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The eggs of most mammals are shed from the ovary  with the first 
polar body formed. The mechanism controlling this stage of matura-  
tion has never been investigated in detail. Furthermore,  under nor- 
mal conditions only shed ova are fertilized. Does this indicate tha t  
the first matura t ion division is an essential prelude to fertilization? 
Or m a y  ovarian eggs in fact be activated before the first meiotic 
division? 

This investigation concerns itself with these problems, and falls 
into two parts  dealing with: (1) the mechanism controlling the first 
meiotic division; (2) the capacity for fertilization of ovarian eggs. 
Superficially unrelated, these two studies are aspects of the broad 
problem of the fundamental  nature of the activation process. 

EXPERTM-ENTAL 

The rabbit is especially favorable material for this study since it ovulates only 
after copulation. It has been established that copulation results in a stimulation 
of pituitary secretion, and that the amount of anterior pituitary secretion neces- 
sary to induce ovulation occurs during the 1st hour after copulation (Deansley, 
Fee, and Parkes, 1930). The injection of pituitary extracts or of prolan induces 
ovulation (Friedman, 1929); and furthermore, ovulation induced by stimulating 
hormones occurs at 10 hours after injection (Bellerby, 1929). Ova are normally 
shed with the first polar body at 10 hours after copulation. According to Heape 
(1903) both polar bodies are formed at 9 hours after copulation. 

Heape's statement is but partially correct. Only one polar body is formed. 
We have investigated this situation in detail, and our data are summarized in 
Table I. Before copulation occurs the ovum contains a single large vesicular 
nucleus about 30 microns in diameter (Fig. 1). At 2 hours after copulation some 

* This investigation has been aided by a grant from the National Research 
Council Committee for Problems of Sex. 
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666 MAMMALIAN EGGS IN VIVO AND IN VITRO. I 

of the ripe ova show signs of the initiation of maturation. The diakinesis-like 
chromatin begins to condense into tetrads, but the nuclear membrane remains 
intact (Fig. 2). The separation of strands of follicle cells adjacent to the corona 
radiata begins to be manifest. By 4 hours after copulation the tetrads of the first 
polar spindle are formed and the nuclear membrane is ordinarily dissolved (Figs. 

TABLE I 

Progressive Changes in Maturing Ovarian Eggs during the Time Interval between 
Copulation and Ovulation 

~me ~ [ ol.p~ed I ~o;~ 
since b:, rvSd 

copulation o se e 

hrs. 
0 10 

2 9 

4 7 

6 6 

7 4 

8 10 

9 4 

Condition of the egg 

Egg fully grown. Nucleus ve- 
sicular, in some cases vesicu- 
lar tetrads present 

The vesicular nucleus present in 
most cases. In all cases tet- 
rads present 

Vesicular membranes have dis- 
appeared. Only traces pres- 
ent. Tetrads free in cyto- 
plasm 

Chromatic material decreases 
very much in size and forms 
the first spindle. No trace of 
nuclear membrane left 

First polar body extruded in 
many cases. The remaining 
chmmatin moves sideways 

First polar body present in all 
cases  

First polar body present. Sec- 
ond spindle in place and ready 
to form the second polar body 

Condition of the follicles 

Average diameter 970 #. The 
foUicular epithelium forms a 
spider web. In some cases the 
egg is in a cumulus 

Spider web arrangement of granu- 
losa. Liquor foUiculi increas- 
ing in amount. Disintegra- 
tion of follicle ceils adjacent to 
corona begins 

Average diameter 1045 #. Fol- 
licular epithelium changing 
from spider web to cumulus 
type 

Most follicles in cumulus type. 
The liquor folliculi becomes in- 
creasingly viscous 

As in preceding type 

Average diameter 1125/z 

Average diameter 1310 #. 
almost free in follicle 

Egg 

3, 4, and 5). The metaphase plate is found in all maturing ova by 6 hours after 
copulation, and the freeing of the egg and corona from the connecting follicular 
strands is almost complete. The first polar body is given off between 7 and 8 
hours after copulation (Fig. 6). The second polar spindle is formed during the 
9th hour post coitum and the ripe ovum (Fig. 7) is shed between 9½ and 10½ hours. 
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There is also a definite follicular enlargement during this period, our measure- 
ments of fixed material giving a maximum follicular diameter of 970 microns 
(average of 10 follicles) before copulation and an increase to 1125 microns (average 
of 10 follicles) by the 8th hour after copulation. 

When pregnancy urine, antuitrin-S, 1 or saline pituitary extracts, are injected 
intravenously, exactly the same sequence of events ensues. 

