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Al = artificial insemination

CS= chilled semen
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1.INTRODUCTION

Artificial insemination(Al) is imitation of naturalact of mating, where semenis collected
from male animalsand introduced(inseminated)into female reproductivetract during her
fertile period, so fertilization canoccur. The advantagesf artificial inseminationare genetic
preservation,preventionof spreadingcertainsexuallytransmitteddisease$y avoidingdirect
contactbetweenmale andfemaleandreductionof inbreedingby allowing for greatermool of
studsto be selectedrom all overtheworld. Also, it reducesstressn animalscausedy long
distancetransport it givesopportunityto evaluatesemenprior to Al and early detectionof
male reproductivepathologies.The potentialweaknesf artificial inseminationis possible
induction of physicalor psychologicaltraumaduring Al processso specializedequipment
andtechnicalexpertiseis neededPotentialoveruseof maledogsandlower pregnancyates

canalsobeaweakpointof artificial insemination.

Artificial inseminationcan be performed with fresh, chilled, and frozenthawed
semenTo besuccessfulit requirescarefulassessmerdf optimal breedingtime of thefemale
and semen collection evaluation, and preparationof male Also, proper insemination

techniquanustbeappliedto achievegoodpregnancyateandlitter size.

This is a review paperon using chilled semenfor artificial inseminationin dogs
including up-to-date information about semen collection and semenquality assessment,
preparationof dog chilled semenfor Al, detectingthe optimal timing for inseminationand

methodsof Al in dogswith chilled semen.



2.LITERATURE REVIEW

2.1INDICATION FOR Al WITH CHILLED SEMEN

Main indicatiors for artificial inseminationin dogs are due to medical and breeding
managementeasonsThe advantagef Al is reducingphysicaldistanceandstressotherwise
causedby transportatiorof animals,useof geneticallyvaluablestud dog semenall overthe
world and reducethe inbreeding.lt is also important in case in which some physical or
behavioralabnormalitiesin male or female dogs could prevent natural mating (PAYAN-
CARREIRAEetal., 2011).Theuseof chilled semernis recommendeavhenthe sememeedso
be transportedver shortdistancesfor instanceif the semensampleneedsto be transported
to the femaledog within 48 hoursafter semencollection.In general within Europearunion,
semencanbe deliveredto mostEuropearncountrieswithin 24 hours.The procedurds easier
andlessexpensiveghansemercryopreservatiofRIJISSELAEREet al., 2011; /2 - . , Get al.,
2022).



2.2ANATOMY OF FEMALE REPRODUCTIVE ORGANS

The genital organsof bitch include paired ovaries, uterine tubes or oviducts, the bi-
cornuateuteruswith short uterine body, cervix and the vagina. The role of ovariesis to
producefemale gametesand hormones Pairedoviducts capturethe ova which are released
from ovariesandtransportthemto the uterus,wherethe fertilized ova are preservedVagina
servesas a copulatoryorgan, and togetherwith vestibule,as birth canal and passagefor
urinaryexcretion .g 1, *andLIEBICH, 2004).

Ovaries arelocatedin lumbarregion,caudalto thekidneys. Theyareellipsoidalin shapeand
their surfaceis renderedcharacterizedoy large follicles and corporalutea. They measure
approximatelyl-1.5 cm in bitch. On the crosssectionstructureof the ovariesconsistsof
looser,vascularzonein the center,called medulla(zonamedullaris seuvasculosa and the
surrounding denser shell, the parenchymatouszone (zona parenchymatosa The
parenchymatougone is lined by albugineoustunic, directly below the peritoneum.The
medullaconsistsof blood vesselsnhenes, lymphatics,connectivetissueand smoothmuscle
fibers, and parenchymatougzone containsfollicles and corporaluteain different stagesof

developmenandregression . g 1, *andLIEBICH, 2004).

Uterine tubesor alsotermedoviductor salpinxarepaired organ,which receiveandtransport
oocytesto the uterus.Functionof oviductsis alsothe transportthe spermupwardsandis a
placewherefertilization occurs.Eachtubeis suspendethy the mesosalpinxandconnectghe
peritonealcavity with the uterire cavity and externalenvironment.The ovarian part of the
uterinetubeis termedinfundibulumandit receivesthe oocytesafter ovulation. The edgesof

infundibulum are bordered by numbers of processes,called fimbria. Inside of the
infundibulumis markedby folds, which convergeto bordera small openingin the funnel,

called abdominalostium. Abdominal ogium leadsto ampulla, a place where fertilization

occurs.Uterine tube opensinto the uterine hornsthrough uterine rostrumwhich marksthe

utemtubaljunction .g 1, *andLIEBICH, 2004).

Uterus in carnivoredies mainly dorsallyto the smallintestinesjt consistsof shortcervix and
body from which two horns extendand connectto ovaries.Uterine wall consistsof three
layers, mucosal (endometrium),muscular (myometrium) and serosalayer (perimetrium).

Endometriumlines the lumen of the uterusandits thicknessdependson the stageof estrus
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cycle. Myometrium underlies the endometrium, and consists of two layers, external
longitudinalandinternalcircular layer,which areseparatedby highly vascularizedonnective
tissue.Uterusis surroundecand coveredby the serousmembranecalled perimetrium,which

containsmanybloodvesselsandnervefibers .g 1, *andLIEBICH, 2004).

Cervix is thelower partof the uterus,which connectghe uterusandvagina.Thelumenof the

cervix is called cervical canal and is formed by mucosal folds, which are arranged
longitudinally in bitches.The cervicalcanalopenscraniallyinto a body of the uterus andthe

internal uterine ostium and caudallyinto the vaginaat the externaluterine ostium. Cervical
mucosasecretesnucus which forms a plug that helps close the cervix, mucusis secreted
during estrus,andplug is expelledbeforeparturition. It hasanimportantrole in allowing the

passag®f sperminto theuterus .g 1, *andLIEBICH, 2004).The cervicallumenextends
cranially from cervical opening,which in mostcasedacesthe floor of the cervix (MASON,

2018).

Vagina extendgrom the externalopeningof the uterusto the entranceof urethraandits quite
longin bitch. In dogs,vaginalepitheliumrespondso hormonalchangeswhich canbe helpful
in stagingthe cycle and estimatingthe optimal breedingtime, by examiningvaginal smeas.
Caudallyto the cervix in the dorsalwall of vagina,there are 3 dorsomedialfolds which
consistsof 3 componentscaudal,middle and cranialtubercles. Cranial vaginaendsat the
cervix, which protrudescaudallyinto vagina,andthis createsa cavity betweerthe openingof

thecervix andcranialpartof vagina,andthisis calledfornix (MASON, 2018).

Vulva is the external part of the female genitalia and the entranceto the vestibule. Its

structureis formedby two labiathat meetat the dorsalandventralcommisuressurrounding
the vertical vulvar opening. In the ventral commissurethe clitoris lies, and the urethral
opening.Vestibuleis quite shortandis terminatedat the cingulum,a narrowing,which hasits

function during a copulatorytie, to lock aroundbulbs penisto maintain erection. From

cingulumvaginaextendsforward parallelto the lumbarspine,is quite long andit extendsto

thelevel of cervix (MASON, 2018).

Femalegenitalorgansareattachedy paireddoublefolds of peritoneum]eft andright broad
ligamentsof the uteruscalledligamentlatumuteri, which arebilateralsheetghatsuspendhe

ovaries,uterinetubeanduterusfrom abdominalroof andpelvic walls. Broadligamentcanbe
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divided into three parts, mesovarium,mesoshinx, mesomaium, basedon the organsit
suspendsCranial part of the broadligamentis mesovariumwhich attacheghe ovaryto the
dorsolateraregion of abdominalwall, andit containsovarianartery and vein. Mesosalpinx
extendslaterally from the mesovariumgdividing the mesovariuminto proximal mesovarium
which extendsfrom the bodywall to the mesosalpinxanddistal part, which extendsrom the
mesosalpinxto the ovary. Mesometriumis the largestpart of the broad ligament, which
attachedo the uterusandthe cranial part of the vagina.Thereare also otherligaments like
suspensoryigamentof the ovary, properligamentof the ovary and round ligamentof the
uterus,which help in keepinggenital structuresin the right place .g 1, *andLIEBICH,
2004).
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2.3PUBERTY, MATURITY AND SENESCENCEIN BITCH

Pubertyin bitch usuallyoccuss betweens and15 monthsof age,in largerbreedsmostly at
18 - 20 monthsof ageandis not dependenbn the day length exceptiononly being Basenji
which usuallycyclein autumn(ROOTKUSTRITZ, 2010).Pubertyis alsorelatedto sizeand
weightof the bitch, andit occurswhenbitch hasreachedapproximately85% of adultweight.
Bitchesof smallerbreedtendto havetheir first cycle at earlieragethanthoseof largebreeds.
In pubertalestrusthe circulatinghormonelevelsareusuallylower andfluctuaing, which can
resultin absenceor incompleteovulation and the bitch may not show the standingestrus
(CHAKRABORTY etal., 1980;WILDT etal., 1981).Sizeof thelitter is breedrelated,andit
increasesuntil 3 years of age and decreasesafter 7 years of age. According to
HOLLINSHEAD andHANLON (2017 smallerbreedshavesignificantly smallerlitters than
medium,large andgiant breedswhile for eachadvancingyearof agelitter sizedecreasdy
0.13 pupsper litter. Senescencis considerecdhot to ocaur in dog. Bitchescycle, andin case
of matingthey canbecomepregnantall their life, eventhoughtheir fertility decreasesvith

age.



