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Abstract

The aim of this study was to evaluate the effectashitine supplementation of semen extender on
fertility parameters of frozen-thawed buffalo speBnffalo semen was cryopreserved in BioXcell

containing O (control group), 2.5 and 7.5 mM caneit After thawing, viability motility,

membrane integrity and capacitation status (asddsskcalization of phosphotyrosine-containing
proteins and chlortetracycline, CTC assay) werduaw@d. Furthermore, total antioxidant capacity

(TAC), reactive oxygen species (ROS) and lipid gefation (LPO) levels, as well as adenosine

triphosphate (ATP) content and phospholipids cotreéion were assessed. Finally, in vitro
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fertilizing ability was evaluated after heterologdi¥F. An increased post-thawing sperm motility
and membrane integrity were recorded in both toegteups compared to the control (44.4 = 3.5,
53.1 £ 3.9 and 52.5 + 3.6 %; P<0.05 and 48.44 9,(66.19 + 0.54, 59.63 £ 0.30%; P<0.01 with O,
2.5 mM and 7.5 mM carnitine, respectively). Supmatation of carnitine to the freezing extender
decreased (P<0.01) the percentage of pattern E#nsgerresponding to high capacitation level,
compared to the control (30.3 + 3.8, 18.8 £ 2.8 &2t 2.9 %, respectively with 0, 2.5 mM and
7.5 mM carnitine). In agreement with this, carretadso decreased (P<0.01) the percentage of
sperm displaying CTC pattern B (capacitated spéé®.8 + 1.8, 46.8 £ 2.2 and 37.2 £ 1.8 %,
respectively with 0, 2.5 and 7.5 mM carnitingerestingly, carnitine increased TAC and ATP
content of buffalo frozen-thawed sperm (1.32 £ 034 + 0.01, 1.37 £ 0.01 mM/L and 4.1 £ 0.1,
5.3 +0.1 and 8.2 + 0.4 nM x i8perm; P< 0.01 respectively with 0, 2.5 and 7.5 oavhitine).
Intracellular ROS decreased in carnitine treatenfirapcompared to the control, as indicated by
Dihydroethidium (DHE) values (0.22 + 0.01, 0.18.8Dand 0.14 +0.0 uM/100 uL DHE
respectively with 0, 2.5 and 7.5 mM carnitine; B340, whereas LPO levels (on average 30.5 £0.3
nmol/mL MDA) and phospholipids concentration (oregage 0.14 + 0.00 pg/120 x®1€perm)

were unaffected. Despite the improved sperm qutligypercentage of normospermic penetration
after IVF was not influenced (on average 53.5 3.1r8conclusion, enrichment of extender with
carnitine improved buffalo sperm quality by incriegsATP generation and modulating ROS

production, without affecting in vitro fertilizingbility.

Keywords

Carnitine, buffalo sperm, capacitation-like changesidative stress fertilizing ability, ATP conten

1. Introduction
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Breeding of water buffalo (Bubalus bubalis) hasrbsteadily increasing worldwide over the years,
as this species plays a critical role as a pragisaaucer in tropical countries [1]. The utilizatioh
advanced reproductive technologies is hence fundt&hi® increase genetic improvement and
grading up of native non productive populationglirethese countries. For a wide application of
both artificial insemination and in vitro embryaopiuction semen cryopreservation plays a critical
role [2]. However, buffalo spermatozoa are morespsble to hazards during freezing and
thawing than cattle spermatozoa, thus resultirigwrer fertilizing potential [3; 4]. Freezing-
thawing of buffalo spermatozoa causes consideddoigage to motility apparatus, plasma
membrane, and acrosomal cap [5], as well as leabfigéracellular enzymes [6]. Furthermore,
Elkhawagah et al. [7] recently reported that a \regh incidence of capacitation-like changes was
induced by cryopreservation in buffalo sperm Moerothe high concentration of long chain
polyunsaturated fatty acids in buffalo sperm meméi&] makes them very susceptible to
peroxidation damages. The lipid composition ofgherm membrane is in fact, a major determinant
of the cold sensitivity, motility, and overall vidiby of spermatozoa [9]. Similar to capacitated
spermatozoa, cryopreserved sperm display somataites of lipid membrane, such as higher
membrane fluidity, partial phospholipid scrambl[d@] and loss of polyunsaturated fatty acids and
cholesterol [11; 12].

