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L-carnitineisa survival factor for chilled storage of rooster semen for along
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Abstract

Rooster sperm is sensitive to cooling, which rettrprocedures to store sperms for extended
periods of time for artificial insemination of corencial flocks. This study was conducted to
evaluate the suitability of adding L-carnitine (L&) chilled-storage of rooster sperm and its
effects on sperm quality parameters and its fgriilotential during storage a®. Pooled semen
from roosters were divided into six equal aliquatsl diluted with media supplemented with
different concentrations of LC (0, 0.5, 1, 2, 4 @anM LC). Diluted semen samples were
cooled to 8C and stored over 48 h. Motility, viability, memhbea functionality, lipid
peroxidation and mitochondria activity of the spem@re assessed at 0, 24 and 48 h of storage.
Moreover, fertility potential of chilled stored spe was considered at 24 h of storage. While
sperm quality was not affected by LC at the begignof storage (0O h), supplementation of
extender with 1 and 2 mM of LC significantly impex the percentage of sperm motility,
viability, membrane integrity and mitochondria &it§i at 24 h and 48 h compared to other
groups. Lipid peroxidation was significantly reddda sperm samples diluted with 1 and 2 mM
LC at 24 h (2.15 + 0.52 nmol/ml and 2.21 £ 0.52 imf and 48 h (3.42+ 0.49 nmol/ml and
3.38 £ 0.49 nmol/ml) compared to other groups. Henmnore, fertility rates during artificial
insemination using sperms cooled for 24 hours & pinesence of 1 and 2 mM LC were
significantly higher (78%) than in the control gpo(64%). These findings suggest that optimum
doses of LC could protect rooster sperm against stmoage-induced functional and structural

damages.
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Introduction

Liquid storage of semen with preservative extendenssed to reduce sperm metabolism and
preserve sperm viability over a long time [43]. dugh several studies have attempted to
optimize procedures for cold-storage of roosterrmgefor more than 24 hours [17,27,43],
fertility rates have been unsatisfactory when hamsinseminated with semen stored for more
than 6 h [35].

The poor fertility rate associated with stored spéras been attributed to unique physiological
features of rooster sperm, which may be damagethglwooling preservation [36]. Rooster
sperm may also be exposed to chilling-injuries thatl to membrane damage and consequent
reduction of fertility potential [38]. Thereford,is crucial to improve and optimize procedures to
protect rooster sperm during liquid storage. Thestnwaidely used diluent for preservation of
rooster sperm is Beltsville Poultry Semen Exter(@®SE), which is composed of dipotassium
phosphate, sodium glutamate, fructose, and sodaatai, in addition to other buffers and salts
[35]. However, it is necessary to add an additovénts extender to protect rooster sperm against
chilling stress, a process that can resulted idycton of reactive oxygen species which leading
to distraction of sperm structure [25,26].

In this study, we have attempted to reinforce BR&khg L-carnitine (LC) because of its
metabolic and antioxidant roles. LC is a water-Blduvitamin-like amino acid, which plays
crucial roles in generation of sperm metabolic gpday facilitating the transport of fatty acids
into the mitochondria [14]. LC also has antioxidactharacteristics associated with the
stabilization of mitochondrial membrane and pratgbe DNA structure against ROS [29]. This

property is related to the ability of LC to redute availability of lipids for peroxidation by
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transportation of fatty acids into the mitochondoa -oxidation [11,24]. Dietary LC has been
reported to enhance the activity of antioxidantyemzs such as superoxide dismutase and
glutathione peroxidase in sperm [27]; these enzyph@g important roles in scavenging of ROS
in chilled sperm. Earlier studies have shown theekieial effects of LC on sperm motility in
human [3], boar [46], quail [31], stallion [12], Ibyi32], rainbow trout [16] and chicken [27].
There have been, to the best of our knowledge tudies have investigated the effects of LC-
supplemented BPSE on maotility, viability, membrafumctionality, lipid peroxidation and
fertility response of sperms during chilled storagdn this work, we have investigated
mitochondria active potential (MAP) of chilled sper in the presence/absence of LC, through
flow cytometric procedures, as described in thiwihg sections.

