possible to evaluate
(in Chapter VI) the effiescy of utilizing superovulation in the im-
mature mouse as a technique in approaching specifie research problems.

The development of refimed methods for induetion of oestrus and
superovulation in the immature rodent began with the publiecation of
important works by Zondek and Aseheim (1927) and Smith and Engle
(1927). Both groups of workers demonstrated that sexusl precoeious-
ness could be induced in prepuberal mice by treatment with anterier
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hypophyseal tissue. Smith and Engle further reported that super-
ovulation invarisbly oceurred in mice treated while they were still
sexually immature, Leonard end Smith (1933) indusced superovulation
in hypophyseetomized rats with a 5-day series of injections of post-
menopausal urine, containing a follicle-stimulating hormone (FSH)
prineiple, followed by Chorionie Gonadotropin (CG). Superovulation,
mating, pregnaney and parturition were obtained in prepuberal rats
with a single injection of an FSH-containing hormone by Cole (1936,
1937, and 1940), using Pregnant Mares' Serum (PMS), and by Bvans and
Simpson (1940), using sheep pituitary extract. Rowlands (1944),
employing Leonard and Smith's procedure of s priming hormone followed
by an ovulatory hormone, was able to induce superowvulation in 100%
of immature rats by treatment with PMS, followed 56 hours later by
CG, Rowlands' refined procedure (but with a 48-hour interval) was
also found by Runner and Gates (1954a) to induce ovulation accompanied
by mating in about 90% of 5- to 6-week old mice and is basieally the
method used throughout the following studies for superovulation of the
sexually immature mouse.




CHAPTER II

OPTIMAL CONDITIONS FOR SUPEROVULATION AND THE INDUCTION OF OESTRUS
IN THE IMMATURE MOUSE

The first account of superovulation in the mouse by Smith and
Engle (1927) states that as many as 48 eggs were found in a single
Fallopian tube of an immature mouse, However, subsequent reports have
indieated that similar high yields of eggs have not been obtainable
eonsistently from the immature mouse or rat.

Belatively little is known about the faeotors which determine
the number of Graafian follicles matured and ruptured. Rowlands
(1944) found that in the immature rat treated with Pregnant Mares'
Serun (PMS) followed by Chorionie Gonadotropin, the mumber of eggs
ovulated could be varied by the PMS dose., However, the optimsl dose
of PMS resulted in a mean mumber of omly 25 eggs superovulated.

After the work presented in this chapter hed been completed, Bodemer
and Rumery (1957) reported in an abstract that their work on the im-
mature golden hamster had provided evidence indicating that both age
snd the amount of FMB injected influenced the mumbers of eggs ovulated.

The methods of superovulation developed for the immature rat
and mouse by Rowlands (1944) and by Rumner and Gates (1954a), re-
spectively, while capable of evoking ovulation in nearly sll treated
females, have yielded variable resulte with regard to both the numbers

7



8
of eggs superovulated and the percentage of females showing an
oestrus response. Austin (1950) reported that among treated im-
mature female rats which had ovulated s high number of eggs (mean
37.2), the percentage of matings was low (34%). In contrast,
Runner and CGates (1954a) treated 5- to 6-week old mice with the
result that a high proportion had mated (828%) but had ovulated
very few egge (mean, 5.8). For the practiesl application of the
technique of superovulation in the laboratory rodent, it is desir-
able that any factors which influence either (or both) the egg
vield and the proportion of females mating, be known and control-
lable,

The objective of the work in this chapter is to snalysze the
influence of age, weight and precocity on the responsiveness of
prepuberal mice to gonadotropic hormones, in terms of numbers of
eggs superovulated and receptivity to a male.

Female mice used for the work in this, and the succeeding
chapters, were drawn partly from the P, Q, and R stocks, maintained
by Pr, T, €, Carter and referred to generslly in the text as the
"hybrid" stocks. The majority of females used were of the R stock,
a cross between PCT females' and Fy (C;H X strain 101) males. The

1The POT stoek is derived from a cclony bred stock named "T"
sent to T, C, Carter in 1953 by W. L, Russell. The stoek is homo-
zygous for the 7 recessive genes, ga, bb, eChech, dd, gese, gs, and
DPD.
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P stock is derived from PCX females® crossed to CBA strain msles.
Stock Q results from matings of FCX females and KL strein males,
the latter an inbred line maintained by Dr, D, 8, Falconer,

The remaining females used in the work of the thesis were
from an outbred stock, These mice originated from s ecolony desige
nated as the J stock and msintained by Dr. D, S, Faleoner. The
stock contains the recessive genes z, b, ¢, m and gi; a few J stoek
mice bear the genes ge and d. When matings were required, fertile
males of the inhred A strain were utilized.

The gonadotropic hormones used were the Organon producte3
"Gestyl", or Pregnant Mares' Serum (PMS), and "Pregnyl", or
Chorionie Gonsdotrepin (CG), Both hormones were dissolved in
physiological saline and injected intraperitoneally in a volume of
0.5 ml, per mouse.

Preliminary experiments were conducted to establish the
optimum conditions of hormone treatment for the industion of ocestrus
and supercovulation in the stocks of mice used throughout these
studies. The PMS-CG interval of 56 hours reported by Rowlands
(1944) to be optimsl for superovulation in the rat was found to be
excessive and resulted in sporadie ovulation, some of which oseurred
independently of the CG injection. However, a single dose of two
international units (i.u.) of PME, followed 36 hours later by 2 i.u.

2The PCX stock is = sextuply recessive, colony bred stock
developed by T, €, Carter, M, F, Lyon and R, J, 8, Phillips.

3&eknuﬂedgount is due to Organon Laboratories Ltd., London,
for donating initial supplies of the hormones used.
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CG, was found to result in the ovulstion of high mumbers of eggs, a
reasonable percentage of matings and accurate control of the time of
ovulation (see Chapter III),

Unless otherwise stated, estimates of the mmbers of eggs
superovulated were based on the mumbers of eggs recovered from the
Fallopian tubes (in physiological saline, 0.85%), Up to 12 hours
after ovulation, the ova are locabed in the enlarged first loop,
or ampulla of the Fallopisn tubes, At this stage, the eggs are
attached to one another by their surrounding cumilus cells, thus
facilitating their recovery egn masse.

In experiments requiring matings, females were allowed to
mate, one or two per fertile msle, between 9 and 14 hours after CG,

Hybrid stocks. The possibility of a relationship between
number of eggs shed and initial sge and welight was studied in 117
superovulated P, G, and P stock females., Only females with imperw
forate vaginas before injection were included, this being proof of
gexuel immaturity. Seventy-six of the females were killed immedi.
ately following the expected time of completion of ovulation, i.e.,
from 14 to 18 hours after CG injection (see Chapter III), and eggs
were recovered from their Fallopian tubes. Forty-one females were
killed at 3} days post coitum (p.e.), and eggs were recovered from
each of their uterine horns. The completeness of egg recovery at 3}
days p.¢. is disecussed in Chapter IV,
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Table II,1 gives the mean numbers of eggs recovered from hybrid
femalee at the ages of 19 to 29 days, at the time of PM® injectionm.

It is apparent from these dats that the number of eggs superovulated
tended to be negatively correlated with age over the range of ages
tested. However, age and body weight were found to be highly corre-
lated in these animsls (r=0.644, P<0.01). Thus, it was necessary
when testing for the effect of sge on number of eggs to also consider
any influence due to body weight.

A miltiple regression revealed the degree to which age and body
welght influenced the number of eggs superovulated. The mean square
for the multiple regression of number of egge on both age and weight
was significantly greater (F=21.411, P<0,001) than the mean square for
varisnce not attributable to regression. The regression coefficient
expressing the relationship of age to number of egge ovulated, inde~
pendent of the effect of body weight, was significantly different
from gzero (by = ~4.91, S.E, = 0.95). However, there was an insignifi-
cant regression of mumber of eggs on weight, independent of age (b, =
0.285, 5,E. = 1.45). Thus, in the hybrid stocks used, it was found
that over the age range tested, age at the beginning of hormone treate
ment, but not body weight, exerted a strong influence on the number
of eggs a glven mouse could superovulate.

In view of the non-sgignificant effect of body weight, a simple
regreseion of number of eggs on age was calculated. The mean square
for regression was highly significant in comparison with the mean
square for variance not due to regression (F=43,90, P(0,001). The
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Table II,1
RELATIONSHIP IN HYBRID MICE BETWEEN AGE AT BEGINNING
OF GONADOTROPIC HORMONE TREATMENT AND NUMBER OF EGGS
SUPEROVULATED

Data Presented graphically in Figure 1.

Mean No, of egge

: rror_(or e
19 59.3 (72, 53, 53) 3
20 73.3 (98, 91, M) 3
2 65.8 % 4.9 9
22 45.9 £ 8.3 9
23 40,9 % 3.7 18
24 45.0 % 3.4 22
25 34,0 # 3.2 26
26 .1 % 3.4 10
27 32,6 # 4k 1
28 21.0 206 - 30) 4
29 25.0 + (16 & 34) i

19-29 £.2 $1.8 117
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regreseion coefficient of -4,79 £ 0.72 differed significantly from
zero., For the hybrid stocks of mice used, the negative correlation
between number of eggs superovulated and initis) age of the females
in days ean be expressed by the regression equation ¥ = 156,73 - 4.79 X,
where ¥ is the mean mumber of eggs expected at a given age, X, Thus,
with each increment in age of one day, between the ages of 19 and 29
days, there were, on the average, 4.79 fewer eggs superovulated. The
inverse relationship between age and number of eggs may be seen in
Figure 1, in which a regression line based on the above equation is
superimposed over points representing the mean number of egge re-
covered from animals of each age (from Table II,1),

A similar investigation was made in an out-
bred stock of miee which superovulates relatively low numbers of eges.,
This study is based on 273 J etock females which, following gonadoe
tropin treatment at 21 to 32 days of age, were antopsied st 14 to 24
hours after injection of CG for the recovery of tubal egge. In these
outbred mice, the mean number of eggs superovulated, 15.26, was about
one third that recovered from hybrid femsles (refer back to Table II,1)
and was little more than the mean number spontaneously ovulated by
mature females of the J stoeck, estimated from corpora lutea counts

as 11.6 eggs. /s can be seen in Table II,2, not only was there a
large range in mmber of eggs recovered from femsles of emch age
group, but slso, there was no demonstrable trend between number of
eggs ovulated and inereasing age of the outbred femsles from 3 to

4% weeks. These results indieate that a relationship of sge to number
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Table II,2

LACK OF CORRELATION IN OUTBRED J STOCK MICE BETWEEN AGE
OF FEMALES AND NUMBER OF BGGS SUFEROVULATED

of ¢ Mean No, of No. of
Eanl___mr 2 (Range) 3

2 12.5 (2 - 36) 1
22 10.0 (4 « 33) a
23 25.2 (4 = 43) 18
24 9.7 (3 - 36) 20
25 15.1 (3 - 55) 29
26 35.3 (7 - 51) 32
27 12.8 (4 - 34) 26
28 16.6 (2 - 34) 38
29 17.8 (5 - 2) 4
30 18,0 (9 - 30) 10
A 13.3 (4 = 34) 2
32 16,3 (9 = 25) 6.

2A-32 15.3 (2 - 55) 273
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of eggs superovulated, as obtained in the hybrid P, Q and R stocks,
may not be demonstrable in all mouse stocks,
Percentage of Superovulated Females which Mate

Inflvence of sge. A study was made in 316 mice of the out-
bred J stock to determine whether age had any influence on readiness
to mate after superovalation, At the start of gonadotropin treatment,
268 of these females had closed vaginas, evidonse that they had not as
yet reached puberty., Table II,3 shows the percentage of these pre-
puberal females which mated, with respeet to their ages at injection
of FMS, BSince the numbers of females used at 30 and 32 days of age
were only 4 and 5, respectively, the data are combined for femsles 30
to 32 days old. With the exception of a low proportion of matings
among 2,-day femsles, the percentage of femsles mating can be seen to
inerease steadily with increase in age between 21 end 32 days., A
significant 7(:1 for total heterogeneity (?(?:. 21.16, P0.025), indicated
that the probability of mating was dependent upon the age-group
sampled, That the relationship hetween age and parcentage of females
mating was statistieally significant is shown by a high value for the
corresponding X for trend # ()= 14,10, P<0,001), as shown in Table
II,3. 1If these results are generally applicable to other stooks of
mice, there would seem to be an inverse relationship between the number
of eggs ovulated and receptivity to a male, among females with closed
vaginas treated between the ages of 3 and 4} weeks of age.

“yrend X", deseribed by Armitage (1955), was calculated by a
convenient formila msde available by Dr, B, Woolf,
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Table 11,3

RELATIONSHIP BETWEEN PREPUBERAL ACGE (F MICE
AND PROBABILITY OF MATING AFTER SUPEROVULATION

Outbred J stock females with imperforate vagi-
nas at PM5 injection

ige at Total No, 22 % 2

~2E 2= mated mated
21 17 4 23,53
22 27 14 51,85
23 19 10 52,63
24 24 7 29.17
25 23 13 56.52
26 40 23 5757
27 26 16 61.54
28 43 27 62.79
29 23 15 65.22

3032 26 20 76,92
Totsls 268 149 55.60 %

2
Heterogeneity X Analysis of Percentage of Fe
males Mated and Trend with Age at Treatment

vith PS8

Source of Variation D7, K
Trend 1 1411 <0.001
Rema inder 8 7.05 >0.10

Total heterogenmeity 9 21,16 <0.025
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Influence of precogity. rmuy, the data were analyzed to
determine 1f the improving response %o mating whieh ocours with ade
vancing prepuberal age was primarily sssociated with the approach
to sexual maturity. Such a’ study is possible if, in a given age
group, the females with vaginss indicating recently established
patency can be considered as advanced in sexual maturity over females
with imperforate vaginas,.

