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Beltiwon g pakpoPiémrag tou
KATEWPUYPEVOU CHEPHATOG TOU EN1-
Britopa

Khalifa T.A.A.', Waheed M.M.?,
A.T. Avpuepéovdog'

NEPIAHWH. H ofaouki katanévnon wwv oneppatolwa-
plwv katd t S1dpkeia g ouvtipnong tou oéppatog oe Yapniég
Oeppoxpacieg éxer anoberyOei 6u efvar uneiBuvn, oe éva mooootd,
yia n peiwon mg KIVNUKGTNTAG KAl TNG YOVIPOIOINTUKIAG TOUg
ixavétnrag. H napovoa epyacia npayparonoiifnke pe okond v
extipnon g in-vitro enidpaong wv avuoeilbwukdy, e ka-
(peivng 1 Tou ouvduaopoy toug otn pakpoPidtnta ToU KATEPUY-
pévou onépparog tou emPritopa. Toa pépn khdoparog ekoneppa-
tioparog analdaypévou ané m {edauvddn @don (n=12), va onoia
oulMéxOnkav ané 5 fmmoug ApaPixiig @uig (9-18 etdv), pn yvo-
ouig avtoyiig twv onepparolwapiov otny kardypuln, avapeixdn-
kav oe avadoyia 1:1 pe apaiouké Tris-kpdkou auyou. ‘Eyive qu-
yoxévrpnon oe 500 x g yia 5 min, anopakpivOnke o unepkeipe-
vo uyp6 kat oto {{npa v onepparolwapiov yrvérav mpochixn
oe 2 @doeig apaiwtkoy, to onofo mepieiye A dev mepieiye avo-
§ebwuxd (0.50 mg/ml nupouPiké varpio, 1 mg/ml Oer00erixd va-
p10, 5 mg/ml aAPoupivn Péetou opoy, 0.15 mg/ml ywpiovyo
peuddpyupo ka1 0.50mg/ml 3-ubpou-4-pebou-kuvapiké og).
Y ouvéyela, 0 apaiwpévo onéppa katapyydnke pe t popen ou-
pvkvopévey opapibiov twv 0.25 ml. ITpv mv katdyuén, n te-
kA ouykévtpwon g YAukepivng, kabdg ka1 0 ap1fpdg v onep-
parolwapiov Atav 5% kat 562-924x10°/ml, avuotoiyws. Ta xa-
tepuypéva opaipidia apaiwpévou onéppatog, pe i ywpig avuo-
Eebowukd, anopiydnkav oe Siddupa Tris-kitpixké 0&G-yruxéln
(40°C y1a 30 sec), 1o omofo nepiefye 0, 0.49, 0.97 A 1.94mg ka-
@eivng/ml ka1 enwdoBnkav (140-230x10° onepparolwdapia/ml)
oe Beppoxpacia 30°C yia 3 h. H xivnukénta twv npoodevuxd xi-
volpevov oneppatolwapiov (%) exkupidnke petd m @uyoké-
vtpnon, npiv tv katdpuén ka1 0, 1, 2 ka1 3 h perd wv anépuén.
Ta anotedéopara é6ei§av 6u unripye onpavuki enidpaon (P<0.05)
WV YEIPICP@V 0TV KIVITUK6TNta twv oneppatolwapiov pévo pe-
14 mv andpuén. H npoodikn pévo avuoleibwuxav A pévo xa-
@eivng Sev Pedtimoe onpavuxd w Siatdpnon tng kivnukétntag
tou onéppatog. Avtibera, n npoobiikn v avuoleilbwukwy, oe
ouvbuaopd pe 0.97 4 1.94 mg kageivng/ml, anotéAecav tov ka-
Mtepo ouvduaops yia t onpavuki fedtiwon mg pakpoPiéntag
wv oueppatolwapiov tou empPrhtopa.

Aé&esg supempiaong: emPitopac, onéppa, avuoleldwuxd, xa-
@eivn

Epeuvnuikn
Original article

An endeavor to improve longevity
of cryopreserved equine sperm

Khalifa T.A.A.", Waheed M.M %,
Lymberopoulos A.G."

ABSTRACT. Exposure of sperm cells to the oxidative stress
pending hypothermic storage of semen has been suggested to be
responsible, in part, for the decline of their motility and fertility.
This study was conducted to evaluate the in-vitro effects of
antioxidants (AOs) and / or caffeine on longevity of cryopreserved
stallion spermatozoa. Aliquots from the gel-free fraction of semen
ejaculates (n=12), collected from 5 Arabian stallions (9-18 years old)
of unknown sperm freezability, were mixed 1:1 with a Tris-egg yolk
extender (TEYE), centrifuged at 500 x g for 5 min and sperm cells
were frozen in the form of 0.25-ml concentrated pellets after 2-step
addition of TEYE supplemented with or without AOs (0.50 mg /
ml Na pyruvate, 1 mg/ ml Na thiosulfate, 5 mg / ml bovine serum
albumin, 0.15 mg / ml zinc chloride and 0.50 mg / ml ferulic acid).
The final pre-freeze concentrations of glycerol and sperm cells were
5% and 562-924 x 10° / ml, respectively. Frozen pellets from non-
AOs and AOs-treated sperm were thawed in a Tris-citric acid-
glucose solution (40°C) containing 0, 0.49, 0.97 or 1.94 mg / ml
caffeine and incubated (140-230 x 10° sperm / ml) at 30°C for 3 h.
Sperm progressive motility (%) was assessed after centrifugation,
before freezing and after 0, 1, 2 and 3 h of thawing. The results
revealed significant (P<0.05) effects of sperm treatments only on
post-thaw motility. Neither AOs alone nor caffeine alone could
significantly ameliorate the maintenance of sperm motility. AOs
plus 0.97 or 1.94 mg / ml caffeine were the superior supplements
in improving the longevity of stallion spermatozoa.

Key words: stallion, semen, antioxidants, caffeine
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EIZATQT'H

Ta onepuatofmdoia Tou emPrtoga eivol oD gv-
atonta oty oEedmtiry ratamdvnon ASym g and-
Mg eEdomonic Toug atd Tov ageoflo petaforond
TTQOXELUEVOU VO ROAYOUV TIC AVAYHES TOVS 08 AdEVO-
owotpLpwopond o0&V (ATP) (Engle »ou ovv. 1975),
AGym aduvopiog Toug va emdLoQ8MOoVY TLS KUTTAUQIRES
ueupodves 1§ va ovvBéocovv avtioEedmtind (AOs)
(Mann and Lutwak-Mann, 1981) xou tg agBoviag twv
TOAVARGQECTOV MITAQWV 0EEMY TTOV VITAQYOVV OTO TTe-
oteyouevo toug (Parks and Lynch, 1992). Exiong, dwa-
Bétovy TV wavdtta va taedyouv vrtegogeidia (O,)
rnouw vTeEoEeldia tov vdpoysvou (H,O,) drapéoov tg
wroyovopLarig avamvoiic 1 vo egpodidlovv pe dga-
otoetdtnto to ovotho o&etdwong tng NADPH (Ball
and Vo, 1999; Aitken and Baker, 2004) non €xouv me-
QLOQLOUEVO eVOOYEVT AVTIOEELOWTING UNXAVIOUS div-
vag. Autd €yxel wg TOTELEOUO T OTEQUATOLMAQLAL,
ot TeEAEVTAL0 OTAdLOL TG OTEQUATOYEVEDHS, VAL OITTOQ-
plmTouV To PEYOAITEQO UEQOS TOV KUTTAQOTAACUATOG,
UE OTOTEAECUOL VO XAVOUV RAL TO UEYUAUTEQO UEQOG
TOV eVEUP®V IOV TOLoVY QOAO OTHV GUUVE TOUS KOL TO
0TOl0L TQOOTATEVOUV TA COUATIRA ®UTTOQO OTTO T PAD-
Bn ™ vrtepoEeidwong (Hughes xow ovv. 1998; Ball zow
ouv. 2000).

