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Effect of 2, 4-Dinitrophenol on reactive oxygen species production in mitochondria and
improvement of sperm viability after freeze-thawing process of Rooster semen
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Regarding the role of mitochondria in the quality of sperm motility and fertility, protection of
mitochondrial function against Reactive Oxygen Species (ROS)-induced damage can be an
important step in improving roster sperm fertility. The mitochondria are the most important
source of ROS and the unique properties of mitochondria prevent antioxidants from entering,
which results in poor antioxidant performance in protecting ROS-induced damage. Therefore,
the use of antioxidants that can pass through the mitochondrial membrane and inhibit ROS in
this region can be a good way to reduce the damage caused by ROS and improve the quality of
sperm and thus improve fertility. The aim of the present study was to use mitochondrial mild
uncoupling combinations to reduce the risk of ROS-induced injuries and increase the survival of
sperm after freeze-thawing. For this purpose, 14 Ross breed rooster with 28 weeks of age were
used. The semen was taken by massaging the abdomen-back procedure. After initial evaluation,
semen samples were pooled After dilution of semen samples and addition of 2-4-dinitrophenol
(DNP) at five levels (0, 0.25, 0.5, 0.75, 1 nM), they were cooled and then frozen. After two
months, semen samples were thawed and evaluated for the percentage of dead and live sperm,
sperm motility parameters, membrane integrity, lipid peroxidation and sperm morphology. The
results of this study showed that the addition of DNP at 0.75 nM resulted in improvement in
total and progressive motility, viability, plasma membrane integrity and sperm normality
compared to the control group, and significantly decreased MDA concentration compared to
control group (p <0.05).

Key words: Mitochondria, Mitochondrial mild uncoupling, Reactive oxygen species }

NV OLSen s RUD) w8 o b ol &S 1
258 0L 5 daaly opl 53 (Y0 0L, 5 Du Plessis
i o 5 35T ISty 0 g 2SI sl o i 51 05,
Wang) s 8 o sl 25 6l 4 (slodyoly slowl o oS
YA OLHL—Saa s Antonenko «¥+ 10 ol San
el &S ST B el g 5lenlin il Lo (=S e
-r.i_,_’T )‘ oslawl \_’ \i Q}._JU}K} CC};}L__» ngOv{jT;
SIS s, VB 5 56 semss ST g L;uﬁﬂﬁ»; b
8 s (5 me 53 (23wt pl SV o o 51 31T
5 4Bl maxd (5)iS e )3 WIS o8 ST Gbd&sly ol 5,8

oo
30 Ol 30391 poloom sl 3lazmil 4y Lo D8 o
bl Gy s (AT Oy 4 o ezl S o OT
& 5—an il el (6l 0dd damie o (6500 S 022
Mphaphathi ¢+ \v o1, Kes s Madeddu ) el g5,
JUisl s o5 55 Il 0358 slaas S (Y19 0L
Wl 5 o (SIS s 53 5 edd A5 (S s2e 05 S
s Ll bQTé?J_A)a:)SJ:&ubJ}LusﬁL.&QMQ
Yo O s Amara ¢+ 1o ol LS 5 De Plessis)
Ll gr g ,kS e W ROS W5 ol sl o 51 (S €

5 el s se Ol 5 axils 13 el Sle S 5 oS

ﬂﬁﬂé/w (D



e OIS 3T 055531 35 b SIROS Ul 55 5lga

ot 3T 4T3 oSG 05,800 st o s 15 1 SUes”
Sl I S plan s BSU VL b S 503
non-ohmic «L., -~/ .(Y-.v Karim and Echtay)
O gDy i 53305 p2als 05 1L ROS W 5 il 5 o
S8 gin Sl S T Sl )01 51 AT 5 gdoes 55 10ST|
Ll e g llST Bl s el s S gl edias QLIS
33 G g (6,8 L 0Ly o (Yoo F 01, Ken s Kudin)
A2 HLROS Wi (6508 s i ol 20l g
Azzu «-.\. Baffy .1y Mailloux and Harper)sis
O S e sla STuscis WYY+ @nd Brand
58S B o oiS AT Ll 5 55 s 5 s Ay
s0bwilen); aleas S 5 sy Osare gl sleil 5€
S (Y10 OLLSea s WaNG) coul o3 4 dsie oS 45
ROS w5 a8 g el SohS 250 shin & 5l
D313 51,8 Dol G b 1 g LaS i Cdlaze Sleodis I
43 5 plonit DNP 1S 5T Sl 21 51 el L () s
3 e DNP Gsg580 2l ool 51 Coun .ol
5 CmiS s g s b s ROS Wy 2alS” 0T 50 o)
3 p el 3 Sas
9y 9 3lge

o &b ‘_5)3Tén.? 9 odliwl 3yg0 YN »
Ol s ioadss hags 5 Slides oSl 53 ol hags
Bl o5V S G (ml 5o 8 s el s oKl
SLa s 53 L g ;5 5 S o3lial puw 4zin YA L YAl
a3 YA gles (e il Vax Ve X AD slal U (g3l a0
S KU celnd 5 glidy, celu 10 5 ool § sl
S0 (.wa-w $l3ay oy dsb s oy & . Lls
V0P 5 (sammd e (551 s IS 5hST YVF (g5l) ()l
5 s 4 s (it esla tﬁ,_x;,aéutwu&;;,ﬂ
Sl azan ¥ Sods an La g s sl OF w337 o s
s (B Tn 09 8 93 4 o LS A3 3le (5,5 0 ol
S oslial U La s 5 5los S &S5 51 5o (g0 4500 5 0k
ST S &S5 3 5 o5l e (oS- i Al B,
3 o s e o8 iulo3T a0 31,8 sl i ys TV e