2.4ESTROUSCYCLE IN BITCH

Femaledogsare monoestroustypically nonseasonalpolytocous,spontaneousvulators
andhavea spontaneouluteal phaseof long duration,approximately65 days,followed by an
obligateanestrusdeforethe next2 8 week 3K H pvdéstrusestrus).The resultinginterestrus
intervals of 542 months are very variable between bitches, commony 6 months
(CONCANNON, 2011, ROOTKUSTRITZ, 2012.

The estruscycle consistsof the following stagesproestrusestrusmeteoestrugdiestrus)and

anoestrus.

Proestrus is consideredo startwhen serosanguineoudischargehasbeennoticed,together
with vulval reddeningand enlargementDischargeusually marksthe first day of proestrus.
Proestruscanlast 3-27 daysbut on averagearound9 days.In proestrusbitch is attractive to

male but sheis not readyto mate. Some behavioralchangesthat can be noticed include
restlessnesgjrine marking and increasedattractiveness$o dogs.In proestrusthereare high

levelsof estradiol,which stimulatesgrowth andactivity of glandularepitheliumandpromote
mucosalvascularityandedemaProestruss alsoassociateavith follicle developmentyhich

is stimulatedby LH andFSH, which are secretedrom anteriorpituitary, underthe influence
of GnRH. The surgein plasmalLH conceitration alwaysoccursautomaticallyafter a certain
level of follicular activity and estradioloutput,and dueto LH peak,spontaneougvulation
follows. To stimulate follicle growth and estradiol secretion,FSH is needed,but the
circulating FSH doesnot increasein sameamountas LH, becausenhibin is secretedrom

follicles, which selectivelyinhibit FSH secretion.Thereis arise of progesteronsecretionby

the pre-ovulatoryfollicles, which haveanimportantrole in triggeringovulationand standing
estrus.Progesterondevels are still low until late proestrusor early estrus(JEFFCOATE,
1998).

Oestrus is a phasein which ovulation occursand is characterizedy bitch being readyto
mateandacceptthe male.In somefemalesit canlastonly for 2-3 dayswhile in otherseven
upto 21 days,but with averageof 9 days(ROOT KUSTRITZ, 2012) Vulva is softerbut still
enlargedand dischargefrom vulva is lighter in color. Estradioldropsto basalconcentration
and progesterondevels increaserapidly. PreovulatoryLH peak occursin this phaseand
approximately2-3 days after LH peakovulation occurs(JEFFCOATE,1998). Bitches can
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have multiple ovulationsand most ovulationsoccur within 30-48 hoursafter LH peak,but
somefollicles may not ovulateuntil as late as 96 hoursafter. The durationof ovulation can
vary within 24-96 hours.Oocytesare ovulatedas primary oocytesand they mustundergoa
further maturationbefore fertilization. This maturationcan last 2-3 days, which resultsin

oocytesbeing capale of fertilization, usuallyin the secondhalf of estrus,andthis phaseis

thentermedfertile period. Fertile periodis quite long in bitchesand canrangefrom 4 to 7

dayspostLH peak.Long termintrauterinespermsurvival (up to 5 days)andtime-spreadof

ovulationandoocytesmaturationarefactorsresponsibldor long fertile period(JEFFCOATE,
1998).

Next phasdas metoestrusor alsocalleddiestrusandis a phasan which bitchis not receptive
to mating anymore It usually occurs 6-8 days after onset of estrusor 8-10 days after

preovulatoryLH peakand last approximately2 months.Vulva decreases size,discharge
from vulva canbe still presentout is moreclear, purulent,or alsohemorrhagicThereareno

discreteendocrinechangesin this phase,only plasmaprogesteroneeoncentrationsyhich

increaseprogressivelyfrom onsetof estrus.This phaseis dominatedby progesteroneand

entire gestationperiod fits into metoestrus.In both pregnantand nonpregnantbitches,
progesterongs secretedorm CL. Early stagesof embryodevelopmenarealsoincludedinto

phaseof metoestrus.After the onset of metoestrus,plasma progesteroneconcentration
continuesto increasereachingthe peakvalue 90-270 nmol/L (30-90 ng/ml), about30 days
afterthe LH peak,andit slowly decreaseo about30 nmol/L (10 ng/ml) by day 60 afterthe

LH peak.Progesteroneoncentratiorshouldstaywithin arange30-90 nmol/L (10-30 ng/ml)

for approximately2 monthsafter estrus,andin caseit doesnot, it indicatesan anovuhtory
cycle or someother abnormalitiesin luteal function. Plasmaprogesteronaloesnot differ

betweenpregnantand nonpregnantbitchesby day 60, but later, in pregnantbitches,plasma
progesteroneoncentrationfalls abruptly before parturition, while in non-pregnantbitches
progesteronéevelsfall graduallyto 2-9 nmol/L (1-3 ng/ml), overthe next30-60 days,dueto

absencef luteolytic mechanismHigh plasmaprolactinconcentrationganbe seenfrom 30-

65 daysafter LH peakandboth pregnantand nonpregnantbitchesand continueto be high

especiallyin sucklingbitches from days60-69 (JEFFCOAE, 1998).

Last phaseof the cycle is anoestruswhich is definedas an interval betweenparturitionand
proestrusand would normally include lactation. In non-pregnantanimalsthe anoestruss

definedasintervalbetweerendof lutealphaseandonsetof proestruslt lasts approximatelyt
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months.Estradiolis low until late anestrusvhenit startsto rise again,progesteronéevelsare
low and LH pulsesincrease in late anestrus.Corpus luteum is in state of regression
(JEFFCOAT, 1998).

Hormonalregulationof estruscycle

Estruscyclein bitch is regulatedoy hypothalamuspituitary glandovariesaxis, which secrete
differenthormonedor estruscycle to be completed . Hypothalamuss locatedon the baseof
the brain and is responsiblefor productionand releaseof gonadotropinreleasinghormone
(GnRH). Anterior pituitary not only hasa direct effect on ovarianfunction, but also ovary
influenceshypothalamusand anterior pituitary, by negative/positivefeedbackof estradiol
from maturingfollicle, andnegativefeedbackof progesteronéorm corpusluteum.The main
hormonesinvolved in sexualcycle of the bitch are pituitary hormonesfollicle stimulating
hormone(FSH), luteinizing hormone(LH) andthe steroids.estrogerandprogesteronevhich
are secretedrom ovaries.Prolactinand growth hormone(GH) are also part of the sexual

cycle,but mainlyin relationto pregnancyandparturition.

GnRH is producedby hypothalamusandthe releaseof GnRH hasdirectactionon front lobe

of pituitary gland and further productionandreleaseof gonadotropinsFSH and LH. It also
regulatesconcentrationof ovarian hormonesvia feedbackmechanism(ROBINSON and
NOAKES, 2019). Releaseof FSH is controlled by GnRH, and it stimulatesgrowth and
maturationof ovarianfollicles. LH is responsiblefor maturationof follicles and oocytes,
ovulationandformationof corpusluteum. It is producedandreleasd from anteriorpituitary

gland. Secretionof FSHandLH is controlledby two functionally separatédout still connected
systems episodic/tonic system which is responsiblefor the continuousbasalsecretionof

gonadotropinvhich stimulatesgrowth of germinaland endocrinecomponentsf the ovary,

the secondis the surge system which controk the shortlived secretionof gonadotropin,
especiallyLH, andis responsibldor ovulation (RAHE et al., 1980. Releaseof inhibin end
estradiolfrom follicles will suppresghe FSH secretion(BAIRD et al., 1991). The declinein

the rateof increasen estradiolin late proestruscausethe surgereleaseof LH, which results
from increasedperipheral estradiol clearanceas well as from follicles reachingterminal
maturatio(CONCANNONetal., 2009)

10



Oestrogen is an ovarian steroid hormone which is secretedfrom granulosacells of

developing follicles and is responsible for normal sexual and estrus behavior and

developmentSomeinternal changesanducedby estrogencaninclude cornification,oedema
andelongationof vagina,hyperemiaandelongationof uterinehorns,enlargemenof oviducts
and proliferation of fibrillated end of oviduct. Externalchangeshoticeddueto high estrogen

caninclude vaginal dischargeof uterineblood and enlargementpedemaand hyperemiaof

vulva (CONCANNON and BATTISTA, 1986. Levelsof estrogen(estradioland oestrone)
are alreadyelevatedat the onsetof proestrusand increaseto reachpeaklevels of 50-120

pg/ml, 1-2 daysprior to LH surge,andthenrapidly falls during estrus(CONCANNON et al.,

1975).

Progesteroneis alsoan ovariansteroidhormone which hasa majorrole in controlthe estrus
cycle andmaintenancef pregnancyin bitch. It hasa very importantrole in the inhibition of

the tonic modeof LH secretion(GOODMAN and KARSCH, 1980, by reducingLH pulse
frequency.The level of progesteronés basal(< 0.5nmol/L) until the end of proestruswhen
the follicles changefrom producingestadiol to producingprogesteroneshortly before LH

peak.The long preovulatoryprogesterongroductionis uniquefor bitch. During LH peak,
progesteronas usually around6-9 nmol/L, and ovulation occurs approximatelyl-2 days
later, at progesterondevel of 12-24 nmol/L. After that, progesteroneisesrapidly to around
150 nmol/L andslowly decreaseduring following 2-3 months(LINDE FORSBERG2001).

