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Abstract

Background & Aims: Today, sperm cell cryopreservation, as a suitable method, is widely
used in infertility clinics to maintain sperm cell fertility potential. But sperm
cryopreservation has deleterious effects on sperm parameters. For this purpose, there are
various ways to protect sperm cells during cryopreservation like sperm cell encapsulation
with alginate (ALG). Sodium ALG (C6H706Na) is sodium salt of alginic acid, which is a
natural anionic and hydrophilic polysaccharide and is mainly extracted from the cell wall of
brown seaweed (7). Due to its non-toxicity and high biocompatibility, ALG hydrogel can
create semi-permeable membranes around the sperm cells (8). To the best of our knowledge,
no study has been performed to optimize the method of encapsulation of sperm with ALG in
human sperm for clinical use. The main purpose of this study was to find an optimal method
for encapsulating human sperm for use in cryopreservation.

Methods: In this study, in four stages, the effect of different concentrations of ALG, calcium
chloride, and how to add cryoprotectant agent (CPA) in the process of encapsulation of
sperm by ALG were investigated. In this study, the direct swim-up method was used to
prepare sperm samples. ALG hydrogels were prepared by dissolving sodium ALG powder in
a water solvent (12). To evaluate the optimal concentration, the solutions were well
homogenized at concentrations of 1 and 1.5% by volume (W/V) at room temperature.
Calcium chloride was selected as a cross-linker for cross-linking and final hydrogel
formation and was used with a concentration of 102 mM/L. For evaluation of the effects of
ALG concentration, twelve normozoospermic samples were divided into the following
groups after preparation and subjected to freezing and thawing: 1- ALG 1% + CPA, 2- ALG
1.5% + CPA, 3- control. To determine the best concentration of calcium chloride, which was
used as a crosslinker to form ALG hydrogels, twelve normozoospermic samples after
preparation were divided into the following groups and then subjected to freezing and
thawing: 1- ALG + CPA + CaCL2 (100uL), 2- ALG + CPA + CaCL2 (150uL): 3- control.
For evaluation of addition of CPA before encapsulation, twelve normozoospermic samples,
were prepared and divided into the following groups and then subjected to freezing and
thawing: 1- ALG + CPA, 2- ALG, 3- control. To investigate the effects of giving time before
encapsulation twelve normozoospermic samples were divided into the following groups and
then subjected to freezing and thawing: 1- ALG + (CPA + NaCl), 2- ALG + group (CPA +
NaCl) 3 Min, 3- control. At each stage, the sperm samples were frozen by rapid freezing
after encapsulation. To freeze the samples in the cryotube, they were first placed horizontally
at a distance of three cm above the level of liquid nitrogen in the nitrogen vapor for thirty
minutes and then immersed in the liquid nitrogen. During thawing, the cryotubes were
placed at 35 °C for two minutes after leaving the liquid nitrogen. The samples were then
transferred to a laminar hood and placed in the medium containing 150 puL of sodium citrate
119 mM/L solution at pH = 7.5. After 30 seconds, the pre-warmed Ham’s F10 with human
serum albumin was added dropwise and after complete washing of the cryotube with the
medium, the samples were centrifugated for 10 minutes at 300 g. After removing the
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supernatant, the final pellet was used for analysis. After thawing and dissolving ALG, sperm
motility and viability were assessed for all groups. Eosin-nigrosin staining method was used
to evaluate membrane integrity and sperm viability. The ultrastructure of ALG hydrogel was
examined by scanning electron microscopy (SEM).