@%fﬁi/w

MIDNA ;05 s =503 SS9 A e
DNA ol cla 55 5 0 gl clade O sl
Lys S 8 ey (68 e s Slae s S
Smith and Murphy ¢v+ 1+ (ol,LSa 5 Skulachev)
O s Mirzaei «v+ 4 o, Kan 5 Skulachev vy
4S gLaolnST (5T asu Sl ede JuYs 51 (S (Y8
ol e 534S ol ol Llas 15 andllas 5550 0 5SG
5 FaNg) sl oo mea canl ()48 520 55 S ROS W 5
Gla S iy sy Ce o La g, S g (Y01 F 0L
LadeST 5T 4 Lo 0350 2 U358 23 (633 &) pae
S gn |15 53 ROS v 10 oYL pslae ozals
s i s o 53l sd e e A
) LBl ST R 8 e 53 e (S e
(Y8 0lL,San s Mirzaei ¢+ 24 oo, Kea sSkulachev
e 53 ol Slides LAl U ol o f 50 50 ()
Sl (6508 e o OIS (5T 5505 g 5o (el 5
6 Y=F aland oS Sl e onl 03 o5k s L
L3 8 oslizal ROS 1 a6 glacauT 2alS ol ' Jsids 2
bt e 3 L (T 055,20 5l e S 5 655 oS
sLas 55 035 VAPV /MOl J5e o > s CEHANZ205
2303508 syb s esle ool ol 5,5 slay b IS 4 GU
Cle o VU glac ble 5 5 o eslinul mlio 5 (65,5l8
30 gDy pd 03 S Tz 5 gl o e 5o Il
OIS 5 STVA) Cl s Ol 5 DLl (&1 2 O anl ST
s (sLdd 0555 0L3,E el 1 0T oo 0586 (Y117
ol ol sl s ATP S 51 (6,8 o 5 (6508 50
sl ATP W5 05t il oo 05 2SI Dl o i § 457 Sl
23 e ran a3 5h 4l pd e Olje Rl 1 Eol 5wl
3550 Bl 31,31 055 28l (sl 03 28 55k 4 1Y L
Shestimal (Y19 LS 5 Silva) cos 51 5 ssli
500 F8 Sda w5555 04 055 % MOk Lluie « DNP
03 a0l A gte b ya Glair i 3 8 o g
1 Olalyos 0 055 5 Mg Sl dmy Glaods) pummen 5 LS
Ao g ST g L 5 (Y0VF OLKen 5 SilVaA) Wl rals”

'2-4-dinitrophenol (DNP)



O lws yolelu ¥ ngd)ﬂgfdjb-av\_rfé_éj
e O LY 3 okt (50 o
34503331 0y U6 51 oS 5 4 U el T (65l 00733,
40 0 e B (6T Jlombu s s Cele &K
T 00 s A 0diS o Lo /YD Glapl s s aolW
s 8,5 aids Y e 4 wle S5l e (VL (50 5L
S sl 5035 s3ebst mle D51 53 L8 4y s
d15 53 0la 53 Sds 4 W gai s Jizie 51 eSSE s
K a3l i (o l 3 i (5SS 1 eSS
St 1SS e 53 g s el LSS L0 oles Slaes S
Sl 23 8 3 Sl 3osm LS Sl e s demie Sl
SE Sl sV OT s Y Sl Spl o iSx
Lo sl do s dile Slis dtfc, 5 e B 03l 13
cr};_ul wlie Codlw ol Lgl_a(aﬁ_.u‘ Ay (S, e
3 On polie eiman 5 Lap ol (SO5 5050 0 Slo poas
SLad O gl ok O jn (el S L i A llT

.mﬁ,\;dmumrwlﬁwm

\VQ/\QMU‘.@‘.} (}L‘«Q,&J Q\Y‘ﬂo)w

=P e s Dy 5 53 e Slaad s Sl adsl o5
&S ‘féé:ﬂﬁﬁ"x\'ﬁj‘%ﬁcw‘%‘f?&:"/‘“
o3lital 35 50 Vo 1 2aST (a8 ol Olge 5 A 51 5V
e SLa gl (93,8 Gl sls (ol ghate 4 b S 13
sSafa ) wus bydses vn L cadsl gLl 3l ey Abolod

(Y8 O, s

P gl Slozxil § oS 385 (S Hwodke

L5 8 oslizal s g oS 33, 1 g ol 5l s she &
23 sy oS 535 g 6l ool 550 g loard Sl 5
o () i) 05 5 g OWIT &5 0 o875 51 il anlllas
515 3 dglows 3 23 e Vo Sliie @ oS 355 (6 5LwosleT
(ioloiT 05,8 ululp A o a5 ods abe, bauldg )
T2 2 dete LT (bl i 035 31 DNP 0las’| 5T
5345 352 DNP 51V 0 551 ¢ /V0 /00 ¢0/Y0 ) b
AS) gy TS o8 5 SIDNP s ploil 1SS ey
0 OISl 5T 035330 51 oy 13 s (FFYTF 1] semmes
Laadgd Jorbs an Ve ) Lol Ly p el (Sl s 00 iS58
= sl odiS 5y sl S0 S e A3 S SLSI
sl 056 man DNP 0lusT 5T 5 p ol s S

Boginds ouiis” 38 polio Sl Jou
Table (1)- Blastville Extender components

Amount Ingredient
“/YOA Potassium phosphate dibasic trihydrate (g)
INSF Sodium-L-glutamate (g)
/o 5¥ Potassium citrate tribasic monohydrate (g)
Y Potassium phosphate monobasic (g)
/0¥ Sodium acetate trihydrate ()
IR Magnesium chloride anhydrous (g)
YV N-[Tris (hydroxymethyl) methyl]-2 ()
/0 D-(-)-Fructose (9)
| Soybean lecithin (%)
\D Glycerol (%)