To nareypuyuévo oméoua Tov emPiitoQa, 6tav amo-
YuyOel, xer wnpdtepn dudoxrela Lot now yaunhoteen
YOVLULOTOLNTLXY] LRAVOTNTO 08 OUY®OLON UE TO VTS
(Samper, 2001). Avté €L amoderyBei 6tL opelheTan
UEQLRMS OTIS OVIOOTNTES TTOV VITAQYOVY UETAED VOO
RO RATEYVYUEVOU OTEQUOTOS O GTL APOQE OTNV TO-
XUTNTO OYNUOTLIOUROU TV OVIGVTOV TWV VITEQOEELdIWY
(05 now Tov VITteEoEeWiov Tov vdpoysvou (H,O,) (Ball
and Vo, 1999) 1 oty evioruttoQuxi] CuyrEVIQWOoN Twv
ehevBepv Wvtov aofeotiov (Ca™) (Samper, 2001;
Pommer »an ovv. 2002).

Z1omdg THE TaRoVoag QYaciog itav 1 diegelvion
™™g duvatdtnrag feltiwong Thg avioyiig Twv OTeEQUa-
tolmaginv Tov emLfNtoea otV RaTdPVEN Ue TNV TQO-
oBM®N avTLOEEWWTIKDY 08 AQALMTIXG TTOV TEQLEYOVY
Tris-»p6%0 avyos L TV ®atdPuEn rau/f TEoobixn
RAPEIVNG UETA TNV ATTOYUEN.

YAIKA KAI ME®OAOI

‘Oleg oL yNurég OVOTES TTOU TOV ATAQAITYTES YLOL
TNV TOQUOKEVT TWV ALOAUMTIXWV TAQOVOLATOVTAL OTOV
mivaxa 1 zow  woounfeLd tovg €yive amtd Ty Sigma-
Aldrich Co., Deisenhofen, I'eppavia. Miyuo wugou-
Buxov vatpiov (0.50 mg/ml), BerobBetirov vatpiov
(1mg/ml), BSA (5 mg/ml), yhworotyov Ppevdagyvpov
(0.15 mg/ml) xou 3-v800EV-4-ueBoEv-ruvouLroU 0EE0g
(0.50 mg/ml) yonowpomounifnxre, HETE OIS TOORATAQ-

INTRODUCTION

Stallion spermatozoa are endowed with an extreme
liability to the oxidative stress in view of their absolute
reliance on the aerobic metabolism to meet their ATP
requirements (Engle et al, 1975), their inability to repair
membranes or to synthesize AOs (Mann and Lutwak-
Mann, 1981), their exuberant content of polyunsa-
turated fatty acids (PUFA) (Parks and Lynch, 1992),
their unique capacity to generate O* and H,O, through
mitochondrial respiration or fueling the activity of
NADPH oxidase system (Ball and Vo, 1999; Aitken
and Baker, 2004) and their restricted endogenous
antioxidant defense mechanism, viz., as spermatozoa
discard the majority of their cytoplasm during final
stages of spermatogenesis, they lose most of the
cytoplasmic defense enzymes which safeguard somatic
cells from the peroxidative damage (Hughes et al., 1998;
Ball et al., 2000).

Cryoconserved stallion sperm experience a shorter
lifetime and a lower fertility than their fresh coordinates
(Samper, 2001). This was partially accredited to the
outstanding imparities between fresh and frozen sperm
in the generation rate of superoxide anions (O*) and
hydrogen peroxide (H,O,) (Ball and Vo, 1999) or in the
intracellular concentration of free calcium ions (Ca*)
(Samper, 2001; Pommer et al., 2002).

The objective of the present study was, therefore, to
investigate if pre-freeze inclusion of antioxidants (AOs)
in Tris-egg yolk extenders and/or post-thaw supple-
mentation of sperm cells with caffeine could ameliorate
freezability of stallion semen.

MATERIALS AND METHODS

All chemicals utilized in preparation of media pre-
sented in table 1 were purchased from Sigma-Aldrich
Co., Deisenhofen, Germany. A mixture of sodium
pyruvate (0.50 mg/ml), sodium thiosulfate (1 mg/ml),
BSA (5 mg/ml), zinc chloride (0.15 mg/ml) and ferulic
acid (0.50 mg/ml) were used in conformity with a
preliminary dose-response study that was conducted on
28 water- and lipid-soluble AOs for selection of the
optimal combination of them in Tris-egg yolk extenders
based on motility, viability, plasma membrane integrity
and morphological normalcy of stored (5°C for 96 h)
stallion spermatozoa.

On the basis of once biweekly collection schedule
(from May to August 2003), semen samples were
obtained via a CSU-style artificial vagina from 5
Arabian stallions (9, 10, 13, 15 and 18 years old) of
unknown sperm freezability and belonging to El-Zahra
Arab Horse Stud, Cairo, Egypt. At the time of collection
(early in the morning before offering the daily ration),
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Iivaxag 1. ZUvOeom xnat OeprorAoio TV CQULOTIXMY TOV XONOLUOTOLHON®AV RATA TH PUYOREVTONON TOV OTEQUATOS KO T1 dLatdL-
2raoto ™g ®aTdYPuENG/anGYPuENS ToV OTEQUATOS TOV EMPHTOQU O€ LOQPY CUUTVRVOUEVOY opatodiny twv 0.25 ml.

Agorotizd

A B r A
XuoTaTixd Xongig Me Xomoig Me Avddvpa
OvVTLOEEDMTING AVTIOEELOOTIRA OVTLOEEWOTIXG OVTLOEEWDWTIXG  ATOYVENS

30°C 30°C 5°C 5°C 40°C
Tris (vVOpoEUpeBVA-) apuvopeddvio™® (g) 2.40 2.40 2.40 2.40 2.40
Avud00 HLTEWHG 0EV* (g) 1:25 1.25 1.25 125 1.25
“Evudon D-Thwxétn* pe éva néoro HyO(g) 0.45 0.45 0.45 0.45 0.45
Narolovyog mevirihivy G* (TU) 50.000 50.000 50.000 50.000 50.000
Octinn orpemtopvrivn® (mg) 50 50 50 50 50
Dpéonog npdrog avyov* (ml) 22 22 22, 22, -
TMvpouvPnd vdtolo (mg) - 50 - 50 -
®¢L00elind Ndroro, SH,O (mg) - 100 - 100 -
AMovuivn Bogtov 000U, «ehetiBepn» Mmapdv 0wy (mg) - 500 - 500 -
Xhnprotyog Pevddpyvpog (mg) - 15 - 15 -
3-v9008v-3-pueBoEvruvaurs ogv (mg) - 50 - 50 -
Thuxzepivn (ml) - - 10 10 -
Ameotaypévo veo vaivng oming® (ml) 100 100 100 100 100

* Ta Baowrd ovotanxd Tov aponmtivov pe fdon to Tris (Samper and Crabo, 1993).
“Too ®AGOUATO TOV AQULMTIADY TOV TAQUOREVAOTNRAY ®ot TomoBeTiOnray o grolidia tov 50 ml o Bepuorgacia -20° C uéxol va xenotwomombovv.