Results: SEM showed that the prepared ALG hydrogel had a porous structure with
interconnected porosity that could act as a semi-permeable membrane. The progressive
motility in the 1.5% ALG group was zero. There was also a significant difference between
total (progressive + non-progressive) motility of sperm between the 1% and 1.5% ALG
groups (P<0.001). Total sperm motility in ALG groups showed a significant decrease
compared to the control group. Sperm viability rate in the 1% ALG group was significantly
higher than the 1.5% ALG group (P<0.01) and both ALG groups showed a significant
decrease in viability rate compared to the control group. Progressive and total motility of
sperm in the 150 pL calcium chloride group compared to the 100 pL group showed a
decreasing trend while total motility in the 150 pL. group compared to the control group
showed a significant decrease (P <0.05). The rate of sperm viability in the 150 pL group
compared to the 100 pL group of calcium chloride and the control group showed a
decreasing trend. Regarding the adding CPA before encapsulation on sperm parameters,
progressive and total sperm motility in the different ALG groups showed a significant
decrease compared to the control group and there was no significant difference between the
groups of adding CPA before encapsulation and after encapsulation. The rate of sperm
viability after thawing in the group that received CPA before encapsulation showed a
significant increase compared to the group that received before cryopreservation, but there
was no significant difference compared to the control group. The group that did not receive
CPA before encapsulation showed a significant reduction in sperm viability compared to all
groups (P <0.001). Regarding the effects of giving time before encapsulation, progressive
motility in both groups that used ALG for cryopreservation showed a significant decrease
compared to the control group. However, the total motility in the group that had time was
significantly higher than the group that did not have time (P <0.05). Sperm viability rate in
the group without time did not show a significant difference compared to the group that had
three minutes, but there was a significant decrease compared to the control group.
Conclusion: Encapsulation of sperm with ALG is a promising method that can prevent the
side effects of cryopreservation. It seems that 1% ALG with 100 pL of calcium chloride and
the use of CPA before and after encapsulation is a good way to encapsulate human sperm by
ALG for freezing.

Conflicts of interest: None
Funding: None

Cite this article as:

Feyzmanesh S, Baheiraei N, Halvaei 1. Evaluation of Parameters Affecting Encapsulated Human Spermatozoa

in Alginate Hydrogel during Cryopreservation. Razi J Med Sci. 2022;29(1):70-83.

*This work is published under CC BY-NC-SA 3.0 licence.

\Al

http://tjms.iums.ac.ir VP ) oled Yoyss (gil) ySibjs mglealan



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

5 09 P iPle sl S9a 40 S Selo Glgie
Jigsoep opizeen (V1) Sl 485 )3 azgi 900
095951 STy 9 sy byl 5l Wil oo Sl
Sl 2 Sl L ol i 50,8 WS St
Sl Ll s o DNA S LSS Lhds g slis
o oals lid 55 YVC: glos ;o gyl Do SYgb
as adols ol (il g Perteghella .(VY) ol
S i) S sl ey Sl L 53,8 g
Lios olessl Jlis ay |y o5 5 gy (slop sl 7 &
39,92 b 0gd oo (o (alize Jolpo (VF) wiS oo
0556 45 39 oSS oyl (sl ol Bl bl sl
b J390mp SmisS i 0l o0 al> e o pln
5 ey 9550 5o ol Ol o J0 S ;5L
plosl Slaadl b alidee slaaiss oyl (0,5 dlgesS
SLaSs g, Lol 5l sogame slaws 5o Ll sl o0
09'“_"“ .A_m)GA)Ja; aQ (\7 ‘\(b) O PR 00y )lg LY
it ;%05 4355 Ly 455 5y ] 535 g
O S WoaeS sl ol (B9, &5 (s9o0 4 23l
el 515 slap el (05 WganS (sl o5 !
o9y Uil LSen g Herrler .(VY) o) oo dai ay
©9d 5l o aS Sl o pywl 0, 5 Ay S
iy 1) 2igd mla lap el (5L (sl wiilys o
a> STa S ol i soel Cwds gl ass,S
Sl S 5l il e DLl L 09,5 WS Koo
Lol oS o 1y o] g asldS 51 lap pul &S > (59,
l_g A_M..JLKLA L J):> < Lng[")""‘" L G’Yb G’Lao..\a)
(aized (uhize (ol s 5 B )IS JS eg S
Sl SS byl 50,5 dgucS a5 3,5 L bl
Sogll i 5o p sl Bl (sl caslin (g, S
Iy L by, dm Cumnd (56305 9 (215 Slge
Sl 905, 5 adl S >55 digas (poix 4 1) ool
o ol 50 ol (ot J SN 35
aguS Coddge o as SIS I S (V0) 9,5 dein
deoyd il g5 3590 Sl Uyl 040, S