Materialsand methods

Chemicals

All chemicals used in this study were purchasedf@igma (St. Louis, MO, USA) and Merck
(Darmstadt, Germany) unless those mentioned. Agpbifov the present study was given by the

Research Ethics Committees of Royan Institute.

Farm management and semen collection

This experiment was performed on Ross broiler eedepresented by 12 adult males (32
weeks), kept individually in cages (70x60x75 cmlL&t22 °C, under 15 L: 09 D photoperiod.
Animals were fed on a diet containing 10% crudeagin 3170 kcal ME/kg, 0.9 % calcium and
0.45% available phosphate. Semen was collected fidmoosters twice a week during four
weeks using abdominal massage according to theowoheth Burrows and Quinn [5] and then

transferred to a water bath (&} for primary evaluation. The criteria for normalality of
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sperm were as follows: volume: 0.2-0.6 ml; spermcemtration of>3x10 spermatozoa/ml;
motility >80% and abnormal morphologyl0%. Then, to eliminate individual differences,

semen samples were pooled and divided into sixialgjaccording to the experimental design.
Extender preparation

The components of control extender (BPSE) were tdgsoum phosphate (7.59 g/l), sodium
glutamate (8.67 g/l), fructose (5 g/l), sodium atet(3.2 g/l), TES [n-tris (hydroxymethyl)
methyl 1-2 amino ethane sulfonic acid] (3.2 g/Iptgssium citrate (0.64 g/l), monopotassium
phosphate (0.7 g/l), magnesium chloride (0.34 [5). pH and osmolarity were set at 7.1 and
310 mOsm/kg, respectively. Experimental groupshis study were as follows: BPSE without
LC (control), BPSE with 0.5 mM (LCO0.5), 1 mM (LC1),mM (LC2), 4 mM (LC4) and 8 mM
(LC8) LC. Sperm samples were diluted with medid(37ccording to experimental groups, at a
final concentration of 400x £Gperm/ml and then placed in a rack and cooled B@rto SC for

30 minutes, in a cold cabinet, and maintained afC5 Motility, viability, membrane
functionality, mitochondria activity and lipid peddation were evaluated at O (at the beginning

of the cooling process), 24 and 48 h of storage.
Evaluation of sperm parameters during storage
Motility, viability and membrane functionality

Sperm class analysis software (Version 5.1; Migoparcelona, Spain) was used to analyze
sperm motility. For this purpose, 5 pl of diluteehgen was placed into a prewarmed chamber
slide (38°C, Leja 4; 20 mm height; Leja Products, LuzernestBaV., Holland [19]. At least six
fields that contained a minimum of 400 sperm wertaweated for each sample at a 5 sec average
time to read each sample. The following values wecerded: motility (%), progressive motility

5
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(%), average path velocity (VAP, pm/sec), straigmear velocity (VSL, um/sec), curvilinear

velocity (VCL, um/sec), and amplitude of laterabtelisplacement (ALH, pum).

Viability was assessed using eosin—nigrosine stgjniby counting 200 spermatozoa for
unstained heads of spermatozoa (live) and/or sthaetial stained heads of spermatozoa (dead)

under phase-contrast microscope at 400 x [23].

For evaluation of membrane functionality, Hypo Osm&welling Test (HOST) was performed
according to the method described by Revell anddelrd994) with a slight modification [30].
This assay was carried out by mixing 5 pl of sewéh a 50 pl hypo osmotic solution (100
mOsm/l, 57.6 mM fructose and 19.2 mM sodium cilragdter 30 min incubation, the sperm
were checked under a phase-contrast microscope 4CK®Ilympus, Tokyo, Japan) and 300
sperm with swollen and non-swollen tails were rdedr as sperm with integrated and non-

integrated membrane, respectively.
Lipid peroxidation

Malondialdehyde (MDA) concentrations in diluted sgmwere measured as an index of lipid
peroxidation using the thiobarbituric-acid react[@0]. Briefly, 1 ml of the diluted semen (400
x10° sperm/ml) was mixed with 1 ml of cold 20% (w/ichio acetic acid to precipitate protein.
The precipitate was pelleted by centrifuging (96@gl5 min), and 1 ml of the supernatant was
incubated with 1 ml of 0.67% (w/v) thiobarbituricid in a boiling water bath at 10C for 10
min. After cooling, the absorbance was determingd Ispectrophotometer (UV-1200, Shima-

dzu, Japan) at 532 nm. All MDA concentrations wexpressed as nmol/ml.