Table 1. Composition and temperature of media used in centrifugation of semen, two-step addition of extenders and frecze/thaw
processing of stallion sperm in the form of 0.25-ml pellets

Extenders

A B r A Thawing
Components Control  Antioxidants Control Antioxidants solution
30°C 30°C 5°C 5°C 40°C
Tris (hydroxymethyl) amino methane* (g) 2.40 2.40 2.40 2.40 2.40
Citric acid anhydrous* (g) 1.25 1.25 1.25 1.25 1,28
D-Glucose monohydrate* (g) 0.45 0.45 0.45 0.45 0.45
Penicillin G sodium* (TU) 50.000 50.000 50.000 50.000 50.000
Streptomycin sulfate* (mg) 50 50 50 50 50
Fresh chicken egg yolk* (ml) 22 22 22 22 -
Sodium pyruvate (mg) - 50 - 50 -
Sodium thiosulfate, SH,O (mg) - 100 - 100 -
Bovine serum albumin (BSA) Fraction V, Fatty acid-free (mg) - 500 - 500 -
Zinc chloride (mg) - 15 - 15 -
Ferulic acid (3-Hydroxy-3-methoxycinnamic acid) (mg) - 50 - 50 -
Glycerol (ml) - - 10 10 -
Glass-distilled water* (ml) 100 100 100 100 100

* The basic ingredients of Tris extender (Samper and Crabo, 1993).
Single batches of these media were formulated and reposited in 50-ml vials at -20°C until used.

wTry] REAETY TG xoENYOUUEVNS OGONS HOW TS OVTOITTS- an estrous mare was used as a mount animal. Pre-
2OLONG TWV OTeQUATOCMaQiwV 08 28 vdaTo- %ot MITo- warmed collection bottles fitted with nylon filters were
dradutd avtoEeldotind (AOs), yia v emhoyr tov used for seclusion of gel from semen. Each animal was
GOLOTOV CVVOVAOUOD AUTHY 08 AQOULWTIRA TTOV TTEQLE(- housed in a hygienic separate stall and fed 2 to 4 Kg of
yowv Tris nwou ®edéro avyot. H aElohdynon €ywve e fd- a balanced grain ration plus 5 to 7 Kg of barseem hay
on ™ LoTxdTTa, TV RIVHTROTHTA, THY AXEQALOTITO daily. All stallions had sired foals and their overall per-
NG KUTTAOLXNG UEWPOAVNG RO TIC WOQPOLOYLRES AV®- cycle pregnancy rates pending the preceding natural
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wohlec Twv omeQUOTOLmaQimy Tov emfrtoga Ttov dia-
e Onxav oe Bepuorpacia 5°C yua 96 h.

Me Pdomn 1o TEWTOROALO OTEQUATOOVALOYNS TNS
EXTQOWIIC, 1] CUALOYY TOU OTTEQUATOC YLVOTOY Wio oQd
%d0e 2 efdouddeg (amd Mduwo uéyor Avyovoto 2003).
210 dudoTnuo cuté oUAEXOMrav Tuyaia 2-3 exomep-
nottopata pe texvnto »oAmo timov CSU asntd 5 emfpi-
topeg Apafirig puiic (9, 10, 13, 15, 18 etddv) un yvo-
OTHS OVTOXN S OTNY RATAWPVEY %L OL 0TTOLOL VROV OTO
utooppeto Tov El-Zahra tov Kaipov g Avydmtov.
It oulhoyn Tov omtépuatog (Vg To TEmE IOV ™)
x00MyNon mg xabnueewiic Teogric) xonotuomouitnxre
@opdda tov forondtav ot oiotpo. Ta prakidia culho-
v omépuarog elyov mpofepuavOel xoL 0to oTdULo
Toug elyav mpooapuoatel vaiviov giktoa Yo To dia-
xmewoud g Lehatvaddovg gpdong amd to onépuca. Ta
Ldda otapArifoviav oe atourd reMd wov Angoloay
Ohat T LETQA VYLELVHGS RO TOVS XoENnyoUvtay 2-4 wihd
LOOQEOTNUEVOU OLTNEEGTOV 0ToTEAOUUEVOL Ot dMun-
TOLOXOVG ROQIOUE %alL 5-7 ®IAA TNV U oovog undt-
%©1(g. ‘Olou oL emPritogeg elyov amoydvoug %ol To T0-
000Td CUMNYNGS avE ®U%AO ®aTd T SUAQRELD TOV TTQO-
YOAUUOTOS TS TTQONYOUUEVHS TTEQLGOOU PUOLREV OYEL-
v ftav 66.67% (10/15), 53.33% (8/15), 64.52% (20/31),
55.00% (11/20) »ou 62.50% (25/40).

Metd ™ oulhoyY TOU OTEQUATOS, TO ATTAAROLYUEVO
a6 ) Cehatvddn Aot ®*AAouo Tov EXOTEQUATIOUOL-
tog eEeTalotav »aL aQaudvovTay povo to delypata
exelva (n=2-3 / emPritopar) wov elyav Lotndtra pe-
yolttepn amé 50% now murvdtte 250x10° orepuoro-
Coapia/ml. Avo (oo ®Adouata and To amaAAAYUEVO
™¢ Cehatvdidovg dong exomeQUATIONN UETAPEQO-
viav 0g ®wvird @uahidia guyoxévionons twv 14 ml
To mowto »Adopa (6 ml, pdeTVEAS) CEALWVITAY [LE 6
ml amd 1o agamTnd A, arolovBovoe QuyorEVIQNON
(500 x g yuae 5 min) oe Bepuoxpaocia dmuatiov, amxoud-
XQUVOT) TOU VTTEQRE(LEVOL UYQOV %ol TO (Tnua Twv omeQ-
noatotmapimv emavagepdtav ue 1.50 ml tov agawtt-
%00 A. Me Tov (910 19670 Yyivdtav 1 apaimon tov dev-
tegov uépovug (6 ml, AOs), ue ™ wovy dapod GTL To
{tnua Twv onepuoTotmagimy emavageodtov pue 1.50
ml Tov agarwtzov B. Ta 600 »hdopoto Tomobetov-
viav o€ Yuxtro Bdhapo oe Bepuorgacia 5° C yua yo-
vt dudpxrela 4 h. O BaBuds YiEng ftav Toyis and
tovg 30 otovg 19°C (-0.70° C/min), foadis ad tovg 19
otovg 8°C (-0.05°C/min) row Eavd toyig amd toug 8
otovg 5°C (-0.70° C/min). AxolovBovoe yhvreplivwon
ue v teootixrn 1.50 ml and To agowwtind I' 610 TEM-
1o népog xou 1.50 ml aswd 1o aparwtrd A oto devtepo
®xAdoua, ®ou ot ouvéyela eEloopdmnon otovg 5°C
v drdotnua 3-4 h. O teMnég oVYrREVIQMOELS TG YAU-
%eQIVNS ®oL 0 aELBUds Twv orepuatolwaginy ota dvo

service program were 66.67% (10/15), 53.33% (8/15),
64.52% (20/31), 55.00% (11/20) and 62.50% (25/40).