Yy

OhSen 5 iie (b dvaw

doddo
an Hles oyl Slezl slos )57 51all o o e
o=t b Gleys 55 5l =8 plo s 59,1 Lad>
3¢ OS] g Cobs M ol )lews sl 9 (Sloyo
Olgsn 1y pyml dlezl e (V) 0,5 o Lol el
Slr &5 (oo pmilgin )5 g (sapmmlysl 4 e ol 31 (sl
T 5 =l slachy, il el 4 b cws
(V) 0y LS a5 098 o eolaiul ol 3l pl jo masagl
595, 0gSils an bled a5 (gol,8l gl ¢ pizmen
S9d L ploys g5, 4 ks oS Shlew izres
LSA—».AJLAA &5) ‘a).a_m‘ QLADU‘ J_S)‘b 6)9)1_3 u_Lo.S
e Sl pllgld sblse 9529 b slessl Lol alily oo
oo il oyl cam! Jolse 510,18 ol pon b o
Sl S s gl 5 Joka S & sl sl
o oo YU polas yo 45 (Oxygen Species, ROS
ROS jiol3-81 () 0,5 o,Lil c0gd so sialuST s
aiile g liBbw lageyn ol (59,05 @ 5 e
PR IURVIET PV AW ATP « AM.:|5 o 6[.%%
Sy Jole a8 g8 s gDl shnd &
CS o JublS 4y e 4 )0 g odud bl o oyl

Pl DNA 5 (6595890 » 1 (250 Dl 5l g o
(F-F) ol

Sholiesl ) il Sloso Uy alilin (gl pm 039,

Slaadl b 9,5 S il 6 padpiny slaghy,
KV VR W WS G IEUC | IR VRR YIS Foow
3 @HT NVR|L ] SV PLASYNI- WL S S]]
s0yl5— 3l baae 0 ilbigo (cmnb Silds 0o
e an (65090 Ojgo 4 2b)o loged Std> Jokw
(V) 05 oo |5l (CsH7ONa) sz o
S} 9 (09— (so et 4 4 g5 b Sl Ji,000
b SaS A alg e oyls a s YL 555w
ollae plau Lads 4y jorie a5 WS b)) gl des
S92 5 odd (5 Oap g 55 09y Lulpd o el
4o Slaadl (A A) 090 salss 6,9,L il le


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

slozsl gy (b > izl J59)an 53 o Alguns” Slusl (slap sl 2 5135 156 (gl yzal b 31

e e S5 aS O jan ol 4ol colatl Loyl
e MO ol 59y 9 4z adgd JS1s o
eog—d| oy llo YYCe sles L Ham’s F10 laxe
So Same 4 YYC- ,e5LeSSl 2l jo g adlsl (V)
bt e 0l Al S35 4z 0 FO a5l b celes
i 5 g le et b il e O 5 bz )
Ol oy il 4880 40 g0 Veoo Laado O Ous
Sl Wy osileds g ad i) 490 (29 Lazme 3 50
aallas ol (V0) &8 )S )18 solawl 8 90 iales]
Cwl a8 )3 180 ol 0 )50 IS awS lawg
(IR.MODARES.REC.1397.198)

(90 S s g Sled] gyt g
S L ety i s Slnll 55,00
(Sigma-Aldrich, U.S.A) oload! o 09 0,5
bale ) gz (V0) WS ags o Pl o
5 ey VD 5\ sLacale U Lo Jylous iy
WAl Red 22 4 561 sl ;0 (W/V) oz
S it 3l solai ol s sois solol sla ol
398 125 53 oyl SaLS Lulph 53 ey Scoa /Y'Y
35 el 5 1o slessSIB 4o 5 ouy il Lo
S o o) Slp gmmab 42 )0 T cnlis sles
WP RVEE