Mitochondria activity with flow cytometry analysis
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Mitochondria potential of sperm during liquid stgeawas determined by Rhodamine 123
(R123; Invitrogen TM, Eugene, OR, USA) and propmditodide (PI) as previously described
[21]. Ten microliters of Rhodamine-123 solution0D.mg/ml) was added to 300 ul of diluted
semen samples and incubated for 20 min in the davkn. Then, the sperm suspension was
centrifuged at 500 x g (3 min), and again resuseénid 500 ul Tris buffer. Then, 10 pl of PI (1
mg/ml) was added to sperm suspension. Flow cytgmetalyses of mitochondrial activity
were performed using the FACSCalibur (Becton Diskim San Khosoz, CA, USA) flow
cytometer equipped with standard optics. A mininafri0,000 sperms were examined for each
assay at a flow rate of 100 cells/s. The sperm ladipn was gated using 90° and forward-angle
light scatter to exclude debris and aggregates.€kicg#ation wavelength was 488 nm supplied
by an argon laser at 250 mW. Rh123 (FL1) and neakéscence (PI, FL3) were measured using
527/25 and 585/42 nm filters, respectively. Thelysis of flow cytometry data was performed

using FlowJo software (Treestar, Inc., San Cafldy),
In vivo fertility evaluation

Artificial insemination was conducted according fhecedure of Long et al. [18] with a little
modification. Ross broiler breeder hens were diideo three groups (20 hens per group),
which were housed in individual cages (70 x 70 >xc88 and inseminated with sperm stored in
three experimental treatments that were selectedr@iog to the results of in-vitro sperm
parameters. LC concentrations of 1 and 2 mM (12radong with control group were applied to
test the fertility potential of rooster stored speat 24 h of incubation. Since the sperms were of
same quality at the start of incubation, this tiwees deleted for fertility trials. Moreover, 48 h of
incubation was also eliminated for fertility tesgdause the quality of sperm was not suitable for

this purpose. We used 0.25 ml of semen (108sp@rm) for insemination, twice per week for

7
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one month. The eggs were collected up to five ddtes the last artificial insemination. For each
group, totally 400 eggs in 4 weekly sets (100 dggsach set) were selected for incubation. On
day 7 of incubation, the fertility rate was measuby candling the eggs. Hatching rate was

calculated after 21 days of incubation based onbaurof eggs.

Satistical analysis

Six replicates of semen were used for in vitroleaséon of sperm parameters. All data were
checked for normal distribution by Shapiro—Wilkttaad analyzed using Proc GLM of SAS 9.1
[34] (SAS Institute, version 9.1, 2002, Cary, NCSA). Statistical differences among various
group means were determined by Tukey's test and/dhees of P<0.05 were considered to be
statistically significant. Results were shown asalWSE. Fertility and hatching rate were

analyzed via GENMOD procedure using Chi-Square.

Results

Motility

Table 1 shows the effects of different concentratiof LC on total motility of rooster sperm

during chilled storage at different times.

There was no significant difference between expenit@ groups at beginning of cooling (0Oh).
At 24 h, LC1 and LC2 showed significantly (P<0.0&gher total motility (60.3 £ 1.7% and 63.5
+ 1.7%, respectively) compared to control (51.7.72%4), LC0.5 (49.1 + 1.7%), LC4 (46.5 *
1.7%) and LC8 (37.1 + 1.7%). The lowest significeotal motility at 24 h was observed in LC8
(37.1 £ 1.7%). The higher significant (P<0.05) tatetility at 48 h was obtained in LC2 (28.2 £

2.3%) compared to other groups. At this time, toaltility values in control (19.7 £ 2.3%),
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LCO0.5 (18.4 = 2.3%) and LC1 (20.7 + 2.3%) were gigantly (P<0.05) higher than LC4 (11.2

+2.3%) and LC8 (3.7 + 2.3%).