There is evidence that cryocapacitation is at leagart induced by increased generation of reactiv
oxygen species (ROS) during sperm processing [fio&idants in the ejaculate protect
spermatozoa from free radicals produced by leulkes;yirevent DNA fragmentation, improve
semen quality, reduce cryodamage to spermatozoek premature sperm maturation and provide
an overall stimulation to the sperm cells [13]blrffalo, the semen extender has been supplemented
with antioxidants such as cysteine and glutamidg, [s well as sericin [15], to decrease

intracellular ROS and increase motility and memabramegrity of frozen-thawed spermatozoa.
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Moreover, taurine or trehalose supplementation awgd buffalo frozen-thawed sperm quality,
reducing capacitation-like changes [16].

Carnitine is a quaternary ammonium compound bi¢t®gized in the kidneys and liver from lysine
and methionine [17]. It is a powerful antioxidah8] able to reduce the availability of lipids for
peroxidation by transporting fatty acids into theachondria for-oxidation to generate ATP
energy [19; 20]. Moreover, it is also known to fililfimportant roles in mammalian sperm
maturation and metabolism because epididymal aelisspermatozoa derive energy from carnitine
that is present in epididymal fluid [21]. It haselbesuggested that the high concentrations of
carnitine in the epididymal fluid serve to stal@lithe sperm plasma membrane[22], guarantee
functional metabolic pathways and increase mp{ii8]. In humans, rams and stallions, seminal
carnitine is indeed correlated with sperm concdiotnaand progressive motility [24; 25; 26]. Cattle
supplementation of semen extender with carnitingeraves sperm motility and DNA integrity,
while reducing anomalies [27]. It is known that trgopreservation processes, as well as the
cryoprotectants used, decrease the intracellulazerdration of carnitine in spermatozoa [28; 29;
30]. We hypothesized that the enrichment of semxé&mneer with carnitine prior to
cryopreservation, stabilizing the sperm membrarkraducing lipids availability for peroxidation,
would improve quality of buffalo sperm, by reducicepacitation-like changes. Therefore, this
work was undertaken to evaluate the effects ofitaensupplementation of buffalo semen extender
on post-thawing sperm motility, viability, membranéegrity and capacitation status. Furthermore,
total antioxidant capacity (TAC), reactive oxyggresies (ROS) and lipid peroxidation (LPO)
levels, as well as (adenosine triphosphate) ATRerdnphospholipids concentration and in vitro

fertilizing ability were also investigated .

2. Materials and methods
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Unless otherwise stated, reagents were purchasedSrgma-Aldrich (Milan, Italy).

2.1 Experimental design

The study was carried out after approval of Anifatdics Committee of the InstitutEour healthy
Italian Mediterranean buffalo (Bubalus bubalis)l® -6 years age) maintained at an authorized
National Semen Collection Center (Centro Tori Coierini, Civitella D’Arna, Italy) under

uniform management conditions, routinely used &men collection twice per week (to ensure
homogeneous sperm quality), were selected forridle Eight ejaculates per bull (n=32) were
collected once per weekby artificial vagina (IMVAIgle Cedex, France). On fresh semen motility
was evaluated by phase contrast microscopy, Vil Trypan Blue-Giemsa staining while the
capacitation status was assessed by an indireatnofitiorescence assay to localize
phosphotyrosine-containing protein and by chloa®tcline, CTC assay. Only ejaculates
containing >80% motile spermatozoa were used irstihay. After the initial semen assessment,
each ejaculate was split in 3 aliquots that welgell at 37°C with BioXcell (IMV-technologies,
France), containing O (control group), 2.5 andridl carnitine (Sigma, Cat no: C9500) to a final
concentration of 30 x $Gpermatozoa per mL. The aliquots were frozen aigtto standard
procedures. After thawing at 37°C for 40 sec inadewbath sperm motility, viability, membrane
integrity and capacitation status were assessathdrmore, TAC, ROS and LPO levels, as well as
ATP content and phospholipid concentrations wesduated as described below. Moreover, sperm
in vitro fertilizing capability was assessed by leating cleavage, penetration and polyspermy rates

after heterologous IVF.