@l Jiaen Je5id 5 (o0, DYLA] slml S
4 (Sigma-Aldrich, Germany) oS IS S
) VY mM/L clale b g obil S wl S oleie
(YY) 00,5 solawl (Ghaie ol >

—9) 9 95wy o Lo () p
o—! {Scanning Electron Microscopy, SEM)

et Sllig e Siods 90 (o) 2 Hsbiie 4 (ge]
o 5l am Olad! ledie,nue 1000 )3 colaiul ouds
J—2ie (ALPHAI-2LD, UK) ;=150 3,8 oKiws a
ldsges SEM s plxil Cga digh Sl U onls
SlaaleiS ) 50 a5 Wab ools (2dg b L
A 48,5 WSe oyl 5l g oo iag, calisee
A sl G nl il g0 Sl oy o
S sola ol 0,90 Slusd] canlin j98 (40,91 Caws
@ gslwookel 5lam Jlo g roww diges 2 VY .28 5
et oS b gy cnl N0 e 5 slvog S
1) ey baiged (V0) b a8 5 aidS Slllase

http://rjms.iums.ac.ir

w38 Sladllae ;o .l solaiwl 0,4 o Sl
948,518 solaiwl 0,90 Olad calites slaclale
Sl o, S dy S e aS o ailgl o aS
endS 08l o Sid ol S e Bl 108,50
5o 00iiS S Wl S e Gleme a4 WIS
w535 Slallle 0,5 oo 1,8 eolitul 5,90 Sl
Sl el glacdale 4 S el sols oylois
Sl o JoueS oS 2 3l & e Wl oo
bl oud JuSns LSLDJ}M'S > 9 (359 alox> 5
358 )18 Sk ae Wb aS (6,500 aSS 050 (V) aib
005 WgunS Wigy 4o olasul Ladlos olge y0438] g2
J31s O adss LB aigd oo adlol p el 4 slozil
ol 5 5 51 o S5 51 5,55l 5 ol
Sy 50 (V) Wgs olezsl slocuw! jialS 4 e
ol dslllae 5aSL slesil Ladlxs lge (40438l 092
dlgo ) )Ken ¢ Herrler aslllas ,o .conl a8 55 & g0
Sl Sl A5 zd g ol adlal L3 5l sleos] Ladloxs
Slazsl Ladlows slge e &l 3l (gl a8yl 4y 4z g3
Slge s 3 J39,0e0 LT aSinl 5 Cenn oy 4y 5L
s =3 b oS 0 5,5 ol oyl 4 Sl Ladle
SBosg a5 Lxil b cand (5 i Slalllas plos! 4
e sl slasdllas (956 Woges (o) p dllis ()l
Pl 0 Szl bl (595 WgunS (B, (05
sl 0ais plosl S S o eolaul jalaie 4 gludl
szl gl m Sl 5l oolaiwl anlllas (!l 5l Gon
GAeLS (sl d Gy S b Cawd g o]

5 G
Sasdlas ol o iigad g ilwoslo/ 9 55/ 20
oo @l (Sl (e Y V) 55 599 ouilodly
Stz St ploslw slajlins Gb a5 g0l 3!
Be YL pyeasl olies s anbs (Lo ol gl o
S0 pleyd 350 4 g wog Fud e )3 Honbee
30 o eolaiwl W S dexlie 9 dKislesl 5 g8
& lwoolel gl Direct Swim-up kg, ;5 aslllas !

VY a5 osled (Y4 oyss 1g5jl) 1o Salsjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

(4835 V) ;ids S Vo Slasel Ladloes

G S olazi] LSlzo Lo (939 55/ (o 0
e (09380 50 i ol 58 90 WS
Slasd 0l gy 9,5 daneS 5l LS slesl Ladlows
09,5 4w 4 (lwoolel 3l am Jlo g yeumw diges VY
13,5 Sy 093 g olesl e 9 WAL @l )

byl 503 Jolis 05,5 il AALGHCPA 64,5 -)
F(Ole 03 FessSee Vo e Slasil Lidlors Lagome +
VoY) pemdS 0L 4 g S Ve (1)) Sl
+ bzl Ldlows bagoma) + il S Voo (Yse (oo
R e R R o