Viability

Data related to the effects of LC on sperm viapiitiring cooling storage are presented in table
2. No significant difference was found among LCup® at the beginning time of cooling (0 h).
However, the higher significant (P<0.05) viabilaly24 h storage was observed in LC1 and LC2
(65.3 + 2.4% and 69.5 + 2.4%, respectively) comgdcecontrol (57.8 + 2.4%), LC0.5 (54.1+
2.4%), LC4 (50.5 £ 2.4%) and LC8 (40.1 + 2.4%). 8ardiluted in LC8 had the lowest viability

rate (40.1 £ 2.4%), while the differences betwe@®LLCO0.5 and LC4 were not significant.

Viability percentage of diluted semen at 48 h wigsiicantly higher (P<0.05) in LC2 (33.2
2.6%) than other groups. Moreover, viability peteges in control (25.8 + 2.6%), LC0.5 (22.4 +
2.6%) and LC1 (26.7 £ 2.6%) were significantly (F38) higher than for LC4 (14.2 + 2.6%) and

LC8 (5.7 + 2.6%).

Membrane functionality

Table 3 shows the effects of LC on sperm membrametionality during cooling storage.
Differences in membrane functionality of sperm amtme different groups were not significant
at the beginning time of cooling (0 h). After 24 lhigher (P<0.05) significant membrane
functionalities were observed in LC1 and LC2 (78.2.7% and 68.5 + 2.7%, respectively)
compared to control (59.8 + 2.7%), LCO0.5 (60.6 #98), LC4 (56.5 + 2.7%) and L8 (45.1 +
2.7%). LC1 and LC2 showed also significantly (P&).8igher membrane functionalities (33.7

1.8% and 35.6 + 1.8%, respectively) at 48 h congpéwecontrol (29.8 + 1.8%), LC0.5 (28.4
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1.8%), LC4 (17.2 £ 1.8%) and LC8 (11.5 + 1.8%). Tibevest membrane functionalities of

sperm at 24 and 48 hours were observed in LC 8.
Lipid peroxidation

Lipid peroxidation (table 4) was not significantijfected by LC at the beginning of cooling (0
h), but after 24 hours, lower (P<0.05) MDA valuesrevobserved in LC1 (2.15 + 0.52 nmol/ml)
and LC2 (2.21 £ 0.52 nmol/ml) compared to cont®B{ + 0.52 nmol/ml), LC0.5 (3.67 + 0.52
nmol/ml), LC4 (3.76 £ 0.52 nmol/ml) and LC8 (3.80%52 nmol/ml). Furthermore, after 48 h of
storage in 5C, the amounts of lipid peroxidation in LC1 (3.4®49 nmol/ml) and LC2 (3.38 +
0.49 nmol/ml) were lower (P<0.05) than control ¢4& 0.49 nmol/ml), LC0.5 (4.78 £ 0.49

nmol/ml), LC4 (4.85 + 0.49 nmol/ml) and LC8 (4.9D#49 nmol/ml).
Mitochondria active potential

Results of sperm mitochondria active potential (MAde presented in table 5. Various
concentrations of LC did not have any effect on M&F0 h. Twenty-four hours after dilution,
MAP values were significantly (P<0.05) higher in@6 (66.1 + 1.5%), LC1 (66.3 + 1.5%) and
LC2 (69.5 + 1.5%) than control (60.1 + 1.5%), L3867 + 1.5%) and LC8 (34.1 + 1.5%).
Moreover, MAP was significantly (P<0.05) higheri@0.5 (18.4 =+ 1.7%), L1 (18.7 £ 1.7%) and
LC2 (19.2 + 1.7%) than control (13.8 £ 1.7%), L@&42(+ 1.7%) and LC8 (2.3 + 1.7%) 48 hours

after dilution.