We  a t t e m p t e d  to determine whether  the  m a t u r a t i o n  process in- 
volved in the product ion  of the first polar  body  was due to the direct  

act ion of p i tu i t a ry  hormones.  

Ova were taken from the large follicles of unmated does and cultivated in vitro. 
The culture medium consisted of sterile rabbit blood plasma, to which was added in 
the control series, several drops of a phosphate-buffered Ringer's solution. In 
the experimental series we substituted for the Ringer's solution extracts of beef 
pituitary glands made in Ringer's or a preparation of maturity hormone. ~ The 
ova were rapidly dissected in a Ringer-serum solution, care being taken to remove 
the viscous liquor folliculi that often surrounds the cumulus oSphorus. The 
cumulus cells were not dissected away to any extent, since it seemed desirable 
to reduce handling to a minimum. The ova were cultured for varying periods 
at 38°C. in hollow ground slides sealed with paraffin, fixed in Bouin's solution, 
and prepared for microscopic examination. 

The data of this experiment are summarized in Table II.  I t  is evident that the 
control series differs in no way from the experimental series. All the cultured 
ova had formed tetrads and in some cases the nuclear membrane had dissolved. 
In certain instances the nucleus resembled the fusion nucleus of normally fer- 
tilized eggs (Fig. 8), as though chromosome division had taken place without polar 
body formation but with subsequent refusion of the nuclear elements. 

These  da t a  indicate t h a t  polar  body  format ion  as a result  of direct  

s t imulat ion b y  p i tu i t a ry  hormones  is improbable .  I t  is possible 

however ,  t ha t  the  hormone concentra t ion in vitro was too low to ef- 
fect  any  s t imulat ion of the ova.  In  order  to tes t  this we determined 
the effect of vary ing  concentrat ions of the two prepara t ions  injected 

int ravenously .  The  da ta  are summar ized  in Tab le  I I I .  
I t  will be seen t ha t  a dosage of 1/4 cc. of m a t u r i t y  hormones  was 

sufficient to cause polar  body  formation,  and 2 cc. of Ringer ' s  ext rac t  

1 We are indebted to Dr. Oliver Kamm of Parke, Davis & Co. for the 
antuitrin-S. 

2 This preparation was supplied to us by Dr. J. B. Co]lip of McGill University, 
to whom we express our gratitude. 
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of beef pituitary was similarly effective. Slightly less than this 
minimal dosage was added to the cultures receiving the maximum 
amount of hormone. If we consider that  the minimum effective 
dosage in vivo is distributed throughout the organism and probably 
partitioned or excreted in such a manner as to make available to the 
ovary only a fraction of the amount injected, it seems entirely prob- 
able that  a sufficient amount was available to the cultured ova. 

TABLE II  

Data on Ovarian Eggs Obtained by Puncture of Graafian Follicles, and Cultured in 
(a) Media Containing Pituitary Hormones, (b) Media of Ringer-Locke Solution 

Time of 
culturing 

m~n. 

20 
hrs. 

2 

No. of 
cultures 

14 

11 

24 9 

25 4 

25 7 

2 18 
4 3 
6 3 

20 16 

M e d i u m  

Ringer-Locke + 1 drop 
beef pituitary 

Ringer-Locke + 2 drops 
beef pituitary 

Ringer-Locke + 1 drop 
maturity hormone 

Ringer-Locke + 2 drops 
maturity hormone 

Ringer-Locke + 3 drops 
maturity hormone 

Ringer-Locke 

~c 

R e s u l t s  

Vesicular tetrads formed in all cases 

In some cases vesicular tetrads and some 
free tetrads were formed. Some formed 
polar bodies 

Vesicular tetrads in all cases, except 3 
which had free tetrads 

Vesicular tetrads in all cases 

Vesicular tetrads, free tetrads, structures 
resembling fusion nuclei 

Vesicular tetrads and free tetrads 
Free tetrads 
Rudiment of first polar spindle 
Vesicular tetrads, free tetrads, fusion 

nuclei 

Since direct action of the pituitary hormone upon the ova seems to 
be excluded, the probability exists that  a second hormone acts di- 
rectly upon the eggs, and that a stimulating concentration of this 
second hormone occurs as the result of pituitary hormone activity. 
Pituitary secretions are known to be thyreotropic as well as gonado- 
tropic, and accordingly thyroxin activity may be involved. More- 
over, Carter (1932) has demonstrated that  thyroxin-like substances 
are probably concerned in the activation of sea urchin eggs. We 
therefore injected thyroxin intravenously, as indicated in Table IV. 