Voo (1)) OlaadT+ ol diges :ALG 09,5 =¥
Voo QYo (oo Vo 1) pendS IS 4 g S
s SIS+ slazeil Ladloee oy ora) +,0g S
Obey o9 Felg S Ve e (TR

Lo oo+ pyaal agei (CTRL) S 09,5 -V
Ol Gg Fdg S Ve e Slosuil Lidlora

i Vg jI b Hloj ‘f/ﬁ"ﬁ"‘;wm
5 Slexil Ldlows Laome bslie 130 Sy 25w 0
S > syl b ey bolyen 70/ sy wl IS
G 9 WD oS 09, 5 T 4y badiges oo
18,5 8 ed g slessl Cos

Lol 09,5 5l AALG + (CPA + NaCl) 05,5 -
Y) ydg, o Ve v dlosl Ladlore daore + o sl diged
Sl S+ g e Ve () Slad T+ (aido
gt o S5 (AR S0 g e Vet oS
Lidlore lama) + il See B0 (1413) madw 2115 L
O99= medg e Voo (0] oo 0ol IS+ sles!
obe;

09,5 ! :ALG +(CPA + NaCl) 3Min 64,5 - Y
Ve olass! Ladloee Lo o + oyl ages Lol
+ pdg, e Voo (1)) Slasdl + (aido 1) yidy,See
S e S Ve (Ygo (o 1o T) pendS IS
A (1218) mromw 0ol IS L gl [L G+ (aido
(2o as IS + slooul Ladlows Jases) + g, S
Oboy addo ¥ il S V-

Lo + oyl agei  CTRL) J S 09,5 -7
(4B ¥) ;idg,Sio Vo olasul Lidloce

Py sl Sl 3T 0 igd g Oloz]

VFoY poa 8 ) oslad (Y4 oy |5j|j|_.,5|f.lj.l?,n51|:n|=..n

Yo

OhSen 5 iie (b dvaw

B o9d g sl oo g Wws S a5 IS
NECER

ages Jolis 09,5 ! :ALG %1+ CPA 69,5 -)
0) g e Voo Lozl Ladlore Lo oo + oyl
aoLlS + ,adg e Ve e () ol + (aads
b S g See Ve (Vg (o VoY) oS
by S 00 (1010) puoew oIS Ly ot
Voo (/A maiw 9IS +alessl Lasloee Loy o)
Oboy O el ySee

ages Jolis 09,5 1l :ALG%1.5+CPA 44,5 -¥
0) idg Ko Ve o slazl Ladlone Lo oo + ol
t g e Vo (UNO) ST+ (e ads
St e See Ve (GVge (e V0 ) pendSaal IS
b ids See B0 (101) o ol IS L gt b
Voo (/o] o oIS + slessl Lasloee Loy o)
Obos O9 s ySee

Lo + sl aigas (CTRL) J S 09,5 -7
(435 0) ;g ,See Vo o olossl Ladloes

St oS A oS o Sl
oS g @ oS pedST LIS Cdale G iy S
ool wl Gload! 59,0 St ey S
Sslwoslel 5lam Jloy fropw diges VY olowd 05l o0
o 9 N9D (S EL 5 el 15 (5lo 095 )0
85 18 sd g slessl cou

09,5 'yl ALG+HCPA+CaCL; (100puL ) 64,5 -
Voo slaml Ladlowe dasea + p el 4 Sges ol
dg e Voo (4)) Olaadl + (4B V) yidg,See
IS Ver (Yoo (oo Vo T) oS IS
o S L gdnd )l S (aiBs S)
i IS+ Ladlore Lasee) + iy See B¢ (+7/9)
Ol g g Ve (VA

09,5 cp! ALGHCPA+CaCLy(150 pL) 4,5 -¥
Voo olaml Ladlowe dasea + p el 4 Sges ol
+ pdg, e Voo (1)) Slaadl + (aido 1) yidy,See
S2) FdgSee V00 (Vo (oo Vo T) oS LIS
O+ (/+12) paomw sl IS U gy b oSG + (aids
Voo (oo SIS + sl e o ore) + 2]y Sie
Obos O9 s ySee

