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Abstract

Background and Objective: Antioxidant apigenin (AP) is a natural, non-mutagenic, and less toxic flavonoid with
pharmacological anti-cancer, anti-viral, anti-bacterial, anti-apoptotic, and anti-inflammatory activities. This antioxidant is
easily received by the cell, binds to sperm DNA, and forms a DNA-AP complex, thereby protecting sperm DNA. The present
study was conducted to determine the antioxidant effect of AP on human sperm quality after freezing-thawing.

Methods: In this descriptive-analytical study, 10 normozoospermic samples underwent freezing-thawing conditions, and
sperm functional tests were investigated in different AP concentrations, including 0.4 mM, 0.2 mM, 0.1 mM, and 0.05 mM.

Results: The quality of total sperm parameters and functional tests decreased after freezing compared to before freezing.
Among the AP concentrations, only in the 0.2 mM AP concentration, the improvement of the additional histone percentage,
protamine deficiency, and sperm DNA health were observed compared to the control; this finding was not statistically
significant.

Conclusion: The use of AP with a concentration of 0.2 mM during freezing-thawing culminates in improving sperm
functional tests.

Keywords: Oxidative Stress, Antioxidants, Apigenin, Spermatozoa, Freeze-Thaw

*Corresponding Author: Marziyeh Tavalaee (Ph.D), E-mail: m.tavalaece@royan-rc.ac.ir & tavalaee.royan@gmail.com a LE'%%E!
[OER: L2
Received 15 April 2023 Cite this article as: Esmaeili Irani A, Nikoozar B, Arbabian M, Tavalaee M, Hossein Nasr-Esfahani
Final Revised 9 August 2023 M. [The Antioxidant Effect of Apigenin on Human Sperm Quality after Freezing-Thawing]. J
Accepted 11 September 2023 Gorgan Univ Med Sci. 2024; 26(1): 77-86. [Article in Persian]

Published Online 27 Feb 2024

Article ID: Vol26-08 URL: gorganmedj.goums.ac.ir © The author(s)
BY NC

Owned: Golestan University of Medical Sciences Publisher: Deputy of Research and Technology



https://www.ncbi.nlm.nih.gov/mesh/68018384
https://www.ncbi.nlm.nih.gov/mesh/68000975
https://www.ncbi.nlm.nih.gov/mesh/68047310
https://www.ncbi.nlm.nih.gov/mesh/68013094
https://orcid.org/0009-0001-9343-6932
https://orcid.org/0000-0002-7465-7158
https://scholar.google.com/citations?user=OBjb1aQAAAAJ&hl=en
https://orcid.org/0000-0001-7828-4822
https://scholar.google.com/citations?hl=en&user=BeQanTwAAAAJ
mailto:tavalaee.royan@gmail.com
https://orcid.org/0000-0001-9954-964X
https://scholar.google.com/citations?user=CiFS3TEAAAAJ&hl=en
https://orcid.org/0000-0003-1983-3435
https://scholar.google.com/citations?user=s-_kOUcAAAAJ&hl=en

3

of Medical Sciences

Journal of Gorgan University

e-ISSN: 2008-4080 p-I1SSN: 1562-4765
2024 / Vol 26 / No 1
OPEN ACCESS

Extended Abstract

Introduction

atients with cancer and males with severe oligozoospermia or
P azoospermia are more likely to experience infertility problems due
to spermatogenesis dysfunction. Certain treatments (chemotherapy,
radiotherapy, and surgery) result in complications, such as impaired
spermatogenesis, decreased secretion of testosterone hormone, or sexual
dysfunction, which can influence the patient’s fertility and mental health.
Sperm freezing is a way to cope with this concern and preserve an
individual’s fertility. The plasma membrane and the mitochondrial
membrane are vulnerable to freezing and any disruption in the activity of the
mitochondria may culminate in decreasing sperm motility and life.
Optimizing sperm preparation techniques, the nature of sperm freezing
medium, and freezing-thawing protocols should be able to minimize the
induction of cell apoptosis in sperm freezing and result in achieving more
success in assisted reproductive technologies using frozen sperm. The use of
two antioxidants, namely catalase and ascorbate, on human sperm freezing
medium by reducing DNA damage and imposing positive effects on
mitochondrial membrane function has given rise to improved sperm motility
and life after thawing. Adding vitamin E to human sperm freezing medium
as a non-enzymatic antioxidant has been shown to improve sperm motility
after freezing-thawing and has reduced DNA damage. So far, numerous
studies have been conducted on the human sperm freezing-thawing method
and several antioxidants or compounds have been used to maintain
functional health of sperm; however, there are still conflicting results in this
regard. An antioxidant that has a crucial function in lessening the impacts of
oxidative stress and temperature stress is apigenin (AP). According to the
authors’ search, no study has been conducted on the effect of AP on human
sperm function after freezing-thawing. Therefore, the present study was
conducted to determine the antioxidant effect of AP on human sperm quality
after freezing-thawing.

Methods

This descriptive-analytical study was conducted on 10 normozoospermia
samples at Royan Research Institute, Iran during 2020. Each sample was
collected in a sterile plastic container. It was then kept at room temperature
for 20-30 minutes to liquefy and analyzed according to the World Health
Organization (WHO) standard. After macroscopic examination of semen
(appearance quality, liquefaction, viscosity, and volume), microscopic
evaluation of semen, including sperm concentration, was performed using a
Meckler counter slide, sperm motility was evaluated using computer-assisted
sperm analysis (CASA) software, and sperm morphology was evaluated
using Papanicolaou staining. The sperm freezing protocol was implemented
based on the manufacturer’s (Vitrolife, Sweden) instructions. For sperm
sample thawing, we placed the freezing straw in water with a temperature of
35-37 °C, and 30 seconds were considered for the complete thawing of the
sample. Then, the contents of the straw were depleted into a 5 mL centrifuge
tube, and, afterward, sperm parameters and sperm functional tests were
performed. In order to achieve an optimal AP concentration, a dilution series
was first prepared. According to the previous studies, the dilution series
involved concentrations of 0.4 mM, 0.2 mM, 0.1 mM, and 0.05 mM. On
each of the 10 sperm samples, six groups were considered as follows.

The first group: The sample before freezing, which was a sperm sample
without AP before the freezing process; the second group (control): The
sample for freezing, which was the semen sample without AP after freezing;
the third, fourth, fifth, and sixth groups: Included AP concentrations of 0.4
mM, 0.2 mM, 0.1 mM, and 0.05 mM, respectively, which were placed in the
freezing-thawing process.

After one day, the thawing process was performed. Sperm motility, life,
and functional tests, including intracellular reactive oxygen species (ROS),
sperm lipid peroxidation, additional sperm histone, protamine deficiency,
and sperm DNA health, were evaluated before freezing and after thawing
each sample. Papanicolaou staining was used to assess sperm morphology.
Abnormalities were evaluated in three main parts of sperm, including head,
trunk, and tail, and the results were reported as the abnormal sperm
morphology percentage. Sperm lipid peroxidation level was evaluated by
BODIPY staining (Invitrogen | Thermo Fisher Scientific-USA). Sperm ROS

level was examined using flow cytometry and 2, 7-
dichlorodihydrofluorescein diacetate (DCFH-DA) staining. Chromomycin
A3 (CMAR) staining was used for the assessment of sperm chromatin
packaging and indirect observation of protamine deficiency. Sperm with
insufficient protamine content turned into light yellow and sperm with
sufficient protamine content turned into dark yellow. The results were
reported as sperm protamine deficiency percentage. In order to evaluate
sperm DNA health using acridine orange staining, a healthy sperm
population was detectable in green color and sperms with DNA damage in
red to yellow-orange colors. The results were reported as sperm DNA
damage percentage.

