ertilization is the beginning of a new indi-
vidual: the culmination of many biological
processes working in concert to form a new
life. The timing and precision of it all is noth-
ing short of a drama, plaving out on a cellular level.
In simple terms, a healthy mare produces an ovum
(egg) in the core of her ovary. “The egg is delivered
into the fallopian tube of the uterus, where it is
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Conception in the horse seems simple—a uniting of one
healthy egg and one healthy sperm—but there is much more
going on in this virtual soap opera of creating a new horse

united with a sperm cell that has entered the mares
tract, or uterine tube, and found its way to the egg,”
says Woody Asbury, DVM, Dipl. ACT, retired dean
of the College of Veterinary Medicine at the Univer-
sity of Florida. “The fertilized egg then travels to the
uterus, where it will dﬂlﬂ!f}p 1]1|‘u1|;__{|1 the gestation
period, nourished by fluids, then by vascular sourc
es up until maturation and delivery.”
THE HORSE
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Sperm cells are not os complex as their
epg cournierparts, but the method by which
the twao come together is o small miracle
in itself. Az explained by Ahmed Tibary,
DWVAL, P, o professor of theriogenology
in the Department of Veterinary Clinical
Selences at Washingron State Tnibversity
seienmists are =1l learning about this very
basic process, especially in terms af be-
ing able o help faciliae reproduction by
manipulating semen. This includes using
coul-shipped semen of frozen semen, o
virre fertilization, intracyioplasmic sperm
injection, or other asgisted reproductive
technigues.

The process of fertilization and vinhility
of spermatozoa with natural cover is one
thing, but some of the changes that ocour
in the genital tract of the female to enable
fertilization are hard to duplicate when
we try 1o lemtilize an egg oulside the mare's
body, Sometimes |;1'|_w;~'.r'|n§l_ and Ihﬂ'l'-.'il'lg—
O even h]l:glp:ng —aob sensEn can n'i,gg-:l'
changes, damaging sperm This i3 why
conception rate with these mel hesels pnighd
not be as aptimal for some stallicns.

A Look at Sperm

Ed Squires, PhD, formerly of Coborado
State University and now director of ad-
vancement and Industry relations and
executive director of the Gluck Equine
Research Foundation at the Universaty of
Kentucky, =avs semen must be deposited
it the wierus o up the odds that i will
encounier and undie with an egg. "In nat-
ral mating, the stallion’s pénis eomes up
against 1the mares cervix and the end of
the penis prohably penetrales Lhie cervin—
particularly when the stallion is thrusting
hard—io deliver most of the semen divect-
Iy into the uterus,” says Squires.

“With artificial insemination we Lty 0
dieliver the semen into the ulers,” he sass,
“Then by several different mechanasins ihe
sperm miake their way up into the opening
of the oviduct (fallopian tube, alternately
called the uterine tubel. A lot of people
think the sperm swim up there, which
mav be partially true, bul they are aided
bv uterine contractions and Auid move-
ment, This allows them to gel to the tip of
the {werine) o and the opening to the
ovidhici—the wterctubal ponction.”

Even though there might be more than
10 ta 15 billion sperm deposited into the
uterus in a stallion's ejaculate, only a few
thousand of the litile guvs get into the
oviduct, The egg needs o certain kind of
sperm, though: “There is a selection pro-
cess that ocours in the wieris so only the
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The top Mlustration shows a schamatie ropresentation of porosome reaction changes, Starting from
loft, a mosmal sparmatazson with anatomical regions: 1) plasma membrare; 2§ outer acrosomal
membrane; 3) acrasome content; 4) inner acrosomal membrane; 5) nuclear membrans; 6) nucleus;
7} apical region; §) pre-equatorial reglon; 9] squatarial reghon: 10) post-equatorial reglon; and 11)
fasion botwesn plasma membrane and auter acrosomal membsrane, resufting in vesiclization and
release of anzymes {acrosame reaction). The bottam electmn microscopy images show A) a sperm

