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SEXUAL DYSFUNCTION AND INFERTILITY

Purpose:Ouraimwastoevaluatetheeffectofneatsemenvitrificationonhumanspermvital
parametersandDNAintegrityinmenwithnormalandabnormalspermparameters.

Materials and Methods:Semensampleswere17normozoospermicsamplesand17speci-
menswithabnormal spermparameters.Semenanalysiswasperformedaccording toWorld
HealthOrganization(WHO)criteria.Then,thesmearwasprovidedfromeachsampleandfixed
forterminaldeoxynucleotidyltransferasedUTPnickendlabeling(TUNEL)staining.Vitrifica-
tionofneatsemenwasdonebyplungingcryoloopsdirectlyintoliquidnitrogenandpreserved
for7days.Thesampleswerewarmedandre-evaluatedforspermparametersaswellasDNA
integrity.Besides,thecorrelationbetweenspermparametersandDNAfragmentationwasas-
sessedpre-andpostvitrification.

Results:Cryopreservedspermatozoashowedsignificantdecreaseinspermmotility,viability
andnormalmorphologyafterthawinginbothnormalandabnormalsemen.Also,therateof
spermDNAfragmentationwassignificantlyhigheraftervitrificationcomparedtofreshsam-
plesinnormal(24.76±5.03and16.41±4.53,P=.002)andabnormal(34.29±10.02and
23.5±8.31, P<.0001),respectively.Therewasnegativecorrelationbetweenspermmotility
andspermDNAintegrityinbothgroupsaftervitrification.

Conclusion:Vitrificationofneatejaculateshasnegativeimpactonspermparametersaswell
asDNAintegrity,particularlyamongabnormalsemensubjects.Itis,therefore,recommend
toprocesssemensamplesandvitrifythespermpellets.

Keywords:vitrification;humans;DNAdamage;cryopreservation;methods;infertility;sper-
matozoa;semenpreservation..
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INTRODUCTION

Cryopreservation of human spermatozoa is per-
formed routinely in assisted reproductive tech-
nology (ART) program. Sperm bank is mainly

developedformenthatareundergoingchemotherapy/radi-
otherapy,ARTtreatmentcycles,orhaveejaculationabnor-
malitiesandazoospermia.Ithasbeenreportedthatsperm
cryopreservationmighthaveseveralimpactsonspermcell,
such as excessive dehydration, damage to plasma mem-
brane and acrosome cap, mitochondria injury, apoptosis
and sperm DNA fragmentation.(1-3) There are currently
threemethodsofcryopreservationnamely:slowfreezing,
rapid freezing and vitrification. The first two techniques
have been in practice for decades. However, they have
somedrawbacks, such as requiring expensive equipment,
aretimeandlaborconsumingandhavelimitedefficacy.(4)

Vitrificationisthefreezingmethodbasedonultra-rapidcool-
ingofwatertoglassystateatthehighviscositywithnoin-
tracellular ice formation.(5) Vitrification of sperm freezing
wasfirstintroducedbytheIsachenko’sgroup,inwhichthe
samplesweredirectlyandquicklyplungedintotheliquidni-
trogen(LN).(6,7)Spermvitrificationisfast,simpleandmore
costeffectivecomparedtoslowfreezing.Also,vitrification
canpreventspermcryo-injuries.(6-9) While, it is shown that 
slow freezing and thawing is associatedwith spermDNA
damageandapoptosisinhumanejaculatedspermatozoa,lit-
tleisknownabouttheeffectofvitrificationoninductionof
humanspermDNAfragmentation.Cryopreservationofraw
orpreparedsemenhasremainedamatterofdebateinthelit-
erature.(2)Nawrothandcolleaguesreportedthatrecoveryrate
ofmotile spermatozoaaswell asnormalmorphologyafter
vitrificationwashigherinnativespermatozoaincomparison
to cryoprotectant used ones.(6)Theyalsofoundthatspermre-
coveryrateandnormalmorphologywillbehigheraftervit-
rificationinpreparedspermatozoacomparedtonativegroup.
(6)Recently,Satirapodand colleagues showed that the rate
ofDNAfragmentationwillbereducedincryopreservedraw
semenwithsolidsurfacevitrificationcomparedtostandard
freezingmethod.(10)

There are several techniques in order to determine sperm
DNAfragmentation.(11-13)Terminaldeoxynucleotidyl trans-
ferasedUTPnickendlabeling(TUNEL)assayisareliable
techniquetoevaluatedoublestrandDNAfragmentation.(14) 
Themaingoalofthisstudywastoevaluatetheeffectofvitri-

ficationofneatsemensamplesinbothnormalandabnormal
semengroupsonthespermparametersandDNAstatususing
TUNELassay.