Results

The mean percentage of sperm life in the control group (without AP) after
freezing (36.14+4.52) compared to before freezing (68.43+3.55) and the
mean percentage of sperm motility after freezing (14.26 +6.33) compared to
before freezing (67.29+6.42) indicated a statistically significant reduction
(P<0.05). The mean percentage of sperm life in the groups treated with
concentrations of 0.05 mM, 0.1 mM, 0.2 mM, and 0.4 mM after freezing was
38.3745.17, 34.62+5.03, 41.93+5.38, and 33.37+5.06, respectively, and the
mean score of sperm motility after freezing was 10.45+2.91, 9.91+2.92,
11.13+2.18, and 5.79+2.89, respectively, compared to the control group not
treated with AP after freezing, which showed no significant changes;
however, the mean percentage of sperm motility in the groups treated with
AP (0.05, 0.1, 0.2, and 0.4 mM) showed a statistically significant effect
compared to the group before freezing (P<0.05). The mean percentage of
abnormal sperm morphology in the groups treated with AP (0.05, 0.1, 0.2,
and 0.4 mM) did not show any statistically significant effect compared to the
group before freezing. The mean percentage of sperm BIDOPY, the mean
percentage of sperm DCF, the mean percentage of additional histone of the
sperm nucleus, and the mean percentage of sperm DNA damage were not
statistically significant in the groups treated with AP with different
concentrations compared to the control group and the group before freezing.
The mean percentage of sperm protamine deficiency in the groups treated
with AP with different concentrations showed no statistically significant
difference compared to the control group. Additionally, the mean percentage
of sperm protamine deficiency in the groups treated with AP in different
concentrations was not statistically significant compared to the group before
freezing.

Conclusion

In the current research, the human sperm sample life before and after
freezing was assessed in different groups, and sperm life after freezing
decreased compared to the non-freezing sample. In this study, the AP
concentration of 0.2 mM after freezing had a better life than the other groups
after freezing; however, it was not statistically significant. Also, the amount
of intracellular ROS and lipid peroxidation before and after freezing were
examined in different groups. In different groups after freezing, no
significant  statistical ~difference  was found among different AP
concentrations. In the group of 0.2 mM AP, the improvement of sperm
additional histone percentage, protamine deficiency, and sperm DNA health
was observed, and no statistically significant difference was observed.
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Although the improvement of functional tests was observed after applying AP with a

concentration of 0.2 mM during freezing-thawing, further research with other AP concentrations

is required to specify the functional effect of using the antioxidant AP on sperm function.

Cite this article as: Esmaeili Irani A, Nikoozar B, Arbabian M, Tavalaee M, Hossein Nasr-Esfahani M. [The Antioxidant Effect of Apigenin on Human Sperm
Quality after Freezing-Thawing]. J Gorgan Univ Med Sci. 2024; 26(1): 77-86. doi: 10.21859/JGorganUnivMedSci.26.1.77. [Article in Persian]




3955 3 e Sy (ygumse 3 iy - ol 4 10

S Sippdeoiit e Fa

(A 2 39 o) V oslads / Y5 0398 / 1FoY sla

e-ISSN: YeeA—FeAe  p-ISSN: 18PY-FY70

5T (gw sed b

295 - 23 3 o Sl ! ol p ! (STl (ST T

O DO by e OO 5eciosle DT Syl dslowt 4T

OO gt i pomtame 5573 B O R * g a0 555
Oledol (g5l (555l Sy 058 Jio adgs Sy Dl S s 2IKAS Sl (6)glid Sy aSiimghy (g olKimgdy ¢ 029,50 (555l S Al (li IS (g5l )
A5 (S Dlinios 35 50 o Aals sl (53l Canj 0aSitmgl (log, oldagl (05,5 (65l Camj 2l WS Yol nl el (ledal (559, 5 5590k S0 ¥ oln)
e ey (S Slagiisd 55 e i aliloolez (55l S 00Staghy 0lis) olRiRgh « JiUse oo sulid Canyj LB F ol Gl (sl 5l e 05,5 (St
ol (55l (559lid Ty 09,5 o sl Sy Dl 3 e AL Slaz (555l Sy 00Kl (g, olKighy ledils B ol ool (5l (555l S 09,5

Olrlepleieal s 5ilr 5558 S 09,5 e Jo aulyi Sy Slindnd 55 po (IS Sl (65l Ty 0uSlgy s, olSBRgSy bl F ]

oS>

NS s, 6 slac el sils 45 Conl o 208 5 D50 50 8 ( mnd A sis U5 S (Apigenin: AP) &;.:/a/,t,,s/‘,:f:d.\a 9 diwo)
4 3 g0 LSy Spls s g7 s g koS 5T ] ol Mg b 5 4] b 2 bl b g i b Ol s s il
A i sliio 40 anlllas ] S oo Clilons oy DNA I Zijpor o) 0 1) 503 o0 DNAAP uSheaS” S5 5 0 fuiio o s/ DNA
A plowil g3 — o 5 5 e (Sl il oSy i) kST T

ped] s38as Slacad 5 i8S 15 s = S Sl G s ey g g Aiged 0 ko = e g anlllas ] 5 g3 2 (09
kiS5 iy 250 Upa s 0/00 5 0/ /Y 0/ ol i) igline slacdilé o

53 b iy Sl s >l A i S S 4 o 5 5 g (53,5 U8 5 ] sl JS S Tl
A 148l ) 5 b odalis S S 4 S oyt DNA Coslles g 5polig g1 3 S ABLD O et oy 3o oo ] SUspo oot/ ¥ Cils
g s fre ol

335 g0 ] (53 5o (MO 3 gy Cl g = o F b U s /Y Sl b i) 1 03] 1S S AR

S = f/;“/‘ gl qu,,.f/‘,d/" ST o o] 2 SIS (SOOI

tavalaee.royan@gmail.com ¢ m.tavalaee@royan-rc.ac.ir : Sug Sl oy « (SUsH dnd yo 1553 1 Jguand 6 kunns g
A0 VOPAY plas =¥V -00 VOFAY il ( oSl slgz (5,9l Cann s 0aSidghy oybg, oliagh ()b, HLLa sl (oloker (Lls (Kl j5 < lodal 1 ilis
VEYAVA Ll VEVISIY. Gl VEYNA  gliglol  VEYNYE g

3L Slalllas s pioman Y.-\.’S@ Jos ooleal Lbloes o5l L 4o
b ks ool 3 S Uin O3 pn 5 Ol 4 U O slecy

53U Jlezl 4 555kl 3 S Ul s a0 n el 3T
ol Ol Lg) 53 kol 5 s (655)L0 DU syl

\49W&L&J)Gqu}ﬁ)ée.,\.ﬁf:aj’..}.)(ﬂ‘fa.h}u;)‘ﬁ
| 5)|A4§3 J6 5 Usb 0L sl ‘(;ljf@;u 4y

P 5l S o g3 3 (b el slid b S

Gé-jj:r”»lcffdbqll{é:ﬁ@ﬁmbalf-jdffﬁ
S s 5w ol Tl S8 LB e G b
53 FUL plal O el Gsmme 5 i sied 4 Jg S
oo 536 (oS 2 les ST S S oIl epl glid
1 S ST (57 (g5me oslle 4l o> Sk 1 (6
355 5 Sk Saglie sl ST 1y 55 sk L
G20l 30 & Ol 5 oo el slazil (glas )8 o 51T tas oo OLES
Jlazt o8 ol 3 sdomn (5,5 4505 31 (6,8 gl aber