Lo + oyl aSges (CTRL) J, 8 09,5 =¥

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

slozsl gy (b > izl J59)an 53 o Alguns” Slusl (slap sl 2 5135 156 (gl yzal b 31

oS o0 Dygmo A g dwlore (0053) ol KT,
Vo) o
ol 5 sl Cewdy (oS sl ools gyl fIUT
s 09 eNle T jlre Bliil &0 4 axlllas
0331 5| (3155 (aaS = aneden) als o5
b ools &35 o Jbo b Liowiw sl Shapiro-Wilk
ANOVA 53l 5l s ool 3 JUT (gl 050 5 oola!
g o oolaiwl Tukey cdlaie yg03l b ol o a8, b S
Kruskal- (5031 51 095 Jlo i amjsd 45 3,150 5
as,8 o oolaiwl Dunn Célee 903l L Wallis
Al a8 3 L W P< /oD o pme mhau g aiels S

b azily

—9) 9 95wy o Lo (o) p
LSl s > SEM 1531 (SEM)
VS 285 plnil oads angs Sleadl slals e
lizes laolesS )5 b Sl 5,008 5l (5 glas
odnlie poliar jo a5 4igS led a2d oo Giuled |
Jode g il shils oad ags Ji5,000 @09d o0
dile Wlgs co a5 Wil o dlwgm p 4 o5 b
S Jae gl 5 ae it S

sleyiolyl y olaall cilizo slojgo &yl
oo ool LAY ISl 0 a5 je b les o e/
TAD Sl 09,5 10 odig s S > ol
S e BUS Geizmen ) Sho & Slol
571 09,5 G ol (B p3ronig pivy) b &S5 >
e oS o (P<e/e o)) cils sgzg Dl VO
S o35 s dglin ;s linl] (slaos 5 55
Slood iy oo ls i |y gils xe ol S
5l sols e yob a5 ) Sl 09,5 (slos sl
09,5 93, 5 (P<+/+ V) 0y i 1V/O Slzdl 69,5
) )loime ol S 05 4 Cons Slurdl
ssls las

et poieelS” WIS Ciliso slacdilé of ST
2 el g5 g oigpiy &S > o e (sl 0 )b
e S Vev 0,5 A S g e VO 09,5
aS Jlo ool lis —mals wsg, pemdS W1LLS
095 4 S 75l )Sae 101 09,5 )3 ol 25 >
Ao, (P<e/e0) ol plas Ty gyl gxe rals ]S

http://rjms.iums.ac.ir

&y Sl oy 5l oolitul b ladiges gl cpl 5
59 00l eolaiwl Ladle sole £45 (YY) Wulh daznio
Advantage Sperm Freeze, SAGE, 4 sl ol
1950 sodigas slassl (g1, .09 (Quinn's USA)
Ve oo d gy lo Voalols jo ool gl S
A Ofs s, 5o @be s whaw 5l SYL adds
gl O3srd 3o ol 3l ey g 98,5 518 a8l el
Tor—> 3l o 29 Pl o da b jga Lol
Gole oy 0 dado ¥ Do 4 Ol S5l beogsel S
98 & Baiged (g D85 )18 Logrmdas a0 YO
g S 10+ D jglome jo g Wad Jditie LineY
S8V = pH L VA mM/L & s pyds Jalone
Ham’s Fip oo a U Ve cidS jlon s §
oykad 0)kad &jgo 4y Sl onl 05 5 5l aS s oy
o b Cgnl,S bl g 5l an g oud aSLS]
yeo L aado Ve Sue d) Seuiy yiilw a dSgel
o 5l ladsiged 9,5 5l om0 S Jie (V- - g
5IUT cgr b dy g 00l a3y 550 (9, il
A eolaul
b p el &8 52 o ps] (Flooif 9 ST 2 (s
Geb x¥ e e pleiS )5 g Sl S 5B 5 o gSng S
pY ;2 0 (Vo) ol )y WHO slo fosdljgis
A Caled s bt s Gl Y eyl Ve
g odg iy yf 5 > codig pon OS> D50
§ 0dig ydiny oS 1> Egesre b 41,5 By S e
P S plsmie an (L)) oy i yué &S >
oy ol S 90 Jawgi asged Jl ol 3,18
bioe GOIS e )d Ojee a5 ilee 5 (o) 2
Jol sbze coodlw (o)l &b 5l sl (Sleons;
Sl 9= (9N G2l S lesliiul b p ]
P9 S Vil e 05 PV S gl 4
Pk Ve 3 o 9llS 05 IR g (09 S
Ve L aiged 5l s ySee Ve G i o shaie
Sl g bgliee 059 5 = (sl S5, 51 yids S
Y Sy 2 g widlon il 9,50 Ve sl Y CS
Map el (Gloodis oy sl 005 g (258
SeS L) e abeiS ) L (695 @95y See
oyl Yoo JBlas o oolaiwl [5G leds oo
5 (03,) 00l S5y b Johw olasi 5 235 (3 )les