Theinitial increasesn progesteroneserveto facilitate the rapidity and magnitudeof the LH

surge(CONCANNON,2011).
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2.5ANATOMY OF MALE REPRODUCTIVE ORGANS

Reproductiveorgansof maledog consistof tegicleswith epididymisandvasdeferensthe
prostate gland, the urethra and the penis. Testicle contains seminiferoustubules which
producespermatozoaandthe interstitial, which contairs Leydig cells which areresponsible
for production of steroids, paticularly testosteronejn sexually mature dog. Epididymis
consistsof singlelong ductin which spermatozoandergomaturationalprocessandbecome
motile. The distal part of the epididymis, called cauda servesas a storagefor mature
spermatozoaPenisconsistf pelvic part, calledglanspenis,which in dogsis approximately
5-15 cm long, dependingon the size of the dog. Glanspenisconsistsof two cavernougarts,
bulbusglandisand pars longa glandis which during the sexualarousalfills with blood, and
createsan erection.Male dogs also have a penile bone, which is located dorsally of the
urethra,which enablesthe coital intromissionof nonerectedpenis (LINDE FORSBERG,
2001).

Testis is composedof two tissue types, the seminiferoustubules and interstitial tissue.
Seminiferougubulesopeninto a collectingduct, calledvasaefferentia which thenopensinto
the epididymis.Epididymisis divided into the head,bodyandtail. Thetail of epididymisacts
asa storefor spermatozoaywhich wait for ejaculationandleadsinto vasadeferentia,which
alsoactsasareservoirfor spermatozoarl he vasdeferengunswithin the vaginalsacandits

functionis to transporthe spermatozofrom testedo the penis(HEWITT, 1998).

The function of accessoryglandsit to addsecretiondo the spermatozoaandit makesup a
largevolumethe ejaculate They may havea goodeffect on seminalplasma,suchascorrect
pH. Thereare two typesof accessoryglandspresentin male dog, which are ampullaand
prostate Ampullaglandactasa reservoirof spermatozoa vasadeferentiaprior to opening
into theurethra(HEWITT, 1998).

Prostate in dog contributesa large volume of watery secretionto the ejaculate,containng
lactate,cholesteroland enzymesand very low concentration®f reducingsugars.Normally
prostateis positionednearto the cranialrim of the pelvis andsurround the terminalportion
of ductusdeferens proximal part of urethraand neck of the bladder.It is symmetricand

dividedinto 2 lobesby medianseptumIt is usuallyabout2 cmin diameterput it varieswith
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the size and weight of the dog. Prostaticfluid is constantlysecretedinto excretoryducts
which openinto prostaticurethra(HEWITT, 1998.

Glans penis consistsof two parts,which are differentiatedby the location of erectiletissue.
Bulbusglandisis composedf erectiletissuewhich surroundshe os penisand urethra,and
the pars long glandis has erectile tissue dorsally and longitudinally to the os penis and
urethra.Dogs have an os penis presentwithin a penis, which allows the male to achieve

intromissionbefore full erection.Os penishasa deepgroove,in which urethrais situated
(HEWITT, 1998).

14



Ampulla of the deferent duct Prostate gland

Deferent duct Reirod
musde of
Ureter e penis
Urem
Urinary bladder Epididymis |
Unpaired bulb Testis

|
Prepuce

Long distal part of the glans

(@ Cavernous body @ Spongious body

Figure4. Genitalorgansof themaledog,schematic . g 1, *andLIEBICH, 2004).

Ureter
Scar of the urachus

Urinary bladder

Deferent duct

Ampulla of the
deferent duct

Body of the prostate

Urethra with the

urethral muscle
Bulbocavernous muscle
Ischiocavernous muscle

Retractor muscle of the
penis

Figure5. Accessoryglandsof thedog,schematic . g 1, *andLIEBICH, 2004).

15



2.6 PUBERTY, MATURITY AND SENESCENCEIN MALE DOGS

Reachinga pubertyin male dogsis not so obviousasin femaledogs It involves the
display of a sexualbehavior the beginningof spermproductionand ability to copulate
Accordingto JOHNSTONetal. (2001),pubertyin maledogscanbe defineasageatwhich a
dogcansuccessfullypeinducedto ejaculateln maledogs,it usuallyoccursbetween’ to 10
monthsof age.lt is alsodependenbn the size of the dog, geneticsandotherenvironmental
factors (GOBELLO, 2014. The ejaculatesfrom young dogs tend to contain higher
percentagesf abnormalspermatozoéTAHA etal., 1981),thereforebreedinghe dogbefore
reachingreproductive maturity is not advisable.On the other hand, senescencéas an
apparenteffect on testicular function and spermatogenesism dogs. With progressionof
senility, increasedsperm defects, especidly proximal droplets and lower percentageof
normal spermatozoan ejaculatecan be detectedwhich alter spermmitochondrialfunction
and spermkinetics (RIJSSELAEREet al., 2007; ROTA et al., 2016; BRITO et al., 2020).
This is relatedto failure in spernatogenesi®r spermmaturation(CARREIRA et al., 2012).
Spermatozodrom senile dogs are more sensibleto cryoinjury, so cryopreservatiorshould

ideally be performedat reproductivematurityage(BRITO etal., 2020).
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2.7SEMEN COLLECTION AND EVALUATI ON

2.7.1Semencollection

Semencollection should be performedin a quiet room and calm environment.For
mostdogsit canbe donein the absenceof a teaserbitch. However,collection canbe done
usingfemalein estrusor usingswabsor gauzespongesaken from vaginalsecretiorof estrus
bitch. Teasembitchis recommendetiecauseét increaseshe easeof collectionandthevolume
of collection(PAYAN-CARREIRA etal., 2011).1t is alsorecommendedor the maledogto
urinatebeforethe semercollection.

Oncethe maledogis in theroom,we shouldallow him to acclimateandinteractwith
teasermitch, if thereis one.To avoid the distractionof the dog, thereshouldnot be to many
peoplein the room, just owneror assistantogetherwith the personwho cadllects the semen.
The personcollecting the semenshouldstandon the side of the studandallow maledogto
sniff andlick the vulva andmountthe bitch. Oncethe pelvic thrustingbegins,the preputial
sheetis gently massageadvith gloved hand. In casethe male showsno interestin the bitch
anddoesnot mount,massagef the dogprepuceat the level of bulbusglandisto stimulatean
erectionis performed.As partial erectionoccurs,the prepuceis quickly retractedto expose
the penis.The goalis to make surethatthe penisdoesnot becomeerectwithin the prepuceas
this is painful for dogs. After that penismust be encircledproximal to bulbus glandis and
pressmust be kept. Semenis collectedinto prewarmed plastic tube attachedto a plastic
sleeveor afunnel (LINDE FORSBERG2005).During pelvictrusting rigid vials andfunnels
shouldbe keptat distanceto a penis,to avoid trauma.Whenthis movementsarefinishedand
dogsstat to lift its rearleg, penisshouldbe rotatedbackwardsor fanddirectedinto the
collectionfunnel(PAYAN-CARREIRA etal., 2011).

Thedogejaculatesn 3 fractions:first theinitial clear,slightly cloudy pre-ejaculatory
fraction that containsfew to no spermatozoasecondspermrich fraction (SRF) that comes
from epididymis andtestesandthird is clear, prostaticorigin fraction and containsfew to no
spermatozoaThe third fraction is secretedn rhythmic pulsesthat can be palpableby the
handholding the penisand anal contractionsare evident. The spermrich fraction shouldbe
thick, white andcreamyliquid (PAYAN-CARREIRA etal., 2011).Oncesemencollectionis
completemanualpressurdo bulbusglandisis releasedThe maleshouldnot leavethe room
until penile detumescences complete and the tip of the penis is not protruding.
Detumescencean be hastenedyy allowing the male to lick the penisor walking the dog
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awayfrom the teaserbitch or areaof collection(ROOT KUSTRITZ, 2010).Fractionsshould

be collectedseparatelyln mostdogs collectionscanbe repeatedvithin one hour, although
thesecondsampleis slightly diluted (PAYAN-CARREIRA et al., 2011).

Figure6. Fractionsof dogejaculatgcourtesyof prof. Martina /RM N L U

Tablel. Main characteristicef dogsemerfractions(PAYAN-CARREIRA etal., 2011).

Characteristics 1*'fraction 2" fraction 3 fraction Total ejaculate
Volume (ML) 0.55.0 1.04.0 1.0-80.0 2.5>80.0
Opalescent,
greyishwhite, ‘
Colour Clear or opaque white, milky- Clear, transparen Opalescent
white
. Water milky,
Consistency Watery milky Watery -
Prostate secretior
with admixture of Sperm cells

Prostate gland

Character epithelial cells suspended in )
urine, bacteria  seminal plasma secretion
and sperm cells
pH 6.3 6.1 7.2 6.36.7
Sperm
concentration - 3002000 - 300-2000
(10°/mL)
Percentage of
progressive - > 70% - > 70%

motility
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2.72 Semenevaluation

After collection and before preparationof semenfor transport,semenshould be
evaluatedmacroscopically(volume, color, homogeneity,admixtures)and microscopically

(motility, concentrationgnorphologyandmembranentegrity) (RIJSSELAEREetal., 2011).