MATERIALS AND METHODS
Sampling and Spermatozoa Evaluation
Ejaculates were obtained from men aged between 30-50
years old (17normal and17 abnormal semen samples) by
masturbationafter48-hourof sexual abstinence. Innormal
semengroup,theinclusioncriteriawasinfertilityduetofe-
malefactorandintheinfertilementhecoupleswereinfertile
due tomale factor.After liquefaction, semen analysiswas
performedaccordingtoWorldHealthOrganization(WHO)
guidelines.(15) Sperm count andmotilitywere assessed us-
ingNeubauerchamberunder the lightmicroscope(×400).
Motility typeswere categorized into:progressive,non-pro-
gressive,andimmotile.Thespermviabilitywasassessedus-
ingeosin-nigrosinstainingprotocol.Thedeadspermatozoa
werestainedred,whiletheliveoneswereunstained(Figure
1).Also,spermmorphologywasevaluatedbyPapanicolaou
stainingprocedure.Atleast,200spermatozoawerechecked
underlightmicroscopeforhead,neckandtailabnormalities.
Vitrification and Warming
Vitrificationmethodwasaccordingtopreviousreportswith
somemodifications.(16)Thesemenwasloadedoncoppercry-
oloopsof2.5mmdiameterbydippingtheloopsinsuspen-
siontoobtainathinfilmof8±2µLandtheloadedloops
wereplungedintheLN.Afterstoragefor7days,thesamples
werewarmedbyplunging the loops intoa tubecontaining
2.5mLHam'sF10at37ºC.Afterwarmingof10loopsinone
tube,thetubewasplacedinaCO2incubatorfor5-10min.
Then,thespermatozoawerecentrifugedat300gfor10min
andtheresultantpelletwasresuspendedin100µLofHam's
F10andprocessedforfurtherevaluation.
TUNEL Staining
InSituCellDeathDetectionKit(RocheDiagnosticsGmbH.
RocheApplied Science. 68298Mannheim, Germany) was
applied for TUNEL assay.After providing the smear, the
slideswere fixed in 100%methanol solution for 4min at
room temperature.Blockingwas performed by putting the
slidesin3%H2O2inmethanolfor10minindarkness.Before
and after blocking, the slideswerewashedwithphosphate
bufferedsaline(PBS).Forspermpermeabilization0.1%Tri-
tonX-100in0.1%sodiumcitratebufferwasused(10min
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on ice). The slides were incubated with TUNEL reaction
mixture1-hourwithhighhumidity at 37˚C.Afterwashing
with PBS, the slides were incubated with convertor-probe
followedby incubationwith3,3'-Diaminobenzidine (DAB)
(DAB,Roche,Mannheim,Germany)solution.Twohundred
spermcellswereanalyzedunder the lightmicroscopeat×
1000.Abnormalspermatozoahaddarkbrownnuclear(Figure
2).Forpositivecontrols0.1IUDNase(Hoffmann-LaRoche
Diagnostics,Mannheim,Germany)wasappliedfor15minat
37˚Candthereactionmixturehadnoterminaldeoxynucleoti-
dyltransferase(TdT)fornegativecontrols.
Statistical Analysis
Thedataareshownasmean±SD.Spermparametersbefore
andaftervitrificationwasanalyzedusingpairedttest.Linear
Pearsoncorrelationtestwasappliedtofindoutthecorrela-
tionbetweentheapoptosisandspermparameters.Thelevel

ofstatisticalsignificancewassetatP<.05.
 
RESULTS
Thespermcellcountwere120.70±68.14and15.15±2.58
(106/mL)innormalandabnormalsemengroups,respectively.
Regarding spermmotility, 56.11±10.45 and28.11±8.15
were progressive motility and 67.58 ± 10.01 and 35.58 ±
11.94weretotalmotility,respectively.Spermviabilitywere
78.47±9.38and50.58±15.15andspermmorphologywere
46.05±10.46and12.52±13.87,respectively.
Thedata showed that spermvitrificationcausedsignificant
decreaseinspermmotility,viabilityandmorphologyinnor-
mozoospermicsamples(Table1).Also,vitrificationwasin-
volvedwithsignificantincreaseinspermDNAfragmentation
whichwasabout8%inabnormalsemengroup.Inaddition,
therewassignificantreductionforallspermparametersafter