2.2. Sperm motility
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Sperm motility was examined by phase contrast maopy (Nikon Diaphot 300 inverted
microscope equipped with phase contrast and fleeres filters) at 40 x magnification on a clean
and dry glass slide overlaid with a coverslip arantained on thermo-regulated stage at 37°C. Any
drifting of the specimen was permitted to stop trepercentage of motile spermatozoa was

subjectively determined to the nearest 5% by aivadyfour to five fields of view [31].

2.3. Spermviability by Trypan Blue/Giemsa technique

Sperm viability was assessed by Trypan Blue/Gietmdanique as reported by Boccia et al. [32].
Briefly, 5 pl of semen and 5 pl of 0.27% Trypanebluere spread on a clean slide that wasplunged
in a fixative solution (86 mL 1N HCI, 14 mL 37% foaldehyde solution and 0.2 g neutral red) for
2 min and stained with 7.5% Giemsa overnight. Speetis were microscopically evaluated at 40 x
magnification (Nikon Diaphot 300). A total of 10pesmatozoa were analyzed per slide and
differentiated as: live with acrosome intact, deaith acrosome intact, live with acrosome reacted,
or dead with acrosome reacted. To assess speriitityjathe percentage of live sperm with an

intact acrosome was recorded.

2.4 Sperm membrane integrity

Sperm membrane integrity was assessed after thdwitige hypo-osmotic swelling (HOS) test, as
described by Jeyendrahal. [33]. Fifty uL of semen were mixed with 5Q@Q of an hypo-osmotic

solution (0.73 g sodium citrate and 1.35 g fructos®00 mL of distilled water, 150 mOsm) and
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incubated at 37 °C for 45 min. A drop of dilutedns®m was placed on a clean slide and covered
with a cover slip. A total of 200 spermatozoa wevanted in different fields at 400 X under phase
contrast microscope (Nikon E200) and the percenpagpermatozoa positive to HOS test (having

coiled tails) was determined.

2.5. Localization of tyrosine phosphorylated protein assay

Localization of phosphotyrosine containing protems detected using an indirect
immunofluorescence assay as described by Tardif 4]. Frozen-thawed sperm were selected
by centrifugation (25 min at 300 x g) on a Perdadcontinuous gradient (45 and 80%) and washed
twice, at 160 and then at 108 x g for 10 min eacmPBS (2.7 mM KCI, 1.5 mM KHPQ,, 8.1 mM
NaHPQy, 137 mM NaCl, 5.5 mM glucose and 1.0 mM pyruvaté,7.4) containing 2% (w/v)

BSA. Sperm pellets were fixed in formaldehyde fdr 4t 4 °C, centrifuged at 300 g for 10 min
andincubated overnight at 4 °C in mPBS.Twenty pkpdErm suspension were smeared,
permeabilized in an absolute ethanol solution forid. and incubated witAnti-phosphotyrosine
primary antibody produced in rabbit (Sigma, Cat hb325) for 1 h at room temperature. The slides
were then incubated with secondary antibody, FI®Gjegated goat anti-rabbit IgG (Sigma, Cat

no: FO0382) for 1 h in the dark at room temperaturé the slides were mounted with 90% (v/v)
glycerol. Green fluorescence was observed by epikcent microscope (Nikon Diaphot 300)

using FITC filter (B2-A, 520 nm wave length). Aabbf 100 spermatozoa were screened per slide
and classified according to one of the four fluoezse patterns described by Cormier and Bailey
[35]: Pattern NF, i.e. no fluorescence over thérerspermatozoa (non capacitated sperm) Pattern

A, i.e. uniform fluorescence over the entire acrosdlow capacitation level); Pattern E, i.e. a shor
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line or triangle of fluorescence in the equatosedment (medium capacitation level) and Pattern

EA, i.e. fluorescence at both equatorial and antexcrosomal regions (high capacitation level).

2.6. Chlortetracycline (CTC) fluorescent assay

The capacitation status of frozen-thawed buffakrs@atozoa was assessed by CTC fluorescent
staining as described by Fraser et al. [36]. Brjefbu L of CTC staining solution (750 mM CTC, 5
mM cysteine in 130 mM NacCl, and 20 mM Tris HCI, @Hl) were gently mixed with 15 pL of
Percoll separated spermatozoa and fixed with théied of glutaraldehyde (12.5% v/v). Five pL
aliquot of fixed spermatozoa was placed on a meops slide, mixed with 5 pl of mounting
medium and overlaid with a coverslip. At least 3p@rmatozoa per slide were analyzed and
classified into one of three CTC staining patteasslescribed by Fraser et al. [34]: 1) Uniform
bright fluorescence over the whole head (uncapadtspermatozoa, pattern F); 2) fluorescence-
free band in the post-acrosomal region (capacitsppedmatozoa, pattern B); 3) Dull fluorescence
over the whole head except for a thin punctuatel ledirfluorescence along the equatorial segment

(acrosome reacted spermatozoa, pattern AR).