(Sl o) ol Obys |5l elle 5L 5L Ol lay
0 sl wile Sl oolse 4 e (ol 9l issls
38 kes Ut b Og i sied Dgo)sn S AT (g3
M 1 e Glss 5 ol Calbe 15 oo &S ol pir
Slosis Comnl 5 0Ly g9, 51 3 6ok b (ol ply AL
3 SIS ol b klie sl Al ol sbol Wl Sl 5
sPolge 8 ws LT oin sleal Eow ol 55 (55550 i
SIS 5 S K Olgte 4y g e 45 L3 S S 01Sen

Article ID: Vol26-08

A VY Slcino



https://orcid.org/0009-0001-9343-6932
https://orcid.org/0000-0002-7465-7158
https://scholar.google.com/citations?user=OBjb1aQAAAAJ&hl=en
https://orcid.org/0000-0001-7828-4822
https://scholar.google.com/citations?hl=en&user=BeQanTwAAAAJ
mailto:tavalaee.royan@gmail.com
https://orcid.org/0000-0001-9954-964X
https://scholar.google.com/citations?user=CiFS3TEAAAAJ&hl=en
https://orcid.org/0000-0003-1983-3435
https://scholar.google.com/citations?user=s-_kOUcAAAAJ&hl=en

O3~ 3058 5 ot ]l a1 o] oS! 51 51/ @

Sy e 66 > sk ST 5 senST e el 2 cp el
)03 ) Shs Bpae oS A8 ENE 5 g 050l
G s> STy g (slas 5T b 21530 555U (sl b e
Y3LalS 5 AT (30 5lle Oln 287 55 5 5lnST], 055608
23 5 ddy ST T Cnd s 350 40 i (S)13 Gme Do) s
33 el Sl eslizal Tl sl e el gl el )l CkST Culgs
3 gty Sl GILE ol el a3 5Usn e +/Y ag e
ALty 5 il odd slesmil 51y p sl Sl 5 S o
o G eosdalendl 5y Gl il 5 Shae )
Dshie 4y andllae ol 1 Lol 05 plonil (lanlllan §gin O s 5
RS o Gl el CkST il SISt (BT S e
b plowl g3

S92 )

23 Pl s s V0 Gy o — o g anlllas
A5l YRR I b 0Ly oty

- Ol oKiags iasn 3 Ul @S Ul g anlllas
15 (IRACECR.ROYAN.REC.1399.025)  a&zils sl
adllan 53 OE WS ES 5 (ol JolS ok a b Jole 8 8
22 IS0 Gl s CBlee Sose 53 5 A b =S
@ gas i enls 13 T el ys S wbesls, g canlllas
(o) g (S35 5 ey 5 F Y e bazal 3 b
Q.LZGLA(_;IJIW..L.LAJ.?‘SMTC;- Jij:.w\é::.»U%Q})B);
skl Gllas 5 6,IgSS BB los 5 4ids Yoo¥r Sods 4
b S Sl (g2 ) g o IUT Gler Sl Ol
il ez s 3L ‘;-‘—ZGU b CdS) s
pU 5 oolinal Lop ol Gl daxr I e mle (580 S
a1l 51 oslizl ol &S ((Meckler) S s jles
TS, Sl eslizal b el (5958550 (CASA) Glall,
258 o) e SUSSLL

Vitrolife) oaijle &S 8 alul p ol slessil s, S5 5
4ids Ve c;.ua{u;nlﬂgd;a@u 5 od 1o 55 A plonil (U g
(fresh) 55 Laoms 4 &S5 4 6 i 4 0185 0 a5 &y 0
WelS™ B s 0313 Oloj 35 505 4o Vo g ks SLS1 p o
3 m 3,8 S olad 53 5 binn o mle b p ol b Lo
o by 0T s w5 odd oatS S J5Is 4 wises OT
T (5w 35 O a5 Oliabl 51 g (i 5 5is o S gilan
boaids Yo S w () (po i D5,k 0555 e L sba
a s A e gbes) Gl.a I N B RT-S - < W B YW
3w 55 3 g s 0L dasmte yshite 4 (5 S sle

=

sles b C"L‘ S5 oess 1y B ‘SL&‘){'J @ads ¥ sl

Lol Lyls 1y (g5 a,b ¢SS GaeSiSS 1L eSS 51 i eslizul
53 oS a5l 31 el (6510685 (511 p e Szl (oo 13 503
)'\G.plﬁ-tl}.?ljl‘),}\i@jfj\)jlyé)))l{bg(’”»\&\{
iz s s S 0Ll 05 o 4 b oS (o sla s
63 55 o3lizal (555,L6 Oloys ST e 5 atsly &5 ¢SS ol Sl
bty Lis (gl Olaima ol pls 5 )ls ol pos &y 55 gulre Ll
o Sileanp b s S sy Bl (g 0o LI Glap el
ool sl (Kol 5 bl ol o il Lo
e Tl ol Sl 5 S o (gl e il &S 550
68 a5 dalas sl 4 Cand (A8 10 clié 5 olewll
a(,;.ml SilwesleT L;Laéi,&: Solwag V.;;lf (‘J?“‘ Sl
b il G USSsn 5 ol slezl Lo Zoale
JSI.A:-A{CJ;..A>L¢.>.d\)>l)g_,’J}L~)'}:wJ;LEJH§Ml{L§|4S;Q
Sl ry 53 e Sl 4 Gbows Cel oy ekl
e 53 M55 § easl sleas! el 1 oslizal b (5)5,LeSeS”
A 4 e s BB b 4 gl b 4 2, 5-d)
stazil (b 1) sl 4 T Ol L5 0 8 43,8 ROS o
s s
Lo 65y 5 by ST 5 U6 OluS| 5T 55 51 eslizal
38des p te 1 s DNA ol (2alS b SLsl ol sla
g)ﬁj‘wrﬂ|ég>}5ﬁbﬁgﬁ6)x§ftﬁnué
4 Ll p il slemmil s 4 G5 E sl g 03931 ol 0
prml 5 o5 s @ e (e 5T OIS BT S Ol
03l J'.'.Jb\s b DNA g_a._.w:T E) a.\.:_.:; u_g.) 9 .JLq.>u| )‘ o
rj:.w‘ %Jj.'}—‘}_l_} U:l}) 4'._'.&‘5 BE) 6.).;\&2& Qw‘.b.a C)}f\;”.&:ﬁw‘
L (gl gouaie SLS 5 L i 5T 5 od plasil Ll
= an) ol 03 Sy Js tedd eslizl Mﬂl‘;;ﬁ‘.ﬁ el
5, Slas glols 45T SillnST ST 51 S a)ls s bl
GO g P RPN Wy e JICH [ VA Py
Vs 0 5 ¥ dsep slls OIS 5T ol ol (AP) sl
u‘.‘ C.».w‘ kj\:..]o u\:j};}U& G.gi 4{ aJﬁ g)juﬁ @5})4:“6)5
Sl 5 ol e S 5 05U, OMLST ST
(b S LAs (mspsts Obeds Wil SK5sS se
ol S Sl Mgl Ol s e aTas (s 5T
DNA | 3,k ol & 14 a5 o |y DNA-AP SIS LS5
b s Shee ol il 1 TS o bl p ol