Fertility rate

10
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For fertility potential (table 6), higher significarates of fertility and hatching were obtained in
LC1 (78 and 69%) and LC2 (80 and 73%) comparedatatrol group (64 and 56%). The

difference between LC1 and LC2 was not significant.

Discussion

Chilled storage of semen for extended periods ofetican cause several time-dependent
structural and biochemical damages to sperm innaf2&] and mammalian species [12, 32].
Therefore, the semen must be diluted with an apjai@p medium enriched with effective
protective supplements [39,40]. BPSE has been wislebwn in earlier studies, to be effective
for preservation of chicken sperm under differetates of liquid storage [38]. In the present
study, we have investigated the potential benéfiefifects of LC added to BPSE, for rooster
sperms stored at’6 for over 48 h. We observed a time-dependent tamudn motility,
viability, membrane functionality and mitochondragtivity of rooster sperm diluted in all
experimental groups. However, this reduction inugio containing 1-2 mM LC was less than
other groups. Supplementation of BPSE with 1-2 mMih our study produced higher motility,
viability and membrane functionality as well as &vipid peroxidation compared to control and
other concentrations of LC at 24 and 48 h of intioba Furthermore, we obtained comparable

fertility rates with sperm supplemented with 1 &whM LC at 24 h of incubation.

Several studies have reported that oral or dietansumption of LC increases semen quality in
human [45] and chicken [27] sperm. Moreover, supgletation of semen extenders with LC
have been tested for stallion [12], bull [32] amdbbit [33] sperm while there are notably few
studies that have investigated the effect of imovBupplementation of LC on breeder rooster

sperm as well as its fertility potential [43]. Heghmotility, viability and membrane functionality

11
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of sperm treated with 1-2mM LC may be attributedthe role of LC in metabolism [4].
Facilitation in fatty acids transport across theenmembrane of mitochondria via LC leads to
improve the production of ATP broxidation [41], thus providing better supply ofeegy for
sperm motility. On the other hand, ROS accumulai@ing storage of sperm [8] are probably
scavenged by an optimum dose of LC, also resuitingwer damages to sperm during chilled
storage. LC is found in higher concentrations & sleminal plasma compared to blood plasma

[15], suggesting the crucial role of LC in the pyaite cycle in production of energy [42].

Antioxidant characteristics of LC arise from theawenging of free radicals, destruction of
hydrogen peroxide and metal chelation as well hibition of xanthine oxidase activity by LC
[13]. Of these properties, reduction of lipid pedation is reported in literature and is normally
considered in research and clinical attempts [7,8Jur results related to lipid peroxidation
verified the data obtained for sperm motility, vldp and membrane functionality because
MDA concentrations were lower in LC 1-2 mM, whiah agreement with previous reports of
beneficial effects of LC on sperm [1,3] and othell dypes [9]. However, this result is
contradictory to observations of Atessahin et2l. \vho reported that lipid peroxidation in goat
sperm is not affected by media ingredients. Thssm@pancy may be related to the sperm type

and applied protocol, which can effect on the lipetoxidation results.

Our results also showed a logical relationship eetwsperm motility and mitochondrial activity.
Sperm motility has been found to be relatively dejgsat on mitochondria activity, as suggested
by other researchers [20,22]. This phenomenon nmeyde to osmolyt role of LC in the
extender. In fact, supplementation of diluent Wit leads to partial removal of Na from diluent
to maintain isotonicity [37]. Because Na increafes depletion of ATP via activation of Na-

ATPase pumps [37], it is suggested that the beaéidéfects of LC may be due to the removal

12
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of Na [12]. It has also been suggested that redmotif Na in solution reduces the energy
demands of the cell sperm resulting in slower cdtATP depletion, effectively improving and

maintaining sperm viability and mitochondria adivior extended periods of time [12].

The fertility and hatching rates obtained usingdlgireserved sperms in extender that contained
1 and 2mM LC were 75% and 66% respectively. Sutdsrare comparable to fertility studies
that use fresh semen for artificial inseminatio8,85]. There was a significant improvement in
fertility rate when 1 and 2 mM LC were compared cantrol extender without LC. This
improvement is related to higher quality of spereated with LC, which can directly affect the
results of fertility. Our fertility results witaddition of 1 and 2 mM LC to BPSE were similar to
the results reported in an earlier fertility tredperiment [36]. It must be remembered however,
that numerous factors such as nature of the hentethnique used, number of spermatozoa,
environmental factors, depth of semen depositiod fiaquency of insemination can affect

fertility rate after artificial insemination [6,144].