Table II.4 shows the percentage of females in two arbitrary
age groups which mated according to whether or not their vaginas
were open at the time the gonadotropin treatment was started. In
the younger age group, 22 to 26 dayes old, the percentage of females

"with open vaginas which subsequently mated (78,26% of 23 females)
vas significantly greater than that among females with closed
vaginas (50.38% of 133 femsles), with X = 6,15 and P<0.025,

However, in comparison with those mice of the older (27-32
days) age group which had open vaginas (68% of 25 females mated),
females that were approaching maturity precoeciously at 22-26 days
of age mated in at least as high proportions. Therefore, the per-
centage of treated femsles which mate appears not only to be as-
sociated with age as shown previously (see also the 3rd and 4th rows
of Table II.4) but in addition, it is greatest among females in which
vaginal patency is established relatively early.
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Table IIcL

RELATIONSHIP BETWEEN PRECOCITY (ESTABLISHMENT OF VAGINAL
PATENCY) AND PROBABILITY OF MATING AFTER INDUCED QVULATION

Outbred J stock mice of 2 age groups

State of Age Total Females which mated

vagina P No, o

at BS EL) 2. oM. Sottetal
22 - 26 23 18 78,262

Open

Open 27 = 32 25 17 68.00
2-26 133 67  50.38%P

Closed
27 - 32 118 78 66,10

aDifferense between these %'s has X = 6,15, P<0,025,
bDifference between these %'s has X = 6,34, P<0.025,



That a strong relationship exists in some stocks of mice be-
tween prepuberal age and the number of eggs that can be superovulated
has been confirmed in subsequent work and published in brief (Gates
and Runner, 1957). Unpublished data of interest in the presemt dis-
cussion is given in this, and the following paragraph. In two in~
bred strains, BALB/c and LG (selected for large body size), the
earliest age at which hormone treatment led to subsequent ovulation
was found to be 15 days as compared to 14 daye for the F;, Beginning
with females two weeks old, there was a steady ineresse in mean
number of egge ovulated, reaching a maximum in females treated at 20
to 22 days of age:s 65.8 egge for BALB/e, 31.3 eggs for LG, and 51,7
eggs for the Py, With further inerease in age, from 3 to 4 weeks,
there was a eoneomitant decrease in egg nmumber in BALB/c and By
females, confirming the results obtained in this chapter with hybrid
P, Q, and R females. On the other hand, in the LG strain females,
the decrease between 3 and 4 weeks was slight (mean of 22.4 eggs
ovulated at 4 weeks) and not significant. (The LG strain animsls
were not found to require greater doses of PMS for meximm super-
ovalation.) In BALB/e X LG hybrid mice, the number of eggs remsined
constant among females treated between the ages of 4 and 8 weeks.

Not only do these data extend the ages over which exists the relation-
ship of age to number of eggs ovulated, but slso the data reaffirm
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that the relationship may be characteristic only of certain stocks
of mice,

Also, unpull ished work dome subsequently to that reported in
this chapter has revealed that the dose of PMS sdministered, along
with age, is importent in determining the mmbers of eggs which ean
be superovulated. Thus, in each of three age groups (21, 24 and 29
days) of tri-hybrid (BALB/e X LG x strain 129) femsles, egg number
ineressed with increase in PMS dose, from 1 to 4 international units
(i,u.), then decressed with further incrément in dosage to 8 i.u.

In 76 tri-hybrid females treated at 21 days with an initial injection
of 4 i.,u, PME, the mean number of eggs superovulated was 62.3 3+ 2.21
(one femsle having ovulsted 111 ova, anmother, 117 ova). It may be
seen, then, that following gonadotropin treatment at an optimum age,
and with the optimum PME dose, some mouse stocke are eapable of
superovulating extremely high numbers of eggs.

In the untreated adult mouse, a relationship between body
weight and the mumber of eggs ovulated (estimated from counts of
corpora lutea) has been demomstrated by MacDowell et gl. (1929).
Also, in treated or untreated adult rabbits, the relationship of
number of corpora lutea to age or weight has been recently reviewed
and studied by Beatty (1958). However, there may be little basis
for comparing findings in adult enimals with those reported herein
for the prepuberal mouse. This is espeeislly so sinee, wheress in
the adult the relationship between age or weight and number of eggs
is contimuously correlated, in the superovulated immature mouse the
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relationship (with age) 4s a changing one, and only demonstrable
between 2 and 4 weeks of age.

The few references in the literature to histology of the ovary
of the sexuslly immature mouse and rat, with and without gonadotropin
treatment, provide a possible explanation for a relstionship of age
to the number of eggs which ean be superovulated. Antra were reported
to firet appear in Grsafian follicles of the mouse ovary between the
12th and 14th day post partum (p.p.) by Brambell (1927) and by Engle
(1931s), and have been first seem to be present at 15 days in the
PMS.trested inbred mouse (Pfeiffer and Hooker, 1942). On about the
15th day, the diameters of some follicles show a marked inerease in
size, approaching that of follicles ruptured at the first cestrus
(Engle, 1931a, for the mouse,and Hargitt, 1930, for the rat). These
events correlate well with the earliest age at which gonadotropins
could stimilate follicles for subsequent ovulation (Gates and Runmer,
1957).

In the untreated mouse, Brambell (1927) reported that the
follicles which were the first to develop antra reached their maxi-
mum development at 21 days p.p., at which time they eomstituted a
large portion of the ovary., At this age, as many as 50 large fol~
licles had been seen in a single section of an ovary. At 4 weeks of
age, the majority of cocytes involved in this first wave of follicular
growth had degenerated and only an oceasionsl full-grown cocyte re-
mained., Similar changes in ooeyte size and number in the rat were
reported by Arai (1920), who measured the diameter of coecytes in
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animale at various ages. The firgt appearance of large numberg of
coeytes 40 to 60u in dlameter oceurred at 10 to 15 days. Rats 20
to 26 days old had the grestest mmbers of ococytes measuring more
than 60u in diameter: an average of 13¢ for both ovaries. Oocytes
of this sime reached a relatively low frequency which persisted,
beginning at 41 to 46 days of age and eontimming into adulthood.
Hargitt (1930) observed comparable changes in the rat ovary, with
the first elimax in follicular maturation reached at 26 days, and a
paueity of large folliecles (resulting from mass atresis) between
29 and 32 days of age.

Summarizing, in the untreated rodent, the 4 stages represent-
ing ehanges in the frequemey of the largest oocytes--(1) first ape
pearance at two weeks, (2) greatest mumber st three weeks, (3) sube
sequent decresse in number until about 4 weeks of age, and (4)
maintenance of a relatively low number after 4 veeks-~correspond
well with the changing potentislities for egg production which have
been demonstrated iIn superovulsted prepubera]l mice of some strains
(see first paragraph of Discussion). It seems highly likely that
the number of nearly mature nonestretic coeytes present in the ovaries
of an immsture mouse vhen gomadotropin treatment is begun may 1limit,
if not sctually represent, the mumber of eggs that ean be superovulated.

Since polyovular follicles are not infreguent in the immsture
memmal (Hartman, 1926) the question might be raised zz to whether
their occurrence eould be esusslly related to the large numbers of
ova thet ean be superovulated in the sexually immeture mouse, Hartman



24
states that most polyovular follicles undergo atresia, but that
evidence of this is incomplete. Nonestretic polyovular follicles
have been observed in the ovariee of the immature mouse by
Chappellier (1909). However, occurrence of the phencmenon may be
uore frequent in some mouse strains than in others (Pekete, 1950),
In order to determine whether the incidenee of polyovular folliclee
varied eppreeiably with age in the gomadotropin~treated hyiwrid
mice herein studled, serial sections of ovaries had been examined
in 27 P, Q, and R ptock females treated between 21 and 34 days of
age in work not menticmed in this chapter. Since polyovular fol-
licles did not occur in any of the ovaries of these hybrid femsles,
the phenomencu ean be discounted as a factor contributing to the
numbers of ova superovulated by the sexuslly immature mouse.

In addition to age, genersl health of the mice chosen for
hormone treatment may be an influencing factor in the number of
eggs they will superovulate. Adams (1953, ecited in Adame, 1954)
was able to alter the age at which the formation of antra first
cceurred in the coeytes of the rsbbit by regulating food intake.
This, in turn, determined the age at which the ovaries could first
respond to gonadotropin. DBelay in formstion of antra in the mouse
could conceivably result from disease, such as infantile diarrhoes;
indirectly affecting the intake and utilization of mutrition. The
fact that animals appearing to be in i1l health were deliberately
culled from among those used in this work, may have reduced vari-
ability in the relationship of age to mmber of eggs superovulated.



The dats have shown that in sn outhred stock of mice the
percentage of superovulated femsles which meted was proportionsl
to prepuberal age of the females, In addition, females which were
believed to be precocious for their age, on the basis of having
recently opened vaginas, were correspondingly more receptive to a
mele after superovulation. Related to these findings are those of
Wilson and Young (1941). These workers concluded that semsitivity
to cestrogen in the guinea pig and rat, as detected by the copulatory
response elicited by manual stroking of the back and perineal region,
was correlated with age, The rat attains s high sensitivity at sbout
the 30th day snd mainteins it through 10 monthe of age. Removal of
theumymdut.em-didmaltartheageatwhiehagivondngreoef
sensitivity was acquired. Purthermore, previous literature had in-
dicated that the gonadotropins were not apparently involved in the
relationship, Thus, although the overy of the prepuberal mouse c¢an
produce cestrogen in response to gonadotropin treatment at as early
es 11 daye of age (Runner, unpublished), there may be a subsequent
interval of seversl days before sensitivity to the intrinsie supplies
of oestrogen is high enough to evoke receptivity to a male. Findings
in this chapter with regard to the effect of precocity (early openiny
of the vagina) suggest that the percentage of superovulated femsles
capable of mating is more closely associated with physiological age
than with chronological age.
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Summarizing in brief, the dats presented in this chapter
indicate that with inecreasing prepuberal sge between 3 and 4 weeks
the potential for high egg produetion following superovulation falls
off (as demonstrated in hybrids) as probability of mating increases
(ae demonstrated in outbred mice),



CHAPTER IIX
TIME OF ONSET, RATE, AND DURATION OF SUPEROVULATION

Accurate timing of ovulation may be a necessary requirement
in embryological investigations such as those involving the study
or treatment of mammslian egge at a known time relative to their
release from ovarian follicles. For such studies in polytocous
species it is important to have knowledge of the time of onset of
ovulation (when the first follicle ruptures), the rate at which
ovulations oceur, and the duration of ovulation (the interval between
rupture of the first and last follicles). Those studies which neces-
sitate timing the development of the egg from fertilization onwards
require knowledge of the time at which ova enter the site of fertili-
zation, The observations reported in this chapter provide an indi-
eation as to the extent to which these time relationships of ovula-
tion can be established and controlled in the immature mouse treated
with gonadotropins.

In the untreated laboratory animsl there is generally mmch
variability between femsles as to time of ovulation. Much use has
been made of the rabbit for timing ovulations, which are generally
stated as occurring about 10 hours after coitus. In actual faet,
Walton and Hammond (1928) reported that the time of follicle rupture

7
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as observed by them ranged from 9 3/, to 13} hours after coitus, In
the mouse and rat, ovulation, which occurs independently of mating,
is predictable at best only to within a few hours, Boling st al.
(1939) found that rats of the Wistar strain ovulated ususlly about
9 hours after the onset of ocestrus, but the range was more than 5
hours. In later work, Boling gt al. (1941) reported that ovulation
in their rat eolony occurred between 6} and 10 hours after omset of
heat, as determined by the copulatory respomse. Ovulation timed in
the mouse either from the begimning of cestrus or according to the
hour of day during cestrus is at least as varisble as that for the
rat (see Smell, 1941, and recently, Braden, 1957a). Unfortunately,
timing ovulation in the unmated mouse or rat can be a tedious pro-
cedure in that the day of oestrus mugt ususlly be established by
taking daily vaginal smears. An alternative method iz that of Runner
and Ladman (1950) who timed ovulation in the mouse relative to the
time of observed parturition; however, the variability was such that
only 88% of mice ovulated within a predictable é-hour period.

Artifiecial regulation of the periods of light and dark was
first shown by Hemmingsen and Xrarup (1937) to afford a means of
superceding the diurnal control of ovulation, i.e., nocturnal ovula-
tion in the laboratory rodent. With rats maintained under reversed
day-night conditions, Austin and Braden (1954a) observed a spread in
time of onset of ovulation of more than three hours which was similar

to that of animals kept under normal colony conditions. Likewise,
mice maintained under conditions of controlled illumination had a
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long range in time of onset of ovulation of more than 5 hours
(Braden and Austin, 1954s),

Can ovulation in hormonally trested immature rodents be ine
duced to occur within more narrevly defined time limits than those
of the untreated animal? The findings of Rowlands (1944) and Austin
(1951) indieated that the times of omset of hormonally induced
ovulations in immature rats veried by as much as 34 hours. Though
Blandau (1955) was able to observe follicle rupture in the living
animal by utilizing superovulation, he did not etate how variable
were his rats in the time of onset of ovulation. From the work of
Runner and Pelm (1953), in 4 inbred strains of mice the range in
time of commencement of induced ovulation was sbout 2-4 houre. In
contrast to the response of rats snd inbred strains of mice to induced
ovulation, the hybrid stocks of mice used in the present work were
found to be unusually uniform in time of onset of superovulationm.
This regularity of respomse has made possible a discussion in this
chapter of the rate at which ova were shed during superovulation and
some of the factors associated with this rate.

The mice used in this investigation, unless otherwise speeified,
were of the hybrid P, Q, and R stocks described in Chapter II, At the
start of treatment with gonadotropins, their ages ranged from 18 to 29
days, snd their body weights, from 9 to 15 grams., Their imperforate
vaginas provided evidence that they had not yet reached puberty.



30

All mice received an injeetion of 2 i.u, Pregnant Mares'
Serum (PMS) followed 36 hours later by 2 i.u, of Chorionic Gonado~
tropin (CG), This procedure for gonadotropin trestment which hed
oroved to be optimal for induetion of oestrus and ovulation (Chapter
II) was also found to result in good control of time of evulation,
as will be shown in the results.

Determination of the time of omset, the rate and the duration
of superovulation was based on the numbers of tubal ova recovered
from 169 females at the following intervals after injection of CG:
8, 10, 11, 11 to 12, 12, 13, 14, 16, and 18 hours, Included also
are results from the recovery of uterine eggs from 43 mide at 33
days p.c, These latter data are based on work in connection with
the fourth chapter in which evidence is presented vhich indiecstes
that the recovery of uterine egges was thorough enough to enable a
reasonable estimate of total eggs ovuleted. The methods for recovery
of eggs from Fellopian tubes and uteri ave given in Chapters II and
IV, respectively.

Al of the data on recovery of tubal and uterine egge at
various intervals after CC are presented in Figure 2, As can be
seen, superovulation began for most females over a remarksbly short
range of time, Tubal ova were not found in any of the 15 females
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autopeied between 11 hours and 11 hours, 10 minutes after CG ine
jection (mor in 19 females killed at 8 to 10 hours). However, by
12 hours after CG, ovulation had commenced in 40 out of 43 mice
asutopsied, Thus, it can be assumed that about 93% of the females in
this bybtrid stock began superovulating during the 50 minute interval
prior to 12 hours after injection of CG.