2.7.Indicators of oxidative stress

2.7.1. Total antioxidant capacity (TAC)
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Total antioxidant capacity (TAC) was estimated gsanrcommercial kit (Antioxidant Capacity
Assay Kit, Cayman Chemical Co. Ann Arbor, MI, USi8)lowing the manufacturer's instructions.
Briefly, Percoll separated spermatozoa were homagdron ice in 1 mL of cold buffer (5 mM
potassium phosphate pH 7.4, containing 0.9% sodhioride and 0.1% glucose). Samples were
centrifuged at 10.000 g x 15 min at 4°C and theesugtant was used for the assay. The standard
curve was prepared using the Trolox standardsr &feeplate configuration, 10 puL of Trolox
standards and samples were loaded in duplicateeoodarresponding wells of a 96-well plate. Then
10 pL of metmyoglobin and 150 pL of chromogen waatded to all standard/sample wells. The
reaction was initiated by adding 40 pL of hydrogenoxide as quickly as possible. The plate was
covered and incubated for 5 min on a shaker at rieomperature. Absorbance was monitored at
405 nm using a plate reader (GloMax®-Multi Detecti®ystem — Promega, Milano) and the values

were expressed in mmol/L.

2.7.2 uperoxide levels by Dihydroethidium (DHE) Assay

Superoxide levels were measured by DHE Assay, puely described [37]. Dihydroethidium
exhibits a weak blue fluorescence; however, onisepitobe is oxidized by superoxide anion, it
intercalates within DNA, staining the cell nuclearamitochondria with a red fluorescence.
Dihydroethidium (2 uM) were added to sperm samalesincubated in the dark at room
temperature for 20 min. A standard curve was pexpasing DHE standards. Absorbance was
monitored at 570 nm using a plate reader (GloMax@ktiMDetection System — Promega, Milano).
The standard curve was prepared using the DHE atdsdand the value for each sample was

calculated from standard curve and expressed agluMHE.



212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

revised

2.7.3. Lipid peroxidation (LPO) levels

Percoll separated spermatozoa were rewashed titicd*®BS at 800 x g for 20 min at 4 °C. Sperm
cells suspended in PBS were sonicated and thersatpat was used to determine LPO levels by the
estimation of MDA concentration using the TBARSagskit (Cayman Chemical Company, Ann
Arbor, U.S.A.). Briefly, to each tube 100uL of sdeiptandard, 100uL of SDS solution and 4 mL
color reagent were added. The mixture was boiledwater bath for 1 h, after which the samples
and standards were removed and placed in an ibedrat0 min to stop the reaction. After cooling,
the suspension was centrifuged at 4°C for 10 mik680 x g. The 150uL suspensions were loaded
into the colorimetric plate and absorbance was oredsat 535 nm. The standard curve was
prepared using the MDA standards, and the vallA for each sample was calculated from

standard curve and expressed as nmol/mL.

2.8. ATP assay

ATP content was measured using a Colorimetric ABBa4 Kit (Biovision, Milpitas, USA)

following the manufacturer's instructions. BriefBercoll separated spermatozoa were
homogenized in 100 pl ATP Assay Buffer and depnited using 10 kDa spin columns. Samples
were incubated at room temperature for 30 min,thadibsorbance were measured at 570 nm in a
micro-plate reader (Bio-Rad Model 680). The staddarnve was prepared using the ATP
standards, and the value of ATP for each samptecaizulated from standard curve and expressed

as nmol/16,
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2.9. Phospholipids assay