(AR 2 55 (2) Y oylowi / Y 0ygd / VEY Jla [ 5,5 (Ko eole olRils alzxo



MY 1 oS 5 2! shlons! dgusd

£33 48 G Jald gl ool S 4w )3 baggloial s
bl doys oo 4 mls 5 A S L5 Lol s
ik GIF b 595050

BODIPY (55:Teiy b ppl OprabbnS, A law
bl 3,5 (Invitrogen | Thermo Fisher Scientific - USA)
bz 53 ids T Do 4 ke gy ol YX1YT LSS 13
Jie @5 53 Jsle Bodipy CLL ;3 515 sle a5 ¥V
Bodipy CI1 i ,Us ds & lg bl L LS odsn
ALls 42 PBS L (Sl 303 o 5 4S5l (Merck, USA)
Sraslagh oBans I eslizal b (s O ppultnST Aoy
A lpdd L, (Becton Dickinson, San Jose, CA, USA)
i JiS 5 (H202 L o Hleg) Cte J 287 g 55 caises
Vs 5 k55 (PBS- b eds las)

V=Y 6555 5 6 e sl ol os | o3lizal L p ;o ROS oo
3,55 (DCFH-DA) Clilgs  uiwsyshe 5 sy S (6
2 e VXV T DCFH-DA (65T sl 23 5 13 o)
Usado & ome 53 4ids Yo Se 4 PBS 3 i e
prel Db 5 Ao y3 e 23S 513 U1 (sles 53 DCFH-DA
& e gl oK Ly St ROS
s s (Becton Dickinson, San Jose, CA, USA)
O3 PBS i aslizal b e J 8 Olgie 4 ol (55015,
"z S 413 eslizul 3, 4o DCFH-DA

e g odalie 5 gl (5les S Gukies (np G2
o3Lizul (CMA3) A3 s logag S (6 5155, 51 g s 3 9eaS”
5038 4 ods e gl el 93 ige a5l s S
ST b b ed o A5 (S 658 sl b e
(ks 2 pSks /10 CMA3)  (5aTeSS, Ul
& Sl oslimal b (XF) X-PBS L siind | jw Lidkd (55155,
cwlie gl b (Cpls Olympus) Sy oSy Koo
) el Yoo il (100X gLseS 5 ¢ FF-FV+ nm)
el 5 0905 355 8Ky 4 BITU iy (5 g b p el A
Sy 4 B LT3 0,5 555 6 4 S lis g S5 b
T B el el 35S Ao

God 2 3t DNA olile (G L (SO O gt (o 2 S
R e I
don B eSanl el 53 A3 0 (01 sh opuliT 5 Ao s Y/0
I plem 1 o3zl b syl s i (55T 5 o
Jsbls 5o 5 ¢S (Aops Vo 5 doyd 4 (o pn V) Jige
Ol 5 go Joes b s el Culg 55 il by L1 5 (dids 0)

S Lo g gl Yoo Jol Bl yob 4 ks ol gy

4 O3 08 05 b s S 5 abse ol 8 Sle a3 198 i
Sl O3l KB s sl D) S ol 4 T sy 1
o3l Ul code GUsh (silue 3 sl Ol 5 5,16
R

YOIV los b 0T 0553 ) 51 (G epml €30 w33 1y
2 g JalS O3 sl sl T sl I3 31 8 Sl do o
St Al 053 4 G Slgme e b @S L
Saad 5 o el Sla sl aalsl 55 5 43 8wl (6 2 ke O
A plonil ol (63 Slas

OT 31 (85 6 ) il 3 i S 0 w0 ol (s
/Y P bl ol SVl alul p Cdy 6w s S A
el Ggai Vo SIESS a gy P iking JUge s +/00 5 0/
s 88 s 5 e b ey 8 il

S ol o e wipes S 518 1 B wses sl 058
S pp Al p

o ) BB g 6505 S 2 5 S s (U ES) 33 05 8
TE Tl

S35 AT 53 S sl Usa s 1/ Bl tp s 05 8
Y SF

A T 50 6 sl JUsaide /Y CBIE tpler 65 8
R g P

A T 03 oS il JUsahe /) Chle ey 65 8
R g P

A T e s sl JUsade 0700 ke o 6y 8
g T

SV 3 3l 51 S Al el 33 AuT 3 5y K 51 ey
3 Mes St 5 p el Dl (5 o Ol (i gai 2 9
el S OgelbnST (S 513 ROS fols oo
3530 et DNA Calla 5 als 5 35008 < ol LN O gt
Pz 85 b

03,5 Boan a1y o e 4505 tp el Sl gy 2 81
= 581 O gl g 31 Ssls oz b1y e e 51 2 SCa 00
55 e 6 s 0303 Olaj 4B ¥ 503 505 bglinn 55,5
Slaw s i Lo lr 53 5 sbwl (gladed ol eSS
LS (053) 0 &5, L (65 ,0) ok (6 e TS5, (slad shr
Yoo Jilis wse o (slp 5038 dmlone 28T il
oleds (Q00X) s ates (655 o sSms S 1 3lizl L oo
Vs 8 S Sl doys Sy 4 b s

SUSGLL 5T, Sl ol S50s05m b5l 55k &
elil WHO sl g2 b (55:Te55 i) ) ks oslizad

(AR 2 33 ) Y oyl ] T 0y93 [ VE-Y Jlon | 15,5 (Suis pogle olSuils alomo



035~ 3058 5] ot ] el o 1 ) oSt 51 51 NY

Jb b i (5050 o ys 4 s (VF/EYENI/NY) 5 5 5
SSla LI Ol (g,ls gme LT 3T (VV/EFEY AT 5, 5 )
bootd Sl slaos S 3 el b b S5 Aol
5 a4 8 5l e QUse o /P /Y 0N 0/00) glac ke
VE/LVEN /98 5 VIAREN JAF VE/FFEN /58 VBN Y /FD
Ol (lsiime T it 5258 51 s U287 03 8 4 o
23 pel ab b SSPBose s Kle imes sl
OUsadben +/F c/Y @/V /08) iiml b oods Hles gloey 5
Gl ol gylsgme LT 1 53 5l b e 4 s

(S, JS8)

Sperm viability (E.N)

a
70 i}
3
60 )
50 | i b
£ i b b
g 40 L 2
S 335 o 24
g30 | [ i i
2 2 2
20 i i 4
344 34 24
0 2T i B
Fresh control Apigeni Apigeni Apigenii A i
0.4 m/mol 0.2m/mol 0.1 m/mol 0.05 m/mol
Sperm motility
80 a
70
60 ¢t
[ o
g% B
g 40 4
s
U
20 | FE b b b
E
10 i
o s

Fresh control Apigenin  Apigenin  Apigenin  Apigenin
0.4 m/mol 0.2 m/mol 0.1 m/mol 0.05 m/mol

Sperm morphology (PAP+)

Fresh control Apigenil Apigeni Apigenil Apigenil
0.4m/mol 0.2m/mol 0.1 m/mol 0.05 m/mol

Qo )3 (38l g oy | Ciliseo (g CALE Wus yd Hlaro Bl ol g (puSSleo 1 Y 51060
728 5 an g B ol (S59098 590 9 Iy g L

o) (LS S yiho e B9y 9 (5,10 Smo pie ouidd LiS I pilo B9 >
ol Wog S (P<+/+0) (5,18 S0

s S o JES e)Jf 23 pe! Bodipy s, u‘i‘\:‘

2 30 JB gl Bodipy dos 4 o (V1 EYE)
s slaime (LT L e sl ol al B (VFOEY/50)
b oeisal b oedd Hles ey S s ¢! Bodipy Ao u:i‘l-‘
A3 JB 05 55 IS 058 4 Sl il glac il