Y1 olslKon 9 Safa

ﬂﬁfﬁ;/w (D



e OIS 3T 055531 35 b SIROS Ul 55 5lga

(oul53) ook &5 iy Lo (03 0) (K05 (Slap el Aoy
v+ Bakhshayesh Khiabani) .s s>
Y(HOST) (obowdly slié Ko sl S

el i sl Ly a3t L2 S,

a5 sl 3 bt slpe td s (HOST) K5 ol gon

ssbtepl 6l s 8 ag OLIT ¢S e oS5 51 Conla J o

Lo Iy S Ve ‘-—%‘)@#GL—-‘}‘J—:‘:S)JK:‘\'

oS P18 G855 S 4 (s5lm) Cala S el gl

L ke 0T A ev v e Dlhitnss Sl i s 5

Gla b ooy 3 L ki L1 (U gl o Voo 4,V san

joggé,\guurﬁ@;w Sodas 515l a3 YV

5 b ods 0 Sl 0 sas 5l o ka3 ¥ JSla ags L OT 1

P23 8 e oSy Sl eslizal b p e B sles

oS 03l glap el o3 5 holed ol Yoo filas oY

A s (03 0) 03 ) 3555 0,8 s S (0d53) 03 )55

o ol GLis slyls 03,55 oS p3 sl sl

DLt STy &S5 sl gl Lo 53 (55,8 1,5 L 505

it o350 8 03 LT 03 45 lap ol 8 Jlo 55 dins s

Bakhshayesh ) culed s wT L gT ol

.(Y+1Y Khiabani
Pyl S3998 90

PETREPN S IFENTY W Ry SOV RES U P SPRRPITS BRE e

S s S 100 ol Lo s S 4y ot LS i

S e 100 (o3 ¥V b 2 e $Y/0) &S iSSla U loes

s ST e b g AU Jsloe 2d L V00 (ol Jgloa

D3 eV oy blue cpl 5o a8 &K e b 03531 (a5

prml Yoo Jildo oleb g odiotilig JoY g 5 o0l

doys Frx L5 Ll w5 oSy S

A dsloes (ab 8 glag

® Hypo-osmotic swelling test

@%fﬁi/w

P ya! Ol b 3T

Pl & 2 (L3

pome) 5 Sl 5 (e ased 2 LS S ey
S s 33 e 0 g5 ey &S i S )
2 i s s 93 L8 oy 53 L8
CASA i jlostinal U (gl 03y oot &
(Labomed LX400; Labomed Inc., Culver city
&S o glaaminl b b5 S s L5, CA, USA)
)|J_a(rv°C>e.\_,:rj_?‘}d,;;i(‘yw)\)«;f.;y,gb@o
S S 0,5 amino 535 JaY L 0Ly Sl dm 5 03
03 dn Ol Ve Bldis a4 ges a5l b ools ) 8
U8 i Sl domil 5 5 DS 3las HalS ey Sy S
W o g Ve gleE el Y
YV F 0L, s Akhlaghi)

Pyl Slooi ) wo ya
Ll o S 558 e TS5 oy a5 )
Uiy o= s Y1V Bakhshayesh Khiabani) o &
3038 Sl sty 5 S 05 e sbap sl
Ve 5T 8 ol 1 S e K 0 (slap
PRS- R PUE RN PE PRUS- PP RIS AP O
b 4 gas g Koo V0 e B o3l 1,5 0V ()
i e 03,5 5L Ky 4 ol T 0 b b g Bls

J_i)'l)Cy‘QJ_f»M}‘wﬁ.uubgﬁfﬂ?@bl

5 okd holed ol Yoo wsas a1 g esls 15 Sy S

2 Total Motility (TM)

¥ Progressive Motility (PM)

* Curvilinear velocity (micron/sec) (VCL)

® Average path velocity (micron/sec) (VAP)
® Straight — line velocity (micron/sec) (VSL)
" Lateral head displacement (micron) (ALH)

8Linearity (%) (LIN= VSL/VCLx100)



f‘ ij eA.aLi.»:Yij
S SiLe =l
Lol 51=Ti
¢! I bt Jolse 51 50 alledl ji=€

Pl
Pyl & 25 S AI] B ()
Eel Jgdg i oV eF 31 Y 50 6l /YO 5 0/0 /YD 5555l
3 (Y dor) A Lap ol IS 68 o s sime b o531
Aald oy 8 4 S Y g0 5L VD s 53 0y ey &S o5
035751 45 313 0L pu L5 .(P<e/00) 55— yls e
o 3y e gy 2363 VP dabila eS|
S8 o et 53 Ly 5 8Ga) el (S (Sladmial 3l
o ol (b e (Gly ¢ (B0 &S S i s 53

S (5 2,2 ol 5 s s 53 S (IS > O3 g

39999390 of el SLid (S (S0
il OgeslanS( 3 9 oy
0 ¢ /Y0) Caltes - gla SIS o 5 4 i S Jol s
Sog Lol oS 385 4 I8y VR (Yl VO
O P O W EE K CSIK Ve PO P
O Jgds) (P</40) ai aals 09 5 4 s L;Lnfc, 30
Slad 505 53 (ol 5 oDy slid (Sl ¢ Sloots
S 5 I 3 g Y sn U VO a5 ods LS
OMeST ST s SIS alie Lsls 0L aals 65 8 4
VO = gla 1 eslizal &S sls Ol uals 05 8 4 s DNP
Sl 35 o ol Slaes S sl 4 Cod Y el
Cob 3l eslial I ol il el ok gl (glad s
ol MDA cLlle , DNP wius 0linsT 5T o Calzses
Sl Camge Ve gl VO 5 /B0 /YD D545l &S sls
\cﬁa.dﬁmuMua})quMDAg;m;,bdm
L35 aals 4 Cons MDA CLle Sls me J2ol 531 Y 505U

OMalondialdehyde (MDA)
“Ethylennedinitrilotetraacetic acid

2Butylated hydroxytoluene
Y Trichloressigsaure

\VQ/\QEM;UGJ‘.} (a}lﬁ‘t.‘:.f&a (.\YY'OJL»&

AAAT (68 Ol cdalé (5 w0 Il
el Ll O geltenST| s 50V Sl = iy o S el
il G2k 31 (MDA) aadlTiss 0 e elaw (5,8 5140
XY QLS 5 Balercia) st o aul ¢SO 2ol 45
b5 ol e O oSy 5 dgemme <SG e llT (030 e
Bl oS5 6 w5 5 eals STy Al S5 555
) 4SS e 1y el 6 g5~ T (630 e
S o3ILl gl 3505 5,8 o3Il 1y Slsl oS 5 ol Ol oo
sbes 53 515 2 51k 2 5l Sl gs el MDA ke
Jdowe 51 gror o) g it LS i 51 8 Sl 5 VY
Jsdoes 5| s gor ¥ s BHT" Uslone 51 s oo ) EDTA"
239V Laids 0 Sda o3 S bsa ea ], TACT
A YL Sl e ) JlRe & e L 5y Sl 4l o
ke oS5 0T w5 by 5 525 05506 S5 4 5 4l p 4 500
318 e 45340 55 4ids Yo S 4 e 5 3L TBA
e Xy 53w U Loy 5o b s osls o)l 23§ 13
T80 ) jue s fSKl Ly n gL OVY 50 I b 55 (6558 ol
s g S el (Ot P oS s cx L. UVIVIS