Volume of first andthird fraction canbe variable,especiallythe third fraction thatis
controlled by the personwho is collecting the sample.The volume of the semenis not an
indicator for semenquality, but the volume measurements part of calculation for total
numberof spermatozo@ the semermsamplewhichis theindicatorfor sememuality (ROOT
KUSTRITZ, 2007). Volume is mainly dependentn the size of the dog and size of the
prostategland,the age,frequencyof semercollection,thelevel of erotizationandthe volume
of 3" fraction collected. A decreasein volume is mainly observedin benign prostatic
hyperplasia, prostatic cysts, some inflammatory lesions on prostate or testicles or
inflammationof epididymis,vasdeferensr urethra(PAYAN-CARREIRAetal., 2011).

Evaluation of color is subjective and dependentto the volume of third fraction
(PAYAN-CARREIRA et al., 2011).Milky or cloudyis the normalappearancef spermrich
fraction, indicating that it probably containsspermatozoabut should always be checked
microscopically be@ausesomedogswith azoospermighedexcessivaenumbersof fat droplets
which cangive appearancef normalsemenClearsampleusuallycontainsno semenYellow
color of semenndicatesurine contaminationBrown semerdiscolorationcanbeindicationof
digestedblood andlight reddiscolorationis indicationfor freshblood, which couldbe caused
by prosaicdisease@r peniletrauma(ROOTKUSTRITZ, 2007).

Valuesof pH canvary from 6.4t0 6.8. SeminalpH canchangen caseof presencef
diseasdike prodatitis or if samples contaminatedvith urine(ROOTKUSTRITZ, 2007).

Motility assessmem$ dependenbn environmentatemperatureSemenshouldnot be
exposedo quick temperaturehange®r contaminatecgquipmentvhich cancausedamageo
spermatozodROOT KUSTRITZ, 2007). The optimal temperaturdor assessmertaf sperm
motility is  f &PAYAN-CARREIRA et al., 2011).Age of the dog may alsoinfluencethe
motility. Motility is evaluatedundermicroscopeA drop of semenis placedonto a cleanand
warm glass slide and then covered with a coverslip. It is evaluatedunder 100-200x
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magnification,andat leastfive fields shouldbe evaluatedPercentagef progressivanaotility
should be 70% or greater.Velocity can also be assessedthe normal motile spermabzoa
shouldtravel acrosshe microscopicfield of view in 2-3s. Nowadays systemdike computer
assistedsperm analyzers, also termed CASA, offer an accurate,rapid and simultaneous
assessmerdf varioussemerparametersancluding spermconcentrationtotal andprogressive
motility, slow, medium, rapid moving spermatozoalinearity of sperm movement,the
amplitudeof lateralheaddisplacementheatcrossfrequencyandvariousvelocity parameters
Thesecomputerizedmeasuringdevicesare good for detectionof subtle changesn sperm
motion, which cannotbe identified by conventionalsemenanalysis(RIJSSELAEREet al.,
2012).

Morphology can be assessedising various techniquesof slide preparationand
staining, which can also affect morphologyassessmenROOT KUSTRITZ, 2007). Stains
usually usedinclude modified Giemsastain (DiffQuik), Spermacstain, or eosirnigrosin
stain Semenis smearedon a glassslide, air dried and stainedand slide is then evaluated
microscopicallyusingoil immersionandobjective x100or x125.A minimum numberof 200
spermatozoahouldbe countedand evaluatedfor presenceof any abnormalities(PAYAN-
CARREIRAEetal.,2011).Age mayalsoplay arole in spermatozoanorphology Morphologic
abnormalitiescan be classifiedas primary and secondaryor as major and minor. Primary
occursduring spermatogenesiand secondaryoccursduring maturationof spermatozoar
samplepreparatiofROOT KUSTRITZ, 2007). Accordingto anotherclassificationin sperm
abnormalities,major defect are defeds that negatively correlatewith fertility, and minor
defectsareunassociatedith infertility (OETTLE, 1993).

Table2. Main defectsof thedogspermatozo@PAYAN-CARREIRA etal., 2011).

Primary spermatozoa defects Secondary spermatozoa defects

Macrocephalus, microcephalous Free, bent heads, swollen acrosomes, detach

Head double, pointed, indented heads acrosomes

Neck Thickened, eccentric insertion

Thickened, thinned, child, kinkec Bent midpiece, extraneous materiatirsunding

Midpiece double midpiece midpiece, proximal, mid and vital cytoplasmic
droplets
Tail Thin, double, triple tail Coiled, looped, kinked, folded, detached tail
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Concentration of the semenis a parameterwhich is measuredwhen performing
semenevaluationin dogsbut is not sucha greatindicator of semenquality. It is inversely
connecteavith the volumeof the semencollected.Concentratiormultiplied by volumeis the
total number of spermatozoan the ejaculateln dogs,normaltotal numberof spermatozo#s
higherthan300 million. The spermconcentratiorin normalcanineejaculateusuallyexceeds
80 x10° spz/mL. If the secondfraction of ejaculateis collectedseparatelythe spermcells
concentrationin spermrich fraction varies usually between200-600 x 10° spz/mL. It is
generallyassumedhat the numberof motile spermatozoaecessaryor successfull should
be>150x10° (LINDE FORSBERG1991).Total numberof spermatozoaandecreasén case
of frequentsemencollectionor with age,or sometimesvenpain. CASA systemsandoptical
density measurementre used for assessmenof concentrationof spermatozoan dogs.
Anothertraditionaltechniquefor assessmerntf spermatozoaoncentrations hemacytometer,
suchasThoma, % * U NriNlelbauechamber§ROOTKUSTRITZ, 2007).

Other cell types that can be found while assessinghe semenquality can include
someprostaticor urethralcells, immaturegerm cells, inflammatoryor red blood cells. Even
up to 2000 white blood F H O Ccen bé normal finding in first or secondfraction (ROOT
KUSTRITZ, 2007).

Anothermethodthatcanbe performedfor semerevaluationis live-deadstaining.This
techniquerelies on a variable appearancef spermatozodhat takesup the stainandit is
assumedhat spermatozoavhich take up the stain,havedamageglasmamembranesndare
marked as dead or nonfunctional. Stain that is commonly usedis eosin-nigrosine stain.
Interferencewith stainingin caseof presencef glycerolor fat globulesor partial stainingof
spermatozoaanmakeinability in classifyingthosespermatozodROOT KUSTRITZ, 2007).
Thenormaldog semenconsistsof maximd percentag®f 30% of deadspermcells (PAYAN-
CARREIRAEetal., 2011).

Hypo-osmotic swelling (HOS) test is a method that involves submersionof
spermatozoanto a hypo-osmotic medium, to identify spermatozoawith a functional and
intact membrane.Spermataoa that have intact plasmamembraneswill swell when fluid
movesinto the spermcell, and this will causethe swelling and coiling of the tail. Hypo-
osmolar solution includes sodium citrate, fructose, distilled water and sucrosesolution.

Incubationtime canvary from 45-60 min butin somestudiessamplesvereevaluatedafter 1
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min anddid not differ in percentag®f swollenspermatozo&rom the onesevaluatechfter 60
min incubation(ROOTKUSTRITZ, 2007).

2.8 SEMEN PROCESSINGAND PREPARATION

2.8.1Extendersfor chilled dog semen

After semencollectionandevaluation,semencanbe processe@nd preparedor transport
usingdifferentsemenrextendersChilled semernis preservedit temperaturef 4 £ andshould
be diluted with proper extender(RIJSSELAEREet al., 2011). The goal of chilled semen
storages to preservegametest low temperaturewithout reachingthe freezingpoint, which
can causeharmful intracellular changesthat affect the viability of the spermatozoaThe
chilling preservatiorof semenis greatalternativeto semencryopreservation 0$57 E 1{ =
BARBITTA and RIVERA SALINAS, 2022). Spermatozoaare very sensitiveto a rapid
temperaturdluctuationfrom 25 to 5 £, which can causea cold shockandresultin loss of
selectivepermeabilityandintegrity of the plasmamembranereleaseof intracellularenzymes
and lipids, redistribution of ions and changein the membranesof the acrosomeand
mitochondria)ossof motility anddiminishedmetabolismABOAGLA andTERADA, 2004).
Metabolismof spermis maximumat bodytemperatureandit decreaseat roomtemperature
(24-29 ). Metabolic wasteproductscan increaseacidity of semencausingpermanentell
damageFor every10 £ decreasegellular metabolismis reducedby 50 %, andat 5 fC, there
is only 10% of spermmetabolicactivity left. Spermcells with reducedmetabolismhave
reducedipid peroxidationanddo not produceas manywasteproductswhich lengthentheir
lifespan. The useof semerextenderduring storageprocesss necessaryo preventdamages,
which could be causedvy temperaturalecline,andto providenutrientandenergyto the cells

0$57E 18ARBITTA andRIVERA SALINAS, 2022).Whensemenis storedat 4-8 C,
transitionin the spermplasmamembrandgrom cooledcrystallineto the gel pha is induced.
To minimize this damageandto preventcold shock,10-20% eggyolk or skim milk is added
to extenderLow densitylipoproteinsin eggyolk stabilizespermatozoamembraneprotecting
the cell againstcold shock.The other mechanisnmof preventng cold shockis slow cooling
rate through temperaturezone where transition from the crystalline to gel phaseoccurs.
Besidesprotectionfrom a cold shock, extenderamust provide cells with energysubstrates
(sugars),buffer and electrolytesto maintain physiological pH and osmolality To prevent
growthof bacteriaantibioticsshouldalsobe addednto semerextendersmostlypenicillin or
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streptomycin.Activators can be added,to enhancespermmotility and to provide rapidly

availablesugarsfor spermcdls, and as well to provide a buffer againstintensemetabolic

activity, which could cause decreaseof spermatozoalongevity and intrinsic fertility
0$57E 18ARBITTA andRIVERA SALINAS, 2022).

