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Humansare naturally reproductive beingswith
strong reproductive instincts developed through
generationsof evolutionary sdection. Without theuse
of contraceptives, wearenormaly anextremdy fertile
species. Any given month, thereisa50% chance of
fertilizing amature oocyte (egg). However, withthe
preva ence of spontaneousabortions (miscarriages),
the chancethat one month’ sintercoursewill produce
aterm pregnancy (pregnancy which goesfull-termand
resultsinalivebirth) isreduced to 25%.

Thelargest recorded number of live birthsdates
back to the e ghteenth century when aRussanwoman
had 69 children. More recently, the Guinness Book
of World Records citesaliving Argentinean woman
who has given bhirth to 32 living children®. The
conception of achildreliesheavily onthestatusof the
woman'sfertility cycle. Men aregenerally always
fertile whereas women undergo acycle where the
levelsof specific hormonespresent inthebody regulate
thetimed release of one oocyte per month. During
embryonic development, the femal efetus produces
al of the primary oocytestheindividua will ever
possessthroughout her lifetime. These oocytesare
stalled in meiosisand stored inimmaturefolliclesin
the ovariesuntil puberty. With the onset of puberty,
thewoman beginsto produce significant amounts of
the hormones responsible for ovulation. Recent
research hassuggested that thelink between hormone
levelsand ovulation may be more complicated than
previoudy thought, and that ovulation may occur at
morethan one point during amonthly cycle?.

Thegradud increaseof fallidestimulating hormone
(FSH) stimulatesthe maturation of afew folliclesthat
secrete estrogen. Heightened estrogen levels
combined with asurge of luteinizing hormone (LH)
trigger therupture of oneof thefalliclestoreleasethe
primary oocyteintotheoviduct®. Thisovulation occurs
predictably fourteen daysprior to the beginning of the

next cycle. Thereisawindow of afew daysduring
whichfertilization may occur withintheoviduct asthe
oocyte (also known asthe ovum) isonly viablefor
about 18to 24 hours*. If not fertilized, theovum dies
andisdoughed off with the uterinelining inresponse
to decreasing estrogen and progesterone levels.
However, if fertilized, the oocyte completesmeiosis
within the oviduct. The resultant diploid zygote
continuesitsjourney down thefallopian tube making
itsway intothewoman'suteruswhereitsdifferentiating
trophoblast cdllsenableit toimplantinthewall of the
woman'suterusand proceed with fetal devel opment.
However complicated the woman’sfertility cycle
appears, the tight regulation of hormone levelsis
responsiblefor the scheduled rupture of the mature
follicleand ensuing ovulation. The predictablenature
of thewoman'’sfertility cyclehasenabled scientific
researchers to develop many technologies both to
promote and prevent thefertilization event.

Infertility

There are asmall number of coupleswho have
difficulty conceivingachild. A coupleisconsidered
infertilewhenthey fail to conceive after afull year of
unprotected intercourse. Theterm‘infertile’ describes
a state of reduced fertility whereas the complete
inability to reproduceisdefined asserility®. In Canada,
oneinsgx coupleshasdifficulty achieving apregnancy.
Over 250,000 Canadiansare considered infertile®.
With theaccumulation of novel medica achievements
and cutting edgeresearch devel opments, many of these
naturally infertile people have been given the
opportunity to reproduce offspring of their own
biologica lineage. Assisted reproductivetechnologies
indudeintrauterineinsemination, ovulation-simulating
hormonetherapies, tuba surgery, invitrofertilization,
and surrogacy. Whileexploring how infertile couples
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igure 1. An ectopic pregnancy occurswhen thetertilized eggbecomes implanted inthewall of the

falopiantube.

areenabledto procreate, it isimportant toinvestigate
some of the causes of infertility entailing the use of
such technol ogies and the adjunct costsinvolved.
Infertility isbecoming moreand more prevaent.
With the higher incidence of chemical pollution
changing the componentsof our environment andthe
increased usage of pharmaceutical compounds
detrimental to our reproductive systems, fertility in
general has been seen to decrease over the years.
Theimmediate, salf-imposed environment hasan even
moredirect effect onanindividua’sability to produce
healthy gametes. It has been suggested that our diets
and smoking habitscan bedetrimentd to the hedlth of
our gametes. Menwho smokerisk becoming impotent
whilewomen who smoketend to devel op unhealthy
eggs. Further, anabolic steroid users suffer from
inadequate |evel s of testosterone which ultimately
affects their sperm counts. Other causes of self-
imposedinfertility includeundergoing tubd ligation or
vasectomy operations. To reverse such surgeriesis
taxing and does not guaranteerestored fertility.