After collection, the gel-free fraction of the ejaculate
was evaluated and only samples (n=2 to 3/stallion) with
more than 50% initial motility and 250 x 10° sperm cells/
ml were processed. Two aliquots of gel-free semen from
each ejaculate were transferred to 14-ml conical centri-
fuge tubes. The first aliquot (6 ml, control) was diluted
with 6 ml of extender A, centrifuged (500 x g for 5 min)
at room temperature, the supernatant was aspirated
and sperm pellet was reconstituted in 1.50 ml of exten-
der A. The second aliquot (6 ml, AOs) was treated as
described above, but sperm pellet was resuspended in
1.50 ml of extender B. Both aliquots were then cooled
to 5°C over a 4-h period. The cooling rates were rapid
from 30 to 19°C (-0.70°C/min), slow from 19 to 8°C (-
0.05°C/min) and again rapid from 8 to 5°C (-0.70°C/
min). Cooled spermatozoa were glycerinated by adding
1.50 ml of extender C to the first aliquot and 1.50 ml of
extender D to the second aliquot, and then equilibrated
at 5°C for 3-4 h. The final concentrations of glycerol and
spermatozoa in equilibrated aliquots were 5% and 562-
924 x 10°/ml, respectively. Next, spermatozoa were
frozen in the form of 0.25-ml pellets onto a plate made
of polytetrafluoroethylene that was cooled beforehand
by immersing it in liquid nitrogen for 10 min and raising
it up to be exposed to the vapor of liquid nitrogen. After
3 min, frozen pellets were plunged in liquid nitrogen for
10 min and promptly thawed by dropping one pellet
into a test tube containing 0.75 ml of a pre-warmed
(40°C) thawing solution (table 1), which was supple-
mented with 0, 0.49, 0.97 or 1.94 mg/ml caffeine. After-
wards, frozen-thawed spermatozoa (140-230 x 10°/ml)
were incubated at 30°C for 3 h. Two pellets were used
for each post-thaw sperm treatment.

Sperm progressive motility was examined in gel-free
semen, after centrifugation and resuspension of sperm
in glycerol-free extenders, just before freezing and after
thawing as well as at hourly intervals of post-thaw
incubation period. All estimations of motility
percentages were carried out by a single observer using
a phase-contrast microscope (400 x), equipped with a
thermal stage maintained at 37°C. The viability index of
frozen-thawed spermatozoa was computed from the
following equation (Milovanov et al., 1964) :

VI:Z[Mx T;R}

where VI is the viability index, X is a sign for the sum
total, M is the percentage of sperm motility, T is the
time of next determination of motility and R is the time
of previous determination of motility. The concen-
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{oa ®Adouoro Tov OTEQUATOS TTOU Elyay VITOaTel TV
eELo0pomnon ftav 5% rar 562-924x10° onepuatolm-
doua/ml, avtotolymwes. Xt CuvEyeLd, Ta OTEQUATOLMA-
OLOL XOTOAPUYOVTOV UE TH LOQYPY] CUUTURVOUEVOV OQOLL-
owiwv twv 0.25 ml o TAGKA ROTOOREVAOUEVY OTTG TTO-
MTETQOPAOV0Q0EBVAEVLO, 1 oTtola TpdTa epPamtilo-
Tav o8 vYE6 dlwto yia 10 min »ow ot oVVEXELL VU~
PovoTay xou exTiBeTo 0TOUS 0TUOUS TOV VYQOT aldTov.
Mertd a6 3 min ta xatePpuypévo opaidio xotadio-
vtav 0to vyed dfwto yio 10 min. H amtéypuén twv opot-
oWlmV YwvoTay UE T UETAPOQA TOU CUUTUXVOUEVOU
opadiov og dorwaotnd cwkyva ov segieiye 0,75
ml dreAvpotog andyuEng (mivarasg 1), to omolo moon-
yovuévag elye mpoBepuaviet (40° C) »au oto omolo &i-
YOV TEOOTEDET DLOPOQETIRES CUYREVIQWOELS RAPEIVNG
0, 0.49, 0.97 1 1.94 mg/ml. Katdmy, ta omepuatotmd-
oo (140-230x10° omepparolmdguia/ml) emwdlovay oe
Bepuonpacia 30°C yia dudomua 3 h. T tov éheyyo
NG YOVLULOTOLNTIXHS HAVOTHTOS TOU HOATEWYVYUEVOU
OTEQUATOC XONOLWOTOLOVVTAY dUo opouQidLa yia »dbe
UETAYEIQLOT TOV OTTEQUATOG.

H wivnundmra tomv 1000devtind #voUREVOV OTeQ-
uoatofmapimv eleyyotay oto amarhayuévo amnd t Ce-
ATV QAOT OTTEQUA. ETA T QUYOREVTOYOT] HOL THV
ENMAVOPOQA TMV OTEQUATOLWAQIMV UE TOL OTTOANOLYLE-
vaL YAUREQIVIG ALQUMTLRA, TTOLV THV RATAYVEN %o te-
TA TV aTOYVEY, »aBwg naw xdbe 1 doa ratd T dudp-
xew g emwaons. O extypuioets e Lotmdmrag yi-
VOVTOW TTAvTo otd To (OLo dTopo ue T ¥E1oN WxQOo-
oxomiov avitfétov pdong (x400), epodiaouévou pe
Bepuavépevn mhaxo oty Bepuoxpacia twv 37°C. O
delntng g CoTRSTTASC TOV RATEYVYUEVWV-ATOY-
¥0évtov onepuatolmapimv vtohoyLdtay amd ™y ma-
oaxdrw eElowon (Milovanov xou ovv. 1964):

Vl=Z{Mx T;R}

omov VI elvan o delntyg Lotmdmrag, E elval 1o ouvo-
Mx6 dBpotopa, M eivan 1 TocooTiala avaAoyio g
Cotndmtag Tov orepuototmagimv, T elvol o yodvog
™e emduevng extiunong g Lotindmrag xau R elvat o
¥QGVOG TG TEONYOUReVNS exTiUnong e Lotrdttag.
H »atopgtonon tov apbuot twv oreguatolwoginv
oto amwolaryuévo omd ™ Celotvaddy pdon onéoua,
ota eEL00EQEOTNUEVA (00, #AAOUOTO TOV OTTEQUATOS KL
ota amoyuyBévia oparpidia yivdtav e T foriBeia o~
patoxuttapo-uétoou Neubauer.

