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THE INFLUENCE OF REACTIVE OXYGEN SPECIES ONIN VITRO
FERTILIZATION SUCCESS

Maryam Shahidi
Hoazrat-¢ Marvam Fertility Cexntar, Mazandaran Sari, Iran, Deparmment of Biochemistry and
Biopbysics, Faculty of Medicine. Mazandaran Univarity of Medical Sciences, Mazandaran, Sari Iran
Fateme Davoodi
Hazrat-s Maryam Fm’ih‘ty Canter, Mazandaraa, Sari Iram,
aryam Rameshgar
Hazrat-s Maryam !'mhxy Cantar, Ma.md:m Sari, ram,
Vase Taleski
Faculty of Msdical Sciences, University . Gocs Delcher™-Sthip, Republic of Macedonia
Lilja=za Simjazovika
Faculty of Medical Scisaces, University ., Goce Dalcher™-Sthip, Republic of Macedonia

Abctract: The reactve cxyzen acies (ROS) are oo of the seriows Sctors which semtively affect the invito
fctizton (IVF) cutcomss. Waen the formoticn of ROS overcome the ability of the baclogcal system to
detoxafy thars, they came dwmgs of e cells knowm a5 exndative stees. Thesws cxygen decived Swe ndicals

xo from mitochondria dering noreal codstive Dus %o thair mache
%m&mmmmmwmnﬁmmmw which
Tosuit in cellelar dumage. Phryniclogically ROS can modulate S0 reproducens processe: such a5 sparm-00cyte
Iseraction, saly exobeyo development and implwintion. Howeess the mmbalwncs in Seir peseace can causwe
cndative e aifectiog 6 pregnancy owcams. Althoug® the IVF xethods e contimoualy devsloping ad
Iproving there ars still not sufficient pucroeimoment condition: fat will wvoid ROS acammistion and theer
mmﬂmmﬁ?mhmdmsmnfmybdnnsmﬁnbm
dafemse mochaziony: o dos %0 the we of vatow mazipulathe schnigne:. In dot way the ROS can ongnas
from %o sadogenon: prodection Som the sxmetes and ensbryes or can be the recslt of the extarmal factors such
as: modi, OF concentration, wizch s boen used. Ono of the most
mme ﬁmwxmhgmm;MmmMnnmﬂw&m
Srtiizaton nats, low embryo gulity and Ezh rate of pregmancy loss. The other endogences S as
comected with cocytes and the Sollcular Sd It has besn thoun that highar ROS lewsk cam migger disnplon
of the cocyte cywamleoon, affect the pandle formation, ansuploady and abeyo dsvslopment! ameet Smce
cntrovuafxxdm crgumam tot needs i 50ms CAWs Can alio FANTIS SXOSEAIVe Aoty
of RDS. Pathological tewsls of ROS ding %Mh:lw@rgmﬂhg
ﬁmhﬂmg»mc!nnlpnmymTonﬂddud’smoﬂhhmmlmuof
RCS meamy mprovesnants were zads by additions of sapplaments in ©6 culnre media Sat educe the ROS
forzavtion, culnring undar lowse O2 comcanmanons, reduced eposzs to Beir and moodaction of vimEcta
xosthods for ayopresenaton. Althongh ooy srasgies e so for, thers 33 still 3 need for firther
devalopment of new ways 0 2void the oxiditve stress 1 a5 pessible dunng the IVT treatmomts Ome of
2 fnurs approaches 0 preves e zardl codive szes oo IVF may b cptoeeatee of 20 eovircomess by

Froe radical: a ® xelocules wiich prodace oxdative stess whezever they are not nawmlized by the
mn&mndhymmdmpvbdh Tbymnnﬁtndnm‘mhmlmdanm

sloctron Srom the smromnding molscule Tunﬁ (O")hh\&utvl
rﬂdm&mmaﬂo’} 'pocﬂmndaﬂl(wa xd the paroxyl ndical (ROT)
Topresant the movp mmed reactive oxyma species (ROS) [1.2]. Also = this group are incinded the mtrogem
mmummmmmm ). percxantis xon and maexyd oo (3] Norzmlly the

jcal processes Tesulkt in 2 of ROS unce they are mwohsd in vanoss wamal
e 2 2 3econd mSLKnae. the iifo cells muizewin the balinco betwsen ROS and antioxidants.