Y.y (Frederick «v+15.01, K s Mirzaei Rad)

SsleT o 9 4 325

$3bar alS b IB s SIS0 53 s Jls O L b ol
SS o deo s ladsinl b gl edeT Sy (slaosls LS el
4 gl ¢ Gle oS oS o Do e coin) Sy &S 2 (S
A T30 e b 5 p ol 58550 « HOST J jlonse
S5 T sy5 G SAS S5l o GLM as; deoy
Jols ola osls lunl s asls o 5 a6 s S
S5 05T 3 bl 5Kle dwlie ¢l s giledle

L3 oslizul

ﬂﬁﬂé/w (D

Yij =u+Ti+ €jj



M5l

&,k JIROS

| Q}_’f‘

—_

[T

oSl 3

AFTND § <R g (p 0 °q B) T M of o 0 Al mfe> w2 (94 /+>d)

AU |

\V/e nﬂc.w\’m

Ab/+ F v.<\oC.

Qb+ F, ANVQ

4010 F Ad/A

U SL/O

\V/+ F  AAY

AV/+ F o+ VIAA

b/ F o+ V/AA

4010 F AV

U 05/0

\V/+ H%.<\<>

Ab/ ﬂn_.>\«m

v/ n_un_.m\<m

401 F L d¥\

U £€7/0

\V/+ Ha.o\o>

TR S RAY

v/ Fq'r/4s

4014 F VA

Mﬂoﬂ«.«.

RPN

Ab/+ nﬂv..\<o,

OB/ F, ANQ

_kuﬁinﬁ\-ﬁgs,ﬁuivﬂhﬁ» m<>u1JmM..ﬁ.4..\3n«.L~tdmﬁLg ‘.—o>uiﬂ3ﬂ_mvb_‘vﬂpnﬂ$iu\m_5n4.3 ‘.—m>nx\3_xh\¢nﬂ..nq’dmrv

HV: Fquﬁuuﬂﬁeﬂﬂhlujmgjwﬁm\gf-nwﬂ?uwg .&Umu\bgkﬁhjﬂh—g\ksj-\uﬂo Zmﬁﬁiﬂ%xnaﬁﬂ“_‘*uwxﬁlnﬂg_ld; En—nkm._“;ﬂdlwﬁqﬂ ALS: -&J«.}Jﬂub.r«.nn,hﬂ“;

ASTND § <CehS g (9 °q B) FO M oF o 0 g mfn oo D (90/05d)

m.\.u_u%><»

<rb[ 4 e (ore ) B0 gme KO K d M 6 E i 0 0 e of mb 2 oo 34 0D bk (Y § oS o)

| AL AN nmn.<>m 4%/ F /AN AVATF A A VAL F 4+ /A\ A/ ﬂn_<c\» A/ F QY VB/ e FAV/AL  AA/AVFO/AQ  44/\ FQ /AN
NUOA/s  MAF 40N 4%/ F oA\ AVAFV/AL VA/A F %4/Q4 A/ nm%v»\v A/ F L AVAAY \o/ FAMIA A/ F /44 44/\ F bA/4\
JNuUo/ « AMATF 414N 4%/ o' 4N AMATF B/ VAN/A F SA/A\ A/ umewo,.i Ad/\ Fp\NY WO/ Fd/bd SAALTF V0704 44/0 FAB/AN
NUOA/  AATF 4/VA 4%/ Fq' VA AN TFAMAL VN/A F bd/4A A/ F Q%A Ad/\ nmnoc.\mx, Vo/ F 4V JAALFOV/AA - 44/0 F b /d\
e A/A Fqe\A 4%/+ ﬂn.»\m» A/A T 4V/4A VNAF +%/AA A/ ﬂn«?i Ad/\ “m%m>>< \B/ s FYMAL AV F A VAQ 44/ F AV

<ré[ ) oy 6% 799 <€ 0% o d L6 of mgé 2 e 3 0D 6k 0 (MY 7 o oY)

ww
E
3
3
3




L 3 e YU gl L plap ol 4 s QLS 5
Jol s (Vo) 0L Kea 5 DONG) sk o 5 550 Y sans
LROS Wy 5l 6,8 gl a5 5l 0lis g 59,5 p 4nlllas
SF A 65 Sl (Sae (Sl S (gl DS 5 dhs
03,5 (2o L O (6l 0 4 ol (655 5 Dl
sDong) st SlansT =T sle |-S6 LROS slas S
I St 5 s (65 lwd b i andllas (Yo 0] Kan
ROS, MDA, ATP iy paiis glo b agalse 55" oS
e T L 0T LSSl 5 60500 ¢l (5 > slaaminl b
Pl 508 QLS5 5056 ol 53 p ol CoiS 5 plnS
@b ol (S 6T Slallas I ol b s o)
A5 il 0 sl o el (g LS e e
s Wang) s s)a,b 5o S e il oty 53 s ATP
sDNP (sl Sles gla ST (Y010 0L
H202 435 o 5lon b o8 5205, 805 5Pk i 55
il g dar g LIl Sud 4 a8 Las o a1 (658 e
=L (v Mailloux and Harper) ast oo o
pml Slemil 555 2 (Y19) Oy Ses 5 SHVA aallas I ool
LSS 6o = 6,5 DNP 035551 45 sl ol o5 5
S 55 ol Sl 05 5 O gl i (o lendly glis
b ol U (s (Y01 ) 01, Ka 5 Shabalina .caiw
Ly s o 2alS 1HROS W g LasdiSTua a5tz
S i g 5 g 3 b5 5 1 SUeS” ;5 ROS Wi 5 rals”
A5 Al e a8 dls o slid foily 4 ey Sl g
4 5L Jos cpl plail (6 8 L3 ST 0Ly 5 e J2alS 1, ROS
DS o0 GV 7 o ] 457 ol DL s 1 (VL sl
YV Qs 5 Shabalina) 5,105 s 5 sle Sl s
H202 o o ool 531 e o iy 0 UCP g
L ROS U5 2alS edalive dow s Idm dal s opl 35 5 o
WL s Lee) ws § ol UCPous 51 i 0L alews
ROS Lzl s 0 35 UCPy i 56 sla sy s j5.(Yer0