Assisted Reprodu

Intermsof involuntary infertility, many common
and not so common influential sourcesexist. It has
recently been suggested that arare occurrence of
immunological problemscan beassociated with the
inability of thespermto reach theegg'svicinity. This
autoimmunity in men leadsto the destruction of the
gametesprior to gjaculation. Likewise, women who
develop animmuneresponseto ther partner’ssperm
will often destroy thema e gametesprior to successful
fertilization. Limited information isavailablewith
respect tothiscause of infertility and many individuas
inthescientific community disagreeonthevalidity of
suchaproposd. Another uncommonformof infertility
results from uterine problems where the woman’s
uterusis unable to support a pregnancy. In such a
case, the couplewould haveto resort to adoption or
theuse of asurrogate mother to carry their biological
offspringtoterm.

Themost common sourcesof infertility include
ovulation problems, egg quality problems, tubal
infertility, age-rel ated factors, and spermissues. While
most of these causesimpose themselves on women,
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Figure2. Invitrofertilizationisoneof thetechnologiesavailableto help infertile couplesbecome pregnant.

40-50% of al infertility casesare attributed to male
infertility .

Whenit comestomdeinfertility, itisnot thenumber
or motility of the sperm that accountsfor asuccessful
fertilization event. The actual event of conception
involves an intricate combination of preliminary
activitieson behalf of both the spermand egg. The
egg emits chemicalsto help guide the approaching
sperm. The sperm use flagella, powered by
mitochondria, to propel them up thefallopian tube.
Sperm that reach the fallopian tube ampulla (the
middle, one-third regioninwhichfertilization usudly
occurs) meet the cumulus cell mass surrounding the
oocyteand penetrateit by chemical and mechanical
means. Thecumuluscelsthemsdvessimulaethehead
of the sperm to release enzymes required to break
throughtheegg'souter layers. Oncethrough thelayer
of supportivecdlls, the sperm reach thezonapdlucida
- aprotein coat surrounding the egg that actsas a
speci es-specific barrier to keep out foreign sperm©.
One sperm binds to receptors on the oocyte and
penetrates the zona pellucidawhich rearrangesits
structureto prevent further sperm entry. Dueto the

complexity andintegra involvement of spermandegg
inthefertilization event, many sperm malfunctions
aongavariety of linescanresultinreduced fertility. It
would bemideading to limit maeinfertility to either
sperm count or sperm motility. Anindividua’ssperm,
though low in number, can ill successfully penetrate
the egg despite its decreased probability of
occurrence. Likewise, an individua with slower
moving sperm can till fertilizean oocyte. Spermwill
remainviableinthefema ereproductivetract for about
48 hours, although thiscan vary 6. What mattersis
not redly how many thereare or how fast they swim,
but whether the sperm are biochemically capable of
fertilizinganegg.

Solutionstoinfertility

When the sperm hasdifficultiesreaching theegg,
whether dueto maeinfertility or tubd infertility, intra-
uterineinsemination isasuitabletechnology toenable
the fertilization event. In this procedure, spermis
placed either inthecervix or highintheuterine cavity
using avery thin, soft catheter. This by-passesthe
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Type of Surgery

Pregnany rate

Tubal pregnancy rate

Reconstruct damaged end
of tube

50% over 1-2 years

12% of pregnancies

Cut away scar tissue on
tubes or on ovary

45% over 1-2 years

6% of pregnancies

Make opening in blocked
tube

25% over 1-2 years

25% of pregnhancies

Reconnect tubes after tubal
ligation

50-70% over 1-2 years

4-15% of pregnancies

In vitro fertilization (for

comparison) tubes)

50-60% (age >35, blocked

1-5% of pregnancies
(women with blocked tubes)

Table 1. Pregnancy rates after tubal surgery and in vitro fertilization®.

blocked tubes and givesthe sperm a‘head start’ in
their quest.

Whileintra-uterineinseminationisaninexpensive
option for prospective parents unable to naturally
fertilize gametes, it also servesthe needs of single
women wishing to bear children. Many sperm banks
offer intra-uterineinsemination for between $500.00
and $1000.00 CAD to both couplesand singlewomen
4, All donorsarethoroughly screened by the sperm
bank for infectious diseases such asHIV, hepatitis,
and gonorrhea. The woman can choose the sperm
shewantsto beinseminated with based onthedonor’s
ethnic background, eye color, hair color, height,
welght, blood type, and other desired attributes. Often
in caseswhere hedthy donor spermisused, thesperm
isplaced highupintherecipient’scervix withasyringe
rather than being injected into theuterus. Thismeans
of insemination ischeaper and more comfortablethan
injectionviaacatheter.

