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OXIDATION OF THE OVUH OF
THE WHITE RAT.

EE TR LS T2

HISTORICAL.

It has long been assumed by some’prominent
Zoologists that there is s definite relstion be-
tween the time of ovulaztion and the sex ratio.

T. Thury in 1863 pointed out that cows which were
fertilized at the beginning of the heat veriod
produced relatively many female progeny while cows
served late in the pariod produvced 2 prepondsr-
snce of males. Some fifty'years;later his results
were psrtially confimmed by R. Pesrl and H. K.
Parshley. Although they did not come to the far
reaching conclusion that Thury d1d, they did find
& definite relation between the time of ovulation
and tné sex ratic. It might ba‘pointed~out that
the discrepasncies in the rasults obtained may be
dus to the fact that the exaet time of ovulation

has never been satisfactorily identified for cattle.



Heither has the length of the oeétrans cycle béen
definitely determineds" 4

The author's interest in this connection was
.arausaﬁ several years ago in the breeding of s
Spitz biteh. The cestrous cycle in the bitch
occupies some fifteen to eighteen dpys, the long-
est period kmown smong mammals. She was first bred
as soon as any signs of heat were noticeable. A
litter of six puppies was born of winich four werse
females snd two were males. The second time she
was bred no attempt was made to regulate the‘copu~
latory act and of g litter of savén taree were fe-
males and four were meles. In the following spring
she was bred exactly fifteen days after toe first
signs of heat were noticeable. A litter of five
pupplies was born of waich all'were meales.

Although a generalization csnnot be reached
from this one incident it was sufficient to arouse
the author's interest and this paper is tue result
of his attempt to determine if this phenomenon occurs
regularly and if so to suggést 8 poesibla cause.

_Thury suggested the ea@sevés being due to e
freshness or staleness of tge ovums. The fertilizs-

tion of a fresh ovum, one which had recently bcen
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discharged from the'ovéry, gave rise to & fe-
male. A stale ovum, one which had been for some
time in the ¥allopian tube.twhen fertilized gave
riéé to a male. He offercd no further solution
than this. = Stoek bresdefs; although they make no
attempt to explain it, have firmly believed that
they can control the sex of tneir ovreeds by regu=-
lating the time of fertilization but failure to
recognize the exact veginning of the period of
heet is no doubt responsible for the fluctuations
in their results.

Asgsuming for the time that there is & defin-
ite relation between ovulation and the sex ratio'
the author has attempted to determine whether
there are sny changes in the ovum.at different

periods in the oestrous cycle.

STATEMENT OF PROBLEN.

A modification of the method of Child (1915)
for deterﬁining metabolic gfadients seemed the most
logicael procedure. If there are chan es in the
ovum at different pericds 1ﬁ :;; eycla they must
be due to the metabolic activity or intrascellular

gradient. Child found that the rate of oxidation
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was in direct proportion to the metabolic act-
ivity in a great variety of orgenisms and indi-
vidual cells. The greater the rate of metabol-
ism the more rapid was the process of oxidation
in solutions of oxidizing agents such as potass-
iom cyonide, wesk acids, ete.

To determine whether such a relstion exists
between the age of the ovum and its rate of dis-
integxation end the relation of this to the sex
ratio, if there is any,vis the purpose of this

Paper.

KATERIALS.

The white rat, lus ﬂorvegieﬁsvalhinus, was
chosen as the most suitable animal. The ease
with waich these snimals are kept and the rapid-
ity with which they reproduce in captivity make
them especially desirable as laborstory speci-
reng. Furthermore, an gbhundance of work has
been done on this animal and definite data have
been compiled by several investigators concefning

breeding hsbite, definite periods in the oestrous

cycla, the exact time of ovulstion, and the per-

iod of gestation.
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Jo A, Long, of the University of Cal-
ifornia, in colleboration with others, hsas
found the complete cycle to oceupy 80Proxi-
mately 4.8 days snd hé has slso developed a
technique for removing eggs from tae oviducts
in the living condition. A modification of
his tecinigue was used in this work.