GREGORY PINCUS AND E. V. ENZMANN 669 

Ovulation in no instance occurred, but  a definite cytological effect 
was observed. This consisted of an atresia of ovarian follicles pre- 

TABLE H I  

Effect of Injecting Varying Concentrations of Saline Beef Pituitary Extract and of 
Maturity Hormone upon tke Maturation o/Ovarian Eggs 

Preparation used for injection No. of Method of injection animals 

~6 cc. beef pituitary 

1~ " " " 

2 " " " 

2 ½  " " " 

4 " " " 

~,~ " maturity hormone 

1 c, cc ~ 

Subcutaneous, 
unmated doe 

Intravenous, 6 6 
hrs. after mat- 
ing 

Intravenous, 12 
unmated doe 

Intravenous, 5 4 
hrs. after mat- 
ing 

Time 
between 
injection 

and 
autopsy 

Ms. 

12 

Results 

No ovulation, matura. 
tion of ovarian eggs 

Normal ovulation no1 
disturbed 

Ovulation 

Normal ovulation no1 
disturbed. A second 
wave of maturation ir 
ovaries 

Subcutaneous, 12 No ovulation, many 
unmated doe ovarian eggs matured 

some formed polal 
bodies 

Intravenous, 6 16 Double ovulation 
hrs. after mat- 
ing 

Subcutaneous, 12 Ovulation 
unmated doe 

Intravenous, 14 No ovulation, ovarian 
unmated doe eggs maturing 

Intravenous, un- 14 " " 

mated doe 
Intravenous, un- 12 No ovulation, ovarian 

mated doe eggs mature 
Subcutaneous, 14 Ovulation 

unmated doe 
Subcutaneous, 14 Supcrovulation 

unmated doe 

ceded or accompanied by  the formation of chromosome tetrads in the 
ova of large follicles (Fig. 9). In a few instances polar body formation 
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occurred but  ordinarily not at 8 hours after injection of the thyroxin 
but  some time later. The effect of thyroxin injection is therefore not 
as rapid as the pituitary-induced effect, nor, under the conditions of 
these experiments, as complete. Eggs cultured in vitro with crystal- 
line thyroxin added to the medium (see Table V) formed polar bodies 

TABLE IV 

Effect of Injecting Thyroxin* or Thyroprotein t of Varying Doses upon the Matura- 
tion of Ovarian Eggs 

Preparation used tot 
injection 

1 cc, thyroxin 

4 c¢ ~c 

1 " thyroprotein 

2 " 

of 
~.] ~Is 

1 

~me } 
between / 

Method of injecting injection I Results 
and I 

autopsy I 

12 1 dose, intravenously 

2 doses, intrave- 
nously 

3 doses, intrave- 
nously 

4 doses, intrave- 
nously 

1 dose, intravenously, 
mated doe 

2 doses, intrave- 
nously mated doe 

14 

12 

14 

24 

24 

No ovulation, slight 
atresia, vesicular 
nuclei 

No o~tlation, tetrads 
and polar bodies in 
ovarian eggs 

No ovulation, varying 
degree of maturation 
of ovarian eggs, atre- 
sia, large cysts 

As in preceding case 

Normal ovulation, 
Widespread atresia in 
ovaries and various 
maturation phenom- 
ena 

As in preceding case 

* 10 mg. crystalline thyroxin q- 1 drop of 4 per cent NaOH -{- 1 cc. H~O. 
Dosage given in one injection 1/10 cc. 

t Parke, Davis & Co. preparation No. 30, each cubic centimeter containing 
0.00125 gin. 

but  so did the control ova cultured without added thyroxin. In one 
instance an ovum cultured with thyroxin formed a second polar body. 
With this one exception there is no detectable cytological difference 
between ova cultured in thyroxin-containing media and the control 
ova .  
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All of the in vitro experiments indicate t h a t  the mere process of 
explanting ova  results in the init iat ion of matura t ion .  This  implies 
tha t  the  nut r i t ive  condit ions tha t  make  for matura t ion  in  vivo are 
automat ica l ly  duplicated in vitro. Pi tu i t a ry  hormones (and to a 
lesser extent  thyroxin) mus t  induce, in the follicle, these nutr i t ive 
conditions. W h a t  these conditions are is not  ent i re ly  clear, bu t  it 
is obvious tha t  in  vivo the p i tu i ta ry  hormones init iate the events  

leading to their  establishment.  