VY a5 osled (Y4 oyss 1g5jl) 1o Salsjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1]

20.0kV X500 60.0mm

OKan g jiie b diow

20.0kY X3.00K 10.0sn

5)._51).3 AR “’—""‘) Comms) SEM )| aom‘bmdw));b@wﬂ J)B)M )1 oww@5rﬂl g.)}i..uj).i.ue Rgal -\ J&w

O el Gley aS 29,5 L awglie 10 045 00l
2955 )0 Bl W) ax ST o csaline o ne
30 CS 5 e Lz ol ongs Sl yloj 4
Ol 4S5 (29,5 L aglie o culls oy a5 (09,5
Ao, (P<e/0) 09 yiin 5 )l Fre jab 4 Cudils
Sl LSl s ooy 457 (89,5 50 bl (Sloont
S ccils floy 4z do ¥ aS 29,5 L aslin o
JrsS 09,5 L auslae jo Ll slas olas (g lo gime

(0 JS) cunls ghlo g ol

S ’ Y
Jsbo Sge 5 <itS (gl (slod S sl 4 Sl
Sl (o mf 5 090 oo colaiul iz g 8l W
Orizmed g Sl oy o BE-Cn ) g iy deis
aS Lol 51 (YY) S o o2l )3 1) (s aw Slosy
Bl @85y See S5 Cov b JoaeS 980 S
J=do an Lo ol 5l golass yole caws 3l aigd oo
§ Sy Sl Slazl Jol> 041930 a0y
sheolaas o das 5 Lo ol 7Y 00 jodo a 0led oo
A Sz Sl gols cass 1 el il )5 5 slesdl
QLA.?U‘ Lngu,us) )é ‘rwt.o‘ JS_...A c&J_AL‘> o)‘HQ
e olee ) lem 5o ladgnS 5,500 ol Jyore
03l pys 5 ;o sl Jlog sl )5 )0 alblor & 90
Sogdl sl 5o gyl 5l ailes oo yel pl 0 )5 003

VO a5 ) osled (Y4 oy 15jly ySiisjs mgle alan

A%

()-.‘|)-.‘V“‘

o Sl g e 100 09,5 ) Lo el Sloous
Sg) JrS 09,5 5 S LIS g e Ve 095
(Y U)oy plas |y ceals

G S olazi] BSLxo oo (309 18 il
5 sl 5Lyl s (0 Ay
e (it slaog S 50 ol pls g 0niginy
JS 0,5 A Caud W0 00,5 oolaiwl Sl
039531 05,5 (e 5 0l QLA ) (5l ne alS
3o 5 9,5 oS 5l 8 slosul Lidlore Laos
Aoy Cuila 092y (5o gre BWS] 18,5 dgunS
Lablows slge a5 (29,5 o S 5l dm oyl (Sloows;
G 393 08,5 &8l y0 (40,5 dgunS 51 L3 1) sles]
Ol g 00, 5 8l yo slezl 51 L8 a5 24,5
IS 09,5 L aolie o Llols flas |y (g)lo gime
29,5 4S5 o>y Clila 025 (5,0 sime IS
C8l,yo 0,5 daweS 1 L3 1) slesil Ladlxe olge oS
Iy olos=nn ol Loy )5 ded 4y Cond 093 00,50
J8) P<efe e V) ols plas ool Sloonsy olie o
(f