H otatioting avdivon tov aroteAeoudtov €Yive
otupwva pe toug Snedecor and Cochran (1980). Ta
OToTEAE OPLOTA TTAQOVOLALOVTOL 1 UECOL GQOL * TUTTL-
%0 o@dAiua. O dapoeés uetaEl Tne TooooTIol0g ava-
royiog ™g LoTrdTTog Tmv OreQUATolmaginy o me-

tration of sperm cells in gel-free semen, equilibrated
aliquots and in thawed pellets was measured by a
Neubauer haemocytometer.

Statistical analysis of the results was performed
according to Snedecor and Cochran (1980). Results are
presented as means = SEM. Differences between moti-
lity percentages of untreated and AOs-treated sperm
(post-centrifugation and pre-freeze) were determined
by an unpaired two-tailed t-test. Analysis of variance
(two-way ANOVA) and the least significant difference
(LSD) test were used to examine the effects of semen
treatments and incubation time on post-thaw motility
percentages. One-way ANOVA and LSD test were
applied in order to analyze the influence of sperm
treatments on post-thaw viability indices. All P-values
less than 0.05 were considered statistically significant.

RESULTS

The overall means of gel-free fraction volume, sperm
motility percentage and sperm concentration of semen
ejaculates were 28.35+3.25 ml, 77.50%3.27 % and
358.08+32.91 x 10°/ml, respectively.

Apart from sperm treatments, the motility percen-
tages after centrifugation, before freezing, after 0, 1, 2
and 3 h of thawing averaged 84.38 + 2.28, 81.88 * 2.49,
50.00+1.18, 38.75+1.41, 22.73+1.55 and 14.14+1.20
%, respectively. Incubation time had a significant (P <
0.0005) effect on post-thaw sperm motility percentages.

Post-centrifugation (84.38+3.20 and 85.38+3.46 %)
and pre-freeze (80.00+3.41 and 83.75+3.75 %) motility
did not differ (P > 0.05) among untreated and AOs-
treated sperm, respectively. Nonetheless, immediately
after thawing (table 2), the motility percentages of
sperm, treated with 1.94 mg /ml caffeine alone or with
AOs plus increasing concentrations of caffeine, were
significantly (P < 0.05) higher than those of untreated
sperm. Meanwhile, upon incubation of semen for 1 or
2 h, the amelioration in motility percentages remained
(P < 0.05) solely for sperm, supplemented with AOs
plus 0.97 or 1.94 mg / ml caffeine. At 3 h of incubation,
motility percentages of sperm, treated with AOs plus
1.94 mg/ml caffeine, tended (P > 0.05) to be higher
than that of other sperm treatments. The interaction
between incubation time and semen treatments was
significant (P < 0.05).

Values of post-thaw viability indices were not signi-
ficantly improved by addition of AOs alone or caffeine
alone at any concentration. However, the viability
indices of sperm exposed to AOs plus caffeine at 0.97
mg/ml (119.06+7.68) or 1.94 mg/ml (120.63+8.73) were
superior (P<0.05) to those of untreated sperm (79.38+
7.82) and sperm treated with 0.49 mg/ml caffeine alone
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Hivaxag 2. H exidpaon tmv avitoEedwmnmy xow/ g #apeivng omy ®ivnurdmra (%) vatd my xatdpuEn-oxdyuEn tov oméouo-

TOG TOV EMLPMTOQO.

ArLdorera exdaong peTtd TNy amoYvEn

Merayeigwon Kageivn

OmEQUATOG (mg/ml) Oh 1h 2h 3h
0,00 41.25+2.27 31.88+4.53 16.25+3.50° 10.63+3.20°
Xooig 0,49 46.88+3.53" 34.38+4.95" 17.50+3.54* 12.50+3.78"
avTLoEedoTind 0,97 47.50+4.63" 36.88+5.08" 18.75+4.30* 12.50+3.27
1,94 53.13+2.82° 40.00+3.66™ 20.00+6.05" 11.88+3.89°
0,00 49.38+3.20" 36.88+3.53* 22.50+3.78" 15.63+3.33"
Me 0,49 51.25+3.50° 41.25+3.24* 24.38+4.06" 16.88+4.32°
avTLoEedoTInd 0,97 55.63+2.20b 43.75+2.95b 32.50+2.67° 15.00+3.41°
1,94 55.00+2.31° 45.00+2.83" 30.00+4.91" 18.13+2.66°

abc Oy ugoeg TuEg o #a0e orihn ue drapoeeTnd ex0£m Stupgégovy onuavtxd (P < 0.05).

Table 2. Effect of antioxidants and/or catfeine on motility (%) of frozen-thawed stallion sperm.

Post-thaw incubation time

Semen Caffeine
treatments (mg/ml) Oh 1h 2h 3h

0,00 41.25+2.27° 31.88+4.53° 16.25+3.50° 10.63+3.20°
Coritiol 0,49 46.88+£3.53" 34.38+4.95" 17.50£3.54* 12.50+3.78°
0,97 47.50£4.63" 36.88+5.08" 18.75+4.30" 12.50+3.27°
1,94 53.13+£2.82" 40.00£3.66™ 20.00£6.05* 11.88+3.89°
0,00 49.38+£3.20" 36.88+3.53" 22.50+3.78" 15.63+3.33°
Antioxidants 0,49 51.25+3.50° 41.25+£3.24" 24.38+4.06™ 16.88+4.32°
0,97 55.63+2.20b 43.75+2.95b 32.50+2.67° 15.00+3.41°
1,94 55.00+2.31° 45.00£2.83" 30.00£4.91" 18.13+2.66°

ab.ec Means = SEM within columns having dissimilar superscripts are significantly different at P < 0.05 (n=12).

pLelyav avtloEeldwTind nou eXeivmv ov dev TEQLE(-
oV (LETA TN QUYOREVIENON ROL IOV TNV RATAYVEN)
mpoodogiotrav ue to t-test (unpaired two-tailed). H
avdlvon drantpavong (two-way ANOVA) zaw 1 doxt-
uy Tne eAdyomg onuovtiriic dtagopds (LSD) yonot-
womomOnxav yio v eE€Taon e emldQOoNg TV YEL-
QLOUAV TOU OTEQUOTOS ROL TOU XOOVOU THG ETMDAONG
OTNV RLVHTLROTNTA TV OTEQUATOLWaQlmV petd v
andpuEn. H avdivon danduavong (one-way ANOVA)
zou 1) doxriut] TG eAA(LOTNS ONUOAVTIXNG dLa@oQdg
(LSD) egpaoudotnray yio v ovdivon Thg enidoaong
TOV XELOLOUMY TOV OITEQUATOS OTH CWTHGTNTE TOV Ue-
TA TV aroPYuen. Ou Eleyyol Eywvay yia emimedo onua-
vuxotrag P<0.05.

AIIOTEAEXMATA

O péool 6oL TOU GYROV, TS TOCOOTLOL0GS OVAAO-
yiag ™g LomndTTag %ol g TURVETHTAS TOV oItoh-
Aayuévou amd T Lehativedrdn @don ®Adouatog Tov
onéopatog Nrav 28.35£3.25ml, 77.50%3.27% nou
358.08+32.91x10° oepuorolmapimv/ml, aviotolymg.

(87.81%£10.92), but were not significantly different from
those of sperm supplemented with AOs alone (99.69+
8.86) or with caffeine alone at 0.97 mg/ml (91.88+11.79)
and 1.94 mg/ml (98.44+12.35).