1 Uncoupling Protein2(Ucp2)

\VQ/\QMU‘.@‘.} (}L‘«Q,&J Q\Y‘ﬂo)w

oo
FERIPELPICMPECS 1) SIS SN S-Syt - P PR S
(olodhy sLtd (SoslS ol (5 sLs el
=05 O gl Aeed O 5n 5 Slo 05 i el (5553 585 50
Sl eslizal 0lej 53 g 55 1B 3 g 3 (S mls s 8
e Slred 5 slon piae 53 Y sa gl /WOl s DNP
Ol A (65505 30 e plemedy sl S S
05,5 4 Coed QUE  l  rel o)y 5 JST S o5
QM)W&M_S\ oS s (Y3 ¥ Jsd) 54 dalls
5 6oL il f s (Gleed S (gl 534S Cul (633
fméuj;i,o;ﬁbuwwuuumrﬂ\;%f
5LROS g cad i T 005
¥ Veol,Sen 5 ChOD) sl 55148 ol oS g 5,5
53 M= (Y1 F Fang ¢f -4 ol,LSea s Skulachev
NS 5 ol ST EALST o (658 s 3, Shee
3, 80es 5l bl ol ol (Yoo 8 FOM) 55,5 o 55500
S0k 5 ool LS 5 500 03 ool AE Ll n (658 e
Eelb DNP jloslanal &8 5l 0las Lo (o) 2 gl . LEL 4l
CkS 35 5 Slaedss Gh1 10 salienST| ) 2ol
L Gillas Laasil ol s S b 05,8 L alin 3 o
OLLSes s DONG ¥4 F Ol s FaNg) i Sl
lasdS Tus LAl .ol (Y418 01, L 5 Silva .y
i8S A leT Lol s s s 63 a5 s2n
oo Ol LSea s Thompson) 5L 58, = o oo
DNP i sslizal .conl 05 5 Ao (Y++) 01, Kea s Machaty
il gl (BB 55 O gee o e slazil 5
5806 Ol sDONG) s § oty LS
A5 palS Jstws oS 5 ol 48 bl s (Y F) 0K
S Cile Gleets il 31 5 4 O gl (ROS
Ses DNP &l 51 Jls ol b el o3 g 5,5 alews 5 s
S50 5 (Se3n s Dl pas L bLS I 5>
ey Sleeds5 L gladiz 53 15 ail LaeaE

ﬂﬁfﬁ;/w (>



e OIS 3T 055531 35 b SIROS Ul 55 5lga

(Y11 Mailloux and Harper) ast p ol sloxsi
35t 3 2l SRl 505 0L ol addllas I fols il
33,8 o Lis Jgb 2503 F jleslizal 35 b JS S o
o3lil 3) 50 by sl 53 gy 8 G-V & laar g
S S sl L iy s S Sl
S 3123, 5 w ATP 5 55 1als Esly Gz 2alS
o ASIE 3 b 5l o el i 510 5L 2050 651 K
O e b s Gy b SIATP W5 )3 el g 335 00
2l IS sl g el gL (555 65 5514
35 o ROS a5 s (2oL L Joiley (S 20l
e 303l 3,51 5 ol s S ol (S o Glasomial b
oudt_;f@rﬂuﬁdwuugwtvﬁm,gy
P D G e P PP ST B AL G I CHME G P
S 535 on Ghye S50k Sl s‘wfc S &S
,awéuubujlrﬂm&,”gff,:«fwmﬂislﬁ
Ao L e oLl Bl il e p el ST L5
3V bl (ol Lap ol sl s BB O ponltenST
Ladd Ol 4 s B o L3112 O ladnd
lad Lis 4§ graldenS |y e a8 8L (or ol
Lois gy S e slis S LSS s ol (sl
330 T S g0 $30L 8l 48 J5S s0 KIS
CS o (Y10 S s WANG) LS e oSS dil
e -5 oins (g s (65,51 55l e sy L ¢!
Colem gl 5L 390 Sland (55 25 65T 3,05 A g gle sl
3 ASIE (S plin s 53 oy p ol Sl gla Il |
A5 LS sn 3 555 o ol 51T O gy S
dabid g o B 55 5 IS O gD b G b ST 655
35 35sm 55 SIS sl e IS 5 b Sl ST el
#3335 T G STy 5 0 &S sy (DSl bl
Sl 5 350 (65,51 5510nST| O oDy i S o el
el (S lte Sl s 4 (2 el ) ol 5 sk 5 Bl

b Al e 58w et Ll K el 3 (555

@%ﬂ%/w

vy« Mailloux and Harper) b . i3 6,08 e
S Jol s 03 ole a4 5 L (Y04 Ol 5 Lee
sfang v vs ol 5 Silva) Cdise sas £ 55 DNP
s Matsumoto «v+ v+ (o,LSa s DoNng ¢ 18 Ol LS
sLardy vy o, L_Saa s Lanning ¢+ A ol L_Saa