Onthefemaeend of infertility, many factorsmay
beinvolved. Ovulation problemsmay contributetoa
woman'sinfertility. Anovulationischaracterized by

unpredictableovulation, that is, the woman may not
ovulate every month. Polycystic ovarian syndrome,
where the ovaries contain multiple small cystic
structures, often causesanovulationinwomen®.

Moreextreme caseslikeamenorrhearesultinthe
absenceof ovulationfor yearsat atime. Many femae
athletes devel op amenorrhea due to high levels of
testosterone present inthebody inresponsetointense
physical exertion. Thesehigher than normal levelsof
testosterone interfere with the homeostasis of the
seroidsinvolvedinthereproductivecycle.

Inorder toartificialy stimulateovulation when it
may not occur naturally, many hormone and drug
therapiescan beused. Therearefour widely accepted
therapiesthat rangein cost from $800 to over $3000
in Canadianfunds. Some of theunwanted Sde-effects
associated withtheuse of hormonethergpiestoinduce
ovulationinclude: over-stimulation of the ovaries,
resulting in enlarged ovaries, abdominal pain, fluid
build-up within the abdomen and potential strokes.
Multiple pregnanciesarea so common, resulting from
therelease of severa eggsin onecycle. Despitethe
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relatively lower expense of this therapeutic
development, drug therapy may bring with it many
undesirablesde-effects. However, itisalsocommonly
used concomitantly with other therapiessuch asin
vitro fertilization and intra-uterineinsemination, in
order totimethefertilization event with thedetermined
presence of the egg. Ovulation-stimulating
pharmaceuticd interventionisuseful inmany Situations
but it cannot ensurethat the eggsrel eased are useful
or of highqudity.

In the event that the ovulated eggs are of poor
quality, fertilization may proceed but a successful
pregnancy may not occur. Abnormally shaped eggs
may not divide properly or undergo normal
chromosome segregation®.

Despitethe higher occurrence of abnorma oocytes
in older women, younger women may a so produce
abnormal ova. Inthe event of such misfortune, many
couplespursuein vitro fertilization with the use of
donor oocytes. The children produced are not
biologically related to the mother. However, more
research into nuclear transplant from an adult cell to
an enucleated donor oocyte could restorethe parental
inheritance. Nuclear transfer for reproductive purposes
iscurrently prohibited globaly.

Tubd infertility isanother form of femdeinfertility
associated with 20-25% of all casesof infertility. Itis
characterized by completely blocked fallopian tubes
or by scar tissue and adhesions formed in the
reproductiveregion which prevent the passage of the
sperm to the ovum and subsequent transport to the
uterus.

Tubdl infertility isoften dicited by endometriosis
or pelvicinflammatory disease. Present in 5-10% of
all women, endometriosisisanatural condition of
uterine wall thickening which prevents zygote
implantation. Alternatively, pavicinflammatory diseese
can result from chlamydiaor gonorrheainfections
traveling up thefallopian tubes, or from theuse of the
intra-uterine contraceptive device®. Both elicit an
inflammatory immuneresponsewhichmay leed totubd
blockage. Tuba infertility can surgically berepaired
by scoping out the blocked tissues. However, therisk
of attaining an ectopic pregnancy (embryo developing
infallopiantube) remainshigh. Greater pregnancy
successinthe presence of partially blocked fallopian
tubesisachieved withtheuseof invitrofertilization.

Tablel dearly distinguishespregnancy ratesafter tuba
surgeries compared to those achieved by in vitro
fertilization according totheAdvanced Fertility Center
of Chicago.

Thefirst test tube baby wasbornin July of 1978.
Sincethen, invitrofertilization clinicshave become
more common globally, dueto their wide acceptance
by many communities. Thisprocedurecanbeusedin
many situations to combat infertility and is often
combined with other techniques such as hormone
therapy and surrogacy. A number of mature ovaare
extracted from thewoman’sbody after stimulating
multi pleegg development. Such oocytesarefertilized
inthelaboratory withthe partner’ ssperm. Intheevent
of maleinfertility, the spermisinjected into the egg
manually. Thiswill allow the use of the husband's
spermdespitehisinability tofertilizetheegg naturaly.