It is notable that among 169 injected mice, only 5 had not
ovulated when sutopsied at 12 hours or later. Notes recorded in
routine examination of the ovaries and reproductive traet during
autopsy revealed the following information on the 5 miee without
ova. The three females killed at 12 hours after CG and found not
to have ovulated (representing 7% of 43 females autopsied at that
time) had each responded to gonadotropin with zood owvarian and uterine
stimulation. Thus, there was no basis for assuming that any of these
three females would not eventually heve ovulated. On the other hand,
of the two femsles without ova at 13«14 hours, the one which was
killed at 13 hours, although showing normsl uterine stimulation, did
not have ovarian follicles showing the enlargement characteristic of
a preovulatory phase, The other, killed at 14 hours, was atypieal
in that inr uterus was still distended with fluid, a condition which
does not normally persist for more than 12 hours after CG, Even if
the latter two females mentioned were destined to ovulate eventually,
despite evidence to the contrary, the percentage of prospective
ovulators not having commenced ovulation by 13 hours would have been
only 3.8% (2 out of 52), Thus, for the purposes of the following
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diseussion, virtually all superovulated femsles were coneidered to
have begun ovulation by 13 hours after CG,

An indication of the times at which individusl mice began
supercvulating was obtained from autopsies of 9 femsles between the
11th and 12th hours after CG. Among 5 females autopsied between 11
hours, 10 minutes and 11 hours, 15 minutes, three had no ova, one
femsle had one ovum snd another had 5 ova, In autopsies of 4 females
between 11 hours, 20 minutes, and 11 hours, 25 minutes after CG
injection, no ova were recovered ffom two females, one animal had
8 ova and another had 12 ova, In 3 of the 4 ovulated females men-
tioned, the numbers of umruptured follicles were greatly in excess
of the numbers of ova recovered. The large numbers of unovulated
follicles and low mean number of ova recovered (6.5 ova) from females
autopsied between 11 hours, 10 minutes and 11 hours, 25 minutes, in-
dieate that ovulation had begun recently and was still in progress
in these early ovulators.

Ovum recoveries demomstrating the time of omset of ovulation
in the hybrid etocke used herein were baged on seversl separate ex-
perimente and were not confined to a limited season of the year.
Including controls used for experiments in Chapter IV, series employ-
ing sutopsies at both 11 and 12 hours after CG had been conducted
during each of the months from November through February, and during
May. In each of these series ova were never found in mice killed st
11 hours, whereas, the majority had begun superovulation when killed
at 12 hours after CG, These results demonstrste that the ocecurrence
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of onset of superovulation for a mesjority of females during the
interval between 11 and 12 hours after injection of CG was repeate
able throughout successive series in the hybrid stocks of mice

used,

It éan be seen in Figure 2 that there was marked variability
in the mumber of egges recovered from females at any given sutopsy
time, A large proportion of this variability may be attributable to
range in age of the femsles used (see discussion of age-egg number
relationship in Chapter II), For example, of the femsles that had
ovulated more than 50 ova by 18 hours or more after CG, 26 of the 27
killed were between 19 and 25 days old at the beginning of hormone
treatment, Conversely, among mice that had ovulated less than 30
ova during the same period, 15 out of 17 females were 24 to 28 daye
old. The effect of age on number of ova recovered at each autopsy
interval can be further seen in Table III,1, to be discussed later,

An approximste estimation of the rate and duration of ovulation
for females as a group may be obtained if it ean be assumed that most
of the variability in egg number is attributable to age of the females.
In Figure 3, the totsl numbers of ova recovered from immature females
at varicus intervals after CG are expressed as percentages of the
total numbers of ova expected at completion of ovulation on the basgis
of age of the females used (from Table II.1). These expeected totals
were derived for mice st each CG.autopsy interval by summing the
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products of (1) the number of mice of a given age, and (2) the mean
number of eggs ovulsted by mice of the corresponding age at completion
of ovulation (resd off from Table II,1). The percentage points plotted
on Figure 3 are based on autopeies of females 21 to 29 days of age.
Results from 18, 19, and 20 day old mice were excluded since Table
IT.1 containe insufficient date on mesn numbers of egge ovulated by
animale less than 21 days of age. Also, it should be pointed out that
the percentage of ova ovulated 1s based on sll femsles, including un-
ovulated onee. Exelusion of unovulated mice would ineresse the
percentages of ova ovulated at 12, 13 and 14 hours to 65.8%, 90.2%
and 97.2%, respectively. From the data presented in Figure 3, it
would appesr that approximately 90% of the ova to be superovulated
by a given group of females arrive in the Hallopian tubes within the
first two-hour perioed of ovulation, i.e., by 13 hours, The curve
further suggests that from 3 to 5 hours may be required for completion
of ovulation in all femsles,

In Table III,1, the data are presented to illustrate the ef-

fect of age, and consecuently, number of egge eventually owulated,

upon rate and duration of ovulation. The mean numbers of tubal ova
recovered at wvarious intervals after CG is given botﬁ for females

aged 18 to 23 daye at PME trestment (yielders of egges in high numbers)
and those 24 to 29 days (relatively poor Qgg yielders), In calewlating

mean numbers of ova recovered, the few non-ovulators, as well as



Table III,)1

RELATIONSHIP BEIWEEN AGE OF SUPEROVULATED MICE AND RATE OF ARRIVAL OF OVA
IN THE TUBAL AMPULLAE

Based on mean mumber of tubal ova (% standard error) from females, includ~
ing unovulated ones, autopsied at variocus intervals after CG, Immsture P,
Q and R stoek hylrids, Data presented graphically in Figure 4.

Time of 18~ to 23-day old females 24~ to 29-day old femsles
sutopsy g 9 b, ¥2 Mean No, eggs # 92 MNo, 9 Mean No, eggs
(hours ovu-  autop- % std. error® evu- autop- i std, error®
after €6) lated sied 1
% o 0 8 0.00 0 7 0,00
12 85.7 14 17.86 # 3.11 96,6 29 23.72 % 2,58
13 100 7 35.00 # 3.47 95,0 20 29.40 # 2.83
1 100 8 £7.13 % 7.69 93.8 16 30,06 % 443

b 100 4 56,83 + 4,82 100 48 38,06 + 2.41

*The following is a 1ist of the pairs of means having significant "t" values,
accompanied by statement of conelusion drawn from comparison.

Cless ; means compared; t ;3 P @ conclusion drawn
18-23 da.; 12 & 13 hrs.; 3.383<0.005: Ovulation still in
18-23 da.; 13 &14 hrs.; 2.37;-0.025: 1) progress st 13 hrs.

24=29 da.3 13 &14 hrs.; 2.08;<0.05 @ for both age groups.

14 hrs. 3 2 age groups; 2.073;=0.05 : Ovulation rate after 13 hrs. faster
>14 brs. ; 2 age groupe; 3.89;<0.001: 2) 1n younger age group.
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females having ovulated are included., Graphic presentation of the
date in Table III,1l is made in Figure 4.
In each age group (Table

II1,1), the mean mumber of ova recovered at 12 and 13 hours after
CG was significantly less than that found st autopsies later than
14 hours after CG, This suggeste that regsrdless of the numbers
of eggs to be eventually ovulated, the duration of ovulation for
females as a group was at least as long as one hour, 50 mimutes,
(i.e., from 11 hours, 10 minutes to 13 hours after CG).

Bvidence as to the varisbility in
duration of ovulation among individual femeles at the time of autopsy
is available from the date (Table III.2) recorded on the numbers of
mature, unruptured follicles present in the ovaries of mice of the
two age groups: 18-23 and 24~29 days old. Since ovulation is ale
most certainly complete in sll females by 18 hours (see Fig, 3) it
would appear from Table III.2 that 20% of females in both age groups
killed at 16-18 hours (last row, sum of 6th snd 7th columns) retained
a few large follicles not destined to be ovulated. However, in both
age groups, & larger percentage of females (44% in all) etill had
unruptured follicles when sutopsied at 14 hours (8th row, 6th and

7th columns), This suggests that in some mice of each age group,
ovulation was still in progress 4 hours after CG. By contrast, 19%
of females (out of 21 in the 24~ to 29-day age group) had no unrup-
tured mature follicles at 12 hours, indiesting that they had completed
ovulation by then, It would seem, then, that there was comsiderable



TABLE II1.2
PELATIONSHIP BETWEEN AGE OF SUPEROVULATED MICE AND RATE OF FOLLICLE

The percentage of females with varying numbers of msture unruptured
follicles at ineressing intervals after C G, as determined by gross
examination of the ovaries. Immature P, Q and R stoek hybride,

T T T R B L e B S S D S I AT S e R

Age of Tine of Approximate No, mature

females autopsy Total ~nruptured follicles
(days) (Hre. after 29

¢ 8) _Home 1 %08 28

12 10 o 10% 90%

18 - 23 14 8 50% 384 138

16 - 18 8 75% 13% 13%

12 2 19% 29% 52%

24 - 29 14 15 60% 33% 'r#

16 - 18 13 85% 8% a%

12 n 138 23 65%

18 - 29 14 23 57% 35% o

10%

16 - 18 21 fns 10%
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variation between females as to the duration of ovulation., The
evidence from mmbers of unruptured follicles has suggested that,
whereas some females had completed ovulation within the interval
between 11 and 12 hours, in other mice (whether potentisl yielders
of high or low numbers of eggs), ovulation lasted from before 12
hours to after 14 hours from injection of CG,

Although ovulation was apparently
still tsking place in some mice of the two age groups at 14 hours,
the mean number of eggs recovered from each group at 14 hours was
significantly grester in the younger group (Table III,1). 48 ean

be best seen in Figure 4, mice with a potential for high yields of
eggs seem to ovulate at a faster rate between 12 hours after CG and
the completion of owvulation.

The maximum numbers of ova re=-

covered at each autopsy interval provide some indieation as to the
maximum rate of superovulation possible in the hybrid stocks used,
The greatest numbers of tubsl ova recovered from females with mo
mature follicles left unruptured in autopsies at 12, 14 and 16 hours
after CG were 47, 69, and 79, respectively.

For convenience, all females in experiments so far deseribed
in this chapter were induced to ovulate during the day. Thus, the
data did not sllow the preclusion of diunrnal eontrol as a factor
inflvemeing the onset and rate of superovulation. In an experiment
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designed to test this possibility, two groups of mice were induced
to superovulate, the second group receiving PMZ and CG about 12 hours
behind the injection schedule of the first group, The hormone dosages
and injection intervals were those mentionmed under "Materisls and
Methods", The actusl times of CG administration were 11:30 pm and
11 am, respectively. At the time of the experiment, the hybrid P,
Qy and R stocks of mice were not availeble and instead, outbred J
stock mice (deseribed in Chapter II) were used, These were 29-32
days old when treated with PMS, and 13.9 to 21.9 gms. in weight at
the time of autopsy. The mice for each series were divided, before
injection, into 4 groups to be autopsied at 10-11 hours, 12 hours,
14 hours, or at 19«20 hours after CG, Croups with the same CG-
autopsy interval were made 2s nearly comparable as possible in the
two series by utilizing pairs of sibs,

The data, as shown in Table III.3, indiecate that owulation
which has been induced to ocour in immature outbred mice at about
noon instead of just after midnight, ss in spontaneous ovulstions
among adulte, is not appreciably retarded in time of omset., Regard-
lese of whether ovulatory hormone was injected near midnight ar st
midday, in each group only one of the females sutopsied 10 or 11
hours later had tubsl ova (one and four ova, respeectively)., In both groups
ovulation had begun in all femsles by 12 hours. The mean mumbers of
ova recovered at 12, 14, and 19-20 hours did not differ significantly
between midday end midnight ovulators, suggesting that rate, as well as
onset of superovulation wes not affected by any diurnal periodicity.
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Table III.3
TIME OF SUPEROVULATION WITH RESPECT TO TIME OF DAY (F HOKMONE TREATMENT
Inmature outbred J stock mice

et e e St e 5

Midday ovulation Midnight avulatioa
Time of (G at 11330 pm) {cG at 1’ m)
autopsy
(nours Total Humber Mesn ova  Totsl Number um m
after ee 2% per ¢ 2% o]
—06) _ autopsied ovulated ovulated autopsied ovulsted mm
10-11 12 1 1.0 11* 1 4,0
12 10 10 139 1 10 14.3
14 10 10 15.3 g% 3 20,8
19 - 20 10 10 19.8 10 10 18,7

*Includes one unovulated female with apparent hypo-stimilation by CG.
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RISCUSSION

Although the term "ovulation" refers specifically to the rup-
ture of foliicles from the ovary, the main eriterion used in the
present discussion has been the arrival of ova in the Fallopian tubes,
Vhether or not these two evemts are as nearly synchronous in the im-
mature superovulated mouse ag in the normsl adult is pot definitely
known, However, the guestion of the length of time spent by the
freshly ovulated ovum in the ovearian bursa is largely one of academic
interest., Nevertheless, it is of practical importance to have accurate
knewledge of the time at which ova enter the tubsl ampulla, the site
of fertilization in the mouse, espeeially in studies timing the
development of the egg from fertiligzation onwards,

No eompletely satisfactory methods for aceurate determination
of the time of ovulation in mammsle are savailsble from the previous
literature, Burr gt al. (1935) detected ovulation in the intact
rabbit by recording bodily electropotentisl changes., They stated that
the number of surges of potential corresponded to the number of fol-
licles ruptured, However, Nicholas and Carmosino (1944), working
with rats, found no correlation of sign, amplitude or number of voltage
peaks with the number of ova shed. Walton and Hemmond (1928) and
Hi1l gt 81.(1935) were able to observe ovulation in the ansesthetized
rabbit, but the possibility can not be excluded that ansesthetization
and operative interference may slter the timing of ovulation, This
is suggested by Walton and Hammond's report that ovulation failed to
oceur in two does opersted on at about 9 hours p.c. (or about one half
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to one hour before the start of ovulation)., Blandau (1955) made use
of paralysie (inflicted by sectioning the spinal cord between cere
vieal vertebrae) to permit observation of superovulation in the liv-
ing rat. Unfortunstely, the methed of direet observation of the
ovary is not ideally suited to determination of the rate and duration
of ovulation for the following reasons:t (1) not all surfaces of the
exposed ovaries can be easily watched, (2) the rupture of follicles
other than those located peripherslly is diffieult, if not impos-
eible, to observe, =nd (3) observations cannot always be started
before the onset of ovulationm,

In the present investigation, the gonadotropin treatment of
18« to 29-day old sexually ilmmature mice of a hybrid stock was
found to provide a means of controlling with great accuraecy the time
of onset of ovulation, Whereas no treated femsles had tubal ova
when killed up to 11 hours, 10 minutes after CG, 93% had ovulated by
12 bhours after CG, This uniform response in time of onset of super
ovalation, which was repeatable in the hybrid stocks of miee used,
has made it poseible to make reasonsble estimates of the rate and
duration of ovulation for the superovulated females as a group.

The time of onset of superovulation smong the hybrid mice used
in thie study is compared in Table III.4 with that reported herein for
outbred mice and reported in the literature for rats and inbred

strains of mice., In the outbred J stoeck of mice (eolumn 5, extracted
from Table I1II1.3), the majority of animals had begun to ovulate between
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Table 1114

TABULATION OF VARIOUS INVESTIGATORS' RESULTS ON TIME OF OVULATION IN-
DUCED IN THE IMMATURE RAT OR MOUSE BY INJECTIONS OF PM2 FOLLOWED BY CG

AFTER a e | a e a® v* ¢ g b e a b e
LG .
' - - o% 8% o%
10 - 0 el 0
- = A2 A5
- 12% - oF of
11 - - 4 0
= 23 = 31 -2
109 62% 42% 95% 93%
12 1 2 1l 23
10 29 24 2 43
. 83% - - 96%
13 - - - 32
- .23 - - 27
50% 95% 83% 95% 96%
14 11 5 18 37
10 21 24 a8 24
100% - 100% & -
16 20 8 - -
10 _ = 24 - -
100% - 100% 100% 100%
18-20 27 7 19 43
= 24 20 25

a =% of 22 with tubal ova

b = Mean ova per ¥ ovulated.