Table 1. Sperm parameters before and after vitrification in normozoospermic samples.*

Sperm Parameters Before Vitrification After Vitrification P

Count (×106/mL) 120.70 ± 68.14 89.00 ± 9.30 .134

Progressive motility (%) 56.11 ±  10.45 5.29 ±  5.05 .000

Total motility (%) 67.58 ±  10.01 8.64 ±  6.81 .000

Normal morphology (%) 46.05 ±10.46 37.00 ± 11.72 .024

Viability (%) 78.47 ± 9.38 11.05 ±  7.30 .000

TUNEL positive cells 16.41 ± 4.53 24.76 ± 5.03 .002

Key: TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
*Data are shown as mean ± SD.

Figure 1. Evaluation of human sperm viability using eosin-
nigrosin staining; (a) unstained (white) alive spermatozoa, (b) 
stained (red) dead spermatozoa.

Figure 2. Evaluating the sperm DNA fragmentation using TUNEL 
test. Dark brown cells are abnormal spermatozoa.
Key: TUNEL, terminal deoxynucleotidyl transferase dUTP nick 
end labeling.
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vitrificationinabnormalsemengroup(Table2).
DNAfragmentationwas11%higherinsemenwithabnormal
spermparameterscomparedtobaseline.Therewasnegative
correlationbetweenspermDNAfragmentationandviability
innormozoospermicsamplesaftervitrification(r = -0.6, P = 
.004).Thenegativecorrelationwasonlyobservedbetween
spermDNAfragmentationandprogressivemotilityaftervit-
rificationinnormozoospermicmen(Table3).Nosignificant
correlationwasfoundbetweenabnormalspermDNA,viabil-
ityandmorphologyaftervitrificationinsemenwithabnormal
spermparameters(Table4).

DISCUSSION
Thedatashowedasignificantdecreaseinspermparameters
aswellassignificantincreaseinspermDNAfragmentation
aftervitrificationinbothgroupsofnormalandabnormalse-
mensamples.Commonly,cryopreservationhasnegativeim-
pactonspermmotilityandviability.Ourdataweresimilarto
othersthatcryopreservationcauseddecreaseinspermmotil-
ity and viability.(8,10) Satirapod and colleagues investigated
theefficacyofnewvitrificationmethodonnormozoospermic
samples.Theyevaluatedtheroleofrawsemensolidsurface
vitrificationincomparisontorapidfreezingmethodonsperm
parameters.Theirdatashowedthatspermmotility,viability,
morphologyandDNAintegritywerenoticeablyreducedafter

vitrification.(10)Incomparisontoourstudy,theirspermrecov-
eryrateaswellasDNAdamagewashigher.Oneprobable
causewouldbethemethodofspermvitrification.Alsothey
usedcommercialcryoprotectant,whileweusedcryoprotect-
ant freemethod.Nawroth and colleagues also reported re-
ducedspermparametersafterneatsemenvitrificationofnor-
maldonors.Thedatashowedthatspermrecoverywouldbe
muchhigherafterswimupcomparedtonativespermatozoa.
(6) Formationof lethal intracellular ice crystal sandosmot-
icstressmaybethemaincauseforreductioninspermcell
motilityandviabilityduringcryopreservation.(17)Isachenko
andcolleaguescomparedspermmotilityafterfourdifferent
cryoprotectant-freevitrification techniquesandshowed that
cryoloopmethodresultedinalowerspermmotilitycompared
to droplets, open pool straws and open straws.(18)Ourdata
alsoshowedthatvitrificationimpairsspermnormalmorphol-
ogyinnormalandabnormalsemengroups.Thefindingswere
similartootherreportsintermsofnegativeeffectsofcryo-
preservation on normal sperm morphology.(1,10) It appears 
that themost probable reason for the effect of freezingon
spermmorphologyistheformationoficecrystalsoutsidethe
spermcellwhichcanalterspermarchitecture.(1)

Generally,it isbelievedthatnormozoospermicsemensam-
plesmaybemore resistant to cryo-injury compared to ab-
normal oligozoospermic or asthenozoospermic specimens.