Wb oled 5 S S Sl eslinal b ey E55eT 55
BB T e fibede sl T 4 bl el
o GIF BLBI 0 stes Ly ) 5o

b ST (65T plonil 5 el DNA Sl 551 1
sk 4 g el gl Sl el S ) )
2L L G 4 Sl el & ke (558 LS
6 03 5 A wu) @ LSS el gy S bl
a5 F gl s Cele ¥ O 4 (Chamber) Cosb o laes
Ll plezebe ¥ Obj Sde 5l ki a3l 13 518 Sl
ARG B TICWR T (s 55 5 Sl PBS o e X
220t PBS b bWl o 5 0313 13 4253 A Soe 4y el
peed Yoo Jils 100X LS5 b 5 Cige baylel ki
3 eslizel Lol DNA Calle L5501 6l Vs pols
5 g 55 4 (e ol Camer Gyl p ST ST,
BB sl = 35 b a5 e, 4 DNA T L g s
AN o DNA T i )3 &y oty gl i gy gl

o 5 4525 SPSS-115 ()T Lij3le 5 51 esliul L Laosls
Ll It 0 8 5d o andlas (gla ite dslie (5l . Lds
05051 51 e B E N3 sy 3p5e Besls 035 Jlej
esls 5 i eslaul Tukey s s One way ANOVA
S5 sy 353 Non parametric Ose3T 5,k 5 Jb s
A3 8 518 MEanESEM &) g 4 ba p Kke 4 lie . S
b b 8L 550700 5l 28 e seiT (sl smn o

Badl

3 s (o) 88) U287 05 8 53 ol Sl o3 S0
5o 5 ONFYEYD0) 5 5 51 Jb a4 cud (FPAFEFOY) 5, 5
dglie 53 (VP/YPEENY) 5, 3 51 das o el 57 i o3 S5k
Lsls Ol g ls gme g,LT L2alS (BV/YAZE/FY) 5 5 51 S L
Lot 5l slaos 8 53 p ol Sl dops o Kike (P<2/40)
4 2 3l e JUge e /P /Y ) /0 glacbile
55 s VY/XVED/ 8 5 FVAVEL/FA FF/FYED/ ¥ FANVES/NY
NROEYAN (i a5l e el S Sl
IS 05,8 4 Cod OVAEY/AL 5 VIAYVEYIA Q/QVEY/AY
Ol (gl sime LT Sk 25 51 ey il b oles O
e (lao5 S 55 o el &5 o s SSle 4 Jlo 3 sl
8058 0 s QUsa s +/F /Y /Y 0 /00) op5al b okd
5 OS5l gad) (P<e/00) Wisls OLas (gyls gme (ybT 31 5 5 5l
(S, S

s RS 038 53 ol bt S5 H e oy SO

(AR 2 55 (2) Y oylowi / Y 0ygd / VEY Jla [ 5,5 (Ko eole olRils alzxo



AY /o150 5 st s lows! agusd

258 3198 9 Jud el DCF g Bodipy o yd 5u5ileo 2 (o) ciliio oedale jlro U1yl 9 oufilio ) Jgur

28 5w laog S Ol L | aoiet
el U Y e u T u e sl BLBIN o
Moo (Lo /Y 550 Usge oo IV ol JUse (Lo WUse (Lee O Jzs
YANYEY/FO \YAYEYVAY \PINOXY/-Y \PIOEYIVY \PEY/-f VFIOEY/20 £yl Bodipy ws )
\FEYIYY \Y/OEYV /YA VYIYOEY/AY VFIVOXY/YA \Y/IADEYIYO VEAYENVVY ¢ ool DCF 0o )0

5,05 55 Wog 5 s i, 12 0 (6,0 sre (g Lol il

329 31 9% 9 b 0 yuas| DNA ol 9 oyl LS| &y gitamnd 920 oyl (g 3y S90S’ 030 (5aSilion 3 ooyl iz B CAL ylamo 1yl g eSilia 1Y Jour

528 3 e ey ,S ob e L | s
U € U il U il U il BN ol datie
Wse (oo /Y i35 Moo (o - /Y 550 B NP AN Use (oo o140 (5 Jres
YY/0£F/Y0 ARAREATIN YY/eP20/YY YV/VOEY/AN YYIOAXEIFA YYIAYES/OY (CMA3+) yaaligy dguaS duo )
ARVAEINAVS YVIYAZYON AR TR EATAR \R¥iAFAving YA YEYNO ARTAREATAR (AB+) ALl (jgids 2oy
IATARESZANY OV/IVYEYIVD OAIFSEEITY FAIY\XEZINP YV/YOxFIVY fYIAOEH/AF (AO+) p sl DNA «_ﬁ,,j QoS
«Jl
"
>
. e
& )
05 . M
&
-
4«
v

Pl (2959 S0 sl oyl (b5l ) JSB
(g S (239,55 0239 Simel U 3l o3l b p el Wl (35 (- gUgSBLL (55mel ST 5l ool b p el (559999590 (22551 ()
s S5 &1y (6110 0053 (G el 0,5 B 130,38 B gy (T yge S5y 42 o 1S 090 SLap sl

935 S0y b sl sl 9 (ol g 99505) CMAT 31505 S5, b sl yousl CMAS (50T S5 31 00Ul b cymolig 9905 (a0 32 1l oyl (69 55 hoss (5o om0 ¥ S
9 (AB+)o 55 o S5y s ands 53 (LS ygmcnd (5115 5L ! 3l crabail (5 50T K 51 00kitant oyl 30 (LI &y gamasds (g3 160 thand (s yu! ) CMAZ- S 508
LS G S5y 4 gl sl Fily3l (3209 55T (30l S5y 51 00liianl U DNA sl (551 i i (AB-) by (o ) 1 diad 50 (xaab oy gimd (5550 Syl (512 o ypmsl