¢ = Total No. of %9 used in subgroup.
*  Approximate figures.



47
11 and 12 hours after CG, but ovulation a2s early as 10 hours was
noted, Four inbred strains of mice (C57BL, BALB/c, C3H, and C57ER)
were found by Runner and Palm (1953) to have a range im time of in-
duced ovulation of more than two hours for over 80% of femles. In
work on the rat by Rowlands (1944) and Austin (1951), superowulation
appeared to commence in individusl anisals anywhere from 11 to 14
hours after CG, Summsrizing the comparisons made in Table III.4,
the range in time of onset of superovulation reported for outbred
mice, 4 inbred strains of mice, and rats was appreciably greater
than that for the 18- to 29-~day old hybrid P, Q.and R stock mice
used in the present study.

Edwards and Gates (in preparation) have shown that when ovula-
tion induced hormonally in mature mice occurs over a marrowly defined
time interval, the finsl stages of oogenesis leading to completion
of the first maturation division may slso be accurately timed. Ac-
cordingly, one would expect superovulation in hybrid mice, such as
those used in this study, to be preceded by stages in the first
maturation division which occur at readily predictable times. Thus,
superovulation in the immaeture hytrid mouse may be of potential use-
fulness in experiments invelving chemieal , mechanical, or radiation
treatment of ova before, as well as after, ovulation.



It is possible to make a limited comparison as to rate and
duration of ovulation between dats herein presented for the super~
ovulated mouse and that reported in the literature follewing different
methods of estimation. Blandsu's (1955) observations of superovula-
tion in living rate give some indiecation as to rate of ovulation,
with the limitations stated at the beginning of this disecuseion., In
his data based on three "typical"™ ovulators, the mean interval between
rupture of individual follieles (13 ovulations observed per female)
was 6,1 minutes, Near the begimning of ovulation, follicles were often
seen to rupture similtaneously, whereas, a maximum interval of 48
minutes was seen to oceur between the last two ovulations in one of
the rats, The rupture of 13 follicles from one ovary of each of these
three rats took place over an interval of from 1 hour, 14 minutes to
1 hour, 28 minutes. The duration of ovulation was probubly scmewhat
longer, since seversl ovulations had been completed before the ob-
servations were begun. In the Elephant shrew, & meumsl which spone
taneously ovulates very large mumbers of ova, Van der Horst and
Gillman (1941) surmised that ovulation of a mean of 120 ova tock &
considerable time, possibly a few hours, as judged by the appearance
of stages, from ripening follicles to fresh corpora lutea, present in
the ovary at one time. Therefore, in the present work, slthough
some immature femsles must have completed ovulation within ome hour,
the estimation that superovulation may have taken as long as 3-5
hours for femsles as a group is reasonable in view of results reported
by other suthors.
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Despite the seemingly long duration of superovulation in the
immature hybrid mice as a group, most of their ova were ovulasted over
a comparatively short time interval, Just over 60% of the mumber
expected at completion of ovulation were ovulated within 50 minutes
of the omset of ovulation (i.e., by 12 hours after OG), and about 90%
of the ova expected to be ovulated were in the Fallopian tubes within
1 bour, 50 mimutes, This rapid initial rate in ovulation makes it
possible to time superovulation so sccurately in mice such as the
immature hybrids used here, that the majority of ovulations (90%
of ova) for females ss a group can be established at 12 hours I 1 hour
after injection of GG,



CHAPTER IV

VIABILITY AND DEVELOPMENTAL CAPACITY OF SUPEROVULATED EGGS FRIOR TO
IMPLANTATION

That gonadotropic hormone treatment resulte in the ovulstion of
fertiligzable ova in many species has long been established. The
earliest reports for various species are as follows: mouse (Engle,
1927), rat (Cole, 1936 and 1937), rabbit (Paducheva gt al., 1935),
sheep (Cole and Miller, 1933), and cow (Zavadovskii gt al., 1935).
Fairly high rates of fertilization after superovulation have been
noted for some speciess 76% for the mouse (Runner and Gates, 1954a),
60% for the rat (Austin, 1950), @1% for the rabbit (Warwick et al.,
1943) and 74% for the mature ewe (Casida et al., 1944). However,
the above rates of fertilisation for the immature rat and rabbit,
when compared with these for untreated adults, were shown to be below
normal by Austin and by Varwieck et sl., respectively. Also, Austin's
work (1950) suggests that further loss among superovulated eggs oceurs
through fragmentation during tubal development, Thus, he found that
in superovulated immature rats the percentage of normslly developing
eggs, in rats with fertilized eggs, decreased from 60% in recoveries
made at less than 24 hours post coitum (p.c.) to 45% at two days p.c.
Austin concluded that in addition to s subnormal fertilization rate
there must be abnormalities inherent in superovulated eggs, perhaps

50
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due to precocious maturation,

Evidence from the literature indiestes that abnormslities of
follécular maturation are not uncommon for the immature rodent.
Kingery (1914) deseribed abnormal maturation spindles in atretic
follicles of the immeture mouse. Lane (1938), studying ovaries of
immature rats, found binuclear and polyovular follicles but could
not increasse their incidence by gonadotropic hormone treatment.
Simalated, or pseudoparthenogenetic segmentation of unfertilized
eggs was found to be more common among prepuberal than among mature
afimsls, This has been reperted for follicular ova of the immature
rat, rabbit, and guinea pig (Bacsich and Wyburn, 1945), and for tubsl
ova recovered from the superovulated rat (fustin, 1949).

This chapter reports the results of examinations of eggs re~
covered from superovulated immature mice during fertilization and at
1% days before implantation to provide information on both viability
and rate of development of the egge at these preimplantation stages.

Female mice of the J stock (described in Chapt, II) were in-
jected at 21-32 days of age with 2 i,u, PMS, followed 36 hours later
(midnight & I hour) with 2 i.,u, CG, At 9 hours after CG, the females
were paired with fertile strain A males and examined for vaginsl pluge
during the next two hours at intervals of between 10 minutes and one
hour, Groups of mated femsles (141 im all) were autopsied at hourly
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intervals from 11 to 12 hours and at 20, 22 and 23-24 hours after GG,
Tubal eggs, after recovery in saline! were prepared following the
method of Austin and Smiles (1948) for examinstion under s phase
contrast miercecope at magnifieations of frem 400 to 2000 times,
The aims of the examinstion were twofold: %o determine for super-
ovalated eggs (1) the rate of sperm’ penetration (through the vitellus)
and of formation of pronuclei and (2) the incidence of eggs showing
evidence of aberrant development during various precleavage stages,

A comparison was made of the eggs from immature and mature mice
as to the percentage survival and stage of development reached at 33
days p.c. (approximately 1} days before implantation), In one of the
two stocks of mice used (the R stock), development of superovulated
ova after delayed fertilization as well as after normal fertilisation
wae investigsted.

The method was as follows, Ovulation was induced in 83 R stock
(see Chapter II) femsles, aged 18 to 28 days, by the injection of 2 i,.u,
PMS at 12:30 pm ¥ 1 hour, followed 36 houre later by 2 i,u, CG, At 9
to 12 hours after CG (mesn, 10.3 hours, or just before ovulation), 29
of these females were paired with males of either the 101 or CBA
inbred strains, (Subsequent anslysis showed no effeet of strain of male
on rate of cleavage of eggs,) These femsles were checked et hourly intervals and

1Although "spermatozoon” is etymologically more proper, common
custom ie invoked to justify the use of "sperm" in this text.
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15 of them were removed as soon as vaginal plugs were found., Those
that had not msted by 13 hours after CO (approximately one hour after
onset of ovulation) were removed, and they, plus 54 previously une
paired females were put with males at 18 to 23 hours (mean 19.8 hours)
after CG, These females subjected to delayed matings were examined
at intervals of one to two hours up until midnight (ebout 24 hours
after CG), and the final cheek for copulation plugs was made ezrly
the mxﬁ morning. Twenly females mated in this group in which fer-
tiligation had been experimentally delayed.

For each of the 9 days that normal and delayed matings were
scheduled, = control group wes run concurrently to verify the time of
ovulation in ummated females. Thus, following esch series of hormone
treatments, one to three (total for 21l series, 18) females were
asutopsied at 10 to 11 hours after UG to confirm previous findinge
that ovulation does not ocecur this soon, Eimilerly, for each series,
one to three females (totel for all series, 22) were autopsied at 12
hours after CG to be assured that ovulation had begun in most females
by then (see Chapter I1II),

In order to permit comparisons of the development of egge
from normal snd late mated superovulated females with the development
of eggs from spontaneous ovulations, a second control series wags run.
Uniparous or diparous R stock femsles 2 to 5 months old were paired
with strain 101 or CBA males at 5-11 pm and examined for vaginal
plugs the following morning, Altogether, 25 females mated and were
used in this control series.
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The superovulated and epontaneously ovulated femeles which had
mated were autopsied at an estimated 33 days after ovulation. Thus »
superovulated females were killed at 92 to 96 hours after CG injection
and the adults were killed between 11 am and 3 pm, three days after
the respective mornings on which their vaginal plugs were found. The
uteri of these females were excised and their contents were flusihed
with Pannett-Compton ealine (Pannett and Compton, 1924) into smell
coneave watch glasses. After the egge had been flushed out, they
were concentrated near the center of the wateh glase by gently swirl-
ing the saline containing them. The Fallopian tubes were slso examined,
but tubal eggs were rare at this time,

Examination of the egge was earried cut under a wide-field
binoeular dissecting microseope, using 60 times magnification. The
eggs from each femsle were classified individually as onme of the fol-
lowing: medium blastocyst (round, with large blastocoel snd small
ioner eell mess), early blastoeyst (with very smsll blastocoele),
morula (approximately 8-16 eells, normal cleavage) or imviable (eyto-
lyzed or fragmented). The eggs were then fixed in asceto-carmine and
nuclear and chromosomsl sta2ins® were made according to the Feulgen
squash technique, as modified by Slisymeki (1949). To sssess the rate
of cleavage up to 3% days p.c., the mmbers of celle, as determined
by counts of stained nuclei, were recarded for the individual eggs
of each female.

°The results of the chromosomal counts in these eggs have been
the subjeet of a previous report (Gates and Beatty, 1954),
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A group of J stock females was used for a study of the develop-
ment attained at 3% days p.c. by eggs from induced and spontaneocus
ovulations. The animals used for this series were the donors of eggs
for the transplantation experiment deseribed in the next chapter. The
numbers of blastoeysts, morulze, and inviable egge were recorded for
54 immature females (27-36 days old) and 60 adults (25 months old
and uniparous),

Fertilization. BResults of the study to determine the rate of
| sperm penetration and of pronmucleus formation in superovulated eggs
are tabulated in Table IV,1, The times of autopsy are expressed both
with relation to the time of CG injection and to the time of copula-
tion, The precise time of copulation for esch female was not known,
but was erbitrarily set at the midpoint of the mating interval (the
time elapsing between the last two examinations for a vaginal plug).
Since the longest mating interval was ome hour, the maximum dis-
erepancy possible between estimsted and actual time of copulation
was less than half an hour. The average intervsl between mating and
autopey for each group of females autopsied (Table IV.1, 2nd column)
was estimated from the mesn of the midpoints of mating intervals of
the individusl females.

In Figure 5, the percentages of penetrated and pronucleate
eggs recovered at each time of sutopsy are plotted at points represent-



Tsble IV,1

THE PERCENTAGE OF SUFEROVULATED MOUSE EGGS PENETRATED BY SPERMS OR PRONUCLEATE, ACCORDING TO BOTH TIME OF
CG INJECTION AND TIME OF MATING. Dsata presented graphieally in Fig, 5.

Time of autopsy :
" D O | WL | DRl © DSROT SR | TR . SAUTAN - Ve | O U T o

Interval between au-

topsy and mean for

midpoints of mat D:41 1352 Ll 3147 Asdd 53477 6151 7354 9356 11346 12353
periods (Frsimins

Ranges time between

last wvaginal plug & 0 1 2 3 4 5 é 7 R 12
sutopsy to time be- to to to te to to to to to to to
tween first femsle 11/2 3 A 43/l 6 63/4 8 91/4 11 1/2 12 3/4 14
paired & sutopsy (hrs)

No, of females :
autopeied 10 14 14 16 17 12 13 5 e 13 3
Total egge
recovered 1 d 205 20 25 23 170 24 229 263 189 53

% eggs with sperm

% promucleate
eggs 0 0 0 4,0 12,8 20,5 33.0 4h2 T2.2 96.3 90.4

9%
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No. of

o i 2 3 M s 6 7 8 9 10

TIME OF AUTOPSY (hn. atter mqung) _

PERCENTAGE OF SUPEROVULATED EGGS PENETRATED BY SPERMS (A) OR
PRONUCLEATE (B} FROM OUTBRED MICE AUTOPSIED AT VARIOUS TIMES

AFTER MATING.

FIGURE 5
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ing the mean mating-to-sutopsy intervals, with broken lines indicating
the shortest and longest possible intervals between copulation and
sutopsy in individusl femsles, The time required for completion of
sperm penetration in the immsture superovulated females, as a group,
was approximately 11 hours, beginning st one to two hours snd ending
at about 12 hours after mating. Thie compares favourably with the
12 or more hours required for the mature, untreated mouse (Braden
end Austin, 1954a)., It may be of interest to note that the mean
number of eggs, 15, in the present series was about twice that, mean
of 8 eggs, in Braden and Austin's untreated mice. The average dis-
tance between lines A and B in Figure 5. suggests there is a mean
intervel of 24 hours between gperm penetration snd promucleus forma-
tion, Braden and Austin reported this to be 2 3/4 hours for the
spontaneously ovulating mouse. From these results, it would seem
that the time relationshipe involved in fertilization of superovulated
ova are consistent vith those of ova from untreated mature mice.

Of importance to the subsequent diseussion is the high per-
centage of superoviulated eggs which were fertilized. The 16 females
which were autopsied at 22 to 24 houwrs after CG (11 te 14 hours after
mating) had superovulated a total of 242 eggs, 99.2% of which bore
sperms .’m the vitellus and 94.6%, msle and femsle pronuclei. Thus,
fertilization snd the second maturation division of the egg was seen
to have proceeded normally in a very high percentage of the eggs of
these superovulated immature females.
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The incidences among the
eggs of immature females of those anomelies whieh oceurred inde-
pendently of fertilization are shown in Table IV,2, Most eommon
among the abnormalities were egge that had been ovulated as primary
oocytes (shown by Noyes, 1952, not to be feﬂilizabla). The large
clear germinal vesicle in the centre of each sueh egg was evidence
that nuclear differentiation leading to the first maturation division
had not yet ocecurred. The 0,5% ineidence (11 out of 2,028 eggs) of
primary ooeytes among the superovulated mice in the present series
was lower tham that found by Austin and Braden (1954b) among adult
mice of an unspecified strain, The ineidence of unfertilized uni-
nucleate egge (0,1%) end eggs having imdergone "immediate cleavage">
(0.2%) were similarly low, The total percentage frequency of super-
ovulsted eggs undergoing sbnormal development independently of
fertilization was less than one pereent,

The abnormslities noted in

superovulated eggs just after fertilization are shown in Table IV,.3,
A comparison with the incidence of similar snomalies in adult mice

is presented from the data of Braden (1957b). The stocks of femsles
end males used for both sete of data were the same, Of the 1,719 eggs
examined in the work of this chapter, 16 (0,9%) had two sperms

within the vitellus., Fertilized uninucleate eggs were less common
(0.5%), and of the 9 found, two were gynogenetie, In each case, a

Igee Draden and Auwstin (19548} for a definition of theis pro-
posed term “immediate cleavage”.