Phospholipids was estimated in the sperm lipidaettas described by Bartlett [38]. A standard
phosphorous solution (8 ug/5 mL) was prepared byalving 3.5 mg KkEPO, in 10 mL of 10 N
H,SO, in 100 mL double-distilled water (DDW). For theiggtion of phospholipids content, 0.5
mL of chloroform and 1 mL of perchloric acid (70%¢re added to each tube containing 60 % 10

of Percoll washed spermatozoa and the mixture wggstbd in a sand bath at 150-1@Duntil it

became clear. The samples were then removed atetidoaroom temperature. Subsequently, 6
mL of DDW and 0.8 mL of ammonium molybdate (2.5%@re added, followed by 0.2 mL of
Fiske-Subba Row reagent (1.2 g of sodium metaliisu#f0 mg of 1-amino-2-nephthol-4-sulphonic
acid and 120 mg of anhydrous sodium sulfite in 10ahDDW).The samples were heated for 7
min in a boiling water bath, cooled to room tempegm@and absorbance at 660 nm was recorded
(Perkin Elmer PTP-1). Simultaneously, the stangéaasphorus solution and a blank were also run

in the same manner. Phospholipids concentrationewpeessed in pg/120 x &6perm.

2.10. Invitro spermfertilizing ability

Abattoir-derived bovine cumulus-oocyte complexe®(3) with uniform cytoplasm and
multilayered cumulus cells were matured in TCM $88plemented with 15% bovine serum (BS),
0.5 pg/mL FSH, 5 pg/mL LH, 0.8 mM L-glutamine arf@l|bg/mL gentamycin for 22 h at 39 °C,
and 5% CQin air. In vitro matured COCs were fertilized iAOP buffered with 25 mM sodium
bicarbonate and supplemented with 0.2 mM penicilk@n0.1 mM hypotaurine and 10 pg/mL
heparin (IVF medium) with sperm treated with O (toh n=429), 2.5 mM (n=430) and 7.5 mM
carnitine (n=403), over 10 replicates. Percoll sefgal spermatozoa were diluted with IVF medium

and added in the fertilization wells at the concatitin of 2 x 18 sperm/mL. Gametes were co-
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259 incubated for 20 h at 39 °C, in 5% ¢@ air, after which presumptive zygotes were vogtefor 2
260 min to remove cumulus cells, and incubated in sgtnthoviduct fluid modified medium [39] in a
261  humidified mixture of 5% C@ 7% Q and 88% Nin air at a temperature of 39 °C. After 24 h of
262  culture, the cleavage rate was assessed and cedfiognfixation of zygotes with absolute ethanol
263  overnight and staining with DAPI for nuclei exantioa under epi-fluorescence microscope

264  (Nikon Diaphot 300) after zona removal by prote@smg/mL) digestion. The penetration, normal
265 fertilization and polyspermy rates were assessegkbynining both uncleaved and cleaved

266 embryos. Normal fertilization included uncleavedbeyos with two synchronous pronuclei (2PN)
267 and cleaved embryos displaying a normal nucleusgéerPolyspermic penetration included

268 uncleaved embryos with >2PN or sperm heads angedeambryos with higher numbers of nuclei
269 or sperm heads per cell. In addition, the proportibfast (> 4 cells) and slow cleaving (2 cells)

270  embryos were recorded.

271

272 3. Statistical analysis

273

274  Differences in sperm motility and viability, CTCdtyrosine phosphorylation patterns of fresh

275  semen among bulls were analyzed by ANOVA. The saanameters and membrane integrity,

276  TAC, ROS and LPO levels, ATP content and phospladiponcentration were analyzed in frozen-
277  thawed semen by a linear mixed model with the &siltepeated effect. The Bonferroni method was
278 used to evaluate the differences among groupspé&teentages of cleavage, total, normospermic
279  and polyspermic penetration, as well as the prapodf fast and slow cleaving embryos were

280 analyzed by Chi Square test. The level of signifceawas set at P<0.05.

281
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4. Reaults

4.1. Viability, motility and capacitation status of fresh semen

No differences among bulls were found in sperm lip{on average 82.5 + 0.8 %), viability (on
average 92.6 £ 1.0 %) and capacitation statusuated by CTC (on average 86.1 £ 0.7, 13.8 + 0.7
and 0.2 + 0.8 % of patterns F, B and AR, respelsfiviVith regard to the immune-localization of
tyrosine phosphorylated proteins, no sperm displadlge patterns NF and E, whereas the
percentages of sperm showing patterns A and EA 92+ 0.9, and 7.8 £ 0.9, respectively. No
differences were recorded in tyrosine phosphorgllateteins patterns among bulls, indicating the

homogeneity of the samples at the beginning ofribk

4.2. Post-thawing sperm motility, viability and membrane integrity

An increase in sperm motility and membrane intggrids recorded in both treated groups

compared to the control, whereas sperm viabilitg wat affected (Table 1).