3503 Ol 641 1) ol gl 5 015 (VAFA 01 0en
Clablous e ) anlllas 3 g0 diedds DSl 5T sllas 30
(Murphy and Smith) wsb o g,48 e 5 Shes
@ 358 Uy & SIS =T 51 eslatul ams 55 (Yerr
Lis 1, ROS GlacanT il 5o 0T 5l Clblos 5 (g)uS s
A3 5 el (A Slhsiel 3 3 gy o Ll e Bl
by GYBE 05 oS sy Olis Cauyl 5 sla ige 5o Slalllas
318 T 2alS b das s )3 Coda |y (658 ge oS
S s s e il g5 BB ysb o, e Jb ROS
JB 51 p 55 oS b st 53 VB 5T e 5l i Ol oS
Mukhopadhyay and ) csli e Jsb <5, » x5
S dzer SIUES Sl gl s, (Y v Weiner
o3l gl a Glate 5 amdls i (o,uS e Jss glis s
23 A gn SIS ST gl sl Lzea ST sl 5L
5 elis fedly 5> G LT ke ROS
638 ROS Wy [l o 0581 o pme Ll 50l
oof oL 5 Rousset «vyf oL, 5 Fang)
v+v Echtay ¢v.+\ Harper ¢\ 0, K 5 DoNg
o el 33 8 el |y o]  gemmn 6 JS 5 S5 ok F
JLs 4 3 UCP; 0us Jl o Lilg5 o a5 sl 551uST)
IS glacanT 2als 3 ROS Wy als o oT
UCP; umes .(v-.v (Echtay and Brand) ss3
U ol 51 ST s 05T s 5k 4 Ll e
05T ol v 5 03 87 Jie Bly i & (658 n (1>
w1+ Azzu and Brand) s5 5 g, s 1 ST, g
UCP, sileds 5, ol 5.0 0K s Wojtczak

33 5SSt g5 Rl Gl S ey &K Sl Ses



P prel 2liz 4 ) se 53 (Y10 01 Kes 5 Plessis

Al e aal s 5SS 4 B el ol 5 S S
y.v¥¢ (Ferramosca)

R

2500 3> Shas odins 35 (slacs sl 5> | sl iy
Jo s Gl ol Colial La (650 gie 4S™ Ules gmad Ol
DNP 05551 &8 515 0l Joolo gl bl oo OIS ST
(0 g ey &5 o 005 e Y 5o 5L VO mla s
L3 8 Wl ol 5 ol slie (S, LS ¢ lasls
05,5 40 Cs MDA Clilejls cns 28 Cor g Cpioman
LS S WS e Cole 4l 3l e laasl s dals
e (530S s S o e LS 5 abws  ROS Wi g
S b Dbl S 4 Ll (65 g ol S5 el ol

sl SIS 5T b oS LROS o5 8

EILSECE R o)
2 Ol gl Slados S e p e O S o s

s g (12,548 55 gad )L Gl ol plasil 3 ) L &S

\VQ/\QEM;UGJ‘.} (a}lﬁ‘t.‘:.f&a (.\YY'OJL»&

3,8 oa b sn S 8 136 (glalass 53055 5 s p !
el Jlasl 5 5 o 5l pdy bl ST
e 3035 ¢ e 0Ll Ao Oyl | sdm 5 SKad
S el sy S b SIS 05 S Bl Ll Ll (655 5
Ferramosca) uus’ o (s e by silis anS 5 5 S
O 5 DU Plessis ¢+ v o, Kaa s Amaral ¢y ¢
6)45}%*@”’)&“-‘4—{3;5&)—“}%\15“-(*'\5
o Bl 00 O 5 Shae 53 (B 5 035 ($0504 S0k 12
Mukai «v+1y ol,LCen s Amaral) 55,5 ;5,00 sk
¢S 3 oS &8 Wilosls olias Sllkas (Y1 + ¥ @nd OKuno
es LIg ATP 215 el (gl 3 g Sl B
SLEsl gl 5 058 S5 SSTIL Jsb s HLasl gl (6, st
23 o st )1 5L (6 e Ol Dde &SI J 0 b o
sl e b o3 115 T gl 45 O L g Aile ol S
Mukai ¢+ % FOrd) el azstio 5,50 558 L5 cplax 5
o) — esde .(Vaav Hansford ¢v+ ¢ and  Okuno
e ST 85l phd 53 ki ol OLES e 55 Dlalllas
SLaps ST (Y F Ferramosca) s p ol gl oS’
lodd Lol Oy o ol 3 Sln aalad 55 ¢SCad SIS
¥ AT S 5 505 SLSY GLS 555 Juls 45
L.(Y10 ol Ken s DU PlEsSIS) dab oo 50550 Slivs
e AP S e 0L S bl s s ki e
S b sl ys .l (:J,;...«\ b sl ATP Wy
DU ) F5Y 0t Jte 13588 L s e sl 55T Sl (soliss
Sl s ¥ sl I8 (Y410 LS 4 Plessis
ot 3 365 05ems SLSY GLS Ol edS shd L5540
052.92) oskd I s o sl 3 Shee o8 L3 S oaliie 5 L
3 Jeol s dilenls s I, 5 ook 5 (&S pu L 5
Slaa s 3l i Lad g 51 (S 5 a5 Sl o3ls 0L Slalllas
sls plis \ﬁ)}gj)}gjla:ljp\.mé;n}:}}@fqﬁ:
s TGS s 28 iy sl Ol el L oS
DU ) e S S8 b 0 YL 6l 51,57 0

15 | aser tweezers

18 Mitochondrial membrane potential (MMP)

ﬂﬁﬂé/w (D



e OIS 3T 055531 35 b SIROS Ul 55 5lga

Balercia G, Gandini L, and Lenzi A. (2017).
Antioxidants in andrology. Thends in
Andrology and sexual  medicin
Gewerbestrasse 11, 6330 Cham,
Switzerland.

Choi, S.Y., Gonzalvez, F., Jenkins, G.M.,
Slomianny, C., Chretien, C., Arnoult, D., et
al. (2007). Cardiolipin deficiency releases
cytochrome ¢ from the inner mitochondrial
membrane and accelerates stimuli-elicited
apoptosis. Cell Death and Differentiation,
14: 597-606.