ol (AO+) DNA sl 1505 30 8- 2056 55 &y glop ynsl 9 (AO-) DNA calls b p sl

(AR 2 33 ) Y oyl ] T 0y93 [ VE-Y Jlon | 15,5 (Suis pogle olSuils alomo



03— 3058 5 ot o]l o 1 o] oS! 51 51/ NE

4 015 1S A8 53 5 58w b p ! DNA ol
V1B I VAPV P V-3 | VO [P R P R PO g
ILDNA 5 @il [ialS il 5T o6 g2 ROS U] 5
Uzt (3 b 51 S o 55T ol 51 86 T s
5 Ll Ouade Gau el AT 5 LWl el slesl W,
)}bﬁ@ W.}}.fvun DNA 8 "".’.J"J L;ﬂLa.b-l L;Uh)w}:}vb‘
Gl oS Sl i e Sl cp ol wsas 53 SIS 0357
oAl JSia gy gl Jlowis] bl 0k 03zl ST 5T
S Slaems 4 5L cp el g0 slazsil wyl 3 (b 55l ST
5 oS-l s BB Mmoo
Sl Sl edasilis Wiy o a5 55l sy et 8- db el
O S =dI Al 555kl 5 o el e sy 2,5
3 o3l p el i Sy o 5l AT Ll s
S92 ATP Wy sl 487 (65 sn 53 el JWasl 1 5
eomed 3,8 15 a8 Sh Cow ol (S o
Ol @ atly OISl 5T &K 0 gilhe 457 Wlosls Olis Soliiss
ol LS)ASHMQE’”)(SL“MJ:’:LJW‘J}QJ
M\j@cROS ;}ijéjﬂﬁsdu:ﬂaﬁq:}j&.ﬁb:swdv
Cﬂhu\ijji:.;dfﬁcdbaﬂf.:ﬁ(ﬂ‘dffﬁJM?.?}A
Gldisel 53 33 b & o8-l oS 03530 5l
DL Q‘)&.‘.A jZUO M.CM»\ LERY Jj‘;f a}; Asle G&ﬁmb)}.‘;ﬂT
g 533 Ol a1y oy = d il 050 s V/O < YNV Jla
);I)'l,ém;\;;ﬂ::;,lf—dlﬁulgoljdﬂlj@%:dl.xmow
slgri OLa 5 Rossi Pusls s (658 sz oo las
Gl & e G OpeltnST 5 ROS W5 (6,8 sl
et DNA 16 o 53 Jglome (sla0ltnST 5T 51 K5 (S
) el B sl g ¢S 0 Clblone slezl e SIS 4l 50
L alT GdSnly 5 sl 515 Jshe glad s OluST| 5T
S o o5 JeuS 558 5 WT Gty 4 5 e 8T i
Ods LSl L 55 L &S L3 ST 5,18 01, 5 Kalthur
sl 0k p sl DNA Caalls 3 500 0 2in E sl
OpeoldenST, 5 Jobo J=15 ROS liie ol anlas s
NP ap 3sm e Glaos 8 53 b 5l e s S s
GLChle o 5 (Sl e il gl S s 238
33 e Jolie 5o i Sl gyl gme ol Collatl sl Calises
5 0 0Ll p el sla 2ol 555 5 IS5l e S 45 landllae
51w ROS Wiy zals” Eebosle ool 6 Lol 55 5l dm

(&K Jgut) 355 ls g (g5T s
#A S om JES 055 53 el DCF asyp Sk
2 3 U3 el DCF dsys & Cewd (WW/ADEY/YO)
DCF s ke w355 Lls gan suT 5 51 (VEAYEINY)
S s GCBIE b 5l b odd e glaog 8 )5 p ol
55 sgne OWT i 51 53 51 S 058 55 5 S 0s 8
.(d<-g Js>)
253 o JAS 058 53 p el b3 35008 o> K
58 3 S ol d5mS deys 4 Sews (FY/OAES/FA)
s b oWl b 5l aST Sl il (YV/AYEF/OY)
bokd Slad Glaes S 53 ol elisy 39S Aoy o SSba
T St I8 09 8 4 o s Sla bl b o5l
rﬁ.wl Omalig s 5 5mS dep s ﬁpw.;\x Ol (g yls gan
& s ol SLCLIE 55 oital b ok led Slaey 8 5
(Y JS0) (Y J i) 550 515 e sbT L 51 5,3 51 5658

28 3 e IS 058 53 el BLSI 0gen Ao S0
sp O S ames Lol gtes Ao ys 4 Sed (FAAVEY/ND)
s b T b IS Sl il (FY/VFRYN)
Lo 5l slaog 8 53 p ol i (JLS1 O gt Ao y3 S0l
38055 5 RS 058 4 o il Glaclile U sl
(Y Jsda) Sl (65l sne (65T Collisl 5 3

253 o JAS 038 55 p el DNA (T s (o50Le
54 3 U8 DNA T dw)s 4 Cws (VIYOXF/VY)
s b ol b Gl aST Cals il (FY/A0E/AF)
gl e sl slass 8 55 o el DNA o o3 S0k
53l B es S 5 RS 6 8 4 o Calte slaclile
(Y ) 355 513 gnn s ,bT s

o

P}_Jé,'l.\,g,&;@ulrﬂwﬂgt_}f;uuSUmJ;
Al Wl 5 SIS 5 e sy Calthe Glaey 8
SAES 3 p 4wl 4 S 5 g ) Sl T D
OlnS T 5T 51 eslizal O Kan 5 Pei andlas 45 .5 5 Iy 2alS
S5t 4 e S8 ol g0 53 sUsn e /Y ZhlE 55 Sl
3 o () 88) I8 05 8 4 S 513 51 g el Sl
il e daot /Y Chle 55 bl anlllas 55 Ol odd ;3
Sre Sl 5l e ey S 4k 4 Cad Gl
s s sme oWl 51 Sy ecals

T ORI 3 5l e el 53 «Soladlas gl o
8 5 BB ,e Sk 93 5 slazuil 4 5 Sl of on DNA
2 S by der SIS o sl ol g5 Sulle s )

(AR 2 55 (2) Y oylowi / Y 0ygd / VEY Jla [ 5,5 (Ko eole olRils alzxo



MO/ S 5 i1 slaslons! agusl

T gl g
() OIS 5T 4 o s 5 4g 53 Cudgidos 4 4 5 L
)‘J'; u)} - J._:‘J.é Jai‘fi' Cod L{ﬂﬂ‘})}ﬁ)}) @ gas Vooosldws

355 o o gums dxlllas pl GOy S sudons I 48 i &

G

L;;/SL,& sllws sap A:_-Jf &S sls Olis anlas ool @l:.}
33— b e /Y Bl L sl S eslial Iy
ol 3l 6, slachle U iy Sllas Ll ¢ § sdalie
2 ) ST ST 5 oslizad 65 Shoe 310 555 plosil il
335 st p s Slas

S8 9 KiS

@YY ld) Cpan Gl &b Jol i oyl
g A sl (sl o dSliag Dby, oKias,

Sap ol dpte 00 e 4 & Gl a S dewsnds
Q\fv\;fg;fj&j\w.»;@ éj‘ji.wl.;.w cazals o,

1 s g g s 55 O i 5 i 0 S8 aalllas )
References

1. Liu S, Li F. Cryopreservation of single-sperm: where are we
today? Reprod Biol Endocrinol. 2020 May;18(1):41. doi:
10.1186/512958-020-00607-X.

2. Polge C, Smith AU, Parkes AS. Revival of spermatozoa after
vitrification and dehydration at low temperatures. Nature. 1949
Oct;164(4172):666. doi: 10.1038/164666a0.

3. Sherman JK. Improved methods of preservation of human
spermatozoa by freezing and freeze-drying. Fertil Steril. 1963
Jan-Feb;14:49-64. doi: 10.1016/s0015-0282(16)34746-X.

4. Clarke GN, Liu DY, Baker HW. Improved sperm
cryopreservation using cold cryoprotectant. Reprod Fertil Dev.
2003;15(7-8):377-81. doi: 10.1071/RD03007.

5. Ping P, Zhu WB, Zhang XZ, Yao KS, Xu P, Huang YR, et al.
Sperm banking for male reproductive preservation: a 6-year
retrospective multi-centre study in China. Asian J Androl. 2010
May;12(3):356-62. doi: 10.1038/aja.2010.12.

6. Hezavehei M, Sharafi M, Kouchesfahani HM, Henkel R,
Agarwal A, Esmaeili V, et al. Sperm cryopreservation: A review
on current molecular cryobiology and advanced approaches.
Reprod Biomed Online. 2018 Sep;37(3):327-39. doi:
10.1016/j.rbomo.2018.05.012.