with intact acrosome; and b a capacitated sparm,

most motlle, morphologically normal
spertn get there,” Squires explains. “This
soriing process is parthy due o white blood
cells (specifically. phagocyies) thal clean
up dead and dying sperm. Some of the
gperm are expelled out through the corvix.
A study at University of Florida showed
that seminal plasma in some ways pro-

tects the good sperm and allows inferior

ones to be more attractive to the white
bload cells. Thus there is a selection/filter
ing process that ocours as the sperm are
traveling through the body of the uterus.”
[Thi= is why uterine inflammation oocurs
more often with insemination vsing semen

that has been frozen—the seminal plasma
I5 spun doswm in s centrifuge and removed
[vom the semen, thas, removing s protee-
tive cffects.)

And s0 the proverbial pool of eligible
apermn pets smaller. The most highly quali-
fled spermatozoa enter the bottom part ol
the fallopian tube and colonize there in a
gperm reservoir around the opening. They
attach to the lining and rest, swaiting the
erg’s arrival. “This reservoir seems (o be a
preferred site where they con be nourished
As long s they are attached 1o the lining
they seem 10 stay healthy,” savs Squires.

“In noame] fertilization, thiere s a |'Ih:I.‘:-i'
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in which the spermatozoon needs o wn-
dergo some biochermical and morphologi-
cal changes in order to be able (o fertil-
ize the ege.” notes Tibary. The sperm are
-.:|:L'|I|g:i‘."!|g l|1|'l:.l|.|;-:]1 thiz Process, called ca-
pacitation, while attached to the lining,

I takes only one FpErm cell to fortilize
the cpg. When vou look at it from a biolosd
cal standpodnt, however, it takes more than
one sperm to gearantes fertilization. To
oprtimitze the process, there must a popila-
tion of wvailable sperm candidates, if vou
will, present at the site of fertilization

"When we inseminate a mare, we need a
population of extremely good, viable, mo-
tile sperm cells,” Tibary says. That small
|||.':l|:IIJI3[III:1 1= 'w'!l_'!l:rfl:! ]'I'-.' I'Ir":l.tl-n.b L-II: I_I'lml =
nation; the remaining sperm gather ai tha
uterotithal junction, Those sperm cells are
then released from the lining as the mare
progresses through cvalation. Once re-
leased, they are programmed 1o fertilize
the e or die, Researchers don't know the
miechanksmm that triggers this release, but it
I'.|'.|i.i_.’.|'|1 be hommonal. Then the SPETT st
miake the next move, progressing [arther
up the oviduct to meet the egg.

The Ovum

The cop must be matwre before 11 can
be fertilized; therefore, timing of insemi-
wation in relationship to ovulation time
is verv important. “All those changes in
the egg (that bring it to maturity) take
place in the last few hours before ovubi-
tiom,” savs Tibary, “Alter the CEE has -
lated and is shed into the fallopian tube
and carmied along it, the egg continues
io undergo changes that are critical o

| VARIABLE VIABILITY

The amaunt of time that &lapses between nsentination, particulary If the mase & beed by
natursd cover, gnd the poind &1 which there g no viable sparmatozoa remaining in hier fract
1o guarantee lertilization i quits variable. That time span depands on the ndividual $milion
| “With matural cover, its not unheard of for a mare that ovulates up to seven deavs afler a singe
|  breeding lo still conceive, if the stallion has long-Ived sperm.” says Ahmed Tiary, DVM, PR,
8 prafessod of thériogenclogy in the Dapanmeant of Vietednary Cinical Sciences at Washingion
State Univarsity The difference in viability of spemm within the wlering fube—whal makes some
sollions more fertile than athers—Is something researcherss ase skill trying to figure out

OF SPERM
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With live cover, it's best to breed just before ovulation, 5o the sperm are ready and waiting for the

BEF to come alomg.

fertilization. When it So18 0 the fertilims-
thon site we hope there is already a sperm
reservoir built up there, waiting

In the ovary, the cgg was in a fuid-filled
tollicle, which matures and ruptures ex-
plosively (Who savs there isnht drama at
the cellular levell?). The egg is directed
down into the fimbria, o fringe of tissue at
the opening of the oviduct. “The Ambria is
the outer |1||:1.i-::-|1. ,5|'|.'||1|_--|_:| like a catcher's
miit,” explains Squires. It contains cili
aled cells that create a wavelike motion to
move the ege the proper direction, toward
its comeceptional fate.