mm&ﬂmdhhm&anaﬁmdnmbyhmhnnm&n
affscting itself [4]. In the cases of overproduction of ROS dameage of the cal! comstitaones such as proteas, bpuds
and DNA occow. According to the mansity of the coll dwmge e codamis soess can result in Gither
Teconsttutions of the cell by rpainng proces: or mizawred apoptesls of SUen DOTTOA m the wome caes. ROS
ars knowm to play rols in phywolomcal processes suck a phagocytosis, call prelifration, diffarentistion and
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{5}¢c§muwmmmmmwumm&1‘zumm~h
mdﬂa:mdmmuh‘lwoww wmcnm [6] 2

IVF METHODS AND ROS
For mors tham three docadss the amised mprodaction sckaclegies (ART) ke becn wsed m oy
cas0s of 2ale and Spnls mGnility. These manipuiaste techeiques can came: pH shock. teeperatas changss,
mmﬂ'h@dmpcmnﬂo&-mﬁh«[’!} Howwvar in the receer smdes e
becn shown that in b0 mampuistion of the and exbryos indewe ©e misk of owssplyvuclogaal
poodaction of ROS aSecting the success rate of Se treatmane. [t hos been sugawsted that this occurs mosdy dw
2 2 lack of mxmete and abryo protection by 6 wavenger: nesded to newnalize the ROS. The somwe of ROS
2 IVF can be From the endoganons origin or extarne! scurces dunxg the IVF mocess

ENDOGENOUS SOURCES OF ROS

Under the normal conditions t asrobec cells the moest tnportmt sowes of ROS am the cxymen-danied
mdcal; fumed in metochondria dirmg the mtermedians steps of thezr reduction. Since ®e moetes and eobryes
a5 the other calls hns eargy needs they ue 6 ATP aeakd through mitechondrial exidatie phosphorylaton
and glycolysis. These processes s the physicleogical souvre of ROS [9,10]. The imerm] scurces of ROS durmg

IVF can crigimate aither from oocytes or scbrycs. ROS formmtion ocoas dunzg e capacitation
and acrorcze meactcn [11]. major source of owsrpiysiological zmouns of ROS i Se sjaculaw xre the
merpialogically sbnorzml and leucocytes [12]. Aliothe cal ofocts resmlt Som the loss of

N&mgod&qmu&sﬂm&hmdmﬂ 2 doletions, framokift, DNA oo
Ink: and clroowsomnl marmgements hae Been desaived [13]. Al incemed ROS decwasws the
ooochomdrial mambrane posntial mggering the spoptosis of the spamm cells. Consequantly durmg the IVF
poocess ey of thows Sxton can kad © low fwtizaton mats, mmpeired ambnyo development and kigh
pregmancy loss [14]. In coomust to the malk mmet the dmason with the oocyts ROS mwestimation & more
conplax. So far sweveral stadies hnvs shown me@te cambiion of ROS production with the
muﬁ?m&mvmmtsmhamofmunmmdm
and ansuploidy. Ay alteraticn of the meiotic spindle fmcton can afect S0 aormml

ﬁﬂmnhﬂmofd-cﬂ:)mndtm the IVF oteome [15] 'Ih&adnﬂqmgdr)o

dming
St n it conditons Heilits the ROS production when coopared to @ vhve condtons. It i3 clear thot

abnoreal lensls of ROS have xomithe impact on exbryo quality recorded as dow dev g
fngmeotsion and mﬁﬂxmvﬁm[lﬂ%«&h&yhhﬂufﬂb&huhh
e of ROS witmmly afect ©6 chizical pregmancy rates.