Mammalian spermatozoaequire exogenoussubstratedo preseve intracellular energy
reserves,cell componentsand to support motility. They can obtain energy through
mitochondrialoxidative phosphorylationand glycolysis by consumptionof sugars,suchas
glucosefructose mannoseandmaltose Glucoseandfructosearetwo of the mostusedsugars
for caninesemenextender{PONGLOWHAPANet al., 2004). Sugarsareincludedin semen
diluentsasexogenougnergysubstratesasosmoticcomponentandascryoprotectiveagents.
PONGLOWHAPAN et al. (2004) studiedthe importance of the sourceand concentratiorof
thetype of energysourcemoleculein spermmetabolismduringrefrigerationof caninesemen
andfoundthatlactoseis moreefficientthanglucosen obtainingenergylevelshigherin fresh
semen.There are also indicaions that fructosemay play a role as a spermactivator after
ejaculation. YILDIZ et al. (2000), suggestedthat sugarsallow maintenanceof osmotic
pressureandcryoprotectiveaction.Basedonthis, it is expectedhatuseof sugardn extenders
could hawe positive effect on preservationof sperm progressivemotility, maintenanceof
functionality and integrity of the acrosomeand the sperm membrane 0$57E 1=
BARBITTA andRIVERA SALINAS, 2022).

Extenderscan be purchasedr homemadeby veterinarian(RIJSSELAEREet al., 2011).
Mostly used extenderis Tris-fructosecitrateegg yolk-based extender There are also
numerouscommercial extendersavailable on the market such as CLONE Chilled Kit,
Synbotics (Zoetis),CaniPlusChill 10, CaniPlusChill LT andCaniPlusChill ST (Minitubeé,

Germany).
2.8.2Chilled SemenPreparation

Second,spermrich fraction is usedto chill a sperm,which is then diluted with
extendersn a proportionof 1:3 or 1:4 (1 mL of semenand3-4mL of diluent). The spermis
usuallycentrifugedat 720 g for 5 minutesto removeseminalplasma(RIJSSELAEREet al.,
2002). After that, sperm pellet is resuspendedavith 2-5 mL of prewarmed (37 C) Tris-
fructosecitrate extenderwith the additionof eggyolk. Usinglargervolumefor Al will lead
to retrogradeloss of spermatozoaThe semenis diluted dependingon the total numberof
spermatozoaand each dose should provide at least 200x16 live, motile, morphologically
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normal spermatozoaDiluted semenis then placedin a beakercontaining water (37 C)
(Figure 7) andslowly cooledin the fridge to 4-5 € (RIJSSELAEREet al., 2011, LOJKI O et
al., 2022).Thediluted chilled semencanthenbe storedfor up to 10 daysat this temperature,
dependingnthetype of extendelandthe sememuality (RIJSSELAEREetal.,2011).

Figure7. A diluteddogsemerplacedin a beakercontainingwater (courtesyof prof. Martina
/IRMNLU

2.8.3Shipmentof Chilled dogsemen

Thechilled semens packedin sterile5 mL cryovialswith screwcapwhich shouldbe
markedwith G R Xk®&nhelclub (KC) registeredhame,breed,microchip numberand date of
semencollection.In casethe semernis to be usedfor 2 inseminatbns,sampleshouldbe split
in two vials.

After preparationand chilling, the semencan be transportedn a styrofoambox or
Minitube neoporebox (Figure 8). Extendedsampleis put into a box with ice packs,andthe
requiredtemperatures maintainedfor up to 48 hours(RIJSSELAEREet al., 2011). Semen
canbeprechilled (4- f &nafridge /2-.,(etal.,2022)or canbe placeddirectlyinto the
transportbox at room temperatureaddingtwo ice packs(- f &andcooledgraduallywithin
thebox duringtrangort (RIJISSELAEREetal., 2011). Thetransportox is nonreturnable.
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Figure8. Transportox for chilled semencourtesyof prof. Martina /RM N L U

2.9FACTORS AFFECTING QUALITY OF CHILLED SEMEN

Therearevariousfactorswhich canaffectthe quality of chilled semenfor exampleageof
the dog, semencollection and preparationuse of extendersand transit time. According to
retrospectivestudy of the relationshipbetweencanine age, semenquality, chilled semen
transit time and seasonand whelping rate and litter size by /2-., 0 et al. (2022) the
following resultswereobserved.In the study43 dogsof 18 differentbreeds1.5-9 yearsold
wereincluded,andchilled semertransporiovera4-yearperiod(2017- 2021)wasperformed.
All semersamplesverecollectedmanuallywithout teasebitch, evaluatecandpreparedvith
Tris-fructosecitrate extender(Cani Plus Chill, Minitubeé, Germany)with addition of 20%
(v/v) eggyolk anddiluted dependingon the total numberof spermatozoaDiluted semenwas
then cooled and packed.From total 43 transportedchilled extendedsemensamples,24
resultedin pregnancyandwhelping(55.8%).Thetransittime of semenshowedthe effecton
whelpingrate but not on litter size.Elevenpercentof bitcheswhelpedwhentranst time was
longer than 24 hours, in contrastto 67,6% of whelping rate when transit was completed
within 24 hours. The effect of G R Jdy¥showed no effect on whelping rate or litter size.
However, higher progressivemotility was observedin dogs 3-6 yeas go are, comparedto
dogs<3 yearsof age.Percentagef morphologicallynormalspermatozoavashigherin dogs
< 3yearsof age,comparedo dogs> 6 yearsof age.The seasorof spermtransportdid not
show significant effect on whelping rate or litter size, althougha lower whelping rate was
observedn summercomparingo otherseasons / 2 - . , (etal., 2022)
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Thereis anotherstudy aboutusing three different transportcontainersfor chilled semen
and their effect on the quality of the semen,during different times of storage.The study
showedthatquality of chilled dog semenwvasdependenbn thetype of storaye containerand
the degreeto which sampleswere affectedwas relatedto the period of storage.Containers
usedwere Styrofoambox, a commonThermosflask andan Equitaineré. All threecontainers
showedno differencesin semenquality at 24h storage At 48h storage a higher progressive
motility was observedn sampleskeptin Equitainels, thanin sampleskeptin Thermos.In
sampleskept in EquitainerS at 72h progressivemotility was higher than in other two
containers.Only sampleskept in EquitainerS maintained similar levels of progressive
motility between24 and 72h of storage Membraneintegrity wasindependentlyaffectedby
type of containerandtime of storage Resultsindicatedthat useof EquitainerS is preferred
whentransportof chilled semens expectedo belongerthan48 hours(LOPESetal., 2009).

A study aboutthe influence of glucoseand fructosein the extenderduring long-term
storageof chilled caninesemen(PONGLOWHAPAN et al., 2004), revealedthat the major
effectof glucoseandfructosein semerextendergor preparatiorof chilled caninesemenwas
to supportspermmotility and movementpatterns.In the study, the percentagef total and
progressivemotility remainedhigh during the first 3 daysand as expected decreasedvith
storag time. Preservatiorwith higher contentof sugarsresultedin better maintenanceof
spermmotility and movementpatterns,and addition of 70mM sugarto extendersshowed
beneficial effect on chilled semen.Fructose provided higher sperm motility over time,
comparedo glucoseand the mixture at all concentrationsand appearedo be a preferable
choice,by inducinghigherpercentagesf total motility. Basedon resultsfrom this studyit is
possibleto use chilled spermstoredat 5 C for at least8 days, when using egg yolk-tris
extendewith 70mM glucoseor fructose(PONGLOWHAPANetal., 2004).

210ARTIFICIAL INSEMINATION

Artificial inseminationis the methodof depositingpreviouslycollectedsemenof studdog
into femalereproductivetractsothatfertilization canoccur(PAYAN-CAREIRA etal., 2011,
MASON, 2018).Theadvantag®f Al is internationalexchangef semerandimprovemenbf
geneticswithout the transportstressto the animals.Al also preventsthe spreadof sexually
transmitteddiseaseslike Brucella canis and Herpesvirus (LINDE FORSBERG,2005
FARSTAD, 2010). It can be done using fresh, fresh chilled or frozenthawedsemen,and
inseminatedisingdifferenttechniquesvhich will be mentionedater. Using chilled semenis
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excellentway to accomplishinternationalbreeding,without cost and stressrelatedto dog
transportThesucces®f Al is dependenon properselectionof maleandfemaledogs,proper
preparationof semen,semenquality, accurateovulationtiming, properinseminationtiming

andtechniqueandgoodcommunicatiorbetweernveterinariarandaclient.

2.110PTIMAL TIME FOR ARTIFIFCAL INSEMINATION

Proper timing of ovulation, and subsequentlyinsemination,is crucial for obtaining
successfulpregnanciesand adequatenumber of offspring per litter. Due to specific
physiology, it is very important to detectthe ovulation, in order to decide the optimal
inseminatiortime, dependingn the type of semerused.Therearedifferenttestandmethods
which canbe usedfor detectingfertile periodof the bitch, andthereforethe optimal breeding
time. Theseincludeclinical signs,vaginalexaminationsncluding vaginoscopyandcytology,
measuringLH and progesteronélood levels and, in some cases,ultrasoundexamination.
None of thesemeahodsdetectsovulationdirectly, but by their combinationit is usuallyeasy

to detectbeginningandendof ovulatoryperiodandsetthe optimaltime for insemination.