Table 2. Sperm parameters before and after vitrification in abnormal semen.*

Sperm Parameters Before Vitrification After Vitrification P

Count (×106/mL) 19.15 ± 2.58 17.82 ± 2.87 .806

Progressive motility (%) 42.11 ± 16.15 3.70 ±  2.35 .000

Total motility (%) 55.58 ± 18.94 7.88 ± 3.34 .000

Normal morphology (%) 18.52 ± 13.87 11.52 ± 9.57 .018

Viability (%) 60.58 ± 19.15 8.64 ± 3.66 .000

TUNEL positive cells 23.50 ±  8.31 34.29 ± 10.02 .000
Key: TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
*Data are shown as mean ± SD.

Table 3. Correlation between sperm DNA integrity and sperm parameters in normal semen before and after vitrification.

Variables Progressive Motility Morphology Viability Count

TUNEL positive spermatozoa (%)

Before vitrification
r = -0.23 r = -0.85 r = -0.03 r = 0.15

P = .35 P = .000 P = .89 P = .54

After vitrification
r = -0.49 r = 0.45 r = -0.6 r = -0.53

P = .04 P = .06 P = .004 P = .02

Key: TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.
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Table 4. Correlation between apoptosis and sperm parameters in abnormal semen.

Variables Progressive Motility Morphology Viability Count

TUNEL positive spermatozoa (%)

Before vitrification
r = -0.73 r = 0.15 r = -0.67 r = 0.18

P = .001 P = .54 P = .003 P = .48

After vitrification
r = -0.6 r = -0.37 r = -0.32 r = -0.12

P = .01 P = .13 P = .2 P = .62

Key: TUNEL, terminal deoxynucleotidyl transferase dUTP nick end labeling.

Our results showed that sperm parameters andDNA frag-
mentationdecreasedat thesamemanner inbothgroupsof
normal and abnormal semen groups, which is in conflict
withsomereports.Donnellyandcolleaguesfoundthatsper-
matozoafrominfertilemenwouldbelessresistanttocryo-
injuriescomparedwithspermatozoaof fertilemen.(19)One
probablecausesofthisdiscrepancymaybemethodofcryo-
preservation.Theyused rapid freezingmethod (freezing in
LNvapor),whileourcryopreservationmethodwas typical
vitrification.Also,weusednocryoprotectantinthefreezing
method.Permeablecryoprotectantisusedinslowfreezingin
ordertoreducecellshrinkageduringcryopreservation.Using
permeableandnon-permeablecryoprotectantsinspermcryo-
preservationnotonlymayhavenobeneficialeffects,butalso
caninducedamageevenatroomtemperature.(16) It has been 
reportedthatcryoprotectantshavesomecelltoxicitysuchas
osmoticdamageandchemical toxicity.(20) Regarding prob-
ableeffectofcryoprotectantsonspermDNA,itisshownthat
presenceofcryoprotectantshasnonegativeimpactonsperm
DNA integrity.(16)Ourdatashowedthatvitrificationcansig-
nificantlyincreasespermDNAfragmentationinbothnormal
andabnormalsemengroups.Theresultsweresimilartothe
Braziliangroup.TheyfoundcryopreservationinducedDNA
fragmentation in both oligozoospermic and normozoosper-
micsamples.(21)andcolleaguesalsoshowedthat84.66%of
spermatozoashowundamagedDNAfollowingvitrification/
warminginswim-uppreparednormalspecimens.(22)Theef-
fectofcryopreservationonspermDNAstatushasremained
controversial.Someinvestigatorsbelievethatcryopreserva-
tionhasnonegativeeffectonspermDNAstatus.(16,23) While, 
others have shown that the cryopreservation is associated
withnegativeeffectonspermDNAintegrityandchromatin
stability.(2,24)Oxidative stressmaybeoneof the important
causes of increasing sperm DNA fragmentation.(25) Cryo-
preservationmaychangethefluidityofspermmitochondrial
membraneandconsequentlyincreasethepotentialofmito-
chondrialmembrane,finallyreactiveoxygenspecies(ROS)

will be produced and released.(2)Weverifiedthatsemensam-
plesandnon-spermcellsinseminalfluidarepotentialsources
ofROSproduction.Also,itisshownthatpresenceofseminal
leukocytes isassociatedwithmoreROSproductionduring
coolingto4˚C.(26)Thethawingseemstohavemoreimpor-
tantroleininductionofDNAdamageinspermcells.Itwas
reportedthatthehighestdegreeofspermDNAfragmentation
will beoccurredduring thefirst 4-hourof incubation after
thawinginfertiledonors.(27)