Dong, Q., Tollner, T.L., Rodenburg, S.E., Hill,
D.L. and VandeVoort, C.A. (2010).
Antioxidants, oxyrase, and mitochondrial
uncoupler 2, 4-dinitrophenol improved
postthaw survival of rhesus monkey sperm
from ejaculates with low cryosurvival.
Fertility and Sterility, 94: 2359-2361.

Echtay, K.S. (2007). Mitochondrial uncoupling
proteins—What is their physiological role?
Free Radical Biology and Medicine, 43:
1351-1371.

Echtay, K.S. and Brand, M.D. (2007). 4-
hydroxy-2-nonenal and uncoupling proteins:
an approach for regulation of mitochondrial
ROS production. Redox Report, 12: 26-29.

Fang, L., Bai, C., Chen,Y., Dai, J., Xiang, Y.,
Ji, X et al. (2014). Inhibition of ROS
production through mitochondria-targeted
antioxidant and mitochondrial uncoupling
increases post-thaw sperm viability in
yellow catfish. Cryobiology, 69: 386-393

@@fﬂﬁfﬁi/w

églm

Amaral, A., Lourenco, B., Marques, M. and
Ramalho-Santos, J. (2013). Mitochondria
functionality and sperm quality.
Reproduction, 146: 163-174.

Amaral, A., Paiva, C., Baptista, M.,
Sousa, AP. and Ramalho-Santos, J.
(2011). Exogenous glucose improves
long-standing human sperm motility,
viability, and mitochondrial function.
Fertility and Sterility, 96: 848-850.

Antonenko, Y.N., Avetisyan, A.V., Bakeeva,
L.E., Chernyak, B.V., Chertkov, V.A.,
Domnina, L.V et al. (2008). Mitochondria-
targeted plastoquinone derivatives as tools to
interrupt execution of an aging program. 1.
Cationic plastoquinone derivatives:
synthesis and in vitro studies. Biochemistry,
73:1273-1287.

Azzu, V. and Brand, M.D. 2010. The on-
off switches of the mitochondrial
uncoupling  proteins.  Trends in
Biochemical Sciences, 35: 298-307.

Akhlaghi A, Jafari Y, Zhandi M and Peebles
ED. (2014). Reproductive performance,
semen quality, and fatty acide profile of
spermatozoa in senescent broiler breed
rooster as enhanced by the long-term feeding
of dried apple pomace. Animal Reproduction
Science. 147: 64-73

Baffy, G. (2010). Uncoupling protein-2 and
cancer. Mitochondrion, 10:243-252

Bakhshayesh Khiabani, A., Moghaddam, G.
and Daghigh Kia, H. (2017). Effects of
adding different levels of Glutamine to
modified Beltsville extender on the
survival of frozen rooster semen. Animal
Reproduction Science, 184: 172-177


https://www.ncbi.nlm.nih.gov/labs/journals/cell-death-differ/

Karim, S. and Echtay, M.D. (2007). 4-
Hydroxy-2-nonenal and  uncoupling
proteins: an approach for regulation of
mitochondrial ROS production. W. S.
Maney and Son Ltd, 12: 26-29.

Kudin, A.P., Bimpong-Buta, N.Y., Vielhaber,
S., Elger, C.E. and Kunz,W.S. (2004).
Characterization of superoxide-producing
sites in isolated brain mitochondria. Journal
of Biological Chemistry, 279: 4127- 4135.

Lanning, L.L., Creasy, D.M., Chapin, R.E.,
Mann, P.C., Barlow, N.J., Regan, K.S et al.
(2002). Recommended approaches for the
evaluation of testicular and epididymal
toxicity. Toxicologic Pathology, 30, 507-
520.

Lardy, H.A. and Phillips, P.H. (1945). Studies
of fat and carbohydrate oxidation in
mammalian  spermatozoa. Archives of
Biochemistry and Biophysics, 6: 53-61.

Lee, S.C., Robson-Doucette, C.A. and
Wheeler, M.B. (2009). Uncoupling protein
2 regulates reactive oxygen species
formation in islets and influences
susceptibility to diabetogenic action of
streptozotocin. Journal of Endocrinology,
203:33-43.

Machaty, Z., Thompson, J.G., Abeydeera,
L.R., Day, B.N. and Prather, R.S. (2001).
Inhibitors of mitochondrial ATP production
at the time of compaction improve
development of in vitro produced porcine
embryos. Molecular Reproduction and
Development, 58: 39-44.

Madeddu, M., Mosca, F., Abdel Sayed, A.,
Zaniboni, L., Mangiagalli, MG., Colombo,
E et al. (2016). Effect of cooling rate on the
survival of cryopreserved rooster sperm:
Comparison of different distances in the

vapor above the surface of the liquid nitrogen.
Animal Reproduction Science, 171: 58-64.

\VQ/\QMU‘.@‘.} (}Lﬁ@“f&a c\Y‘ﬂo)Lw&

Ferramosca, A. (2014). Bioenergetics of
mammalian sperm capacitation. Biomed
Resarch International, 1-8.

Ford, W.C.L. (2006). Glycolysis and sperm
motility: does a spoonful of sugar help the
flagellum go round? Human Reproduction
Update, 12(3): 269-274

Frederick, S. (2010). Hep G2Hepatocyte Lipid
Peroxidation Assay. NCL Method GTA- 4.
Versionl.1.

Hansford, R.G., Hogue, B.A. and Mildaziene,
VJ. (1997). Dependence of H202
formation by rat heart mitochondria on
substrate availability and donor age.
Journal of Bioenergetics and
Biomembranes, 29: 89-95

Harper, JA., Dickinson, K. and Brand, M.D.
(2001). Mitochondrial uncoupling as a
target for drug development for the
treatment of obesity. Obesity Reviews,
2:255-65.

Herrero, A. and Barja, G. (1998). H202
production of heart mitochondria and aging
rate are slower in canaries and parakeets
than in mice: sites of free radical generation
and  mechanisms  involved.  mech.
Mechanisms of Ageing and Development,
103 133-146.

Hirst, J., King, MS. and Pryde, K.R. (2008).
The production of reactive oxygen species
by  complexl.  Biochemical  Society
Transactions, 36: 976-980.