For the examination of live material it
is necessary to keep it bathed at 21l times in
. & solution of nearly the same chemicsl congti-
tution as the medium by which it is normally
supplied. This was accomplished by a simple,
yet quite efficient circuletion slide, Fig.

I, A culture slide, 1 inch by 3 inches by %
of an inch in thickness was used. Holss ﬁare

drilled through each edge of the slide into the

chamber. Fine glaés tubes were bent to fit into

the holes anﬁ.were secursely cemented in placse.

5.

One tube was connected by means of & Y-tubs with

two supply bottles, one contasining the nutrient
solution and the other the oxidizing solution.

The tube from the other side of the slide was

connected with a waste bottle. A smdall eirecular



Pig. I. The circulaticn slide shcwing the
chamber in place within the cavity cf the
slide, alsc the tubes leading tc the re-
agent and wakte jars.
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chamber was made to fit into tae cavity of the
slide. The ourpose of this was to prevent the
currents of solutiod cuminé into the slide from
carrying the materiasl to be examined out of the
waste tube. The tubes were connected by rubber
“tubes to the supoly and waste bottles and after
e thick cover glass was cemented in place over
the chember of the'slide,vthe clsmps on the tubes
could be released and a constant flow of the solu-
tion over the material to be examined could be
_very casily controlled. | o o

- All work was dome in a constant temperature
box large enough to contain the microscoye with
the siide‘in_place, the supply bottles, and to
allow for free movement of the hends. The temp-
ergtura,was kept at 37 degrees Cenuigrade at all
times.v

The nutrient solution was prepared accord-

' ing %o the formula of Locks snd contained salte

in the following proportions:

NaCl .09
CaCl . .024
KC1  .042

NeHCO .01
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To this was added.0L % of dextrose. The solu-
tion was then autoclaved for fifteen minutes at
fifteen pounds pressure and carefully plugged to
preéggzubactg:;;l eqntamiﬁation.

The potassium cysnide solution contained
200 mgs per 100 c.c. of distilled water. |

A very close wsteh was kept over gll preg-
 nent femsles in order that the exact time of
?arturition might be &etermined. This wes e¢ssen-
tial becsuse ovulation in the rst is xnown to
oceur at a feirly definite interval following
per tur ition. All femsles waré isolated sevéfgl
bours before tﬁe litter was expected to be borm.

Ovulation was found to occur approximetely
sixteen mours after the Litter was born. Sixteen
hours was'the 1eaet time after partgrition that
the eggs were found to have been disecharged frém
the ovary and the greztest time aftef‘the litter
was born thet they were still found in the ovi- |
ducts was twenty tahree hours.

Yhen the desired length of time hsd elspsed
after perturition the animél wes killed by sever-.

ing the spinel cord between the cranium and the
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atlas, The use of aznesthetics was avoided be-
ceuse of g possible'effect on the blood supply

of the ova. The body cavity was gquickly opened
end one ovary asnd oviduct removed to the constant
tempersature box. The entire orgsn was placed in

a sterile waten erystal and was covered with ster-
ile Locke's golution.

In positive cases when too long a time had
not elapsed the egzgzs cogld be seen in a fold of
the oviduct. They are arranged in e more or 1less
irregular cluster and sll are surrounded by en
abundsznce of follicle cells. Waen the egge were
found the oviduct wes teased apuart and the eggs
sllowed to flow out into the watch erystal. By
meens of o sterile pipette they were then removed
to the circular chember within the cavity of the
¢irculation slide. This oﬁaration occupied from
8ix to ten minutes. |

It is supposed that the seversl eggs éroduced
.by one ovary oare discharged nesrly simultaeneously.
At any rate, the time of discharge cf eggs from one
ovary wes not suffieient to cause eny apprecisble

difference in the age of the ove. TFor this reason



only one or two eggs from esch ovary were subject-
-ed to the'oxidizing golution,.

In older cases the eggs did not appear in
clnetefs but were scattered slong the entire ovi-
duct. Some had very probsbly pessed on down into
the horns of the uterus becsuse in only a few cases
were more than two ove fownd in females that had
gone twenty three hours after perturition. In
younger céses it was'not uncommon to find as many
as seven ova in one fold of the oviduct. In cases
that bad gone more than twenty three hours no ovs
were found.