Conclusion

Supplementation of rooster sperm diluent (BPSEh W€ preserves the quality of cold-stored
semen by supporting mitochondrial active potentidlile reducing the amount of lipid
peroxidation. Furthermore, addition of optimum dosé LC to BPSE preserved the fertility
potential of sperm during cooling preservation. isTstudy also suggests a practical way by
which rooster semen can be transported to far-afaayps for insemination of commercial

flocks, without significant losses in viability, rility and fertilization efficacy.
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Table 1. Effects of L-Carnitine (mM) on rooster spamotility (M£SEM) during 0, 24 and 48 h

of storage at%&. (M+SEM)

LC concentrationg 0 24 48
0 89.5+29 51.7+17 19.7+23
0.5 92.7+29 49.1+1.7 184+27%
1 90.8+29 603x17 20723
2 86.4+29 635+17 282+23
4 923+29 46517 11223
8 88.6+29 37.1x17 3723

Different letters within the same column show diigaint differences among the groupsQF05).

Table 2. Effects of L-Carnitine (mM) on rooster speviability (M£SEM) during 0, 24 and 48 h

of storage at %C.

LC concentrationg 0 24 48
0 915+19 578+24 258+28
0.5 90.7+1.9 54124 224+26
1 928+19 65324 267+28
2 90.4+19 69524 332+286
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4 92.3+19 505+24 142+ 2.6

8 90.0+19 40.1+24 57+2.6

427 Different letters within the same column show diigaint differences among the groupsQF05).
428
429

430

431  Table 3. Effects of L-Carnitine (mM) on rooster spanembrane functionality (M+SEM)
432 during 0, 24 and 48 h of storage &5

LC concentrationg 0 24 48

0 90.3+1.4 598+27 298+18
0.5 89.7+1.4 60.6x27 28.4:18
1 91.8+14 703+27 33.7%18
2 90.6+14 685+27 35.6+1.8
4 89.3+14 565+2.7 17.2+1.8
8 88.9+14 45127 11.5+1.8

433 Different letters within the same column show diigaint differences among the groupsQF05).

434

435

436  Table 4. Effects of L-Carnitine (mM) on rooster gpdipid peroxidation (M+£SEM) during 0, 24
437  and 48 h of storage afG.

LC concentrations 0 24 48

0 1.53+0.45 3.81+0.52 4.76+0.49
0.5 1.50+0.45 3.67+0.52 4.78+0.49
1 1.57 £0.45 2.15+0.52 3.42+0.49
2 1.51£0.45 221+052 3.38+0.49
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438

439

440

441

442

443

444

445

446

447

448

4 1.49+0.45 3.76+05% 4.85+0.49

8 1.45+0.45 3.84+059% 491+0.49

Different letters within the same column show diigaint differences among the groupsQF05).

Table 5. Effects of L-Carnitine (mM) on rooster spemitochondria activity (M+SEM) during

0, 24 and 48 h of storage &5

LC concentrationg 0 24 48

0 81.8+25 601+18 13817
0.5 842+25 66.1+15 18417
1 824+25 663+18 187z%17
2 85.3+25 695+15 19.2+1.7
4 83.1+25 557+15 82+1.7
8 89.7+25 341+18 23%17

Different letters within the same column show diigaint differences among the groupsQF05).

Table 6. Effects of L-Carnitine (mM) on fertilityopential of rooster sperm at 24 of cool storage.

Dose of LC in extenders (mM) 0 1 2

Fertility rate (%) 64 (256/400) 78(312/400)  80(320/400)
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Hatching rate (%) 56(224/400) 69(276/400)  73(292/400)

449 Different letters within the same row show sigrafit differences among the groups@rR5).
450 Number of eggs: 400 per group, number of hens:e2@mup.
451
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