DISCUSSION

Many factors may impose an extra oxidative load
on cryopreserved sperm cells, such as 1) the dilution
rates and availability of oxygen during semen processing
(Shannon, 1965); 2) the presence of significant popula-
tions of dead and damaged spermatozoa (Vishwanath
and Shannon, 1997; Ball and Vo, 1999), as well as imma-
ture germ cells and leukocytes (Baumber et al., 2002;
Khalifa et al., 2003) in semen; 3) centrifugation and re-
moval most of seminal plasma (Ball et al., 2000; Hegab
and Khalifa, 2003); 4) excessive influx of Ca** into sper-
matozoa, particularly in milk-based extenders (ME),
which is accompanied by intracellular production of
H,0, and premature capacitation (Pommer et al., 2002;
Aitken and Baker, 2004); and 5) the reduction of antio-
xidant defenses observed in sperm cells after cryopreser-
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[Tépa amd Toug XELELOWOUS TOU OTEQUATOGS, 1) TTOCO-
ona{io. avohoyio Tmv TEO0dEUTIRA RIVOUUEVWV OTTEQ-
HaToCmoQtmV, LETA TN QUYOXEVTONON, IOV TV RATd-
Yu&n v 0, 1, 2 wow 3 h petd v amd vy, rav xotd
uéoo 6o 84.38+2.28, 81.88+2.49, 50.00=1.18, 38.75+
1.41,22.73+1.55 nou 14.14£1.20%, avuotoiyws. H yoo-
virt] SLdoxrEL TG ETAOONg elye onuavtry] eidoaom
(P<0.0005) oty mooootiaio avaloyio Twv TEoodev-
THA RIVOUUEVOV OTEQUATOCMAQIMV UETA TV ATTGPUEY).

Metd ™ guyoxrévionon (84.38%+3.20 xow 85.38+
3.46%) won v v rotdpvsn (80.00£3.41 wou 83.75%
3.75%) dev oot ON*E OTOTLOTIRMS onuavTixy do-
popd (P>0.05) oty mocootiaia avaroyio Twv TQO0-
devtird mvoiuevav orepuatolwoinyv ota delyuara
TTOV TEQLE YOV AVTLOEEDWTIXA 08 OUY®QLON e Ta dely-
uarta wov dev mepielyav. Ioag’ dha avtd, auéong uetd
™V amSYPuEY (mivarog 2), ) tocootiaio avahoyio Twv
TEOOJEVTIRA KIVOUUEVMOV OTTEQUATOCWAQIMV, oTat dely-
wora srov meQLelyay wovo 1.94 mg napeivne/ml 1 avrio-
EedwTind pe aENUEVES CUYREVTOWOELS RAPEIVIC, T
onuavtrd (P<0.05) vynidteon oe ovyrQLon we exei-
va tov dev eQLelyav vabdhov xapeivn 1 avtiogedw-
Txd. Ev to uetagl, »otd v endoaot Tov onéouatog
vy 1 M 2 h, magatnendnre onuaviry (P<0.05) peh-
T{WOoN TS TOCOOTLANS AVOrOYIAS TS RIWNTIRGTNTOGC
uévo ota orepuaTolmwdoLa ota omoia elyav Tpootedel
avtiogedwtnd xaw 0.97 1 1.94 mg vageivng/ml. Metd
de amd 3 h enddaong, n fertiwon avt Hfrov onpovird
(P<0.05) vymAdteon og oUYyxrQLON e TOUS AAAOUGS YEL-
oLopovs tov onépuartog. H alnhenidoaon peta&s g
OLAQUELAS TG ETMTMAONG AL TWV YELQLOUWMV TOV OTTEQ-
narog ftav onuavuxy (P<0.05).

O tpég tov deilxtn g Cotrdtnrog petd v amd-
PYu&n dev feltiddnray onuavtird Hetd Ty Tooodn®n
UOVo TV OVILOEEWDMTIRMY 1 UGVO TNS RAPEIVNS O€
omoadfjmote ovyrévromon. [lap’ Sha autd, ou deinteg
™G LOTRATNTAS TMV OTEQUATOLWOQIMV, T OTTOT0L EXTE-
Onrav 010 oUVOVAOUS TWV AVTLOEEDMTIRWY UE CUYHE-
vipwoels xageivng 0.97 mg/ml (119.06+7.68) 1| 1.94
mg/ml (120.63£8.73), ftav OTOTLOTIRMOS ONUOVTLROL
(P<0.05) oe ovyrolon ue exeivovg g Cotrdmrog
TOV orepuaTotmagimv ov dev extébnrav (79.38%
7.82) %o TV OTEQUOTOTWAQIMV TOV TOUS El)E TEO-
otefel povo xapeivn 0.49 mg/ml (87.81£10.92), aird
dev mopaTnEndnxre onuavtiny duapod pe tovg dei-
%teg LOmrdThTag TwV omeguatolmaginy ota omoia ei-
yov mpootedel wovo avroEedmtind (99.69+8.86) 1
uévo 0.97mg /ml (91.88+11.79) now 1.94mg/ml (98.44
12.35) naepeivng.

XYZHTHEIH

IToAhot elvar oL TaEdyovTeg TOV UTOQED VaL ETTL-

vation of semen in egg yolk-based extenders (EYE),
which not only have a very limited capacity to eliminate
H,0, (Bilodeau et al., 2002), but also contain L-aroma-
tic amino acids and free ions of iron (Fe**) and copper
(Cu') that key up the extracellular formation of H,O,
and hydroxyl radicals (*OH) in semen (Vishwanath and
Shannon, 1997).

Considering the above-mentioned vulnerability of
preserved semen to an antioxidant/pro-oxidant disequi-
librium, it seems that exposure of frozen-thawed stallion
spermatozoa to superphysiological levels of O, H,0,
and "OH is inevitable and may lead to a peroxidative
damage to plasma and inner mitochondrial membranes,
a decline in ATP, cAMP and cGMP content and a sub-
sequent decrease in sperm longevity (Vishwanath and
Shannon, 1997; Zheng and Zhang, 1997; Bilodeau et al.,
2002). Consequently, the outcomes of this study reveal-
ed that concentration and pellet-freezing of sperm cells
in EYE containing AOs, followed by thawing, dilution
and motility stimulation of sperm cells with caffeine
(0.97 or 1.94 mg/ml) as a phosphodiesterase inhibitor
mediating intracellular increases of cAMP levels (Mann
and Lutwak-Mann, 1981), had a beneficial impact on
their motility and longevity.

Pyruvate is a potent scavenger of H,O, (Upreti et al.,
1998) and its supplementation at a concentration of 5
mM (~ 0.55 mg/ml) to chilled-stored stallion semen in
ME (Bruemmert et al., 2002) or to frozen-thawed bull
semen in EYE (Bilodeau et al., 2002) resulted in a
significant augmentation of sperm motility and ATP
levels. Ferulic acid (1.6 mM ~ 0.31 mg/ml), an effective
constituent in various medicinal herbs, has been shown
to scavenge oxygen free radicals, reduce membrane
lipid peroxidation, increase intracellular cGMP level
and to improve the motility and viability of human
spermatozoa incubated in Ham’s F-10 medium for 6 h
at 37°C (Zheng and Zhang, 1997).