In théSé older cases the entire oviduet was
teased aspart and‘the ezggs, when present, readily
flowed out. Eggs of this azge had usually lost
most of their follicle cells and were quite bare.
This rendered them diffieﬁlt to observe because
their presence might easily be obscured by secret-
ions in the oviduct, fat globules, loose follicle
cells, gnd blood corpusclés.

After the egg had been placed in the circuia-
tion chember with s few drops of Locke‘s solution

to prevent drying the cover glass was cemented in
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place with a coat of vaseline. The entire cham-
ber was theﬁ filié& witﬁ Locke's solution by re-
leasing the clamp on the supply bottle until all
air bubbles were expelled. This tube was then
-elosed and the second clamp on the potassium cyan-
‘ide bottle was released. At the same instant that
the cyanide solution was introduced & stop waten
was set in motion in order that the exact time
required to oxidize the egg gight be recorded.

The solution was allowed to flow over the egg
until the process of oxidstion was eompiete,,

The mﬁture, unfertilized egz of the vaite

rat varies from approximately 0.12 mm. to 0.16

mm. in dismeter. It is spherical in shape and is
surrounded by a élear girdle, the zona pellucida.
‘Outgide of this girdle are several thicknesses of
folliculer cells. The nucleus stands out quite
distinetly end is nearly sphericel in shspe.

Pig. II. |

The cyapide solution wes introduced into the‘

chamber and ﬁhe follicular cells soon lost their
attachment and were washed free from the 8gz. This
was followed irmedistely by the beginning of the

oxidation of the egg which was evidenced by a com-



Pig. II. The majure cvum as it appears.
when removed from the oviduct.
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plete disintegration, This was first noticed
in the region of the nucleus and from the:e the
disintegration extended from within to the out-
side and continued until the entire ovum had lost
its spherical shape snd remsined 2s a scatbered
mags of unorgenized msterisl. Figs. III snd IV.
| ;chiéia found in the oxidation of the eggs of
the‘sea;uichin thét‘disintegration began where
the nucleus lay nesrest the surface. When devel-
eément took place the portion first to disinte-
grate was that which uormall& gave rise to the
heaﬁ of the embryo and the axis along which the
disintegration piocaeded was destined to become
the major axis of the daveloping embryo. Whether
or not éhis condition exists in tae ovum of the
rat can at this time only be éonjectured. However;
disintegration in all the observed cases seemsd |
to begin in the region of the nucleus and taen to
xproceed throughout the entiré 682, Both the be-
ginning end the end of the ?rocess was easily de-
tected.

As & control measure two ova were removed

from a female which had given birth to a litter



Pig. III. Diagram ¢f the ovum shoﬁing
the prccess cf disintegration beglnnlnn
in the region of the nucleus.



Fig. 1v. Diagram cf the ovum in the
prccess cof disintegration, a later
stage than Fig. III.
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of young eighteen hours previously. These ova
weré removed under the same conditions as those
which were treated with the potassium cyanide

. golutiony They were removed aﬁd guickly placed
$n the circulation chamber. Locke's solution was
ellowed to flow gently over them for a pezriod of
six minutes, a time considerably longer than that
necessary'te oxidize any of the egzs similiarly
treated with potassium cysnide. However, at the
end of’thgt time no signs of disintegration were

noticesble.

' RESULTS.

Eight females were killed before any ove were
found. In each of these csses the time elapsed
.after parturition had been eighteen hours, the op-
timum time at which egge might be secured. Fail-
ure in these ceses was very probably dus to iﬁabilu
ity to observe the eggs in the living oviduct. In
the ninth cese the entire oviduct was teased spart
and one ovum was secured. No accuraté data was ob-
tained however, until the eleventh female had been

killed. After it h=d been learnsd where the eggs
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might be fouﬁ&, what was their sppearance, and &
technigue had been developed by which they might
be removed, it was a relatively simple orocedure
to remove them. |

. In éll the cases recorded below the females
were lisolated several houré before the litter was
born and the time after parturition was reckoned
from the time the last of the litter was born until
the female was killed.