TABLE IV.2
ABNORMALITIRS, INDEPENDENT OF FERTILIZATION, IN EGGS OF SUPEROVULATED
MICE
Incidence compsred with that in published dataPs® for untrested
adults,

] . e 8

Abnormality No, .m:]éom ' % ineidence
eges examined % in adult %

Primary oocytes 11/2028 0.5 147

Inmediste cleavage 4/2028 0.2 0.2¢

Uninucleate, un-

penetrated eggs 2/2028 0.1 -

a. Bggs examined from 2132 day old superovulated J stock females
mated to A strain msles.

b. From Austin and Braden (1954P), based on 1120 eggs from adult mice
of an unspeeified strain.

¢, Data from Braden (1957), based on 1335 eggs from matings of adult
J stock femsles to males of various strainms.



TABLE IV,3
ABNCRMALITIES IN RECENTLY FERTILIZED EGGS OF SUPEROVULATED MICE
Incidence compared with that in published dated for adults, same

stocks,
Incidence in immat, $% &
Abnormality No. abnormsl/Total % incidence
egge Jexamined % in adultecd
Dispermy 16/1719 0.9 0.6
Uninucleate, pene- :

Polar body suppression 1/179 0,06 0.0

a., PFertilized eggs examined from 21-32 day old superovulated J
stock femsles mated to A strain males,

b. Data from Bradenm (1957), based on 160 fertilized eggs from
adult J etock femsles mated to A strain males.
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sperm and two promuclei (one of them large and presumably a male
pronucleus) were seen within the second polar body, snd a single,
emall female promucleus remained in the vitellus, In the one ob-
served case of polar body suppression, there was one large promucleus
and two small, presumably female, pronmuclei in an egg which was
penétrated by only one eperm. The total incidemce of superovulated
eggs that were developing abnormally after recent fertilization was
only 1.5%.

In addition to the aforementioned anomalies, all of which have
been previously deseribed (Zustin and Braden, 1953 and 1954b, and
Braden and Austin, i954b), four cases of =n obviously delayed second
maturation division were found, The author knows of no previous
reports of this for mouse eggs. In three of these egis, the male
pronucleus wag fully formed, but the chromosomes of the second matura-
tion division were etill in late anaphase, the spindle not yet having
rotated prior to extrusion of the second polar body. In the fourth
egg, & well-formed male pronucleus was present when the egg was only
Jjust completing the second maturation division. These 4 egges with
retarded second polar body extrusion were not classified as abnormal
since no predictions about their subsequent development could be made,

3% Days P.C,
Visbility. 4 smrj' of percenmtage survival and the stape of
development reached at 3} days by egge of prepuberal and adult R stock
mice is given in Table IV.4i. The percentage of inviable eggs is based
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SURVIVAL AND DEVELOPMENT TO 3% DAYS GESTATION OF SUPEROVULATED EGGS FROM HYBRID R STOCK MICE

Comparison between immature and msture gice snd between immsture mice superovulating rels~

tively low and high numbers of eggs.

Maturity Range in No.  Ne. Mean Wo, % eggs Mean Ko, Blagtocyste

of % eggs per @ 2Q egge inviable blastocysts as % of liv-
dpgeggs . o

Tnma ture T-91 15 429 3hd 1R.7 45.0

Immature 35-91 8 59.8 38.3 15.5 42,0
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on eggs that were meither blastocysts nor apparently normslly cleaved
morulse., It was felt that the number of inviable egge which was
missed was insignificant since (1) great care was taken in examining
uterine flushings and tubal contents and (2) the total mumber of egge
recovered compsred wery favourably with that found in the same stock
2/ hours after completion of superovulation using the same gonado-
tropin treatment.

The percentage of inviable egge from immature R stock females
(34.4%) wes elightly grester than that of eggs from adult femsles
(27.,0%), However, there was a great difference between the nmumber of
eggs superovulated (mean 42.9 and range 7-91 egge) and the number
spontaneously ovulated (mean 10,2, and range 4-16). When percentage
moxtality was analyzed on the basis of numbers of eggs superovulated,
in half of the animals, those that superovulated only 7-33 eggs, the
percentage of dead egge (23.0%) did not exceed that of eggs from
mature animals (27.0%). On the other hand, in those females which
superovulated between 35 and 91 egge (mean 59.8) the mortality of
eggs was 38.3%, A X" test based on the total number of eggs in each
group (X = 12,65, P<0,001), indicated that there was a significant
difference between mortality in eggs of immature hybrid R stock females
that ovulated relatively few eggs and those that yielded high numbers
of eggs.

The results of analysis of numbers of living and dead eggs
recovered from J stock females are shown in Table IV,5. In this
stock, the egg yield after superovulation (mean 16.7) was considerably



SURVIVAL AND DEVELOPMENT TO 34 DAYS CESTATION OF SUPERCVULATED EGGS FROM OUTBRED J STOCK MICE

Comparison betusen immature snd mature mice and between immature mice superovulating low snd
relatively high mumbers of eggs.

Table IV.5

Maturity Range in Vo, Yo. Mean Ne, % egge Mean Wo, Hlaetoeysts as
of ¢ egge per ¢ 29 eggs inviable blastoeysts % of living
SEEE
Tnmature 448 54 16.7 6.2 10,9 69.3
Immature =14 26 9.2 5.9 6.8 78.2

&
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less than that in the hybrid R stock females (mean 42.9). The per-
centage mortality in the outbred J stock did not differ between 34-
day eggs from immsture and mature females nor between egges from fe-
males superovulating 4~14 egge and those superovulating 15-48 eggs.
The relstive numbers of blastoeyste

and morulse recovered at 3} days provide a basis for comparison of
the development reached at this stage in eggs from prepubersl and
adult mice, Since, in R gtock mice, the percentage of inviable eggs
varied in the different groups, as previously shown in Table IV.4,
development was scored in terms of the number of blastocysts as a
percentage of living egge only. The percentage of blastoeysts was
similar between relatively poor ovulators (7-33 eggs) and mature
animales 52.0% and 50.3% blastoeyste, respectively, but was somewhat
lower (42.0%) in superior ovulaters (35-91 egge), with "x."u 3.54

(P = 0.05 - 0.1). Therefore, as with percentage survival to 3} days,
developmental rate tended to show a decrease with increasing numbers
of eggs superovulated by the immsture hybrid females.

The results of appraising development im terms of number of
nuclei in 3}-day eggs from superovulated R stoeck hybrids are shown in
Table IV.6, Whereas 10.4% of superovulsted eggs had not yet begun
their fowrth cleavage by 3% days p.c., there were no eggs from mature
animals that were equally retarded. Also, the percentage of eggs
having completed 5 or more cleavages was significantly less for im-
mature females (60,7%) than for mature females (75.1% with X1= 4487,
P<0.05), further indieating the retarded development of a large



Table IV.6
COMPARATIVE CLEAVAGE RATE TO Jir DAYS GESTATION OF EGGS FROM IMMATURE AND MATURE MICE

Frequency, according to mumber of nuclei snd cleavages, of eggs recovered at 3% days p.c.
from R stock mice. (Percentages in parentheses.)

Yo, nuclei- 48R 10-13  1é# _19-29 3283 36-60 6443 68-125
No, cleavages= 2 3 4 . 5 6
1 9 13 25 39 40 72 16 6
10 immat. 2%
(0.5) (4.1) (5.8) (11.3) (7.6) (18.1) (32.6) (7.2) (2.7)
0 0 0 6 12 29 21 3 1
15 mature 2%

(0) {0) (0) (8.3) (16.7) (40.3) (29.2) (4.2) (1.4)
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percentage of superovulated eggs by 34 days p.e.

The developmental rate up to 3% days for superovulated ova
from the J stock is summarized in Table IV.5. Development, expressed
as the percentage blastoeysts among all living eggs was found to be
retarded in eggs of superovulsted females (69.3% blastocysts) as come
pared to adult controls (86,9% blastocysts), Bven when developmental
rate was considered only in those females which superovulated numbers
of eggs (range 4-14, mesn 9,2) similar to that of adults (range 2-14,
mean 10.2), the pereentage of blastoeysts, 78,2%, wes still lower then
that of adults, 86.9% (X on total eggs, 9.36, P<0,005). Retarded
development at 3% days was found to be associated with incremsing
numbers of eggs shed in this stock, as it was with R stock females.
Thus, J stock females anpermﬂ.é.tlng eggs in high numbers (range
15-48, mean 23.7) had a lower pereentm of blrutoeyntu (66.0%) than
did the group ovulating low mumbers (4-14 eggs) cited above (K on the
totals, 11.55, P<0.001).

Effect of delayed fertilization. The effeet of experimental
delay in the time of mating upon percentage survival of superovulated
eggs to 3} days p.c. was striking, The degree in delay of fertilisation
was estimated as follows., It was shown in Chapter IiI that super-
ovulation in this stoek is virtually complete by 14 hours after CG and
in this chapter, that the earliest recorded sperm penetration occurred

more than one hour after mating (Fig. 5). Since the females for this
series were paired with males more than 4 hours after ovulation (between
18 and 23 hours after CG), it follows that the earliest that any of

the eggs in this series could have been fertilized was 5 hours after ovula-
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tion, However, the mean time at which femsles were exposed to males
was 5.8 hours after ovulation (i,e., 19.8 hours after CG), It may
be seen in Figure 5 that 50% of egge were not penetrated until 5 hours
after mating. This sets a minimum estimate for the time at which a
majority of eggs could have been penetrated at about 11 hours after
ovulation.

The over-all percentage mortality after delayed fertilization
was 68,4% at 3} daye p.c. This differs significantly from the 34.4%
mortality for eggs from superovulated females with a normal mating
time, In Table IV,7, the females which were subjected to delayed
mating are divided into 4 groups of equal size on the basis of number
of eggs recovered from each, The percentage mortality of eggs is
ghown to ineresge with increasing mumber of eggs ovulated from 48.7%
(range of 8-32 eggs recoversd) to 76,1% (in females with 63-98 eges).
The rate of development attained by these eggs after delayed mating
did not, however, change with number of eggs ovulated. /e a result,
the effect of delayed fertilization was such that the mean number of
blastocysts recovered from females ovulating a mean of 75.4 eggs
(2.8 blastocysts) did not differ apprecially from that in females
ovulating only a mean of 23.4 eggs (2.2 Blutomtu).

DISCUSEION

Any cessation or retasrdation of the normal development of an
egg prior to its implantation in the uterus could possibly be ate
tributed to one or more of the following factorss (1) aberrant
maturation before fertilization, (2) retarded or abmoymel fertiliszation,



Table H.?

EFFECT OF DELAYED FERTILIZATION ON SURVIVAL AND DEVELOPMENT OF SUPEROVULATED
EGGS TO 3} DAYS GESTATION

Relationchips of viability and development to mumber of eggs superovulated
by hybrid R stoek mice subjeoted to >10 hours delayed coitus,

o .~ s T
Range 1.“ Yo. ?é' llo&:t eggs o Blu o_f
8 to 32 5 2344 48.7 2.2 18.3
36 to 45 5 40.0 65.0 3.2 22.9
47 to 62 5 52.4 67.6 2.6 15.3
_63 to 98 5 7544 76,1, 2,8 15,6

Totals 20 47.8 68.4 2.7 17.9

0L
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(3) failure to be fertilized, or (4) failure to cleave either at a
normal rate or at all. In the following diseussion, the congribution
of each of these factors to the viability or development of superovula-
ted eggs prior to implantation is agsessed from the experimental
evidence just presented.

Precleavage stages

The low incidence of abnormslities occurring independently of
fertilization in superovulated egge from immature mice (0.8% of all
egge) suggests that there was no appreciable degree of abnormal
maturation prior to fertiliszation as far as could be determined by
microscopical examination of the intermal details of the eggs. All
the types of abnormalities found in superovulated eggs after fertiliza-
tion (Table IV.3) would probably have led ultimately to inviability
of the eggs affected. However, their total incidence (1.5%) was not
as great as thet found by Braden (1957b) in identical stocks of adult
mice (5.1% abnormal egge). Sperm penetration and the formation of
pronuclei (in other words, the completion of the second maturation
division) was found to proceed at a rate comparable to that reported
by Braden and fustin (1954a) for adult mice. By 11 to 14 hours after
mating, about 95% of the eggs of superovulated immsture mice had
been fertilized and had resched the stage of pronucleus formation.
In summary, the viability and development reached by superovulsted
egge from immsture mice just prior to the beginning of cleavage sp-

pears to have paralleled that of egge spontaneously ovulated by adult
mice.
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The high percentage of fertilization among superovulated
eggs (95%) which was obtained in the present series of experiments is
not in accordance with the low percentage reported by Austin (1950)
for egge of superovulated immature rats, In 30 rats mated after
superovulation, the percentage of total eggs fertilized wae A5%, and
even smong femsles with one or more fertilized eggs, only 63% were
fertilized, This contrasted with the high fertiliszstion rate in adult
control rats of 89%, If a comperison is justified between the data
herein reported for immature mice and Austin's data on the immature
rat, the diserepancy in rates of fertilization may be partly accounted
for by the smaller mean number of ova shed, 15, in the mice of this
series ag contragted to 37 ova in Austin's rats. The decrease in the
sperm/egg ratio with increasing numbers of eggs superovulated may be
an explanation for the low rate of fertilization reported by Austin
for immature rats, rather than some inherent deficiency in the super-
ovulated ova.

Data presented by Braden and Austin (1954¢) indicate that the
number of sperms reasching the site of fertilisation in the mouse may
be guite limited. They counted an average of only 17 sperms (range
2-75) in each tubal ampulla at 10<15 hours after ovulation., If thie
approximstes to the absclute mumber of sperm svailable for fertiliza-
tion, a decreased percentage of eggs fertilized might be expected to
accompany the superovulation of excessive numbers of eggs. However,
the recovery, in this study, of a maximum of 82 blastocyets and
morulae from one superovulated mouse at 3} days p.c. demonstrates that
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fertilization of a large number of egge is not impossible when ade-
guate numbers of sperm are present at the site of fertilisation.
One important point to be made from results presented in this chapter
is that in view of the high fertiliszation rate obtained (95%),
treatment of immsture mice with gonadotropins, in itself, does not
lead to ovulation of nonfertilizable ova.

2% Days p.g.