7. Bai H, Zhang Y, Tian S, Hu R, Liang Y, Gao J, Wang Y, Wu B.
Elamipretide as a potential candidate for relieving cryodamage
to human spermatozoa during cryopreservation. Cryobiology.
2020 Aug;95:138-42. doi: 10.1016/j.cryobiol.2020.03.011.

8. Said TM, Gaglani A, Agarwal A. Implication of apoptosis in
sperm cryoinjury. Reprod Biomed Online. 2010 Oct;21(4):456-
62. doi: 10.1016/j.romo.2010.05.011.

9. Chavoshi Nezhad N, Vahabzadeh Z, Allahveisie A, Rahmani K,
Raoofi A, Rezaie MJ, et al. The Effect of L-Carnitine and
Coenzyme Q10 on the Sperm Motility, DNA Fragmentation,
Chromatin Structure and Oxygen Free Radicals During, before
and after Freezing in Oligospermia Men. Urol J. 2021
Feb;18(3):330-36. doi: 10.22037/uj.v16i7.6400.

10. Li Z, Lin Q, Liu R, Xiao W, Liu W. Protective effects of
ascorbate and catalase on human spermatozoa during
cryopreservation. J Androl. 2010 Sep-Oct;31(5):437-44. doi:

oiml Use deat /Y 05 8 53 ol adllas 53> s S 58
DNA Caalls 5 505 5 3 5oaS” 6l (LS 0 gt oy 3514
Al edalin (6l gme Dslis (HLT b 51 aST Al edaline ¢!
b g b Sy 0 oS ol SIS 45 555,87 1 glandllas s
20T poglle 5 ssd o s L STL 5 bz )b dacsllr
ATl i o5 4 15 Sn da g 55 o leT e
SIS i3S () Gl el S35 52 S 55r s
S ROS GLSL 55 0T 5 Shas 5 35 SlnS| 2T 25 glyls
Pl mpar Tidd I8 A Dsmllshed S 68 e
JB L amlie 53 gz 5 BB Hsba 053 5 ey p el Sla il
ssba Sty HUses Sa YO ol SIS .2iL zalS slasil
S5 osn (Dl okl O o 5 ol IS o gy S
I,DNA T 50555 5T S oles S St canb
038 33 25 3 m G5 Pose oS (lpmen Aidu 3
2 I8 A (gl gae by (IS W6 J S
Gl Slesl 55 5l a5 S el G505 S -

10.2164/jandrol.109.007849.

11. Kalthur G, Raj S, Thiyagarajan A, Kumar S, Kumar P, Adiga
SK. Vitamin E supplementation in semen-freezing medium
improves the motility and protects sperm from freeze-thaw-
induced DNA damage. Fertil Steril. 2011 Mar;95(3):1149-51.
doi: 10.1016/j.fertnstert.2010.10.005.

12. Yan X, Qi M, Li P, Zhan Y, Shao H. Apigenin in cancer
therapy: anti-cancer effects and mechanisms of action. Cell
Biosci. 2017 Oct;7:50. doi: 10.1186/s13578-017-0179-x.

13. Sharma H, Kanwal R, Bhaskaran N, Gupta S. Plant flavone
apigenin binds to nucleic acid bases and reduces oxidative DNA
damage in prostate epithelial cells. PLoS One. 2014
Mar;9(3):€91588. doi: 10.1371/journal.pone.0091588.

14. Akilah A, Balaha M, Abd-El Rahman MN, Hedya S. Apigenin
and Baicalin, Each Alone or in Low Dose Combination,
Attenuated Chloroquine Induced Male Infertility in Adult Rats.
Thai Journal of Pharmaceutical Sciences. 2018 Aug;42(3):118-
28.

15. Pei Y, Yang L, Wu L, He H, Geng G, Xu D, et al. Combined
effect of apigenin and ferulic acid on frozen-thawed boar sperm
quality.  Anim Sci J. 2018 Jul;89(7):956-65. doi:
10.1111/asj.13009.

16. World Health Organization. WHO laboratory manual for the
examination and processing of human semen. 6™ ed. 2021.

17. Aitken RJ, Wingate JK, De luliis GN, McLaughlin EA.
Analysis of lipid peroxidation in human spermatozoa using
BODIPY C11. Mol Hum Reprod. 2007 Apr;13(4):203-11. doi:
10.1093/molehr/gal119.

18. Kiani-Esfahani A, Tavalaee M, Deemeh MR, Hamiditabar M,
Nasr-Esfahani MH. DHR123: an alternative probe for
assessment of ROS in human spermatozoa. Syst Biol Reprod
Med. 2012 Jun;58(3):168-74. doi:
10.3109/19396368.2012.681420.

19. Hamilton TRDS, Assumpcdo MEOD. Sperm DNA
fragmentation: causes and identification. Zygote. 2020
Feb;28(1):1-8. doi: 10.1017/S0967199419000595.

20. Jesse JP, Dhawan V, Dada R. Chromatin Condensation:

(AR 2 33 ) Y oyl ] T 0y93 [ VE-Y Jlon | 15,5 (Suis pogle olSuils alomo


https://pubmed.ncbi.nlm.nih.gov/32398019/
https://pubmed.ncbi.nlm.nih.gov/32398019/
https://doi.org/10.1186/s12958-020-00607-x
https://pubmed.ncbi.nlm.nih.gov/18143360/
https://pubmed.ncbi.nlm.nih.gov/18143360/
https://doi.org/10.1038/164666a0
https://pubmed.ncbi.nlm.nih.gov/13977180/
https://pubmed.ncbi.nlm.nih.gov/13977180/
https://doi.org/10.1016/s0015-0282(16)34746-x
https://pubmed.ncbi.nlm.nih.gov/14984694/
https://pubmed.ncbi.nlm.nih.gov/14984694/
https://doi.org/10.1071/rd03007
https://pubmed.ncbi.nlm.nih.gov/20348941/
https://pubmed.ncbi.nlm.nih.gov/20348941/
https://doi.org/10.1038/aja.2010.12
https://pubmed.ncbi.nlm.nih.gov/30143329/
https://pubmed.ncbi.nlm.nih.gov/30143329/
https://doi.org/10.1016/j.rbmo.2018.05.012
https://pubmed.ncbi.nlm.nih.gov/32240641/
https://pubmed.ncbi.nlm.nih.gov/32240641/
https://doi.org/10.1016/j.cryobiol.2020.03.011
https://pubmed.ncbi.nlm.nih.gov/20800544/
https://pubmed.ncbi.nlm.nih.gov/20800544/
https://doi.org/10.1016/j.rbmo.2010.05.011
https://pubmed.ncbi.nlm.nih.gov/33550580/
https://pubmed.ncbi.nlm.nih.gov/33550580/
https://pubmed.ncbi.nlm.nih.gov/33550580/
https://pubmed.ncbi.nlm.nih.gov/33550580/
https://doi.org/10.22037/uj.v16i7.6400
https://pubmed.ncbi.nlm.nih.gov/19834132/
https://pubmed.ncbi.nlm.nih.gov/19834132/
https://pubmed.ncbi.nlm.nih.gov/19834132/
https://doi.org/10.2164/jandrol.109.007849
https://pubmed.ncbi.nlm.nih.gov/21067726/
https://pubmed.ncbi.nlm.nih.gov/21067726/
https://pubmed.ncbi.nlm.nih.gov/21067726/
https://doi.org/10.1016/j.fertnstert.2010.10.005
https://pubmed.ncbi.nlm.nih.gov/29034071/
https://pubmed.ncbi.nlm.nih.gov/29034071/
https://doi.org/10.1186/s13578-017-0179-x
https://pubmed.ncbi.nlm.nih.gov/24614817/
https://pubmed.ncbi.nlm.nih.gov/24614817/
https://pubmed.ncbi.nlm.nih.gov/24614817/
https://doi.org/10.1371/journal.pone.0091588
http://www.tjps.pharm.chula.ac.th/ojs/index.php/tjps/article/view/709
http://www.tjps.pharm.chula.ac.th/ojs/index.php/tjps/article/view/709
http://www.tjps.pharm.chula.ac.th/ojs/index.php/tjps/article/view/709
https://pubmed.ncbi.nlm.nih.gov/29708294/
https://pubmed.ncbi.nlm.nih.gov/29708294/
https://pubmed.ncbi.nlm.nih.gov/29708294/
https://doi.org/10.1111/asj.13009
https://iris.who.int/bitstream/handle/10665/343208/9789240030787-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/343208/9789240030787-eng.pdf?sequence=1
https://pubmed.ncbi.nlm.nih.gov/17327268/
https://pubmed.ncbi.nlm.nih.gov/17327268/
https://doi.org/10.1093/molehr/gal119
https://pubmed.ncbi.nlm.nih.gov/22545706/
https://pubmed.ncbi.nlm.nih.gov/22545706/
https://doi.org/10.3109/19396368.2012.681420
https://pubmed.ncbi.nlm.nih.gov/31603068/
https://pubmed.ncbi.nlm.nih.gov/31603068/
https://doi.org/10.1017/s0967199419000595