In another experiment ovarian eggs were handled and cultured in Ringer's 
solution alone (Table II) to obviate the possibility that the blood plasma might 

TABLE V 

Effect of Adding Thyroxin* to Culture Media upon the Maturation of Ovarian Eggs in 
Culture 

Composition of the medium 

Plasma "4- 1 drop thyroxin 
" -4- 3 drops " 
" -4- 4 . . . .  
" -4- 6 . . . .  
" + 8 . . . .  
" + 2 " Ringer-Locke 

solution 
Plasma + 6 drops Ringer-Locke 

solution 

made 

6 
4 
3 
8 
4 

22 

i Time 
interval Result 

I of 
i culturing 

krs. 

24 
22 All cultures showed about the 
22 same phenomena which in- 
24 cluded tetrad formation in all 
24 cultured eggs. In some of the 

20-24 cultures polar bodies formed, 
or the vesicular membrane 

20-24 dissolved 

* The thyroxin solution was made up as described in Table IV. 

contain sufficient pituitary hormone or thyroxin to stimulate maturation per se. 
Maturation spindles were formed in these ova whether maturity hormone was 
present or not. Finally, motion pictures were taken of single ovarian eggs cul- 
tured in Ringer's solution. The dissolution of the nuclear membrane and the 
formation of tetrads and the polar spindle occurred at the same rate as in vivo. 

When ripe ova  are removed from the  follicles of unma ted  does 
and placed in sperm suspensions, sperm penet ra t ion  occurs (Figs. 10 
and 11), and in some instances the male pronucleus forms (Fig. 12). 
The  first polar  body  is given off b y  these ova  just  as in control  ova  
cul tured wi thout  sperm, bu t  control  ova  (Table I I )  never  give off the 
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second polar body whereas a number of these ova with sperm do 
(see Table VI). 

Ovarian ova inseminated in vitro have been transplanted into the 
fallopian tubes of pseudopregnant rabbit does. 2 to 3 days later 
these ova were recovered from the tubes and examined. In a small 
number regular cleavage had taken place. In others cleavage was 
irregular or absent. The latter cases are undoubtedly due to a 
condition of polyspermy. I t  is difficult to avoid polyspermy with 
in vitro inseminations, since it is necessary to have sperm suspensions 

TABLE VI 

Results o/Inseminating Ovarian Eggs in Culture with Sperm Suspensions 

Approximate age 
of egg 

0 hrs., from un- 
mated does 

tc  s t  

t~ t~ 

s t  t~ 

t t  c t  

2 hrs. after matin 

6 t~ cs t~ 

7 t~ t t  s t  

8 c~ t t  Ct 

Condition of sperm 

Undiluted 

¢c  

Diluted 1 : 4 
" 1: i0  

Undiluted 
t~ 

c~ 

t t  

~s 

r~fe 
dture 

~in. 

20 
hrs. 

2 
4 I 

6 
7 
8 

6--24 

26 
19 
20 
20 
20 

Result 

Sperm penetration takes place in most cases. 
Polyspermy is frequent. Male pro- 
nuclei may form. Polar bodies are not 
always present. The order of the proc- 
ess may become upset, for instance 
tetrads and a male pronucleus being 
present in the same egg 

The same phenomena as in the upper series, 
but development seems to proceed fur- 
ther and with greater regularity. Second 
polar bodies are formed in many cases, 
especially in older eggs. The heavy 
sperm suspension leads to frequent poly- 
spermy 

sufficiently concentrated to insure sperm entry and not so dilute 
that the sperm will die before any entry is possible. Even with 
fairly dilute suspensions of active sperm we have found two or more 
spermatozoa in the egg cytoplasm. This situation may also be due 
p a r r y  to the fact that  a number of our insemination experiments were 
carried on at room temperature, when perhaps the normal fertiliza- 
tion reaction insuring monospermy is either inhibited or proceeds at 
a rate so slow that several sperm may enter before the reaction is 
completed. 
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Nonetheless, the recovery of normally cleaved ova indicates that 
ovarian eggs may be successfully fertilized even though they have not, 
at the time of the removal from the ovary, undergone the first ma- 
turation division. The fact that this occurs normally in the dog 
indicates that this is not as u,likely as it may seem, and implies that 
it does not occur normally in other mammals simply because the 
stimulus to maturation is attained in the follicle in these other species. 