Viability. A deereasing percentage survival of eggs to 3% daye
with the superovulation of numbers in excess of about 35 has been
demonstrated in the hybrid stocks of mice used, Possible explanations
for the relationship with increasing mumbers of eggs are: (1) decreased
fertilization rate due to decreasing sperm/egg ratio, (2) inereasing
percentage of abnormal eggs shed, or (3) an association with immeturity
of the female (due to the inverse relationship between age and number
of eggs superovulated -~ see Chapter II),

Evidense against the third possibility has been provided in
recent, unpublished work. In two groups of females, both 21-22 days
old, the numbers of egge superovulated were controlled by the PMB
dosage. The corresponding rates of survival for eggs from females
ovulating 51.1 % 5.1 eggs (range 33-73) and those ovulating 10.6 +
1.06 eggs (range 4~17), were 68,7% and 86.6%, respectively (‘X.I# 15.8,
P<0.001). Thus, a statistically significant negative relationship
between the number of eggs superovulated and the percentage survival
to 3} days wag demonstrated to exist in the absence of an effect of age.
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That immeture females ovulating exeessive mumbers of eggs
(.04, 35 or more) may be shedding a correspondingly large number
of potentially inviable egge is 2 possibility that needs further
investigation. Unfortunately, at the time eytologicsl examinations
were being made of precleavage eggs, the conditions for getting
eonsistently high egg yields were still umkmown. However, in spite
of the proportional inerease in mortality with increasing mmbers
of eggs, the yield of normally developing 3} day eggs by super-
ovulation greatly exeeeds that possible from mature females. Thus,
for the R stock, the mean mmber of living eggs recovered at 3} -
daye was 36.9 for immature females superovulating more then 35 eggs
(mean 59.8), compared to only 7.5 living eggs from mature females
at 3% days. Among J stoek mice, in which the egz yield after super-
ovilation was 50% greater than that after spontsneous ovulation, the
survival rate of eggs from immature femsles was not less than that
for eggs from adults at 34 days p.c. Therefore, it would seem that
superovulation per ge does not result in decreased viability of eggs
up to 3% days of gestation,

Developmental eapseity. One characteristic of eggs recovered
at 34-days p.c. from superovulated mice was the great varistion in
degree of development attained. Thus, as shown in Table IV.6,
vhereas the modal number of cleavages for 3}-day egge from immstuve

mice was over 5, egge with only three cleavages were not too uncommon,

Cosida et al. (1944) had likewise noted a great renge in development
of superovulated eggs, one ewe having eggs with from 2 to 16 cells,
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These authors suggested that either (1) eggs of the earlier stages
might have been dead but not yet recognizably fragmented upon examins-
tion or (2) there were variations in length of development accounted
for by differences in time of ownlation, It is doubtful, however, if
either of these possibilities could sccount for the variations in
development reported in this chapter., Firstly, fixation in seceto-
carmine prier to meking nuclear counts had disintegrated the non-
living eggs, and secondly, the duration of ovulation was shown in
Chapter III to be, at most, only about 4 hours.

As with the percentsge of survival, the rate of development
up to 34 days p.c, of eggs from superovulated mice as a group was
found to be retarded with incressing numbers of egge shed, Despite
the over-all retardation, however, the absolute number of well
developed eggs (i.e., blastoeysts) was direetly proportionsl to the
number of eggs superovulsted. Since development has alresdy been
shown to proceed at a normel rate during maturation and fertiliszation,
in J stock mice, the slight retardation in development of superovulated
eggs before implantation at least in that stock, is apparently a
result of a delayed rate of cleavage in some of the eggs.
The importance of regulating
mating time with respect to time of ovulation is shown by the results

of experimentally delayed matings. When fertilization was not sllowed
to oceur until about 11 hours or more after ovulation, the percentage

of eggs surviving to 3% days (32%) was about half that of eggs follow-
ing undelayed mating (66%), The findings of Blandsu (1952) would seem
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to indieate that much of this loss can be attributed to reduced
fertilization rate and increased incidence of abnorma) development.
Blandsu found that in rats insemin=ted 9-12 hours after spontsaneous
ovulation only 71% of their eggs were fertilized, of which 43% were
developing abnormally, Data presented in this chapter demonstrate
thet the effeot of reduced survival rate following delayed fertiliza-
tion was such that, with inereasing numbers of eggs superovulated
(from mean of 23,4 to mean of 75.4 eggs), there was no appreeciable
inerease in mumber of developing eggs at 3} dsys (from a mesn of 12
to mean of 18 eggs, respectively)., Therefore, the large yields of
eggs poseible from superovulation are nullified in terms of the
number that ean survive to 3 days when fertilization is delayed to
more than 10 hours after ovulatien.

The results of the experimentally delayed matings may provide
an explanation for the deereasing percentage survival (and possibly,
for the retardation in development) among 3i-day eggs with increasing
mmbers of eggs superovulated in the hybrid stocks of mice used. The
effeet of inereased numbers of ova, relative to the limited numbers
of sperm at the site of fertilization may be to extend the interval
between the time of onset and completion of sperm penetration of ova
in any given superovulated femsle, thus resulting in a considerable
delay in fertilizstion for the last of the ova to be penetrated.



CHAPTER V

VIABILITY AND DEVELOPMENTAL CAPACITY OF SUPEROVULATED EGGS FROM 3%
DAYE P.C. TO TERM AS STUDIED BY TRANSPLANTATION

INTRODUCTION

It is well known that eggs from superovulated immature animals
can develop into what appear to be normal young. What is less certain
from the literature is the percentage of such egge that are able to
develop and the degree of development achieved at birth compared to
that of foetuses from spontanecusly ovulated eggs of adults.

Superovulated egge have developed to term in the uteri of their
sexually precocious mothers, Developing in this environment, the
eggs ususlly have a low rate of survival (Engle, 193lb, for the mouse;
Cole, 1940, and Austin, 1950, for the rat; and Parkes, 1943, for the
rabbit), Even when the frequeney of pregnancy is increased by pro=-
gesterone therapy, prenatal mortality in the prepuberal animsl is
high (Smithberg end Runner, 1956). The development of superovulated
eggs within the uteri of their immsture mothers doee not, however,
allow distinction between subnormal viability due to factors associated
with possible immaturity of the host's reproductive system and that
due to posgible innate deficlencies of the superovulated eggs.

Attempts to estimate postimplantation viability of eggs from
animals treated with gonadotropins have been made by transplantations
to adult hosts. Warwiek et al. (1943; see sleo, Murphree et al.,

77
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1942) reported 10% survivel of 3-day post coitum (p.c.) eggs transe
planted from immeture rabbite to 5 adult hoste that became pregnant,
However, the survival of transplanted eggs from mature donors was
equally low, 7.1%, Runner and Palm (1953) obtained & 14.2% survival
for egge from immsture mice following transfer befere fertilization
to adult hosts, They concluded, since Rummer (1951) had reported 20%
survival of ova artifieially ovulated from pregnant mice, that ",,.
unfertilized ova from prepuberal domors may survive less frequently
than do ova from pregnant [mature] donors."

In the present work, viability of mouse eggs from immature and
mature donors is compared after development in the uteri of genetically
gimilar adult hosts. The findings ﬁuro reported in a preliminsry
publication (Gates, 1956) and eonfirmatory results have been published
by Melaren and Michie (1956).

Previous evidence regarding the capacity for normal embryoniec
development of the eggs of superovulated prepubersl animals has largely
been based on gross appearance of the developing young. In addition
to Warwick et al., and Runner and Palm (cited above), Chang (1948) and
Adams (1954), both werking on rabbits, comment on the normsl appesrance
of young developing from superovulated egge of immature animals after
transfer to mature hosts. However, both Willett (1953) and Adams (1954),
after reviewing previous literature, conclude that more data are needdd
to estallish the capatity of superovulated ova for normsl development,

The present study, in addition to estimating viability, utilizes a
quantitative measure of the growth of foetuses to compare eggs from
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immsture and mature mice as to rate of development in the same uterine
environment.

Direect comparison of the development attainable by foetuses
derived from immature and mature females was made possible by the
transplantation of eggs from superovulated donors to adult hosts al-
ready bearing their own fertilized eggs. A second group of transplants,
from mature donors to mature hosts, had a twofold purpose: (1) it
permitted a comparison of the survival rate of superovulated and
spontaneously ovulated eggs developing under similar conditions (i.e.,
after transplantation), and (2) it permitted a study of the effeet
upon subsequent embryonic growth of handl:lng of the egges during
transfer., Finally, a group consisting of mated, intaet femsles
served as a control for any general effects which the transplant
operation might have had on eggs native to transplant hosts. The two
experimental groups, involving transplantations from immsture and mature

doneu, were run ecneurrently.

Donor and recipient matings were so arranged that foetuses from
transferred and native eggs, though distinguishable by presence or
absence of eye pigmentation, were otherwise similer in genetic back-
ground, The females used sg doners and recipients were of the albino
J stock, noted for its high fertility. The two types of males used
for matings of the domors and recipients were closely related. One
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was &f the albino inbred strain A, the other was from a homozygous
non-albino stock derived by repeated back-crosses in which segrega-
tion was forced at the albinmo loeus, To compensate for any pessibile
effect which genes at- or closely linked to- the albino locus might
have upon embryonic development, the genetic marker (pigmented eyes)
vas alternately applied to embryos from transferred and native eggs.
The experimental design for the egg tramsplantation operations in-
cluding number of animels used, is outlined as follows,

Type of [No, hosts nNo. domors Genotype of Genotype of

donor receiving of eggs foetuses native foetuses from
eggs to the host transplanted egge

Tmmature 37 33 te o

Inma ture 37 30 ec e

Mature 41 32 te ce

Mature 45 35 ce te

The females used as donors of superovulated eggs were 27-36 days
old. They were given one injeection of 2 to 4 i.u, PMS between 5 and
10 pem., followed about 42 hours later by 2 i,u. CG injected between
11 a.m, and 2 p.m. The adult donor and recipient females were all
uniparous and 2-5 months old, These, together with the immature
donors, were paired with males of the appropriate genotype between 8
and 12 p.m. on the day of CG injection and were examined for vaginal
plugs on the following morning. At the time of the transplant opera-
tions, the eggs of the donor and recipient females were spproximately
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3} daye old, dated from the estimsted time of ovulation, (Spontanecus
ovulation in adult females of the C stock, closely related to the J
stock was found by Braden (1957a) to begin at midnight and to be come
pleted in 50% of females by 5 a.m,

The uteri of donors were flushed with Pannett-Compton saline
{Pannett and Compton, 1924) and the eggs were colleeted in wateh
glasses as deseribed in Chapter IV, Eggs that sppeared as normal
morulse or blastocysts (under 60 times magnifiestion) were drawn
into thin-walled eapillary pipettes (imnmer diameter about 200,4)
which were operated by mouth suction., An air bubble, between two
short columns of seline, was first drawn into the pipette to mark the
position of the eggecontaining column of fluid, The latter was ap-
proximately 0,75 em, long, the eggs being positioned near the opening
of the pipette.

An attempt was made to equalize the mumbers of transferred
and native young competing in the same host. The average litter size
in J stock females is about 9, Thus, in most of the operations, each
uterine horn of a host received 4 egge, the total of 8 per host
usually coming from s single domor., Oceasionally sn adult donor yielded
less than 6 egge; in such a case, transfer of her eggs was made to a
single uterine horn,

The method of egg trsnsfer was that used, but not deseribed,
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by Runner and Gates (1954b), Propsective recipidnte were ansesthetized
with a 31l mixture of chloroform and acther., A mid-dorsal incision
(0.5 em, long) wae made through the skin, fellowed by incisions
through the peritoneal wall directly over each overy, The remsinder
of the operation was conducted under a binocular mieroscope of 7
times magnifieation. The ovarian fat pad and ovary were pulled through
the skin incision until the mesentery of the utero-tubal junction was
exposed. This mesentery was held with forceps while the anterior tip
of the uterine horn was plerced with a fine-pointed syringe needle.
The eapillary pipette containing the eggs was inserted through the
opening thus made, The Vew were slowly expelled until the air bubble
beyond the egg-containing column of fluild could he seen through the
uterine wall to reach the tip of the pipette. During the actual
transfer, and as the plpette was withdrawn, a palr of fine watehmeker
forceps were clamped over the site of puneture through the uterine
wall, Before the ovary and its fat pad were replaced they were
moistened with physioclogieal saline to reduce the chances of adhesions.
The ineision through the skin, but not those through the peritoneum,
was closed with a gingle 11 mm, suture clip.

The egg medium (Pannett-Compton saline) was prepared under
sterile conditions and stored in a refrigerator between operations,

The watch glasses, syringes and needles were boiled for more than 10
minutes in distilled water. At the start of each day's operations,
the egg vipettes were rinsed in 70% alcohol, absolute alcohol and
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sether, in that order. Immedistely after each transfer, the pipettes
were rinsed in 0.03% sodium eitrate to remove tissue and blood eells,
This was followed by a rinse with sterile distilled water. The

pipettes were re-used at each day of operation.

It was considered advisable to autopsy recipients at 18} daye
gestation (about onme day prior to full term) for the following reasons:
(1) this permitted assessment of viability by individual uterine hornms
as well as by hosts, (2) the incidence of early embryonic mortality
could be estimated from the number of resorption masses, (3) foetal
weight is almost surely less variable than weight st birth, which
varies with length of gestation, time of discovery of the litter,
number of urinations (frequent just after birth), and presence or
absence of milk in the stomach, and (4) neo-natal loss by cannibalism
was aveided.