Tablel.

4.3. Capacitation status of frozen-thawed sperm: localization of tyrosine phosphorylated proteins

Supplementation of carnitine to the freezing exégrtecreased the percentage of sperm displaying

pattern EA compared to the control, with a greatégct (P<0.01) at the higher concentration tested
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(Table 2). Furthermore, when the extender was sapghted with carnitine a higher (P<0.05)
percentage of sperm showing pattern A was obsarveygbared to the control. Interestingly, the
percentage of sperm exhibiting no fluorescenceialseased (P<0.01) when sperm were treated
with 7.5 mM carnitine. No differences in sperm digsjing pattern E, however, were detected

among groups.

Table 2.

4.4. Capacitation status of frozen-thawed sperm: CTC assay

The results regarding the CTC patterns showedstigilementation of the freezing extender with
carnitine , prior to cryopreservation, decreasedelel of capacitation, in a dose-dependent
manner (Table 3). In fact, the percentage of sphsmlaying pattern F increased (P<0.01), while
that of sperm displaying pattern B decreased (P90rOboth treated groups compared to the
control (Table 3). Within treatment groups, thghast concentration was the most effective in
reducing capacitation-like changes, as indicatetiplger (P<0.01) percentages of pattern F and
lower (P<0.01) percentages of pattern B sperm. Wewao differences were detected in pattern

AR among groups, as shown in Table 3.

Table 3.

4.5. Indicators of oxidative stress, ATP content and phospholipids concentration



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

revised

The total antioxidant capacity increased (P<0.04¢nvsperm were treated with 7.5 mM carnitine
(Table 1). Both carnitine concentrations decredBe®.01) ROS levels, as indicated by reduced
DHE values (Table 1). However, supplementatiorhefdemen extender with carnitine did not
affect LPO levels and phospholipids concentrati@able 1). Interestingly, carnitine
supplementation increased the ATP content of buffaizen-thawed sperm in a dose-dependent

manner, as shown in Table 1.

4.6. Sperm fertilizing ability

Cleavage, total penetration, normospermic and pelysic penetration rates were similar among
groups, as shown in Table 4. Likewise, no diffeemnamong groups were observed in the
percentage of slow cleaving, i.e. 2 cells-embry@is§ + 5.3, 32.8 £6.5 and 23.2 £ 4.1, respectively
in the control, 2.5 mM and 7.5 mM carnitine grou@syl fast cleaving, i.e. > 4 cells-embryos (79.2

+5.3,67.2+6.5and 76.8 = 4.1, respectivelyh@ tontrol, 2.5 mM and 7.5 mM carnitine groups).

Table4.

5. Discussion

The results of this study demonstrated that th@lsapentation of the freezing extender with

carnitine significantly improved post-thawing spemmtility and decreased capacitation-like

damages in buffalo sperm. It was also observediiedbeneficial effects of carnitine on buffalo
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sperm are due to reduced oxidative stress andasedeATP generation, resulting in improved
membrane stability.

The improved post-thawing motility here recordetigw carnitine was supplemented prior to
freezing, is in agreement with previous studiesiedrout in other species, such as human [40],
bovine [27] and boar [41]. In contrast to theseksphowever, sperm viability was not improved in
buffalo, remaining high in all groups (> 80%). O tother hand, carnitine did not influence
fertility parameters, such as sperm motility aneliticidence of sperm anomalies, in Angora goat
[42]. The improved sperm motility recorded in tetsdy may be due to the antioxidant activity of
carnitine, as indicated by increased TAC and rediR@S levels in treated sperm. These results
confirm that buffalo sperm maotility is negativadgrrelated with ROS levels [43].. However, it
seems that carnitine is effective in reducing ROfcentration without affecting lipid peroxidation.
In agreement with this, equine sperm challenget R®S showed a decreased motility before any
measurable increase in lipid peroxidation [44]adidition, the dose dependent increase of ATP
content in buffalo sperm treated with carnitineicates that the enhanced post-thawing sperm
motility is related to improved mitochondria furartiand ATP generation. It was previously
suggested that the decline in motility after sparocubation with ROS may be due to ATP
depletion [45]. Sperm motility is normally ensuteglthe complex structure of the axoneme
associated with the dense fibers in the mid-pisggpunded by mitochondria, which are involved
in energy generation through oxidative phosphoigtatit is known that carnitine shuttles acetyl
and acyl groups across the mitochondrial inner ntan#playing a buffering role, trapping excess
mitochondrial acetyl-CoA as acetyl-L-carnitine andurn protecting the activity of pyruvate
dehydrogenase, a key enzyme for mitochondrial raspn [23]. The results of this study showed a
dose dependent effect of carnitine on sperm cagiamitstatus, assessed by both CTC and tyrosine
phosphorylation proteins assays, widely used methioat detect capacitation at different levels. In
fact, although both the concentrations tested Boagmtly decreased the capacitation level, theoeffe