The egg is amall and sticky, suomoumnded
by nurse cells called cunuelus cells, “Thess
make the ioal mass larger and allow the
e to stick to the cilia, which motion i
dewmn dne the owigduer,™ savs Squires “The
CER iz viahle tor about six hoars TI“{'_' EE-
latiom, dying as it ages, so chances for fer-
tilizaiion are highest esrly om,

"If it does get fertilized late {an aged
egg, [ertilized afver six hours or more),
theres more risk for earlv embrvonic loss:

“In acditan 1o indhadieal varation, meniputation of semen (eazing and thawing, sex safing, |
ate.} cam induce capacitationlike changes whech raduce siability of sperm and kmpose a Wery
tight timing bebween ovulation and insemination” ha explains. —Heather Smith Thamas |
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the fertilized egg doesn’t continue divid-
ing,” he explisins.

The Union
As mentioned previously, it's best 1o
have sperm already in the tract at the time
of owulation, ready and waiting for the egg
o come along,”
“IF the egg cvulstes, then you iry to breed

gava Tibary

the mare, comception ratle :[r::-pt:," =IvE
Squires. Some people do this when using
frozen semen, however, since they have a
limited supply of semen. They wait until the
mare ovitlates, then put the semen into her
within the first six howrs, Butl with fresh ar
voaled semen, vou wani to have the sperm
already there when the ege arives,
“Capacitation defines a series of chang.
s on the surface of the spermatazoa thai
allow the first step in the fertilization
process,” SVE '|'||}q'|r:-. 'If we have a ma-
ture egg. and enough of the capacitated
spermatozo, there is a good chance for
fertilization.” Following capacitation the
spermatoeoa in the running “acquire a
hvperactive motiling, allowing sperm-egg
contact. They bind to the zona pellucida
{a glvcoprotein membrane surrounding
the plasma membrane of the egg) and
a second phénomenon—the acrosome
reaction—allows the spermatozoa (o
provide the enzymés required to break
through the outer envelope of the egp.”
Even though there are several thousand
sperm at the reservodr, by the time they ge
to the expectant egg there are only a few
humsdred et in line 1o fertilize “When the
o comes down to the site of fertdliza-
tiom, in the boawer third of 1the tube, this is
when all the chemical and phvaical [ntes
actions between the sperm and egp take
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place,” save Tikary, “The (st interaction is
mostly chemical, and the second phase is
physical, in which the sperm cells are trv-
ing 103 Eind theirway through the envelopes
ol the egg. The reaction in the sperm is in-
duced by contact with the zona pellucida
al the auter surface of the egg, enabling it
15 penetrate. The mona pellucids processes
create a specific binding site that cun rec-
ognize the spermatoroon and bind o i,
This is a highly specific mechanizm: the
equid epg con only recognize sperm from
an exqquid Thorse or donkey),”

Afterall of this mummle, one sperm emerg-
es victoriows. Once the spermatozoon has
penetrated the 2oma pellucida, its nuclear
membrane fuses with the ege’s membrane.
“Thai bjnding allows the SPerm i bhe in-
corporated into the ege cvtoplasm,” savs
Tibary. "During this process of fusion and
incorporation Into the epsr. another reac-
tiom oocurs—ihe @ona hlock (also called
the zone reaction. the resuli of release of
cortical granules, secrelony vesicles resid-
ing below the ez plasma membrane)—so
none of the ather sperm can penetrate.”
This creates a barrier to keep the other
sporm oul, preventing pobspermia (more
than one £perm penl:l_m"ring the egg),
which wouild kil the embrvo,