Oxidation of thiols (SH) in sperm proteins by O*
and H,O, was found to be associated with inhibition of
sperm motility and fertilizing ability (Mammoto et al.,
1996). Cryopreservation of bull sperm in EYE signi-
ficantly reduced the intracellular level of SH (Bilodeau
et al., 2000) and post-thaw treatment of frozen semen
with SH containing AOs prevented H,O,-mediated loss
of sperm motility (Bilodeau et al., 2001). Supporting the
results of this study, in a previous study on frozen buf-
falo semen, supplementation of EYE with sodium thio-
sulfate (1mg/ml), as a source of SH to sperm cells, led
to a remarkable improvement of their motility and
plasma membrane stability (Khalifa, 2001).

Luxuriant entry of Ca** into sperm cells was found to
coincide with activation of membrane-bound phospho-
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Barkovv €va emuthéov oEeldwTnd @oQTio ot ®aTe-
Yuyuéva omepuatolmdola, 6mwe: 1) o fabuds apaim-
ong xo 1 duaBecpudTnTa Tov 0EVYGVOU RaTd T dLadi-
raolo g eneEepyaoiag tov onépuarog (Shannon,
1965), 2) n magovoia peydiov apBuoy orepuatotma-
olwv, to omola elval verpd 1 €xouvv vrootel PAAPN
(Vishwanath and Shannon, 1997; Ball and Vo, 1999), 3)
1] TAQOVOLCL OTO CIEQUAL AVAQLUMDY YEVVNTLRWY HUTTA-
owv xat Agvroxvttdowv (Baumber xou ovv. 2002;
Khalifa zau ovv. 2003), 4) 1 Quyor€vienomn ®o 1 omxo-
WAXQUVOY TOU UEYOAUTEQOV UEQOUS TOU OTEQUATIROU
mhdoparog (Ball wow ovv. 2000; Hegab and Khalifa,
2003), 5) n vepPfohxti elopon vty Ca’ ota omep-
HaToLwAoLa, WOLOLTEQ [LE AQAULWTIXA TTOV £YOoVV g fd-
o1 TO YAAQ %0 M OOl €XEL S UTOTEAEOUA TV EOW-
RUTTAQLRY] TOQOYWYY vreQoEeldiov tov vdQOoYySvou
(H70,) now v mpdwen evepyomolnon Tmv OTeQuUoTo-
Cwaplwv (Pommer o ouv. 2002; Aitken and Baker,
2004), »ou 6) 1 avorywyn TOV avTloEEdWTIRMY TOV Ta-
paTnEEelToL 0T OMEQUATOLWAQLE. UETA TNV ROTAYVEN
TOV OTEQUATOS UE QLQOLMTIXA TTOV €X0VV WS Pdomn Tov
%QORO TOV Avyoy, TWV 0TolmV 1) SUVOTETNTA VAL TEQLO-
ploovv o HyO, 6y udvo eivan teprogiopévy (Bilodeau
®aL ovv. 2002), ahrd megLéyovy, enilong, L-apmuorind
apuvoEga xou ehetiBepa 16vra odijpou (Fe’) xaw yoh-
70U (Cu'"), ta omolo 010 oméQua amoteAoUV To ®heldl
YL To oYuaTlopd €Em amtd to xutrao H,O, nat ouldv
vdpoEuiiov (*OH) (Vishwanath and Shannon, 1997).
Aopfdavovrog vy Ta TaQATTAvV®, TOU 0POQOTY
OT1 GUVTHON O TOV OTTEQUATOS O€ ULct appidooun LooQ-
007ti0L AVTLOEELOMTIRMV/TEGIQOUMWY OEEDMTIRWY EVEH-
oewv, paivetar 6t 1 éxbeon TV omepuatolmaginy
TOV eMP1TOQA UETA THY ATTYVEN 08 VITEQPUOLOLOYLRA
enimeda O, HyO, non *OH elvan avamégpeurty. Avté
€xel wg amotéheoua v virepoEedux] PAALN g vuT-
TAQUNS UEUPOAVNS RO THE ECWTEQLXTIS UTOYOVOQLOXIS
ueupodvng, ™ ueiwon oto wepLexouevo tov ATP, tov
RURMXOU 0dEVOOLYOUOVOPMOPoQLrol 0E€og (cAMP)
%O TOU XURMHOU YOUOVOOLYOUOVOPMOQOQLXOY 0EE0C
(cGMP) »aw ot ovvéyela, T pelmon g worgofLot-
tag tov onépuoarog (Vishwanath and Shannon, 1997;
Zheng and Zhang, 1997; Bilodeau »aw ouv. 2002). Ano
TA AWTOTELECUOTO CLUTHG TS EQYOOTNS TEOXVITTTEL GTL O
QOGS TOV OTEQUATOCOAQIMV, 1 ROTAYVEN TOVS O
HOQEPY] CUUTURVOUEVWV OPULQLOTWV UE AQOULWTLIRA TTOV
€youv g fdomn to Tris o Tov %% Yol v OV TTe-
oLEXOVY avTLoEEdMWTIRG, ®OL OTY) CUVEYELD 1] ATTOYVEY
zat OLEyeQon g CoTmdmTag TV oreQUATolmaginy
ne napetvn (0,97 1 1,94 mg/ml), ovoia wov Aettovpyet
g AvaoTOAEag TS PMOPOdLETTEQAONS %o Lecoha el
Yo THY EVOORUTTAQXY aVENON TV eTITEdWV TOU
cAMP (Mann and Lutwak-Mann, 1981), eiye Betin1
em(0Q0ON OTNV RIVITIHGTTO ROL TY LORQOPLOTHTO TV

lipases (Roldan, 1998) and peroxidative damage of their
membranes (Megahed and Anwar, 1997). The stabili-
zing influence of zinc on sperm membranes was attribu-
ted to its ability to suppress lipid peroxidation via inhi-
bition of phospholipases and to protect SH and PUFA
in biomembranes from Fe’*-mediated oxidation
(Andrews et al., 1994). In accordance with our results,
addition of zinc chloride (1mM ~ 0.14 mg/ ml) to EYE
brought about a significant enhancement in the motility
of frozen buffalo sperm (El-Sheltawi et al., 1999).

Albumin is a crucial extracellular antioxidant
(Alvarez and Storey, 1983) through its propensity to
bind transition metal ions (Fe’* and Cu'*) in EYE and,
thereby, to minimize formation of “OH , the powerful
initiator of lipid peroxidation cascade in sperm (Halli-
well, 1988; Vishwanath and Shannon, 1997). Despite
incubation of stallion (Pommer et al., 2002) and bull
(Bilodeau et al., 2002) spermatozoa in media containing
BSA and sodium pyruvate prolonged significantly their
functional lifespan compared with ME and EYE, some
researchers did not observe any improvement in the
motility of chilled-stored stallion sperm after inclusion
of BSA (3% w/v) in ME (Ball et al., 2001).

In view of the current study, it is concluded that
freeze/thaw processing of stallion semen, in the
presence of both AOs and 0.97 or 1.94 mg/ml caffeine,
achieved a significant amelioration in the maintenance
of sperm motility.
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omeQuaAToLwoQimy.