Clinical signs indicating estrusand fertile period include vulvar swelling and vaginal
dischargeandbehaviorof the bitch in presencef maledog. During the optimaltime bitchis
receptiveto mating and allows male dog to mounther. Bitch showstypical sexualreflexes
like lateralcurvatureof therearquarterspositionedtowardsthe male,archingof thetail to the
side and vertical movementof the genital orifice (HART, 197Q BEACH et al., 1982) The
increasedurgidity of the vulva thatis presentin proestrusreducesand the vulva becomes
softer.Hemorrhagealiminishesanddischargas lighterin color (LINDE FORSBERG1991).

Vaginal cytology is a quick, simple, and inexpensivediagnosticmethodto determine
optimaltime for inseminationand canbe usefulin combinationwith othermethodsCellular
changeswhich can be found are causedby changesin plasmaestrogenconcentrationso
ovulationcannotbe detected LINDE FORSBERG,1991).However,methodis excellentfor
monitoring and determiningthe stageof estruscycle. Vaginal samplesare collectedusing
moistenedcottonswabandthenrolled ontoa microscojic slide,stained mostcommonlywith
Diff -Quick method,and evaluatedunderthe microscopg MASON, 2018). Preferredplaceof
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takingthe swabis cranialvagina. On vaginalsmear4 typesof cells canbe noticed:parabasal,
intermediatesuperficialandanuclearcell types.

During proestrus,increasedcornification can be seenon vaginal smear,due to increasing
levelsof estrogersecretedrom follicles, which resultsin hyperplasiaof the vagina. Due to
vaginalhyperplasiasurfacecells of vaginalwall are movedfurtherfrom the blood supplyof
the submucosawhich resultsin reducedoxygenationand consequentleathof thesecells.
This processis visible by changesin cells such as enlargemenbf cells, changein their
cytoplasm:nucleusatio, nuclearpyknosisandfinally cornificationof the surfacecells. With
the startof estrusthe percentagef nuclearcellsincreaseso 50% of the cornifiedcells,while
during fertile periodthey accountfor morethan90 % of all cellsin smear Approximately6
daysafterovulationtheinflux of neutrophilsandparabasatellsis seenwith abruptreduction
in the percentag®f cornified vaginal epithelial cells, andthis indicatesthe end of the fertile
period(estrusYJEFFCOATEandLINDSAY, 1989 MASON, 2018.

ANOESTRUS PROOESTRUS OESTRUS DIOESTRUS

Figure9. Typeof cellsaccordingo the phaseof thecycle (PAYAN-CARREIRA etal.,
2011).
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Figure 10. Mid to late proestrouscaninevaginal cytology : U L J KsWifi,v 1, (ROOT
KUSTRITZ, 2020).

Figure 11. Early proestrouscanine vaginal cytology : U L JK3afy400x) (ROOT

KUSTRITZ, 2020).
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Figure 12. Estrousvaginal canine cytology : UL JKsifivV 1, (ROOT KUSTRITZ,

2020).

Figure 13. Anestrusvaginal caninecytology : U L J KsWliff,v00x), (ROOT KUSTRITZ,

2020).

30



Figure 14. Diestrousvaginal caninecytology : U L J KsWliff, M00x), (ROOT KUSTRITZ,

2020).
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LH measurementscanbe performed,by qualitativeor quantitativeassaysLevel of
LH remainundetectableuntil the LH surge,andbecausehe lengthof LH surgecanvary in
bitchesfrom 24-60 hours,daily serumanalysisis required.Thereis anincreasingphasethat
last up to 12-24 hours, followed with decline over 12-36 hours (CONCANNON, 2011).
Becausehe levels of LH canvary from 4-14 ng/mL, and durationis relatively short, even
daily testingcan missthe LH surge.On averageLH surgeoccurs5 daysbeforethe oocyte
beingreadyto befertilized (MASON, 2018).

Progesteroneassayis a usefulmethodin detectingoptimal breedingtime. The level
of progesteronencreasedrom the LH surgeand can be usedas an indirect indicator of
ovulation. Progesteroneises as a reault of preovulatorygranulosacells luteinization, and
corporaluteadevelopmengfter ovulation. Progesterones commonlymeasuredrom serum.
Progesteronéevel of around6 nmol/L (2 ng/mL) generallydescribeghe occurrenceof LH
surge,and ovulation at 15-25 nmol/L (4-8 ng/mL), which is completewhenthe valuesare
greaterthan 30 mol/L (10ngmL). After ovulation progesterone&ontinuesto increaseand
influencesthe closureof the cervix, which is believedto occurat progesteronéevelsof 60-90
mol/L (20-30ngmL), but there are different valuesdescribed.The closureof cervix helps
protect the uterus from infection and provides an ideal environmentfor fertilization. If
inseminationis to be done after cervical closure,the intrauterineinseminationshould be
performed Progesteronés commonlymeasuredy immunochemiluminiscencer enzyme
linked immunoassaywith results being obtainablewithin 30-45 minutes. The blood is
sampledevery secondor third day. The increaseof samplinginterval will decreasehe
accuracyof ovulation detection (FARSTAD, 2010). However, describedchangesof the
values can be differert in each bitch, and individuality of animal must be taken into

consideratiowhendetermininghe optimalbreedingime (MASON, 2018).

Vaginal endoscopycan be usedto determinethe fertile period, but it does not
determinethe accuratetiming of ovulation. This methodalso requiresexpensiveequipment
andknowledgeto perform,andsometimesedations necessaryOn the otherhand,it canbe
useful in detecting some anatomical abnormalities which could influence the normal
reproductiveperformance(PAYAN-CARREIRA et al., 2011). Some specific morphologic
changeon the vaginalmucosacan be seen,dueto fluctuation of estrogerand progesterone
concentrations,and these changescould also be assesd for determinationof optimal
breedingtime (LINDSAY, 1983 JEFFCOATEand LINDSAY, 1989; GOODMAN, 2001).
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The mostdistinct finding is crenulationof mucosa Smooth mucosabecomeswrinkled and
shrunken vaginal folds becomesmaller, creating flattened, secondaryfolds and specific
cobbleston@ppearancef vagina,or crenulation(MASON, 2018).Thereis lossof fluid from

vaginal mucosaand submucosaand as result vaginaappearsvider comparedto proestrus.
Maximal intensity of shrinkageof vaginal mucosais seenbetween3-8 daysof estruscycle.

This finding respamdsto maximalnumberof anuclearcellsin vaginalsmearandis indicative
to fertile period.In diestrusvaginalfolds appearflat andround (PAYAN-CARREIRA et al.,

2011). Thesechangescould also be assssd for determinationof optimal breedingtime

(LINDSAY, 1983 JEFFCOATEandLINDSAY,1989; GOODMAN, 2001).

Ultrasound examination is not routinely usedasa methodfor optimal breedingtime
determination,becauseof difficulty in accessingovaries by ultrasoundin bitch. Several
changesare described,but they are not specific enough to have diagnostic value in
determinatiorof ovulation(FONTBONNEandMALANDAIN, 2006),sinceovarianfollicles
do notdiffer muchin theimmediatepre- andpostovulatoryperiod.

After ovulation, ova require 96-108 hoursto finish maturationand gain fertilizing
ability (TSUTSUI, 1989 CONCANNON, 2011). Fully functional ova, or secondaryoocyte,
hasa life spanof 24to 48 h (TSUTSUI,1989).Therefore timing of inseminatiordiffers with
differenttype of semenused.The more processedemensample the closertiming to fertile
ovamustbe. To determineoptimal breedingtime, it is recommendedo usecombinationof
techniquesnentionedabove.Whenusingfreshsemenjnseminationshouldbe performedon
the day of ovulation, and secondinsemination2 days later, if this is possible.However,
timing of artificial inseminationsanvary betweenpersonwho $ performingit, accordingto
their experiencetechniqueof inseminationsand numberof inseminationsso regimesfor
canire Al can vary with authors (ROOT KUSTRITZ, 2003). Days 4-7 after LH surge
representthe fertile period, with peak fertility on days5 and 6. Accordingto PAYAN-
CARREIRA et al. (2011),inseminationwith chilled semenis performedonceor twice, 2-4
dayspod ovulationat the progesteronéevel of around8-15 ng/imL, with expected4-72 hour
survival of semen.The expectedfertility is 80-90%, either with transcervicalor vaginal
deposition Whenusingchilled sementhe quality of the semenandthe site of depositionare
veryimportantfactorsfor thesucces®f Al (PAYAN-CARREIRA etal.,2011).
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2.12INSEMINATION TECNIQUES

Therearedifferent techniquesavailablefor Al, dependingon the type of semenusedand
timing: deep vaginal inseminationand intrauteine insemination,either via non surgical
transcervicainseminationor surgicalinsemination py laparotomyor laparoscopyPAYAN-
CARREIRA, 2011). Someauthorsdescribeintratubal semendepositionas one of surgical
techniquegTSUTSUI et al., 2003): With chilled semendeepintravaginalandtranscervical

inseminatiorcanbe used while surgicalmethodsareusedmainly with frozenthawedsemen.