EXOGENOUS SOURCES OF ROS
mmmwmhI\'Fpumnndbmmmdm

Heoover oy cth-mmlﬁmmahomu.adun&audn?m
mw@bh@::ﬁxﬂa’bwm@@m[lﬂ mh!‘ﬁu&o& Bas

boan used, 1t seemn: that $o IV comamsioml process of sponnnsous Sralizaticn give Efarent mcrems of the
ROS lovsls compared % the mtacytoplauamc sparm injectica FCST) [18]. Alwinmmmm
for the pomotes and eohryos case of the calls 25 2 resnlt of 3 decwaw of the maml defanse
mechasizos. However the two known for ayopessnation, vifcaton or slow freazing result in
iffaran: lovels of dxmags of the cells by ROS [19]. The culturs media s 3 facter fior incrsased ROS Sormation
1 mostly comnected with S0 presence of metallic jons wiich accolarate ROS moeration. This is sobved by the
addition of tansfarin and sthylanediaming tora-acetic acad 2 2 chelytors [20]. For the 02 m 2 Sacker  IVF

z:skmudmomedmﬂlmmomzud:ummm Lowsring the
parcsatage of O2 in the ncwhators bettar developmees of the sebryos to the blastocyst stage bave besn achnsred
[21] To aveed e visible light exposre of the cells mamy IVF laboratonies work under decrease Light imeniry
o evsa somse of fam wming the fnomscent Light Shars [22]

SOLUTION STRATEGIES TO AMFLIORATE THE ROS FORMATION INIVF

Thars 25 wveral sohimion sraegien that kave boan applisd to amslicrate ®s negatho infiuencs of over
arsatcn of ROS. Qe of So oplementsd zpproaches wars 1amouws spem reparation mefhods that lower the
ROS Som terxtogenic sperm cells and Jsucocytes [23] Deubls dansity gradienr cantrifumtion and giass wool
ﬁbmmwm) The kgh gmbity cemex saples were cbauned by the combimaton of
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zmgnton {5]. Concaming the reproduceve processes ROS alio phyy an importame mls. It has besn shown thae

rolved in spemm-oocy® Imaractiom, implaey development Az
W&mmmbmmmmuu mbwp‘gm:y[ciom.

IVF METHODS AND ROS

For mors tham three docades the asiind mprodaction Sckaclogies (ART) 2ns e used In namy
cas0s of male and Spals mfmility. Thase manipulatie techmeques cam case: pH shock, temperatixs changss,
mmU\'E#MGmMMM[’KJ Howwrwr i the ecet studes e
boen showm that in 1o mampelation Fﬂ&wmhﬂdmﬂbﬂhﬂd
m&mm&mmd treatmant. It has bean suggessed that this occurs mosdy dw
2 2 lack of pmeto and smbryo protection by $6 cavsagers needed 10 nowmmalize the ROS. The sowce of ROS
2 IVF can be frons the endogenous crigin or sxternal scurces dunng the IVF process.

NOUS SOURCES OF ROS

Under the ormal conditions iz asrobec calls the most imparamt sowce of ROS ars ths cxyzen-danved
el fomed o urechendm dumng the mremedants swps of tex reduction Since S mowes :nd ahnes
2 the other calls b eoargy needs they wie Be ATP asated through nitochondnal exidase
and ghycolyus. These processes are the phyuiclogical sousce of ROS [9,10]. The imerm] scurces of ROS during
IVF cap cnizzats cither from oocytes or sbryos. ROS formmtion ocoms during $e capacittion
ndmm[n] mmijor sowmee of ovscphyuiclogical amoums of ROS &0 sjaculate ws the

v abnoronl sparmstozcs and Isucocytes [12]. Also the pathological effacts resudt Som the loss of