The following is a summary of the data ob-

tained from thirteen cases taken at various inter-
véls in the period in which the eggs might be ob-

tained.,
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Case Time elapsed Disintegration time
1 : 18 hours 3 min. 49 sec.
2 18 3: 34
3 18 3:42
4 21 4:52
5 : 16 2:38
6 16 . 2:54
7 23 0 5:14
8 23 5:28
9 17 2:51

10 16 2:44

11 23 5143
12’ 16 2:14

13 _ 23 4:57

Average disintegration time for 16 hour cases 2:37.5

" "

" "1y " " 2:51
n " " " 18 " " 5 <41.6
11 " 11 n 21 » " 1t 4 : 52

¥ " 13 1T

23 " " B5:20.5
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COHCLUSIONS.

It is quite evident from the above Guta that
thnere igwgzwintfggzilular change in eggs of diff-
erent ages of this particunlar animsl. There is &
”&ifférencé of two minutes and forty three seconds
in the rate of disintegration in an ovum of sixteen
houxs end one of twenty three hours. The younger
the ogg the more rapid is the process of disinte-
gration. Agcording to the observstions of Child
(1915) the morse rapid the process the grester is
the metébolie activity, and accordingly the great-
er the electricsl potential. The cause Qf this
phenomenon and the constaney with which it seems to
occur csn only be conjectured. It appears to be
& change of an eleetro-chemical nature, a decrease
in electrical potential due to & slowing down of ‘
the me tabolic activity within the ovum. As the time
after parturition iuncresses the slectrical potentisl
of the egg decreases, It is known, in some cases
at least, thet after fertilization the metabolic |
activity of the egz 1s markedly increased and that
this acceleration is responsible in some way for the

initistion of development.
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It has been pointed out by R. S. Lillise,

(1913) that the direction snd speed of the el-
ectrical migration ef‘living cells sre chiefly
dependent upon the elsctricsl charscteristics

- 0f their congstituent colloids. Sperm solutions
and cells contsininz an sbundance of nucleic
acid moved with great repidity =2nd uniformity
Witﬁ“the negative stream, while celis with vol-
uminous cytoplesm, such as leuvcocytes, flowed
with much speed téward the cathode. This differ-
ence in the direction of electricsl convection
pré;ﬁmaniy implies s difference in the electri~
cal charge carried individuvally by these two
kinds of cells. V '

Assuming that the egg which contains a large
amount of cytopiasm bears an eleetro%pdaitive
dharge snd the sperm, being composed chiefly of
nuclear material, besrs an eleetra-negative‘charge.
it may be suggested that there may be some rela-
tion between the eleétrical characteristics of the
two gameﬁes thet is responsible for the initiation
of development and indirectly for the determina-

tion of the sex of the resulting individual.
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It is guite possible that an ezg recently dis-
ehargaa from the ovary and bearing the greater
electrical charge may upon fertilization have a ten-
dency to attract a spermstozoon besring the grest-
- ar elesetro-negative charge whiehiwili be one besr-
ing sn X-chromosome, The result, in animals in
which ﬁhe female is homoszygous for é sex factor,
.w111 be & female.

Ag the age of the ovum increases and the po-
tential decreases there will come a period when
tho ehsnces for fertilization by either type of
-spermatozoon are equal and bffspring of both sekes
" will appesr in equal numbers. Finelly, as the
age of the ovum increases and 1£s potential de-
croases there will be a greatér tendency foi it
to attraet a spermatozoon with s lesser chsarge
whic@ will be one not having an X-chromosome and
the resulting individusl will be & mele.

Although hignly hypothetical this seems a
possible explanation for the Qhenomenén deseribed
by Thurry in 1863. Until more worK is done and

more data obtained relative to the ghenomenon of
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- Pertilization no definite statement can bhe
made which, without doubt, will account for
the determination of sex at the time of

fortilization. -
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