03— 3058 5 ot el a1 o] o) 51 51 AL

Aniline Blue Stain. In: Agarwal A, Henkel R, Majzoub A.
Manual of Sperm Function Testing in Human Assisted
Reproduction. Cambridge: Cambridge University Press. 2021;
pp: 142-50.

21. Evenson D. DNA Damage: Sperm Chromatin Structure Assay:
Sperm Chromatin Structure Assay Test on its Fortieth
Anniversary. In: Agarwal A, Henkel R, Majzoub A, editors.
Manual of Sperm Function Testing in Human Assisted
Reproduction. Cambridge: Cambridge University Press. 2021;
pp: 192-201. doi: 10.1017/9781108878715.023.

22. Martinez-Soto JC, de DiosHourcade J, Gutiérrez-Adan A,
Landeras JL, Gadea J. Effect of genistein supplementation of
thawing medium on characteristics of frozen human
spermatozoa. Asian J Androl. 2010 May;12(3):431-41. doi:
10.1038/aja.2009.92.

23. Thomson LK, Fleming SD, Aitken RJ, De luliis GN,
Zieschang JA, Clark AM. Cryopreservation-induced human
sperm DNA damage is predominantly mediated by oxidative
stress rather than apoptosis. Hum Reprod. 2009 Sep;24(9):2061-
70. doi: 10.1093/humrep/dep214.

24. Silvestre MA, Yaniz JL, Pefia FJ, Santolaria P, Castell6-Ruiz
M. Role of Antioxidants in Cooled Liquid Storage of Mammal
Spermatozoa. Antioxidants (Basel). 2021 Jul;10(7):1096. doi:
10.3390/antiox10071096.

25. Bahmyari R, Zare M, Sharma R, Agarwal A, Halvaei I. The
efficacy of antioxidants in sperm parameters and production of

reactive oxygen species levels during the freeze-thaw process: A
systematic review and meta-analysis. Andrologia. 2020
Apr;52(3):e13514. doi: 10.1111/and.13514.

26. Zou YJ, Yang J, Chang S, Xu WM, Yin TL, Long W. Acetyl-
L-carnitine: An effective antioxidant against cryo-damage on
human spermatozoa with asthenospermia. J Huazhong Univ Sci
Technolog Med Sci. 2017 Dec;37(6):915-21.  doi:
10.1007/s11596-017-1827-4.

27. Rossi T, Mazzilli F, Delfino M, Dondero F. Improved human
sperm recovery using superoxide dismutase and catalase
supplementation in semen cryopreservation procedure. Cell
Tissue Bank. 2001;2(1):9-13. doi: 10.1023/A:1011592621487.

28. Kalthur G, Raj S, Thiyagarajan A, Kumar S, Kumar P, Adiga
SK. Vitamin E supplementation in semen-freezing medium
improves the motility and protects sperm from freeze-thaw-
induced DNA damage. Fertil Steril. 2011 Mar;95(3):1149-51.
doi: 10.1016/j.fertnstert.2010.10.005.

29. Mohammadi F, Varanloo N, Heydari Nasrabadi M, Vatannejad
A, Amjadi FS, Javedani Masroor M, et al. Supplementation of
sperm freezing medium with myoinositol improve human sperm
parameters and protects it against DNA fragmentation and
apoptosis. Cell Tissue Bank. 2019 Mar;20(1):77-86. doi:
10.1007/s10561-018-9731-0.

30. Najafi L, Halvaei I, Movahedin M. Canthaxanthin protects
human sperm parameters during cryopreservation. Andrologia.
2019 Nov;51(10):e13389. doi: 10.1111/and.13389.

(AR 2 55 (2) Y oylowi / Y 0ygd / VEY Jla [ 5,5 (Ko eole olRils alzxo


https://doi.org/10.1017/9781108878715.023
https://pubmed.ncbi.nlm.nih.gov/20173768/
https://pubmed.ncbi.nlm.nih.gov/20173768/
https://pubmed.ncbi.nlm.nih.gov/20173768/
https://doi.org/10.1038/aja.2009.92
https://pubmed.ncbi.nlm.nih.gov/19525298/
https://pubmed.ncbi.nlm.nih.gov/19525298/
https://pubmed.ncbi.nlm.nih.gov/19525298/
https://doi.org/10.1093/humrep/dep214
https://pubmed.ncbi.nlm.nih.gov/34356329/
https://pubmed.ncbi.nlm.nih.gov/34356329/
https://doi.org/10.3390/antiox10071096
https://pubmed.ncbi.nlm.nih.gov/31967363/
https://pubmed.ncbi.nlm.nih.gov/31967363/
https://pubmed.ncbi.nlm.nih.gov/31967363/
https://pubmed.ncbi.nlm.nih.gov/31967363/
https://doi.org/10.1111/and.13514
https://pubmed.ncbi.nlm.nih.gov/29270753/
https://pubmed.ncbi.nlm.nih.gov/29270753/
https://pubmed.ncbi.nlm.nih.gov/29270753/
https://doi.org/10.1007/s11596-017-1827-4
https://pubmed.ncbi.nlm.nih.gov/15256925/
https://pubmed.ncbi.nlm.nih.gov/15256925/
https://pubmed.ncbi.nlm.nih.gov/15256925/
https://doi.org/10.1023/a:1011592621487
https://pubmed.ncbi.nlm.nih.gov/21067726/
https://pubmed.ncbi.nlm.nih.gov/21067726/
https://pubmed.ncbi.nlm.nih.gov/21067726/
https://pubmed.ncbi.nlm.nih.gov/30694450/
https://pubmed.ncbi.nlm.nih.gov/30694450/
https://pubmed.ncbi.nlm.nih.gov/30694450/
https://pubmed.ncbi.nlm.nih.gov/30694450/
https://doi.org/10.1007/s10561-018-9731-0
https://pubmed.ncbi.nlm.nih.gov/31402476/
https://pubmed.ncbi.nlm.nih.gov/31402476/
https://doi.org/10.1111/and.13389