mmw«mmhmm Inceass of fee madicals can prodace
Wmdbma& My differsat types of muttons such a0 delosions, franeckifis, DNA o
Hnk: and clromosceml mhvbmb@d{ii]:\lwmmdk%hnb
soochondrial membrane posntial magering the apopeosis of the sperm cells. Consequently during the IVF
process ooy of thew Hxtor can lead » low fatilizascn e, nperred exobryo development and kigh
poegmancy loss [14]. In contrt to the male mness the siniadon with the oocyte ROS mwestmtion & more
complex. So far several smdies hns shown m@twe cambition of ROS production with the
catcoze in [VF patients. Eumvmwtmhamofmunwmmmm
mcrocchule dysfincton and aneuploidy. Axy altration of the meiotic spindle fmcSon can afect S0 normml
fetbimncn, development of the exobryos and consequently the IVF outcoms [15] The Sut devsloping exbryo
1 tho thind wource of ROS IVF. The noeds of the sarly ahryo is the
b IO T et e
are the ewelt of increased ensrgy decands during the processes of compaction and hatckeng &t has been found
23t I ito conditons Seibitts the ROS modnctica whan compared to @ vive condtoms. It i: clear tat
erdtnfk.cshwnmw scbryo quality recorded 33 dow developmant, high
fagmentysion and mumqvﬁm[IG}Sdehdﬂ&nh\\hdmh\thﬁl
incTsase of ROS uirimately afect $he clizical pregmancy rates

EXOGENOUS SOURCES OF ROS
mm‘mwntn?mmnmmdhmmdm

Howsver many other exsarmal factors also ast, wnch 33 media and .ﬂ“

concentration, visible ligkt and velatile cegamic compounds (VOC) [17]. h!\?mdmdx

bnmd.numﬂmhﬁ?cmmanlmsofmﬁﬂmmg\‘i&mmdb
ROS Iovels compared %o the mmacytoplawaic sparm imjection (FCSI) [18]. Ao 0 anyopressnation methods
for the mootes and embryes cxme damogs of the cells 25 2 result of 3 dacwaw of the mnml defense
mechazias. However the two known medods for ayopressnation, vitificaton or slow freezing result m
MII:lm‘lwfdnnpdh«KshRDS[w] The culture medsa 25 2 factor for mcreased ROS Somation

7 comnected with S preseacs of metalbc jons wiich accelerate ROS suzeration This is sobved by the
mxmuwmuu;mm For the O2 & a facor m IVF
mz;:homﬁnemdmhm\nooméaoamshmmmlmﬂs
parceatage of O2 in the mcubators betar developruant of the scobryos to the biastocyst stage bave been achisved
{21]. To aveid s wisible light expose of the calls mamy IVF Iaberateniss work undar docrease Hghe mmeenaity
or ewea some of Sem wming the fncoescent light Shters {22].

SOLUTION STRATEGIES TO AMFLIORATE THE ROS FORMATION INIVF

Thars ars several sohztion sTae@es that have bean applisd to amelicrate £ negathe infiuence of over
arsaticn of ROS. One of S0 mxplamented approache: ware vamows spam preparation methods that lower the
ROS Som teratoganic sperm calis 20d Jencocytes [23]. Doubls densiry sradient centrifugtion and gl wool
filmtion wurs mcommanded [24] The high gmlity weowa saple: were obmined by the combimasion of
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mamstic-activand soparation with gradisnt canifzgation [25]. Additions! sepplemantation of the medi with
mmasmwzmm‘mw Since the miroduction
oﬂ\"l"m;uam m&.umm»mﬁlhmm
Tharsfore difersat suppleoxamtion: of ©o media 1 mantvn 3 soable msoxdmt balance bave bean wed
Dromg S5 o cultrs media bave evolved and segaeernl culture media wers created for the bansft of betnr
ambryo developmant [27]. Aldough thars are cortain ackicvemenrs, thars 12 24l 2 xeed for fiursher research nith
m 2mto preguancy rae. To amslionts the oxdative s 5 3 senow and very mmportan challengs
hﬁuﬂn‘%bl\?ﬁn&hﬂm& of exriched savirommens with mﬁ‘znm;(’nmmy
s some mfluence ca KOS aeaton It has been showmn Sat mkalaton of NAI by rats mfinance the wergy
eacticns of netochondriy. The stady of Ever and brain calls afier shalation of NAT thowsd decase in the
nngydundﬁinmmdhmmm spaephring. This study demscnstrated the seasitviry of

in ths tram and Irver cells [28) an@umﬂmx.-\l hwe 2 *m!apl
-ﬁctudb sach as gamete: or developing [ } e Ph
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