was greater at the highest concentration (7.5 nil. fluorescent antibiotic CTC was used to
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assess the destabilization of sperm membrane &don its ability to cross over the cell
membrane, enter intracellular compartments and tairicke calcium ions. This method has been
used to assess sperm capacitation in most donsestiies [46; 47], including buffalo [48; 49].
Moreover, as it is well established that tyrosihegphorylation of sperm proteins is a key event of
sperm capacitation, several studies have corretatedegree of tyrosine phosphorylation with the
capacitative state of spermatozoa [48; 34]. Inshusly carnitine supplementation significantly
decreased the incidence of sperm displaying the pat@rn B (capacitated sperm) and the tyrosine
phosphorylated pattern EA (high capacitation leweljile increasing the percentage of both
tyrosine phosphorylated pattern A (low capacitatexrel) and non-fluorescent (non capacitated)
sperm. Taken together, these results highlightrearkable reduction of the cryopreservation-
induced modifications to sperm membranes, indigatimproved sperm quality. This finding is
particularly important because in frozen-thawedfdda sperm the proportion of capacitation-like
changes is much higher than in other domestic spgti/; 35; 10]. Furthermore, it is known that
premature capacitation reduces the reproductigsgddédn of the male gamete [35; 2]. What is
unequivocal is that the pre-treatment with carmeitieduced capacitation-like changes by stabilizing
the sperm membrane, as indicated by the resuld 6f staining and HOS test]. In fact, in addition
to the increased percentage of sperm displaying gat@rn F, indicating membrane stability, the
percentage of HOS positive sperm also significainityeased after carnitine treatment. The HOS
test is a valuable tool to assess the functiortagnity of sperm membrane [50], by evaluating the
proportion of biochemically active sperm, after egpre to an hypo-osmotic extracellular solution.
The mechanism by which carnitine stabilizes spemmitrane is not completely elucidated. The
increased TAC and reduced ROS levels recordeckipriiasence of carnitine suggest that the
beneficial effect is due to its protecting roleptdsma membrane against ROS damages. An excess
of ROS in fact, results in membrane damages threhugimitiation of lipid peroxidation [51].
However, unexpectedly LPO was not affected by taentreatment. It is worth noting that LPO

and membrane damage are relatively independen¢gses [52] and that membrane stress
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contributes more than LPO to the cryodamages [B#refore, it is not possible to rule out that
carnitine acts on membrane stability by reducingnim@ne stress during cryoconservation.
Cryopreservation-induced membrane stress involrdwitlement of plasma membrane during
phospholipid transition from fluid to glassy stdtes well known that membrane stability is
directly associated to the membrane cholesterospialipids ratio [54]. In this study, however,
although the phospholipid concentration tendedetwrehse, the difference was not significantly
different among groups The beneficial effects azdn-thawed sperm quality suggested to evaluate
whether carnitine supplementation would also afiieetfertilizing ability of buffalo sperm that was
here assessed by heterologous IVF. However, ddabpitacreased sperm quality, the in vitro
fertilization rate was not enhanced: cleavage eseayell as total penetration and polyspermy were
indeed unaffected. Therefore, the enrichment okettiender with carnitine prior to freezing
improves post-thawing motility and prevents capimh-like changes, without improving in vitro
fertility. This may be accounted for by the artiicenvironment of the IVF system, where there is
an abnormally high sperm-oocytes ratio in very $mallimes and sperm encounter the oocytes
directly at co-incubation. In addition, it is nmassible to rule out that carnitine-treated spdrat t
are less capacitated may require more time totpdrdhe oocytes. However, the percentages of
fast cleaving embryos were also similar among gspupdirectly suggesting that this is not the
case. It is indeed known that the chronology ofeligwment is correlated with first cleavage
division that is in turn associated with sperm petien time [55]. It seems that the presence of a
capacitating agent such as heparin in the IVF nmediounteracts the possible differences in
penetration rate related to the capacitation st#tésllows that it would be worth investigating i
future studies the in vivo fertility after Al thet likely affected to a greater extent by the pame
capacitation occurring after cryopreservation, bgeaof the longer time required for sperm to reach
the site of fertilization.