DISCUSSION 

We believe that these experiments demonstrate clearly that the 
ovarian egg in the ripe follicles of mammals is activatable and fer- 
tilizable at any time. in  another paper (Pincus and Enzmann) 
we have shown that once ovarian ova have reached full size and the 
nucleus has entered into the dictyate stage an isolation of the egg 
from the follicular epithelium frequently results in the formation of 
polar spindles with or without subsequent polar body formation, 
dependent apparently upon the rate of follicular atresia or the 
onset of ovulation. The data of this investigation show that the 
isolation of ova in e/fro results in a similar sequence of nuclear changes. 
This implies that the associated follicle cells serve either to maintain 
the egg in a nutritional state wherein nuclear maturation is impossible, 
or that they actually supply to the ovum a substance or substances 
which directly inhibit nuclear maturation. I t  is notable that the 
preovulatory follicle characteristically contains few or no strands 
connecting the ovum to the follicular epithelium (cf. Pincus and 
Enzmann). I t  is interesting to note that in the dog (Evans and 
Cole, 1931) rupture of tt~e follicular epithelium does not occur until 
ovulation (a complex folding goes on before ovulation, and the sepa- 
ration of the ovum from the epithelium presumably intervenes at a 
short interval before ovulation). 

The obvious inference from these findings is that mammalian ovaries 
contain large numbers of fertilizable ova that never emerge from the 
ovary. If these ova can be obtained easily, one of the chief limita- 
tions to the direct study of mammalian eggs in ~/tro, namely the 
llmited number of eggs ovulated, will be overcome. We have, in 
fact, obtained large numbers of eggs by puncturing follicles of various 
sizes. The uses to which these eggs have been put  will be described 
in subsequent papers. 
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We should, finally, consider one possible objection to the findings 
here reported. I t  may be declared that the maturation figures of 
our cultured ova are the results of atresia and not of activation. If 
that were the case then normal maturation would be also a process of 
atresia, since the events occurring in vivo and in vitro are indistin- 
guishable morphologically and in the rate of their progress. True 
atresia may be said to occur only when an ovum is no longer fertil- 
izable (for further discussion see Pincus, 1936). 

SUM'M_ARY 

1. A definite chronological sequence of events occurs in the eggs 
and follicles of rabbits after mating or after the injection of ovula- 
tion-inducing substances. The follicle secretes secondary liquor fol- 
liculi, and there occurs a separation of the corona radiata from strands 
connecting it to the follicle ceils. The ovum goes through nuclear 
maturation with as climax the production of the first polar body by 
the 8th hour after copulation. 

2. Thyroxin injections cause indirectly the same effects as mating 
or pituitary injections but no ovulation occurs. The thyroxin effect 
occurs later than the pituitary effect and is due to an initiation of 
atresia in the follicles. 

3. Explantation of ova results in typical maturation phenomena 
which are apparently unaffected by the presence of pituitary hormones 
or of thyroxin in the culture medium. 

4. It  is concluded that maturation of the ovum can be obtained 
simply by isolating it from the normal follicular environment. 

5. Normal fertilization can be secured with eggs removed from the 
follicles. 
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EXPLANATION OF PLATES 29 AND 30 

FIQ. 1. Ovarian egg obtained by puncture of a follicle from the ovary of an 
unmated rabbit. 

FIG. 2. Ovarian egg obtained by puncture of a follicle from the ovary of a doe 
mated 2 hours previously. The chromatin material condenses to tetrads. The 
vesicular membrane is still present. 

FIG. 3. Ovarian egg from a doe mated 4 hours previously. Tetrads fully 
formed and vesicular nucleus dissolved. 

FIG. 4. Ovarian egg from a doe mated 5 hours previously. The tetrads have 
become smaller and arranged themselves in a plate. All traces of the vesicular 
membrane have disappeared. 

FIG. 5. Ovarian egg from a doe mated 6 hours previously. The first polar 
spindle begins to form. 

FIG. 6. Ovarian egg from a doe mated 8 hours previously. The first polar body 
has been given off. 

FIG. 7. Ovarian egg from a doe mated 9 hours previously. First polar body 
and second polar spindle. 

FIG. 8. Ovarian egg cultured for 24 hours in Ringer-Locke solution containing 
maturity hormone. Note apparent fusion nuclei. 

FIG. 9. Ovarian egg from a doe which had received 2 cc. thyroxin intrave- 
nously. Tetrads have formed in a vesicular nucleus. 

FIG. 10. Ovarian egg from unmated doe, inseminated with normal sperm in 
vitro. Sperm penetration has occurred. Note sperm head at lower right 
periphery. 

FIG. 11. Ovarian egg from a doe mated 6 hours previously and inseminated in 
vilro with normal sperm. Male and female pronuclei present side by side. 

FIG. 12. Ovarian egg from a doe mated 8 hours previously and inseminated 
with normal sperm. The first polar body has formed and sperm penetration 
occurred. The entering spermatozoan has formed a male pronucleus (center 
left). 
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(Pincus and Enzmann: Mammalian eggs in vivo and in vitro. I) 
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(Pincus and Enzmann: Mammaliaa eggs in vlvo and in vitro. I) 