At sutopsy of the reecipients, foetuses were dissected out of
each uterine horn, and their umbilical cords were severed. All sur-
face fluid was removed by sulmersion of each foetus in warm water,
followed by drying with blotting paper. Foetuses developing from
transplanted eggs were distinguished from those mative to the host by
presence or absence of eye pigmentation., The uterine horn from which
a foetus came, as well as its sex, was recorded. It was felt that

the sexing of foetusee at 184 days p.e. equslled the high relisbility
with which sex was determinable at birth. The very few questionable
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cases of sex assessment were confirmed by disseeting out the gonads.
Finally, body weights of the foetuses were taken on a chain-o-matie
balanee, the weights being aceurate to within 0.0 gnm.

recipients becoming pregnant, 79.6%, was not significantly different
from the 85.5% pregnaney smong unoperated females of the ssme stock
(‘){zﬂ 0.91, P>10%). Therefore, default of pregmancy was apparently due
to general reproductive failure of the host, rather than to lack of
visbility of both the transplanted end untransplanted eggs. For this
reason, viability is assessed in the following studies only among those
egge that were tramsplanted to hosts thet subsequently beecame pregnant,
The sur-

vival rate of morulse after transplantation was markedly lower than
that of blastoeysts as seen in the summarized data of Table V.1. In
the few transplants of morulae from adult donors, the percentage sur-
vival was mot appreeiably different from that of morulae transplanted
from immature donors. The combined data for transplants from immature
and mature donors show that the survival rate of transplanted moriulae,
10.8%, is signifieantly lower than thet of transplanted blastocysts,
44JTE,

Genotype of embryos. Hmbryos with different genetic markers,
gc or +g, were found not to differ in their ability to survive after
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Table V,1

EFFECT OF STAGE OF DEVELOPMENT OF EGGS AT TRANSPLANTATION ON SUB-
SEQUENT SURVIVAL

Comparative survivel yate of blastoeysts and morulse to 18} days
gestation after transfer to hosts subsequently beeoming pregnant,

imnature 373 41.02
blastoeyst  mature 320 49.06

immature snd mature €93 L.T3%

A
® ), for difference between these %'s = 35.16, P <0,00M
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transplantation (see Table V.2), This comparison is based on trans
plant operations in which the number of egge transplanted was held
constant, i,e., 4 blastocysts per uterine horn, The percentage sur-
vivsl to 18} days in pregnant hosts only, when based on combined
data from immature and mature domors was 35.4% for embryos of the gg
genotype and 40,7% for +g type embryos (X =1.08, P10%). Since
the percentages mre not significantly different, in subsequent analyses
of viability, data are combined for transplants using the two genetic

A gubstantial portion of the
over-all mortality of transferred eggs was found to oceur as losses

in which all of the eggs from particular transplant operations were
lost. This ecan be ascertained from Table V,4, which will be discussed
in more detail later., Out of all tramsplants of blastoeysts, involving
173 uterine horns, in 42 or 24.3% of the horns there were total losses
of the transferred egge. In order to test whether probability of sur-
vival was constant for all transferred egge, & test for goodness of
f£it to a binomial distribution, with "p" representing the rate of
survival for all transplants fl.e., totsl eggs survived, 138 divided
by total eggs transplanted, 364), was made (Table V.3). The test ie
based on transfers utilizing a constent mmber (L) of blastocysts,

The resultant high value for X (24.68, P(0.001) demomstrated the lack

of constaney in probability of survival. The greatest contribution to
2
the total X was made by horms with no survivors. The indications
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EFFECT OF GENOTYPE OW PERCENTAGE SURVIVAL OF TRANSFLANTED EGGS

Percentage of 3j-day blastoeysts surviving to 184 daye gestation
in transplants of 4 egge per horn to hostes subsequently becoming

pregnant
Genotype of Maturity of No. blastocysts % survival
I ane BEES g doner Tangoplanied O &% U8V
immature 120 33.33
ee ma ture 72 38.39
immature + mature 192 35 ,42%
imma ture a8 40,91
+g mature 84 4048
immmture + mature 172 L0 70%

a

# X for difference betueen these %#'s = 1,08, P>5%



Table V.3,

TEETY FOR GOODNESS OF FIT TO A BINOMIAL DISTRIBUTION OF THE NUMBER OF TRANSFERRED
EGGE SURVIVING.,

FPrequency of uteriue horns with § to 4 embryos surviving after transfer of 4
blastoeysts to each horn.

Ho. transe Total trans- Total eges Frequency (¥o,) of horns 5
planted eggs planted eggs transplanted  with "X" eggs swrviving x
survived survived in to =511 horms
X
0 0 : 104 26 13.52 11,52
1 19 76 19 33.03 5496
2 46 92 23 30.24 1.73
3 57 76 19 12,31
4 16 16 4 1.88
(3 & 2) {73) {92) {23) (14.10) 547
Totale for Zab
I=01% 4 138 364 A 90,98 24,687

8Expected frequency based on survival rate im all transplants,
(p = 138/364 = 0.3791).

A
B, with 3 degrees of freedom, has P <0,001.
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are that in the transplants herein reported, like those of MclLaren
and Michie (1956), there is a tendeney toward whole inoculum lese of
eggs which acts in addition to the random loss of individusl eggs.

A study of those domors whose eggs were transplanted to more
than one uterine horn was made to see whether the eggs of some donors
were more prone to whole inoculum loss than the egge of others.
Seventeen out of all the donors used in the tramsplant experiments
provided blastoeysts for more than one inoculum (range, 2-6 inoeculs
per donor; and total imoeculs, 56). In no case was there total inoculum
loss in all of the inoculs of any of these 17 donore. Thme, there
was no indieation that whole inoculum loss was the result of a tene
deney for some domors to provide egge, 100% of which were invistle.

The transplantation
data were analyzed to determine whether transplants to individusl
horns of a given host should be regarded as completely independent
operations, In 31 hoste that had received equal numbers of eggs in
both horns, the eorrelation in percemtage survival between left and
right horne was found te be low and not significant (r = 0,138, with
29 degrees of freedom)., This would tend to indicate that survival
after transfer, rather than being dependent largely on the host proper,
was more a function either of (1) the immediate enviromnment of the
uterine horn in which it implanted or (2) some factor associated with
the actual transfer technique,

Transuterine migration of transplanted eggs was found to be
rare in the stocks used. Only one case of migration had been observed
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among 124 genetically tagged eggs which survived after 19/ eggs had
been transferred in uniletersl operatioms to 41 uterine horre., This
incidence of transuterine migration was considered to have s negli.
gible effeet on the assessment of survival rate in individusl horns,

The comparison of viability of eggs from immsture and mature
females after transplantation is shown im Table V.4. For ressons
given in the preceding discussions (1) the results of transfers using
eggs tagged with the genotype +4g and those with gg eggs are combined,
(2) only data from transplants of blastocysts are included, and (3)
viability is ascessed by individusl horns, rather than by hosts, The
percentage survival of eggs from immature snd mature donors in sll
transplants, regardless of the number of eggs per injeetion, was 41,02
and 49,06, respectively., However, the frequency of herns with no
surviving transplanted embryos was greater in transfers of superovulated
eggs (27.6% of horns) then in transfers of eggs from adult mice (20.9%
of horns). When survivel was assessed only in horns containing one
or more tramsplanted embryos, the survival rate of 56.25f for eggs
from immature donors was not signifieantly different from that of
61.57% for eggs from mature donors ('X.a-"- 1.54).

The difference between rates of survival in all transplants

(involving 2 to 6 eggs per horn) may possibly result from the fact
thet the mean number of egge transplanted from immature donors was
greater than that from mature donors (means of 4.29 and 3.72 eggse,



Table V oy

COMPARATIVE VIABILITY OF EGCE FROM IMMATURE AND MATURE MICE

Fercentage survival to 18} days gestation of blastocysts transplanted

to mated sdult reecipients

SURVIVAL IN RECIPIENTS BECOMING PREGNANT

Maturity No. of eggs No, horns  Total eggs % survival
of egg transplanted  receiving transplanted to 18} days
eggs
TImmature 2-6 87 373 41,02
Mature 2«6 g6 320 49.06
Inmature 4 52 208 36.54
Mature 4 39 156 39.74

SURVIVAL IN m WITH m Q?. MORE FOETUSES
ANEPLANTED BGGS
Tmmature 2-6 63 272 56425
Mature 2-6 68 255 61,57
Inmature 4 35 140 54.29




92
respectively). Transplants of 4 eggs each were most commonly
employed, and when calculated from these alone, the survival rate
did not differ significantly between transplanted eggs from im-
mature and mature donors: 36,54% and 39,7L7 survival, reap“tivolys
(%= 0,33). When bias due to both vhole incoulum loss and variatle
numbers of egge transplanted was eliminated (Table V.4, last columm,
last two rows), the respective percemtage survivajs of eggs from
immature and adult domors were 54.3 and 51.7. These data provide
strong evidence for the normel viability of ji-day eggs from ovula«
tions induced in immature mice.

Body weights of the foetuses at 18} days of gestation were used as

the measure of embryonic growth of transplanted and untransplanted
young, Foetuses developing from the few transplants of morulse which
were made, appeared to be retarded in growth and therefore only weights
of foetuses from transplanted blastocyste were used in subsequent
analyses. The genotype of the foetuses appeared to have no effect

on body weight, as shown in Table V.5. Weights did differ for the
sexes, however, the measn body weight of the males, 1.258 gms., being

© 3.3% greater than the mean weight for females, 1.218 gms, (standard
error of difference between means = 0,011, P0,001), Thue, in the
following analyses of postimplantation development, results were
combined from the two types of transplants employing different genetic

markers, but weights were slways anslyzed separately for msles and fe-
males, i
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Tﬂble 7-5
INFLUENCE OF GENOTYPE AND SEX UPON FOETAL WEIGHT

Body weight of 18}-day non-trancplanted fostuses from J stock (albino)
femsles mated to albino or non-slbino strain A miee,

¢ ¢ genotype + ¢ genotype Cenotypes combined

No. Mean wt. No. Mean wt. No, Moan wt.
- foetuses (gms,) foetuses__ (oms foetuges ;
Femsles 241 1.226 284 1.212 525 1l.218%
Males 260 1.25) 284, 1.265 544, 1,258%

* Standard error of difference between means = 0,011, P<0,001,
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The design of the experiment emabled

comparisons to be made within hosts of the developmental (growth)
capacity of eggs tramsplanted from immature donors with that of spone
taneously ovulated egge, native to the host. Hosts to 3-day eggs
transplanted from adult donors provided a control for the effect of
transplantation on subsequent development. The analyses shown in
Tables V.6 and V.7 were earried out aceording to the methods outlined
by Snedecor (1956) for an R X 2 tatle involving disproportionate sube
class numbers, Comparisons were made within litters, and for each
sex, of differences between mean body weights of the 18%-day foetuses
from transferred and native eggs. From these withinelitter differences,
statistically weighted according to relative mmbers of foetuses from
the two sources, caleculations were made for all litters of the best
estimates of the mean differences in weight (and their standard errors)
between foetuses from transferred and native eggs (see last column

of Table V.6),

Resulte of dats aspalysis. The mean difference in weight be-
tween foetuses developing from eggs of immsture donors and those from
eggs native to the adult hosts did not differ significantly from zero.
The corresponding differences for femsle and male foetuses were -0,005
% 0,018 gms. and -0,017 % 0,014 gms., respectively. Furthermore, re-
sults of a completed analysis of variance with a correction for dis-
proportion (Table V,7) showed that when variations due to hoste and
to interaction were taken into aceount, the varisnce in foetal weight



Table V.6
DEVELOPMENTAL CAPACITY OF 3%--91‘.[ EGGE TRANSPLANTED FROM IMMATURE AND MATURE MICE,

Comparisons within 1itters of weighte of 18}-day foetuses from trensplanted eggs
(imeature and mature donors) =nd eggs native to the adult recipiente.

P e Ty

Maturity  Sex of No, litters No, foetuses UNo, native Best estimste of
of ezg foetuges for weight from trans. foetuses mean difference
donor eomparisons eges (T) () in weight (T-N)
Eﬂ Q!_ E ‘m !
Immsture ? 33 75 96 - 0.005 % 0,018
Imrature d 35 65t 121 - 0,017 & 0,012
Mz ture 2 35 70 119 - 0,013 % 0.019
Mature 4 36 70 129 - 0.011 % 0,018
Immature ? 68 145 215 - 0,009 % 0.013
and mature 4 n 138 250 - 0,004 2 0,002




Table V.7.

COMPLETE ANALYSES OF VARIANCE FOR FACTORS AFFECTING MEAN BIFFERENCE IN WEIGHT
BETWEEN FOETUSES DEVELOPING FROM EGCS OF IMMATIRE DONCRE AMD MATURE HOSTS

From data presented in Rows 1 and 2 of Table V.6,

8ex Source of variation Degrees of Mean square Variance r
: freedom X 1000 —xatio

Fgg source, trans,

or native 1 0.988

22 Recipients 32 74.588 6,294 £ 0,001
Interaction 32 15.452 1.304 >0.10
Individuals 72 11.853
Egg source, trans,

ds  Recipients 34 87.830 11.499 < 0,000
Interaction 34 13.1009 1.716 0.05-0.025
Iﬂiﬁd‘ﬂ&ls 84 70638
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" due to source of eggs (superovulsted or upmmmlyl ovulated) was
not significantly greater than that between individuals. In the
analysis for males, despite the presence of interaction (at the une
convineing level of P = 0.05 - 0,025), it is quite obvious from the
mean squares that variance due to egg source was not of significance.
Thus, there is substantisl evidence that the capacity for normal em-
bryonie growth of blastoeysts transplanted from superovulsted immature
mice was not inferior to that of spontaneously ovulated eggs.

Of secondary interest was the question of whether the trans-
plantation teehnique employed could have a retarding effect on sube
sequent embryonic growth. The 3rd and 4th rows of Table V.6 illus-
trate that the development reached at 18} days by embryos transplanted
from adult donors apparently was mot retarded relative to that of em-
bryos native to the adult hosts. On the basis of data from all trans-
fers (immature and mature donors) the umbiassed estimste of mean dif-
ference in weight between foetuses from transplented eggs and those
developing in situ was <0.012 gms. (for both sexes combined), There
is less than a 5% probability that any retarding effect of transplanta-
tion of 3}-day mouse egge on 18}-day foetal weight would exceed 0.04
gns,, which is only 3% of the mean 18}-day weight of untransplanted

foetuses.



Under favourable conditions, very high rates of survivsl
were obtained following egg tramplantaﬁion. Vhen those operstions
were excluded which involved undue traums or injection of air into
the uterus, there was a 52.3% survival rate in 36 pregnant recipients
which had received 310 egge in ﬁ:llataml transplants. Similar "non-
traumetic" operations involving 16 unilateral transfers resulted in
64.4% survival of 59 eggs transplanted to hosts which subsequently
became pregnant., Equally promising results were obtained in a small
series to determine pei-onntuge survival in trensfers of 3i-day eggs
to 23-day pseudopregnant hoste (stocks similasr to those in the present
study)., In this series, €0.2% of 113 eggs transplanted bilaterslly
to 10 hosts had survived to term and 80,5% had survived to inplahtn-
tion, as indicated by the number of resorbed, as well as living,
embryos. These high survival rates provide good evidence for the
efficacy of egg transplantation using superovulated eggs,

Determination of the gbgolute rate of survival for eggs from
immature mice is imposeible in the absence of a technigue whieh, while
allowing development in a mature reproductive system does not in ite
self affect viability. However, the work reported on in this chapter
compares the pelstive rates of survival of eggs from immsture and mature
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females following transfer of both types of egge to similar environ-
ments,

Results from the work of other investigators involving large
numbers of transplante of mouse egge as well as results presented in
this chapter have indicated that the rate of survival after transe
plantation seems to be affected by the stage of development of the eggs
at the time of traomsplantation relative to the post-coitsl stage of
the recipient. Meclaren and Michie (1956) found that in the 4 possible
combinations of transplants involving 24-and 3i-day eggs transplanted
to 24-and 3i-day hoste, the best rates of survival of transplanted
eggs were obtained when the donors' eggs were advanced in age over
recipients' eggs. Similarly, Boot and Muhlbock (1953) reported that
transplants of 3-day eggs to 2-day recipients were more successful
than other (umspecified) combinations. These results indicate, as
McLaren and Michie suggest, that ",,.the implantation of the pre-
cocious group hinders the subseguent implantation of their backward
foster-siblings." This would seem to have been the case in the
present gtudy in which morulae from either immature or mature donors
had a lower survival rate (10.84%) after transplantation to 3i.day
hosts than did blastoeysts (44.73% survival). Since it was shown in
Chapter IV that the ratio of morulae to blastocysts at 3% days was
greater in superovulated immsture J stock donors than in mature J
donors, an assessment of survival rate based on transplants of all

living eggs recovered would need to make some allowance for the effect
of developmental stage at transplantation on subsequent survival,
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For this reason, the comparison of viability of superovulated and
epontaneously ovulated eggs is based only on transfers of blasto-
eysts in the present investigation,

As mentioned in the introduction to this chapter, the results
presented here have appeared in a preliminary report. Supporting
data for the reported findings on survival rate of superovulated eggs
from immature mice (Gates, 1956) have been published by McLaren and
Michie (1956). Unfortunately, there is no mention in Mclaren and
Michie's report as to the degree of immaturity of the donors they
used, nor are the majority of control transplants with mature donors
done concurrently with the rest of the experiments. The mice used
as recipients were "miscellaneous adult females", In transfers of
3i-day eggs to 2j-day recipients (a combination favouring the transe
planted eggs), they reported an average of 2,03 foetuses surviving
per host (15 hosts) from superovulated eggs compared to 2,1 per
host (16 hosts) from spontaneously ovulated egge. The resultant
survival rate was similar for all transfers of both types, and though
low, about 22%, it was in agreement with the preliminary report
(Cates, 1956) of the results here given in full -- that rate of sur-
vival from 3% days to term is compsrable for eggs from superovulated
immature and spontaneocusly ovulated mature mice.