Deepvaginal insemination is oneof the mosty usedmethodgor inseminationmainly with
freshsemen.lt is performedwith plastic catheteror a commercialcatheterin flexible latex
tube presentingan inflatable balloon at the tip, which preventsa semenback flow when
inflated (LINDE FORSBERG2005;FARSTADT, 2010).BeforeAl, perinealandperivulvar
areamust be cleaned.Bitch is placedin standingposition. The inseminationcatheteris
carefully introducedinto the vagina, steeplyupward at the beginninguntil pelvic brim is
passedandthen at the horizontalangle carefully pushedforward (FARSTAD, 2010) Care
mustbetakennotto catheterizeéhe urethra.For thatreasonglovedfinger canbeinsertednto
vagina and securethe catheterwhile it is moved cranially through the cranial portion of
vagina,whichis borderedoy the dorsalmedialfolds. Oncecaheteris in the paracervicahrea
closeto the externalcervical os, semenis slowly deposited(PAYAN-CARREIRA, 2011).
During Al, the bitch is held with hindquartersup and headdown in the angle 4560 f to
ensurehatthesemerwill notbeexpelledwith the backflow.It is alsorecommendedbr bitch
to stayin this positionfor 5-20 minutesafter Al (PAYAN-CARREIRA, 2011).PINTO etal.
(1998 havefoundthatreducinghindquarterelevationtime haslittle effectin pregnancyate
andlitter size.Greatersuccessn pregnancys establishedvhenvaginalmassagevith finger
guiding urethral openingis performed,thus causingvaginal contractions,and mimicking

naturalbreedingconditions.
Differentdevicescanbe usedfor performingvaginalinseminationn bitches:
Al pipette for dogs a rigid plastic pipette with no cuff. Rigidity and small diameterof

catheterenableits passageto the level of cervical os As thereis no cuff, no vaginal

distensioror preventionof semerbackflowis possible Comesn differentlengths.
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Figurel5. Al pipettefor dogs(courtesyof prof. Martina /R M N L U

Osiris catheter, which is a rigid catheterwith inflatable cuff at the distal opening,usually
around25 cmlongand5 mmin diameterOncethe cathetelis positionedcorrectly,the cuff is
blown up thoughthe externalvalve, which will causevaginal distentionand preverion of
semenbackflow aroundthe catheter.Semenis depositedthrough the lumen and syringe
shouldbe left attachedagainto preventbackflow of semenThis type of catheteiis goof for
small and mediumsizeddog breeds but for largerdog breedscatheér is too shortand the
cuff is too small(MASON, 2018).

Figurel6. Osiriscatheterffor Al (MASON, 2018)

Foley catheters are flexible with inflatable cuff neardistal openingand comein different
sizesandis adaptablego different sizesof dogs.Semenis introducedinto the vaginain the
samemanneraswith Osiris catheterput dueto its flexibility, it is difficult to positiondistal

openingof the cathetercloseto thecervix (MASON, 2018).

Mavic catheter is plastic cathetemwith style throughthe center.lt hasinflatable cuff at the

distal opening,andthe stylet, throughwhich semenis inseminategdcontainsoneway valve,

35



which preventghe backflowof semenlinflatablecuff allowsvaginalstimulationandprevents
backflow of semenThesecathetersaareavailablein 3 differentsizes,suitablefor all sizesof
bitches(MASON, 2018).

Figurel?7. A 250-mm Mavic catheterffor vaginalinseminatiorin the bitch (MASON, 2018)

Transcervical insemination, is the most widely usedtecmique for Al with chilled and
frozenthawed semen.There are two different techniquesdescribed:endoscopic assisted
transcervicaland Norwegian method. In both proceduresjnseminationcan be performed

morethanonce,resultingin increaseaffspringperlitter (MASON, 2018).

Endoscopicassisted transcervical insemination EIU, or also known as transcervical
insemination(TCI). In the first days,cystoscopavasused,nowadaysmostoperatoraisethe
uterorenoscopébecauset is longerand thinnerthanthe cystoscopeand can be usedin all
size of bitches.This procedureis performedin bitch standingand restrainedon the table.
Apart from uterorenoscopeadditionallight sourceand a camerawhich projectsthe image
onto a monitor are needed Endoscopas passednto the vagina,andair is introducedin the
vagina.Vaginal shuntcan be usedto maintainvaginal distension.The endoscopes slowly
moved cranially past the dorsomedianfolds to the cervix. The cervicd os is commonly
visualizedon the ventral part on the cervix. Oncethe catheteris in the cervix, the styletis
removedandcatheteiis introducedinto the body of the uterus.Thenthe semens slowly and
carefully inseminatedhoughtthe cathetertaking carethat no leakageoccursat the cervical
0s, and massagehe vulva to stimulatethe uterine contractions(MAKLOSKI, 2012). This
methodsecureoptimal placefor semendepositionandresultsin very good pregnancyates,

it is simpleto learnbut eachstepof the processnustbe closelymonitored(MASON, 2018).
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Norwegian (or Scandinavian) method, using Norwegiancatheter anothertype of catheter
also usedfor transcervical/intrauterinensemination.lt consistsof outer nylon sheet,with

inner metalstylet, and hasbluntedandroundeddistal tip. This procedurecanbe usedin any
size bitch, without anesthesiaBitch is restrainedon the table in standingposition. The

operatorwith one handtransabdominallypalpateghe cervix, andwith otherhandpasseshe

catheterinto the vagina,andwhile holdingthe cervix, the styletis passednto the cewical os

and thought the cervix. Once the catheteris placedin the correct position, the semenis

inseminatedhroughthe stylet into the uterinelumen.This proceduras quick andsimple,and
inexpensiveand can be usedfor fresh, chilled or frozenseme, but most publishedreports
arefor frozen semen(MAKLOSKI, 2012 MASON, 2018). Disadvantagas steeplearning
curve,andtheprocesss difficult in largebreedfMASON, 2018).

Surgical insemination can include conventional,laparotomicintrauterineinseminationor
laparoscopidgnseminationMAKLOSKI, 2012).Theseprocedureshiavesomewelfareissues,
sotheyareillegal in somecountries(Norway, SwedenYMASON, 2018).0n the otherhand,
when female$ cycle is properly managedsuccesgatesof both methodscan reach100 %,
including bitcheswith known reproductiveissues(BRITTAIN et al., 1995, SILVA et al.,
1995).

Conventional laparotomy, commonlyalso known as surgical Al or surgicalimplant (SIU),
is the inseminationof semeninto the uterus. This procedureis performedunder general
anesthesidy laparotomy.Bitch is positionedin dorsalrecumbencyand midline incision is
made of 25 mm caudal to the umbilicus, toward the caudal direction. The uterus is
exteriorized and inspected.For insemination,22-gauge IV catheterscan be used. After
placementf the catheterthe uterusis occludedabovethe cervix, andthe syringewith the
semenis attachedonto catheterand inseminatedslowly into the uterus.After insemination,
the uterusis massagetb stimulateuterinemotility, which is decreasedueto anesthesiarhe

catheteiis removedandthentheabdomens closedroutinely(MASON, 2018).

Laparoscopic insemination is not a common procedurein clinical practice,due to high
costs,andknowledgeandexperienceneededanddueto lack of advantagesf this procedure
over SIU (MASON, 2018). The semenis introducedinto the uterine horn through 18 22-
gaugecatheterunderthe visualizationof laparoscopeconnectedo an electroniclight source
and camera,insertedinto abdominalcavity. The uterine horns are visualizedand elevated

closeto the abdominalwall so cathetercanbe inserted.The procedurealsorequiresgeneral

37



aresthesialn compariso with the SIU, laparoscopigénseminations lesstraumatizingfor the
bitch thus allowing fasterrecovery.It also providesbetterprotectionagainstsurgicalrisk of

infection,asabdominalcavity is notopened SILVA etal., 1995).

Intratubal insemination involves depositionof semeninto the oviduct; it is asinvasiveas
otherlaparotomiedor surgicalinseminationallows smallerspermnumberto be inseminated
but resultsin lower pregnancyrates comparedto surgical or transcervicalinsemination
(TSUTSUIetal., 2003).

2.13SUCCESOF ARTIFICIAL INSEMINATION USING CHILLED SEMEN

To obtaindesirableandgoodsuccessatesfor artificial inseminatiorwith chilled sement
is importantto estimatepropertiming of inseminationthe useof adequatenumberof viable
spermcell perdose,goodsemenpreparatiorand handlingand adequatalepositionof semen
in the female reproductivetract. It is importantto use combinationsof teststo estimate
optimal breedingtime. Dependingon authorsandon inseminatiortechniquethe successate
of Al with freshchilled semenin dogsis around80-90% whentranscervicainseminationis
used,andaround65 -90 % whendeepvaginalinseminations used (MAKLOSKI, 2012).

A study of LINDE FORSBERGand FORSBERG(1989) on results of 470 artificial
inseminationsshowedthat pregnancyrate was higherin bitchesreceivingchilled extended
(83.3%)semencompaedto frozen (69.3%)semen Litter sizewas 23.3%smallerin bitches
receivingfrozensemen

Accordingto PINTO et al. (1999) pregnancyrate for bitchesinseminatedwith chilled
extendedsemenwas not statisticallylower from pregnancyrate of bitchesinseminatedvith
freshsemenPregnancyatewas94% and95%for chilled andfreshsemenrespectively.