In conclusion, the supplementation of semen extewdhb carnitine significantly increased post-

thawing motility and membrane integrity, reducirapacitation-like changes of buffalo sperm in a
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dose dependent manner, with the 7.5 mM concentraing the most effective. It was also
demonstrated that carnitine improved buffalo spgquality by boosting mitochondrial ATP
generation and decreasing ROS production. Neveghgin vitro fertilizing capability was not
affected. The results of this study strongly suggesvestigate the effect of carnitine
supplementation of buffalo semen on in vivo festiln future studies. This assessment is

fundamental to consider the utilization of carretenriched extender for commercial purposes.
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Table 1. Effect of carnitine on characteristics of buffalo frozen-thawed semen.

Carnitine concentrations (mM)

0 (Control)

2.5 7.5

Mean + SE Mean + SE Mean = SE
Motility (%) 44.4 +3.53 53.1+3.98 52.5 + 3.59b
Viability (%) 80.7 £2.41 84.2 £2.12 84.6 + 2.02

Hos positive (%) 48.44+0.69 55.19+0.54 59.63 + 0.36
TAC (mMI/L) 1.32 + 0.02 1.34 + 0.01° 1.37 £ 0.0%
DHE (uM/uL) 0.22 +0.0% 0.18 + 0.0% 0.14+0.6
LPO (nmol/mL MDA) 30.6 +0.43 30.4+0.26 30.4 £6.
ATP (nM x 10 sperm) 4.06 + 0.06 5.27 +0.1% 8.23+0.37
Phospholipid (ug/120 x 28perm) 9491 +3.64 91.23 £5.89 88.12 + 7.60

A B values with different superscripts within colunare different P< 0.01

& byvalues with different superscripts within colunare different; P< 0.05



Table 2. Effect of carnitine on the percentages of tyrosine phosphorylated proteins patter ns of

buffalo fr ozen-thawed semen.

Carnitine NF- pattern A- pattern E- pattern EA- pattern
concentrations (mM) Mean + SE Mean+SE Mean+SE  Mean + SE
0 28+1.0 65.8 + 3.6 1.1+0.8 30.3+3.8"
2.5 51+1.9 75.8£2.7 0.4+0.3 18.8 +2'8
7.5 16.5+3.4 76.3+28  0.0:0.0 7219

A B values with different superscripts within colunare different P< 0.01

2 Pyv/alues with different superscripts within columare different; P< 0.05



Table 3. Effect of carnitine on the percentages of F-pattern, B-pattern and AR-pattern in

buffalo fr ozen-thawed semen.

Carnitine F- pattern B- pattern AR- pattern

concentrations (mM) Mean + SE Mean + SE Mean + SE

0 31.3+2.%1 63.8+1.8 49+0.9
2.5 494+25 46.8+2.7% 3.8+0.6
7.5 60.3 +3.6 37.2+1.8 26+1.9

A B.Cvalues with different superscripts within colurrare different; P< 0.01



Table 4. Effect of carnitine on the percentages of cleavage, total penetration, nor mospermic

penetration and polysper myafter heterologous | VF.

Carnitine N. Cleavage Total Normospermic  Polyspermy
concentrations (mM) penetration penetration
n (%) n (%) n (%) n (%)
0 429  207(48.4) 239 (55.1) 234 (53.6) 3(0.9)
25 430  228(51.3) 253 (56.9) 252 (56.6) 1(0.3)
7.5 403  198(45.2) 233 (53.5) 218 (50.4) 2(0.6)




Highlights

Carnitine supplementation increases post-thawing motility in buffalo sperm
Carnitine supplementation reduced the cryocapacitation damages of buffalo sperm

Carnitine increases ATP generation modulating ROS production in buffalo sperm