"The first stage afier one of them
penetrates the egg invohaes chemical and
biophysical changes of the sperm head,
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Spesm-epg Wleraetion during fertilization. &l
binding fo the mona peflucida (ZP); b) acrosomn
renction: ¢ penetration of the ZP; d) Binding to
the vitellin membrane, fusbon and cortical mac-
tian; a) docondensation of the sperm nucksus
Toemation of Secand polar body; and () mals
and femabe promuciei.

which cause the sperm cell 1o recraanize
intg a male pronucleus,” he continues.
“The fertilized egg becomes a rvgote—
when there are two pronucler, one male
and one female. They merge 1w form a dip-
bexid cefl,”

Chromosomes from the male and fernale
jesin together into the zvgole or single-cell
embrvo, and division of the cell begins.
The first division ocours about 18 hours
after ferilization. The cells then enntinue
b divide within the uterine b,

ASSISTED REPRODUCTION

“Thsie are (Mysivnies wa nave not baen ale to figure ot in horses.” says Ahmed Tioars, D,
Fh, a peofessor of thedogenology in the Dapariment of Vetarinary Clinical Sclences at Washing:
tan State University “Tne aqune (s one species in which compiste production of embryos by in
Wi [ the ial] terdization and & vl cufture Reg nok Dese very soccesclul, We have rdl been
abb 1o duplcaie the reproductive iract emiranment. Thers have anly biesn two foals produced
by compdetaly i« production of blastocysts, Yoy ean Tortikne the SpE in whtno, Bub in oeder Tioe

| it bo devwlon you must put 1t ints the utesing tube immediatzly, Olherwise 1 stops developing. |

I contrast, wilh ather species, iv wiro ferilizatian can be accomplished and the embog
grormnt far Anhout 5 days o Wi, 81 which SBme yorl can put i directly ine the aterus

Knowing how canception takes place in the harse helps us understand Importance of timing
whign beeeding mares. “This has also made gamete ransier possible a5 an assisted fertilization
techinique.” e says “You can take apEs Trom 8 mang 1o maune b Wi, Then esdles fwem &0 the
evidduct of the recipéent fzmales and then brigd those females.”

Discoveries regardng the fariization processis and changes in the agg doning maturabion,
|  [fedilization, and infiaton of el division am akso crtical to develoament of coning technigues
by nuclear pell transden, Az researchers keep learning mone about equing conssption, they ane

| abde 1o mmve forward in more weys te assist aguing reproduction. —Mealber Smith Thomas
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The Conceptus

The zvgoie divides into two cells |_1_'.-
24 hours and eight cells by T2 hours, ac-
conding to Tibary, Division dramatically
speeds up from there. *The conceptus
is rendy to come down into the uters
at the late morula stage or early blas-
tocyst stape, which is a well- :ln:l'c']npm1
embiryo, at about 143 hours (six days
from fertilization: this is why veterinar-
fans cam wse intrawterine antibborics and
flush the uterus wp until five dayvs after
ovulation),” he savs. *
uterine be into the wiers is directed
bw the embevo. In the mare, the uteratu-
bal junction is very muscular, and only a
viable embryo can open it. The embryo
secreles (Lhe hormone) prostaglandin E
i stimulaie the junction o relax.”

The zygote divides into two
cells by 24 hours and eight
cells by 72 hours. Division
dramatically speeds up
from there.

Passage rom the

After the embave enters the uterus it
travels around, nourished by uterine fAuids
unti] it becames fixed in one spot, wsually
al the lip of one of the (uterineg) homs, a1
about Day 16 or 17. This is why vels wuse
transrectal ultrasound to detect twins he-
[ore this L There it attaches wnd ETTRNS,
'|'.I€'I:l||:'|'|i|:'lg a fetisz it about Day 40 when the
placenta stars Lo develop aroand it and the
wnmbblieal cord = frmed,

Take-Home Message

If every physiological derail falls into
place, the paths of the egp and one sperm
will cross, uniite, and Form a viable ermbrvo
It mot, the owmer and ver might trv io re-
bread, J:u.lE‘:-iu!:-, the liming 1% |'ig|:|| and the

stars will align next time, &
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