Whelping rates from 527 artificial inseminationsusing chilled extendedsemenwere
reportedto be 45.7% when the semenwas depositedin the cranial vaginaand 65.6% by
transcervich intrauterine semendeposition. The averagelitter size was 5.8 “3.0 pups by
vaginal Al and 6.4 “3.2 by intrauterineAl (LINDE FORSBERGand FORSBERG 1993).
The resultsof this study emphasizehe importanceof intrauterinesemendepositionwhen
usingchilled extendedsemenThe studyon 2210Als in dogsby LINDE FORSBERG2002)
showedsimilar whelping rate and litter size for freshandchilled semen(48,9% and 49% of
whelpingrateand6.5 and6.4 litter size,for freshandchilled semerrespectively)ln contrast

to that, whelping rate for frozen semenwas higher (53.8%). Reasonfor this is that more
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precisetiming of inseminationand intrauterinedepositionof semenare appliedwhen using
frozensemenWhelpingrate of 55.8%and4.71 pupsper litter are reportedby /2 - ., Getal.
(2022.

2.14LEGISLATION AND ETHICAL ASPECTSON USE OF CANINE ARTIFICIAL
INSEMINATION

Demandfor canineAl is increasingworld-wide, asfor medicalandbreedingmanagement
reasonslike improvementof genetics reducedrisk of infectiousdiseasetravel distanceor
failure of natural mating, which can occur due to someanatomicaldefectsor behavioural
reasons.Thereis still risk of transmissionof somediseaseswith Al, which include viral
canine herpesvirus and rabies, bacterial leptospirosis and brucellosis and parasitic,
leishmaniasisand toxoplasmosis(QUARTUCCIO et al., 2020). There is also a risk of
transmissiorof geneticdiseaseby Al, so any dog used for Al shouldalso be screenedor
inheriteddiseased a DNA-testfor the disease/functionalisability is available . The breeding
stockshouldbetestedto avoid matingof two carriers.Screeningshouldbe recommendedor
diseasesindbreed wherediseasénasa majorimpacton G R hgalth.Dog usedfor breeding
mustfulfil all breeddemandsand standardslike genetictestingandradiographicscreening.
Dogs with congenitaland geneticfaults, like congenitaldeafnesscleft palate, substantial
dentalor jaw anomaliesgyesdiseaseheartdiseasegryptorchidism hip andelbowdysplasia,
andother,shouldnot bereproduced.

Whenit comesto the nationalregulationsandlegislations,different countrieshavedifferent
requirements.There are several countries in the world which have no legislation or
requirementsegardingAl andthe useof chilled or frozenthawedsemenMost kennelclubs
follow the regulationsfrom FCI (InternationalCanineFederation\who recomnendsthat Al
shouldonly bedonein healthydogswith provenfertility. FCI regulationsalsolimit the useof
dogspresentingdiseasewhich could be transmittedto the following generationsand cause
someeliminatory defectsregardto the breedstandard QUARTUCCIO et al., 2020).0On the
otherhand,somecountrieslike Australiaand New Zeelandhavestrict regulationrelatedto
importingcaninesemenandif semendoesnot meetall requirementsvill be refuseentryand
eitherreturnedto the countryof origin or orderedto be destroyedSomecountriesrequirean
import permit,while othersrequireonly veterinaryhealthcertificate.Both nationallegislation

and kennel club regulationsmay changeat any time, so it is advisableto checkthe latest
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regulationsandrulesatimporting countrybeforeplanningthe semercollectionandshipment,
sothatnecessaryloodtestsandcertificatescanbe madein accordancevith requirements.
For EU, the shipmentof canine semenmust be accompanig with official veterinary
certificate. The official certificate is issued by veterinarian, and contains information
regardingspecies,breed, date of birth, sex, colour and identification number (microchip
numberor ID-tattoomarking)of the donordog, andalsoa statementhat the dog hasnormal
testicular status. Certificate also includesa semenassessmenfiorm with instructionsand
recommendatins of how to prepare/us¢he semen. Microchip numberof the donormustbe
written on all records,laboratoryrepors certificatesand semencontainers.The official, KC
registerechameof the donordogshouldbe usedin all documentsQuantityof semenshould
be reportedaswell, contactof the importedand exporter,and dateof collection.Donor dog
must be examinedprior to semencollection and should not have a history of infectiousor
contagiousdiseasein the last 30-45 days. Movementof dog semenbetweenEU Member
Statesandto EU from third countriesis underRegulationgEU) 2021/1880,(EU) 2020/686
and (EU) 2016/429and require TRACESNT certificate signed by Official Veterinarian
(ANONYMUS, 2021).

Ethical aspectsof Al may be positive regardingthe impact on diseasecontrol, but
there are some concerns regarding surgical procedures.When choosing the type of
inseminationsyvelfare of bitch, hasto be respectedirstly, andsecondlyconsideringoenefits
and risk of surgical procedure.Surgical Al, it is bannedin someEU countries(Norway,
Sweden)and UK, dueto welfarelaws. Inbreedingis alsoanimportantethicalconcernof the
useof Al (QUARTUCCIOetal., 2020).
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3. CONCLUSIONS

1. Al with chilled semenrequirescareful planning which include determinationof

optimalbreedingime andshipmentof semerontime.

2. To determineoptimal breedingtime, it is recommendedo use combinationof tests,

like observingheclinical signs,vaginalcytology,andprogesteronassay.

3. Different typesof extenderstransportcontainersand transit time can affect semen
guality and fertilization ability. Adequatenumberof viable spermper doseprovides

successf Al.

4. Intrauterinedepositionof semerresultsin higherpregnancyateandlitter sizemaking

endoscopiassistedntrauterineinseminatiorpreferablanethodof insemiration

5. Ethical considerationand welfare of the bitch must be consideredduring artificial
insemination.Practitionersshould acquireknowledgeon reproductivephysiology of
male and female and collect the semenand inseminatethe female without risking

animal welfare.
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5.SUMMARY

Zabret, A. (2022): Artificial inseminationwith chilled semenin dogs

Artificial inseminations a usefulmethodto improvegenetictraitsin differentdogbreeds
The useof fresh,chilled semerhasbecomevery popularamongdogbreedersChilled semen
is especiallysuitablefor shorttermstorageandshortdistanceransportationi.e., 24-48 hours
This methodallows for reducingtravetrelated stressand inbreeding,by using genetically
superiordog semerall overthe world. It is alsoa goodway to preventthe spreadof sexually
transmitteddisease By mixing semenwith extenderand cooling to 4 C, fertility remains
preservedor alongtime. Semerextendergprotectthe spermatozoférom cold shock,provide
energysubgratesand maintain constantpH and osmolarity Mosty usedextenderis Tris-
fructosecitrateegg yolk-basedextenderproviding spermlongevity for 3-10 days. Al with
fresh chilled semencan be performed using different techniques,such as deep vaginal
insemination,or preferablyby intrauterineinsemination which can be performedby using
nonsurgicaltranscervicalcatheterizatioror by surgicalsemendepositionby laparotomyor
laparoscopy. Vaginal insemination provides adequatepregnancy rate, but intrauterine
inseminatiorgiveshigherpregnancyateandlitter size.To performAl successfullyanatomy
of femalereproductiveractandphysiologyof estruscycle of the bitch mustbe known sothat
procedurecould be performed at appropriatetime and by using the most appropriate

inseminatiortechniqueandplaceof semerdepositionaccordingo theindividual case.

Key words:dogs,chilled semengxtenderspptimal breedingime, inseminatiortechnique
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6.634(7$.

Zabret, A. (2022):Umjetno osjemenjivanje U D V K O DsjebhéhbrRu pasa

UmjetnoosjemenjivanjdUO) R P R J X (IBXRNEIR O déreskivebbinakod UD]J]OLpLWLK
pasmingpasa . R U L & W M @ MR&KHDID ysjéi@eRgbostaloje popularnoP HYyX]JDMLYDpPpLPD
radi brojnih razloga.Pogodnoje za kratkotrajno V N O D G L iianspio@syerhienana kratke
udaljenostj unutar 24-48 sati. Smanjuje parenjeu srodstvui stresuzrokovanputovanjem
ALY R Valpgdnje, N R U L a8 Wodr@ddeherskivrijednih P X & MiD $Vib krajevasvijeta.

Isto tako, VS UM B p D ¥@Ilibprenosivihbolesti. 2 K O D sjdr@e X ¥dhatemperatur

od 4 L, gdje ovisnoo vrsti UD]UM Hoglaj¢é O PP X kDD R X &tdmenskorazdoblje.
5D] UM H & Wej@\pthd temperaturnogd R MElguravajienergijute R G U a Btatidavipk

i osmolarnost.1 D M p se&dristi Tris-fruktozacitratni U D] U M $idptdatkdna X P D @dji N D
RPRJX BN LY GpedniaRrqzN Ho 10 dana.UO s R K O D ydie@énBmP R &sH
izvesti U D] O LighnamBkao a VuRJubokovaginalnoosjemenijivanjdli pak intrauterino
osjemenijivanje&koje se P R dzdestitranscervikalnin{TCl) ili N L U X péagarfensjemena
laparotomskiili laparoskopskilako se vagnalnim osjemenjivanjemS R V \tlob@ bézultati,
TCI predstavljametodu izbora radi Y H stdpe skotnostii Y HO LlpdlaQ Za XVSMH&QR
L]Y Ry HQ potrebnoje dobro poznavatianatomiju & H Q Vaddhdgsustava fiziologiju
spolnogciklusakuje, kako bi se odredilo optimalnovrijeme za osjemenijivanje primijenila
najprikladnijetehnika osjemenijivanjagvisnoo SRMHGLYDEKQPR WM X

.OM X Q Npap LR K O D gjeni@RU D | U M Hgptirvdnp krijeme za parenje,tehnike

osjemenjivanja
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