After fertilization, theresulting zygotesare cultured
invitrofor twoto six daysto ensurethey aredividing
properly. Subsequently, threeor so of the healthiest
embryos are selected and re-implanted into the
woman’s uterus. Some countries permit thegenetic
screening of embryos prior to implantation to prevent
the gestation of an abnormal embryo. There are
currently screens available to detect Huntington’s
disease, CygticFibross, Down’'ssyndromeand Spina
Bifida®. Many ethica questionsarisewith the use of
pre-implantation diagnos stechnologies Many fear the
onsat of pre-natal eugenicswhichwould ultimately rid
our civilization of much of thediversity wearecurrently
familiar with. Furthermore, inthe processof fertilizing
embryos outside of the woman’s body, severa
oocytesarefertilized but not all areimplantedinthe
woman’'suterus. Theremaining embryosarefrozen
for futurelVFtrids, donated to other infertile couples,
or subjected to the harvesting of their stem cellsfor
embryonic stlem cell research. Many ethicigts, fetdists
in particular, arguethat 1VF proceduresdanceon a
thinlineof mordity wherethe statusof theembryois
reduced from apotentia personto smply acluster of
cells. However, when infertile couples seek assisted
reproductivetechnology, invitrofertilization hasbeen
proven to be the most effective method of enabling
two peopleto procreate anindividua fromtheir own
biologica lineage. Pregnancy rates with in vitro
fertilization exceed 30% per cycle. Despitethehigh
costs associated with this method ($11 000 - $13
000 CAD), a“test-tube’ baby isborn every day.
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Invitrofertilizationisnot dwaysafeasblemethod
of asssted reproductivetechnology asisthe casefor
women with uterine problems. Such anindividua is
likely unableto support apregnancy tofull termasa
consequence of an abnormal or weakened uterus. In
this situation, the couple involved can pursue
considering surrogacy asan option for reproductive
assgance. Surrogacy involvesinvitrofertilizationwith
the biological parents gametes. The embryos are
subsequently implanted into a surrogate mother’s
uterus. This method of assisted reproduction has
resulted in many lega court battles dueto terminated
contractsand thelike. The cost of surrogate gestation
ranges up from $20 000.00 US. Surrogacy isalsoa
relevant option for mature couples wishing to
conceive'.

Age-related infertility factorsare more prevaent
inwomen than men and most commonly manifest as
poor egg quality, unequal chromosomedistribution,
and increased miscarriage rates. With age, women
experienceabnorma hormoneleve sthat arereflected
inthe quality of the ovareleased. The shape of the
eggs often reflects whether or not a successful
pregnancy will occur. Themelotic spindleisacritica
component of the egg’sviability. Itisinvolved in
organizing the chromosome pairs so that a proper
divisonof thepairscan occur astheeggisdeve oping.
A study published in the medical journal “Human
Reproduction”, in October of 1996, investigated the
influence of maternal ageon meiotic spindleassembly
in human eggs. This study illustrated how
chromosomally abnormal eggs (and therefore
abnorma embryos) are produced moreoftenin older
women. Whenthe chromosomeslineup properlyina
straight line on the spindle apparatusin the egg, the
division process would be expected to proceed
normally sothat the egg would end up with its proper
complement of 23 chromosomes. However, witha
disordered arrangement on an abnormal spindle, the
division could easily be uneven - resulting in an
unbalanced chromosomal situationintheegg®. The
increasing incidence of poor egg quality and
chromosomal abnormality in older women is
responsiblefor theincreased number of miscarriages
with augmenting maternal age. Meanwhile, thesperm
of men is not largely affected by increasing age.
However, the declinein testosteroneand other steroid

hormone production is a contributing factor to
decreased male sex drive, resulting inlessfrequent
intercoursein older couples.

When acoupleisconsidering aform of assisted
reproductivetechnology, there aremany factorsthey
should take into account. The source of infertility
strongly influencesthe appropriate actiontotakein
the quest for conception. Whilemaeinfertility isoften
evaded withintra-uterineinsemination, femdeinfertility
is addressed by a variety of options that differ
extensvdy incost and comfort. Womenwith ovulation
difficculties can attempt to induce egg devel opment
with hormonetherapies, whilethosewithmoresevere
problemslikefallopian tube blockage can undergo
invasivesurgery, insemination, or invitro techniques.
Surrogacy isconsidered the best option for ageing
women who wish to conceive aswell asfor women
with uterine problems. Surrogate motherscan aso be
considered for women who produce abnormal eggs.
However, other optionsincluding in vitro techniques
using donor oocytes, may be more cost-effectiveand
practical. Thein utero bonding awoman experiences
with her unborn child isadevelopmental foundation
upon which parental relationshipsarebuilt. While
natural conceptionisthe optimal meansof passingon
heritable traits, recent advances in reproductive
technol ogy have enabled infertile couplesto become
parentsaswell.
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