To muovfwrd o0&V elvan éva duvaund cvotatind
eEovdetépwong tov H,O, (Upreti xow ouv. 1998). H
TE0oaON % Tov ot ouyxévipmon Twv 5 mM (~ 0.55
mg/ml) oe apalwtird onépuatog empritooa, ov Ha
ouvtnen et oe Bepuonpacia 5°C xou wov Exouv wg Pd-
on to amofovtvomuévo ydia (Bruemmert %o ovv.
2002) 1| og 0QoLMTIXA ROTEPUYUEVOL OTEQUATOS TOU-
00U TTOV £Y0VV g PAom Tov ®Edx%o Tov cwyov (Bilodeau
®at ovv., 2002), tooxrdheoe onpovtivy avENON ™G K-
VITIRGTTOG TV OTTEQUATOLWAQIWY ROl TWV ETLITEdMV
tov ATP. To 3-vdp0o&v-3-ueBoEurvvaurd o&v (1.6
mM ~0.31 mg/ml) amotehel éva amoteleopatind ov-
otaTnd ota SLdpoQa POOUOXEVTIXG. BSTava naL €xEL
amoderyBel 6tL awEdvel Tig eletiBepeg pileg Tou 0Ev-
yovou, peldvel Thv veo&elidmon twv Mmdiwv g
RUTTOQWHS UEUPOAVNE, QVEAVEL TO EVOORUTTAQIRS €L~
7edo Tov cGMP zan fehtidver T ToTndTTa ®ow ®vy-
THOTNTO TWV OTEQUATOLMAQIMY TOV avBE®ITOU UETA
ad enddaor Tovg og vrdotomuo Ham’s F-10 yua 6 h oe
Bepuonpaocio 37°C (Zheng and Zhang, 1997).

H oEetdwon g Beohniis oltag (SHY) otig mom-
teiveg Tov omépuartog amd to O now to HyO, Poébnne
va ouvdEeTal ue TV avaoTtohn TS CoTirATNTOS ROL TG
YOVLHOTIOWTLXYS LravaTTag TOou omtépuorog (Mammoto
%o ovv. 1996). H xordpuEn tov oméuatog tov tadgov
UE OLQOLMTIXA TTOV €xouv ws Pdon to Tris xal tov %od-
%0 auyot €xer amodeyfel L pewdver onuavtrd to
evdonuttaud entimedo twv Oetohmav puLdv (Bilodeau
%o ovv. 2000) xow 1 artSPuEN TOU RATEYUYUEVOU OTTEQ-
uotog pe Belohurés piteg, oL omoleg meQLEl OV AVTLO-
Eeldwtind, mageumodiCer v andiela g Cwtndt-
TAG TWV OTEQUOTOCMAQIMY TOU TEOXROAE(TAL ATt TO
H,0, (Bilodeau »au ovv. 2001). Ze wponyovuevn €o-
yaota (Khalifa, 2001) ue xateypuyuévo onéoua fovpa-
MoV, n TeooBxn BeroBetirov vatplov (1 mg / ml) oe
OQAUWTIXA TOV TTEQLElXAY ®QEGXO YOy AELTOUQYNOE
g TNy BeloMndv QLEWV WS TEOG TOL OTEQUATOLWAQLN
now Toxdheoe agloonueiwtn fertimon g Lotndt-
TOAS TV OTEQUOTOLMAQIMYV, TO 0TTOT0 dLaTHENOAY ORE-
QOLOL TNV KUTTAELRY TOVS UERPOAV, YEYOVOS TTOU EVL-
OYVEL TOL TTOTELEOLATAL TNG EQYOOLOS QUTHG.

H eioodog dgbovne moodmrag Ca™ ot omepua-
toCwdoia BEEBNre va taTiCetan ue TV eveQyomoinon
TOV QOOPOMITOCHV ToV deouevoviar oty ueufedvn
(Roldan, 1998), xa8dg xow pe tv vitepoEetdwtiny PAd-
BN tov peppoavadv tovg (Megahed and Anwar, 1997).
H otabep1] emidoaomn tou Yevdagyigov otig ueupodveg
TV omeQuoTolmaQimv PEEBnze GtL ogelleTon oV Lo
VOTNTA TOV VO XATAOTEALEL TV VITEQOEEIdWON T™V M-
iV dLapEToL TS AVAOTOM|S TWV POOPOATOOHY
%o va Tpootatevel tig Betolurég pileg ®aL Ta woAva-
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%6pe0TA AT0RA 0EEa TTOV VITAEYOVY OTLS loueufdveg
ot v 0&e(dmon mou eorakeltan dtausoov Tov Fe™*
(Andrews xaw ovv. 1994). “Exet amwodeiyBel 6t 1) mo-
ofnxn yhwerotyov Yevdapyigov (1mM ~ 0.14 mg/ml)
0€ 0QALMTIXA TTOV TEQLEYOVV ROGRO QYO TQORANEDE
avENoN g LoTdTNTag TOU ROTEYUYUEVOLY OTEQUA-
to¢ Povfaiddv (El-Sheltawi now ouv. 1999), yeyovdg
TTOV CUUPMVEL LE TOL ATTOTEAEGUATAL THG EQYALOLOLS OUTHG.

H aAfouvuivn Bewpeitan éva onuavtré eEwnutra-
o6 aviogeldwtxd (Alvarez and Storey, 1983) Adyw
™G LRAVOTNTAS TS VO dEOUEVEL TO ONUELO PETATTOONG
TV Wvtov tov petdhov (Fe** and Cu'") oe apowwtt-
%A TTOV TEQLEXOUV RQOXO CUYOU RO VO. EMCLYLOTOTTOLEL TO
oynuatopd tov "OH, tou ®vplov awtiov TedrAnong g
vreEo&eidwong Tmv Mmidiwv ota omeQuaTtolmdagLa
(Halliwell, 1988; Vishwanath and Shannon, 1997). ITa-
04, TO GTL 1 ETWO0T TWV OTEQUATOLMAQIMY TOV TLPT]-
topa (Pommer xou ovv. 2002) »ou tov taipov (Bilodeau
za ovv. 2002) og apormtird mov meplelye BSA now -
QOUPS VATELO EmLUNXUVE ONuavTiXd T dudoxela Cw-
NS TS AELTOVQYLKNG TOUS XAVOTHTAS O OUYRQLON UE
QQAUMTXA TTOV TTEQLElXAY YAAM 1] RQO%O cwYOoUl, 0QL-
OUEVOL EQEVVITES OVOPEQOLY GTL OEV TTAQUTHONOUY %OL-
wd fertiwon ot Lotndtta Tov ratePuyuévov onéQ-
HotTog Tov emPritoga etd omd mpoabiixn BSA (3%
Ww/v) o8 apaumTid Tov efyov wg Pdomn to ydha (Ball now
ouv. 2001).

A6 TV TaQovod £QYACi0 OUUTEQAIVETOL OTL 1] KAl
TAYVEN/amdYuEn Tov omépuartog tov emPiitoQd, oTo
omoio ootéBnrav aviiogedmtnd ko 0.97 1 1.94 mg
rapeivng/ml, feATimoe oNUOVTIRG TV RIVITIROTNTA TV
omeQuatoCwoQiwy.
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