[he Capae

The only published revort to the author's knowledge which com-
peres the postimplantation rate of development of superovulated and
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spontaneously ovulated eggs of laboratory animals is that of Adams
(1954), using rabbits. He found that the birth weight (33.3 % 2.5
gns.) of 17 emsll breed young developing in gitu in superovilated
immature (90 days old) rabbits was significently less than that
(39.5 £ 0.9 gms.) of 138 young from meture small breed femsles.
Significantly greater birth weighte of young from the superovulated
eggs (mean 48.9 * 1.6 gms.) were poseible following transfers to a
mature large breed host. However, Adams' study lacke the control
data needed to demonstrate the comparative growth rate of superovulated
and spontanecusly ovulated eggs developing in the same uterine en-
viromment,

Venge (1950) concluded from his transfers of spontaneously
ovulated eggs in rabbits 'tlat, ".esdt is only necessary when cal-
culsting the modifications of the birth weight due to transplantation
to segregate the influence of the litter size." In the present
chapter, in compsring the growth rate (to 18} days) of foetuses
derived from eggs of immsture and mature donors, litter size, as
well as effect of maternal enviromment, has been eliminated =g a
variable. 7This has been possible since the design of the experiment
ensbled egge from immature and mature mothers to develop side~by-side
in the same hosts.

. In Chapter IV it was seen that a portion of the egge of super-
ovulated immature mice were slready beginning to show retarded

development at 3} days p.c. However, the present chapter demonstrates
that those superovulated eggs which have undergone a nomsl rate of
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development up to 3% days in the immature animal will, if allowed to
implant in the uterus of a sexually mature animal, parallel the
prenatal growth rate of foetuses from mature mothers,

How do the results of the transfer of eggs from superovulated
mice compare with those for eggs from spontaneously ovulated mice,
or from rabbits? Venge (1950), using normslly ovulated rabbits,
obtained a 48,1% survival in inter-tubel transfers of 862 twenty-four
hour old egge to 142 subseguently pregnant hosts. Chang (1950)
transferred superovulated eggs (maturity of the domors not specified)
utilizing combinations of donors and hoste of seversl different post~
coital stages., His best survival rates in transfers involving
simil taneous matings of donors and hosts were 58.7% from 121 three
and a half-day old egge transferred to 13 hosts and 62,2% from 209
twelve-hour old eggs transfered to 21 hosts which subsequently be-
came pregnant., Using superovulated immature rabbite, Adams (1954)
reported 43.7% survival in 11 pregnant recipients of 64 egge in the
lé-cell stage. Among the investigators who have earried out large
numbers of transfers of fertilized mouse eggs from mature donors,

Fekete (1947) reports what is probably the largest series to date.
In transplants of 1,941 two-day egges te the uteri of 395 mice whieh
subsequently became pregnant, she reported 35.4% survival, In
another large series, Boot and Muhlbock (1956) obtained a survival
rate of about 42% in inter-uterine transfers of more than 1,400



103
mouse eggs (spontaneously ovulated) to 169 subsequently pregmant
hosts. Chang's (1950) succesees, mentioned sbove, with 59-62% of
rabbit eggs surviving after transfer, represent the highest pullished
survival rates for transplanted mammalian eggs.

Frevious reports on survival of superovulated mouse eggs after
transplantation have been made by Gates and Runmer (1952), Smithberg
and Runner (1953), and Runner and Palm (1953), each of the three
groups having transplanted ’egga before fertilisation. The best sur-
vival rates obtained by the firet two groups of workers were 36 and
33%, respectively, but it must also be noted that unfertilized eggs
seem to survive less well after transplantation than do fertiliszed
eggs.,

The survivsl rates obtained in this work, 52 to 64%, are at
least as good as those previously reported for the rabbit or for the
mouse, utilizing eggs from untrested mature donors, It has also been
shown in the work of this chapter that the transplantation of 3}-day
eggs from immature mice has no significant retardatory effeet upon
subsequent embryoniec and foetal growth rate in a mature host., There-
fore, as sn outcome of the use of egg transplantation to demonstrate
the normel viability =nd developmental capacity of blastocysts from
superovulated immature mice, it is apparent that the transplantation
of superovulated mouse eggs is to be highly recommended for experiments
requiring manipulation and subsequent implantation and development of
mammalian ova,.



CHAPTER VI

GENERAL SUMMARY AND CONCLUSIONS

A relationship has been shown
in some stocks of mice between prepuberal age and the number of eggs
that may be superovulated., In this work, egg nmumber in the hybrid

R stock of mice was found to decresse with incressing age at hormone
treztment between 20 and 28 days. The relationship has been confirmed
in subsecuent work of the author on other stocks of mice and has been
extended to show also that a positive correlation exists in the renge
between two and three weeks of age and that the number of eggs super-
ovilated remains relatively constant with increasing age at treatment
after 4 weeks. It is stressed that the relationship has not beem
demonstrated in all of the stocks of mice tested and that it may be
dependent upon the heslth and prmming matrition as well as the
genetic background of the animals used, The possibility that the
relationship between age and number of eggs superovulated is deter
mined by prepuberal patterns of ocogenesis is discussed and warrants
experimental evidence.

Injection of female mice at the optimum age of three weeks
with an optimum PMS dose of 2 to 4 i.u.,, followed 36 hours later by
2 i,u, CG has resulted in an average yileld of over 60 eggs per mouse

104
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(the maximum obtained in this study was 98 eggs and in subsequent
work cited herein, 117 egge)., Thus, the changing potentiality for
egg production in prepuberal mice, sccording to age at ma
treatment, may be put to advantage in obtaining high yielde of egge
emsistently.

Data on oute

bred J stock mice indieated that, contrary to mumber of egge ovulated,
the percentage of superovulated mice which mate may be directly pro-
portional to inecreasing prepuberal age at treatment between 3 and i}
weeks, However, even though the sge which is optimum for superovula-
tion may not be the best for a full cestrus response, the 50% or

so of animals that will mate after treatment at three weeks of age

is a workable percentage in experiments requiring large numbers of
fertilized egge from few animals, Furthermore, the percentage of mice
that are receptive to a male after superovulation may be higher among
females judged to be precoeious by esrly opening of the vagina., Two
means of having the advantages of both abundant yields of eggs and
fertilization in a large percemtage of immature mice may be: (1) by
artifieial insemination of females superovulated at three weeks of
sge or (2) by selection for treatment of three-week old females

judged precocious by early opening of the vagina,

Time of onset. The onset of superovulation in immeture females
of the hybrid stocks of mice used was found to ocour over a more
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narrovly limited range of time than that previously reported for
either untreated laboratory animals or for rats and some inbred strains
of mice subjected to gonadotropin treatment or to reversed periods of
light and dark. Ova had not reached the tubsl ampullae of any of the
superovulated females autopsied by 11 hours, 10 minutes after injection
of CG, The data indicate that for over 90% of treated females, ovula-
tion had begun during the 50 minute interval prior to 12 hours after
CG., One hour later, virtually all females had begun ovulating. This
uniformity in time of onset of ovulation has made it possible to
estimate the rate and duration of superovulation in these miee.

Rate and duration, It was cstimated that for any given
group of treated females, over 60F of the ova expected to be super~
ovulated were shed within ome hour after onset, and over 85%, by two
hours after onset of ovulation, i.e., by 13 hours after CG, For
females that were potentisl yielders of eggs in high numbers, as
determined by age at treatment, the duration of superovulation did
not sppear to be noticesble longer, but rate of ovulation (for females
as & group) was faster after 12 houre from GG than that among females
destined to ovulate low numbers of eggs. In individusl females, the
duration of ovulation ranged from less than 50 minutes to an estimated
3-5 hours. The maximum numbers of ova recovered from both tubal
ampullae of females autopsied at 12, 14, and 16 hours after CG ine
jeetion were 47, 69, and 79, respectively. Neither the omset nor
rate of superovulation appeared to be influenced by the time of day
at which the hormone injections were given. Since methode for detect-
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ing follicle rupture in the intact animal do not exist, superovula~-
tion of the immsture mouse is a recommended technique for experiments
requiring control over the time of ovulatiom,

Precleavage stages. A high percentage of superovulated eggs
appeared to undergo normsl maturation, sperm penetration snd forma-
tion of promuclei. By 11 to 14 hours after mating, about 95% of the
eggs from immature mice were fertilized and had completed the seeond
maturation division., Thus, it would seem that juet prior to cleavage,
the egge of superovulated immeture miee have rates of survivsl and
development comparsble to that of eggs from mature mice.

3% days p.c. Examination of eggs from immature mice at 33
days p.c, indieated thst both the viability snd rate of development
attained shortly before implantation were inversely related to the
number of eggs superovulated. However, in immsture females super-
ovulating excessively large numbers of ova, despite the decreased
pereentage survivel and development of their eggs, the absolute number
of normally developing blastocysts at 3} days exceeded that from
gpontaneously ovulated mice., Only after experimentally delayed mating
(to more than 10 hours after ovulation) was the developmentsl rate so
retarded that even excessively large yields of eggs from superovulation
resulted in only a slight increase in mumber of living egge at 3%
days p.c., The faect that viability and rate of development to 3%
days of eggs from immsture females which had ovulated relatively low
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mmbers of eggs was comparable o that of eggs from untredted adult
mice, suggests that treatment of immature mice with gomadotropins
per ge dees not lead teo ovulatien of subnormal ova.

Viability. The technicue of egg transplantation hse enabled a
comparison to be mede as to the rate of survivel between epges of im-

mature and mature mice, following development in the uteri of geneti-
cally similsr adult hoste. In transplents of 4 blastoeysts per
uterine horh, the corresponding percentages of survival for trans-
planted eggs (competing with the hoste' own eggs) were 37% and A0%,
respectively, for eggs from immature and meture mice, Similarly,

no gignificant differences in the rates of survival were found emong
trensplants in which whole inoculum loss of eggs was eliminated as a
varisble. These data indieate that superovulated eggs which have
reached the blastocyst stage of development at 3% days p.c. are
equally es viable as blastecysts having developed from spontanecusly
ovulated eggs.

experiments alse permitted compsarisons to be made within hoste of the
develommental capaeity of blastocyste from immsture donors with that
of eggs nstive to the adult recipients. Development, or specifically
grovth, wvas assessed in terms of body weight attained by foetuses

at 184 days of gestation (about ome day before parturition). The
within-litter mean difference in weight between foetuses developing
from eggs of immature domors snd those from eggs native to the adult
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hosts did not differ significently from zero. Therefore, it may be
concluded that 34-day blastoeysts developing from superovulated egge
have the eapacity to undergo embryonie growth rates comparsble to
those of eggs from mature mothers,

The results of the egg transplantations done in this study

demonstrate the practicability of egg transfer in the mouse. Firstly,
the transplant operation does not appear to reduce the mated
recipients' chances of beeoming pregnant, Secondly, high rates

of survival to term of mouse eggs tramsplanted at 3} days p.c. are
attainable, In operations not inwolving undue traums teo the uterus,
the percentage survivgl of eggs was 52% in bilsteral transplants to
36 hosts and 64% in unilateral tramsplants to 16 hosts all bearing
their own, as well as the fostered young., Finally, the data provide
substantial evidence that tramsplantation of fertilized eggs does not
lead to a signifiecant retardation in subseguent embryonie and foetal
growth rate,

Conclusion
In conclusion, this study of supercvulation in the sexually
immature mouse permits an appraisal of the suitability of the tech-
nigue for use a&s an experimental tool in speeifie research problems .
1) Superovulation of the immature mouse is highly recommended as an
abundant source of mammalian ova for study and experimental
treatment or manipulation., Under optimum conditions of gonado=-
tropic hormone treatment, the yields of eggs from immature mice



2)

3)

110
are greatly in excess of those previously reported either for
treated or untreated laborstory animals. The fertilizability
and normal development of the eggs up to the beginning of
clesvage makes the technique an exeellent means of obtaining
recently fertilized egge, Likewise, the superovulated immature
mouse is an sbundant source of egge in advanced stages of
cleavage for, even though development of some of the eggs to
3% days gestation appeers to be somewhat retarded, the number
of normally developing blastoeysts attainable exceeds that from
spontaneous ovulation, Furthermore, scourate timing of the omset
of superovulation in the immeture mouse, permits treatment of
large numbers of eggs at any given stage of maturation sueh
ag for the induetion of heteroploidy or parthenogenesis,
¥hen applied teo incressed production of snimals, pregmancy in the
immature mouse, aehieved by superovulation, mating and progesterone
therapy, permits both a shortening of the generation interval
and an inereasse in litter size. These festures could be of
great advantage, for example, in gemetic linksge studies in the
mouse, It ean be expected, from the results presented herein,
that those superovulated eggs resching the blastocyst stage at
3% days p.e. would have the eapacity to develop into normal young
at birth. |
Induetion of oestrus and owulation in the immature mouse is —-
perhaps most important of all -« well suited to the study of some
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of the basie problems in early embryclogy and physiology of
reproduction, Firstly, knowledge of the time of superovulation
mekes possible both a detsiled study of the process of ovulation
and precise timing of the development of the egg from fertiliza-
tion onwerds. Seeondly, since the prepuberzl mouse csn be in-
duced to come into cestrus, a2 more genersl spplication of gonadow
tropic hormone treatment of immature mice is as an approaeh to
the study of sexusl maturation in the female, Finally, in view
of both the success of trangplantation of fertilized mouse eggs
attained in thie study =nd recent reports of the fessibility of
culturing mouse eggr, the three techniques of (a) superovulation
of immsture miee to provide large numbers of eggs for (b) treat-
ment and eulture in yitre, followed by (c) subsecuent transfer
1';0 s mature host, vhen used together, can provide s very practigsl
approach to experimentsl studies on early development of memmalian

ova,
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