Anotherfindingwasthenegativecorrelationbetweensperm
progressivemotilityandDNAfragmentationaftervitrifica-
tioninnormozoospermicmen.Itwasshownthatthereisa
negativerelationshipbetweenspermmotility,vitalityorcon-
centrationandspermDNAdamage.(28,29)But,therewasno
significantcorrelationbetweenspermmorphologyandDNA
integrity, which was similar to other findings.(19) It seems
thatthespermmorphologicalfeatureisnotrepresentativeof
spermDNAquality.Cryopreservationofraworpreparedse-
menhas remainedmatterofdebate in the literature.(2) It is 
believed that seminal plasma contains natural antioxidants
which can protect spermatozoa from cyro-injuries during
cryopreservationandtheseseminalplasmaantioxidantswill
beeliminatedwithspermpreparationmethods.Neatsemen
cryopreservationwouldberapidandcost-effectiveaswell.
Inthisstudywecryopreservednormalandabnormalrawse-
men.Maybe,ROSproductionbynon-spermcellsinseminal
plasmaishigherthanseminalplasmaantioxidantscapacity,
especiallyinsubnormalspecimens.

CONCLUSION
Vitrificationofhumanneatsemencanimpairvitalspermpa-
rametersofmotility,viability,morphologyaswellasDNA
integrity. Itmightbebetter tovitrify theprocessed semen,
especiallyforcaseswithmalefactorinfertility.
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Vitrificationhasbroughtaboutimportantchangesincryopreservationandhumanfer-
tilitypreservation.Easinessandspeedandnoneedforcostlyfreezingtechnologies
arereasonsforitsrapiddevelopment.Vitrificationisthesolidificationofaliquid

withoutcrystallization.Ascoolingcontinues,however,themolecularwavesintheliquidper-
meatingthetissuedecline.Finally,an"arrestedliquid"stateknownasaglassisattained.Vit-
rificationhasbeendemonstratedtoaffordhigherpreservationforanumberofcells,including
monocytes,ovaandearlyembryosandpancreaticislets.(1)

Thereare anumberofmajor contests forperformingofvitrification for tissueengineered
medicalproducts.Withoutadheringtothesestandards,certainlytheprocessofvitrification
willfail.Thefirstoneisvitreousstate.Thereisnoexplanationaboutvitreousstateinthis
study.Stabilityofthevitreousstateiscriticalforthemaintenanceofvitrifiedtissueintegrity
andviability.Inpresentstudythemethodofvitrificationhasnotbeenexplainedindetailsand
itseemsmostofstandardsforvitrificationhavenotbeenconsidered.Vitrificationmethodsto
preservationhavesomeofthelimitationsassociatedwithconventionalfreezingmethods.(2) 
First,bothmethodsentaillowtemperaturestorageandtransportationconditions.Neithercan
bestoredabovetheirglasstransitiontemperatureforlongwithoutsignificantriskofproduct
damageduetoinherentinstabilitiesresultingtoiceformationandgrowth.Bothmethodsuse
cryoprotectantswiththeirassociatedproblemsandnecessitateexperiencedtechnicalsupport
duringrewarmingandcryoprotectantelutionphases.Theveryhighconcentrationsofcryopro-
tectantsneededtofacilitatevitrificationarepotentiallytoxicsincethecellsmaybeexposedto
thesehighconcentrationsathighertemperaturesthaninfreezingmethodsofcryopreservation.
Cryoprotectantscankillcellsbydirectchemicaltoxicity,orindirectlybyosmotically-induced
stressesduringsuboptimaladditionorremoval.(3)Uponcompleteachievementofwarming,
thecellsshouldnotbeexposedtotemperaturesabove0oCformorethanafewminutesbefore
theglass-formingcryoprotectantsareremoved.Itispossibletoemployvitrifiedproductsin
highlycontrolledenvironments,suchasacommercialmanufacturingfacilityoranoperating
theater,butnotinanoutpatientoffice.Thereisn’tanydataaboutabovementionedpointsin
this study.(4)Anotherissueisheattransfer.Heattransferissuesaretheprimaryproblemfor
scalingupthesuccessesinsomewhatsmalltissuespecimenstolargertissuesandorgans.The
limitsofheatandmasstransferinbulkysystemsresultinnon-uniformcoolingandleadsto
stressesthatmightbegincracking.Infact,thehighercoolingratesthatfacilitatevitrification
willtypicallyleadtohighermechanicalstresses.(5)Inpresentstudythereisnoinformationon
theusedmaterialpropertiesofvitreousaqueoussolutions.Materialpropertiessuchasthermal
conductivityandfracturestrengthofvitreousaqueoussolutionshavemanyconnectionswith
theirinorganicanaloguesthathappenatnormaltemperatures.Anymaterialthatisunrestricted
willundergoachange in size (thermal strain)whensubjected toachange in temperature.
Additionalimportantissuethathasnotbeenaddressed,isthestressesthatarisetobilletthe
differentialshrinkage.Thermalstresscandefinitelyreachtheproducedstrengthofthefrozen
tissueresultinginplasticdeformationsorfractures.(6)Onemoremajorobstacleforperforming
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ofvitrificationisthetechniqueusedforwarming.Thisissuealsohasbeenignoredinpresent
study.Thewarming techniqueshouldbehighlyeffective topreventdevitrificationand ice
growth by recrystallization. 
Therationalforvitrificationofneatsemenhasnotbeenmentioned.Whataretheadvantages
ofvitrificationofsemeninsteadofsperm?Isthereanyscientificbackgroundforthisproce-
dure?Forvitrification,itisrecommendedthat,eventheplasmaofspermshouldberemoved.
Forvitrification thespermplasma is removed, itmeans thatbyusing this techniquemany
infectingagentssuchasHIV,hepatitisandotherviruseswillberemovedfromthesperm,and
thereforetheseinfectiousmicroorganismcannotbetransmittedviasperm.HenceHIV+men
willhavethechancetofatherchildrenwithouttheriskofpassinginfectiousorganismstobaby
andmother.Afterseparationofplasmafromthesperm,thevitrifiedspermshouldbestoredin
anultra-colddeepfreezeat-86ºCenvironment.Thismethodhasseveraladvantagescompared
toothermethods,firstthemotilityofrethawedspermincreasessignificantly(75%usingthis
methodvs.31%usingconventionalmethods)secondahighernumberofviablespermcanbe
achievedandthiscanresultinhigherchanceoffertilizationinARTs,suchasIVFandICSI.(7)