Hoffman, D.L., Salter, J.D. and Brookes, P.S.
(2007). Response of mitochondrial reactive
oxygen species generation to steady-state
oxygen tension: implications for hypoxic
cell signaling. American Journal of
Physiology Heart and Circulatory, 292:

ﬂﬁfﬁi/w (D


http://www.springer.com/chemistry/organic+chemistry/journal/10863
http://www.springer.com/chemistry/organic+chemistry/journal/10863
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1467-789X
https://www.journals.elsevier.com/mechanisms-of-ageing-and-development/
https://en.wikipedia.org/wiki/Biochemical_Society_Transactions
https://en.wikipedia.org/wiki/Biochemical_Society_Transactions
https://www.ncbi.nlm.nih.gov/labs/journals/am-j-physiol-heart-circ-physiol/
https://www.ncbi.nlm.nih.gov/labs/journals/am-j-physiol-heart-circ-physiol/
http://journals.sagepub.com/home/tpx/
https://www.sciencedirect.com/science/journal/00039861
https://www.sciencedirect.com/science/journal/00039861
http://joe.endocrinology-journals.org/
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1098-2795
http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1098-2795

e OIS 3T 055531 35 b SIROS Ul 55 5lga

Safa, S., Moghaddam, G., Jozani, R.J,
Daghigh Kia, H. and Janmohammadi, H.
(2016). Effect of vitamin E and selenium
nanoparticles on post-thaw variables and
oxidative status of rooster semen. Animal
Reproduction Science, 174, 100-106.

Shabalina, O.N., Shekarova, M.V., Skulachev,
T.V. Titova, V.A., Vygodin, M.Y,,
Vyssokikh, M.N et al. (2011). Effects of the
mitochondria-targeted antioxidant SkQ1 on
lifespan of rodents. Aging (Albany), 3:
1110-1119

Silva, E.F., Junior, AS.V., Cardoso, T.F.
Stefanello, F.M., Kalb, A.C., Martinez, P.E
et al. (2016). Reproductive toxicology of
2,4 dinitrophenol in boar sperm. Toxicology
in Vitro, 35: 31-35.

Skulachev, V.P., Anisimov, V.N., Antonenko,
Y.N., Bakeeva, L.E., Chernyak, B.V.,
Erichev, V.P et al. (2009). An attempt to
prevent senescence: A  mitochondrial
approach. Biochimica et Biophysica Acta,
1787: 437-461.

Smith, R.A. and Murphy, M.P. (2011).
Mitochondria-targeted  antioxidants  as
therapies. Discovery medicine, 11: 106—
114.

Thompson, J., McNaughton, C., Gasparrini, B.
and McGowan, L. (2000). Effect of
inhibitors and uncouplers of oxidative
phosphorylation during compaction and
blastulation of bovine embryos cultured in
vitro. Reproduction Fertility, 118: 47-55.

Venditti, P., Di Stefano, L. and Di Meo, S.
(2013). Mitochondrial ~metabolism  of
reactive oxygen species. Mitochondrion, 13:
71-82.

@%(ﬁ%/w

Mailloux, R.J. and Harper, M.E. (2011).
Uncoupling proteins and the control of
mitochondrial reactive oxygen species
production.  Free Radical Biology and
Medicine, 51:1106-1115.

Mirzaei Rad, H., Eslami, M. and Ghanie, A.
(2016). Palmitoleate enhances quality of
rooster semen during chilled storage.
Animal Reproduction Science, 165: 38-45.

Mphaphathi, M.L., Seshoka, M.M., Luseba,
D., Sutherland, B. and Nedambale, T.L.
(2016). The  characterisation and
cryopreservation of Venda chicken semen.
Asian Pacific Journal of Reproduction, 5:
132-139

Mukai, C. and Okuno, M. (2004). Glycolysis
plays a major role for adenosine
triphosphate  supplementation in mouse
sperm flagellar movement. Biology of
Reproduction, 71:540-547.

Mukhopadhyay, A. and Weiner, H. (2007).
Delivery of drugs and macromolecules to
mitochondria. Advanced Drug Delivery
Reviews, 59: 729-738.

Murphy, M.P. and Smith, R.A.J. (2000). Drug
delivery to mitochondria: the key to
mitochondrial medicine. Advanced Drug
Delivery Reviews, 41: 235-250.

Rousset, R., Alves-Guerra, M.C., Mozo, J.,
Miroux, B., Cassard-Doulcier, A.M.,
Bouillaud, F.R et al. (2004). The Biology of
Mitochondrial  Uncoupling  ProteinS.
Diabetes, 53(1): 130-135.

Rui, B.R., Angrimani, D.S.R., Losano, J.D.A,,
Bicudo, L.D.C., Nichi, M., and Pereira,
R.J.G. (2017). Validation of simple and
cost-effective stains to assess acrosomal
status, DNA damage and mitochondrial
activity in rooster spermatozoa. Animal
Reproduction Science, 187: 133-140.


https://www.journals.elsevier.com/asian-pacific-journal-of-reproduction/
https://academic.oup.com/biolreprod
https://academic.oup.com/biolreprod
https://www.researchgate.net/journal/0022-4251_J_Reprod_Fertil
https://www.ncbi.nlm.nih.gov/pubmed/?term=Venditti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23376030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Stefano%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23376030
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Meo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23376030
https://www.ncbi.nlm.nih.gov/pubmed/23376030

Sch€onfeld,  Inhibition by  purine Wang, G., Kang, N., Gong, H., Luo, Y., Bai,
nucleotides of the release of reactive C., Chen, Y.J.X et al. (2015). Upregulation
oxygen species from muscle mitochondria; of uncoupling protein Ucp2 through acute

cold exposure increases post-thaw sperm

indication for a function of uncoupling e ) _
quality in zebrafish. Cryobiology, 71: 464-

proteins as superoxide anion transporters.

: : . . 471
Blocheml.cal. and Biophysical Research Wojtczak, L., Lebiedzi nska, J.M., Suski,
Communications, 407: 772-776. MR. and Wie ckowski, P. (2011).