However, twodecades past thefirst live-birth fromvitrified embryos, there are still some
uncertaintiesonthesafetyofthesetechniquesanditspossibletoxiceffectsonthehealthof
childrenbornfromvitrifiedembryosoroocytes.Thereisfearthatuseofhighconcentrations
ofcryoprotectantsmayresultingeneticorepigeneticabnormalitieswithensuinginbornmal-
formations.Therefore,thereisnoagreementorscientificrecommendationsforthereplace-
mentofslowfreezingmethodwithvitrificationuniversally.
Thetechniquesforperformingvitrificationareevolving.Recentlyvitrificationofmetaphase
IIoocyteshasbeendescribedtoholdabilityforoocytepreservation,whichcanbevitalin
countrieswherealimitednumberofoocytescanbeinseminatedandembryocryopreservation
isillegal,aswellasinoocytedonationandfertilitypreservationpriortocancertreatment.(8)

The twomostcommonlyused tests todeterminespermDNAdamageare theTUNELas-
sayand the spermchromatin structureassay (SCSA).(9) theTUNELassayhasneverbeen
adjustedforusewithhumanspermatozoaandlowernormalthresholdvalueshavenotbeen
obviouslyrecognized.DNAtestingbySCSAhasbeenwidelystandardized.TUNELtesthas
notbeenstandardizedtothesamelevelasSCSA.TUNELassaycannotselectivelydifferenti-
ateclinicallysignificantDNAfragmentationfromclinicallyinsignificantfragmentation.The
assayalsocannotdifferentiatenormalDNAgroovesfrompathologicgrooves.Moreover,the
TUNELtestdoesnotgiveanyinformationconcerningtheparticulargenesthatmaybeaf-
fectedbyDNAfragmentation.ThisassaycanonlydeterminetheamountofDNAfragmenta-
tionthatensues,withthehypothesisthathigherlevelsofDNAfragmentationarepathologic.
(10)Nowadays,theonlyreliabletesttodeterminespermDNAfragmentationisSCSA.This
testhasvalidatedclinicalreferencerangeandcriteriatointerprettheyieldedresultsprecisely.
UsingtheSCSAtestonecantest5,000individualspermwithahigh-precisionflowcytometer.
TointerprettheresultsofSCSAtestDNAfragmentationindex(DFI)isused,whichrepresents
thepopulationofcellswithDNAdamage.(11,12)

FinallyamajorlimitationofpresentstudyisabsenceofpicturesbothfromTUNELresults
andvitrifiedsperms.
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