S o 1 g 1 o 3l Sy
oozl gl Sluadl 5l as 25,5 90 ;0 ;0 odig iy
09,5 L dunlio ;o (glo gime ralS 59y 0l oolail
Slg—o 8L ;3 5l w45 (89,5 (o Lol Sl las S
o3l o o an 53,5 WgunS 51 LS slesl Ladlore

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

ozl L9y b 5> izl 550 53 005 g el (slop el 2,138,586 (sl 51

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1]

120 u After Swim-up B ALG%1+ CPA m ALG%1/5 +CPA = CTRL
100

a a
da
80
60 T d
i E
40 (il 9
0 l:h cs aC
PM ™

Viability

%

o

Parameters

W5 gyl e M) LSy ;e gy g lire Bl sl E () nSilis oyl (Slo 0d3) g S gla il s bl aigg 390 il gl =Y JSUS
(P<-/-0)
PM: Progressive motility, TM: Total motility (PM+NP), ALG: Alginate, CPA: Cryoprotectant, CTRL: Control

120 m After Swim-up ® ALG+ CPA+CaCL2(100ul) ® ALG+CPA+CaCL2(150uL) = CTRL

100

i

Viability

%
S o S

o

Parameters

(P<e/+0) 5))5 ()5 ino OS] Ly 3 Byyeline Byl 2 () 5slio oS’ IS Cale oy g cypend 1SS
PM: Progressive motility, TM: Total motility (PM+NP), ALG: Alginate, CPA: Cryoprotectant, CTRL: Control

poml 59,5 WS g, 5k sl GLKem s Nebel 55 ouds aazie slap yesl S o cliblne i
e Ol g W0, Byme 1) SlaadT Lol ol ( Sosdl il 50 Sls cloadl by JousS 5, Se
OA) s S ssaliin ool lo el ;o ik ()5 (K35 Slge oyl (S35l 2l 0 (izmen
- Sl ool wl &l 31 (6,500 Slsllas 00 deaeS (ids 0 (V) Wgd o il

s s gl o oolitul gl oyl glazall 5l S sl 00isS gl gy S Szl b e

WS (V) a8 ez §l oypile cilize loisS  opaiiz OIS o g pSade olazdl gatulySl S

B VP FHA SIS~ VL G| V- IR OF AN Y el oo pll Slesdl sloJgmaS
YA

http:/rjms.iums.ac.ir VY a5 osled (Y4 oyss 1g5jl) 1o Salsjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

Ohan g (ide pad 4o

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1]

120  After Swim-up W ALG +CPA
a
100 2
d
a
80 . b
d b
< 60 [
C
40
20
C
o, Mk
PM ™ Viability
Parameters

o By lme Sl £ () 0:S0lo cp sl Glo 055 9 <8 > (slo ol 1 (09,5 AguasS 31 5 slooral Lablowo Lamo (139381 Syl 0 —F SIS0
(P<e/e) 5yls gyl (gme B! LSy
PM: Progressive motility, TM: Total motility (PM+NP), ALG: Alginate, CPA: Cryoprotectant

120 m After Swim-up H ALG + (CPA+NacCl)
100 a
a cd
80 T d sf
C
< 60 1
40
b
o Mg
PM ™ Viability
Parameters

(P<o/+0) )5 63 ine BT Sy yué g ymeslane Byl () (3u50len - 53,5 g8 J) S o o3l lpils 0 JSUs
PM: Progressive motility, TM: Total motility (PM+NP), ALG: Alginate, CPA: Cryoprotectant, CTRL: Control

b Gulidl cge Csllas byl i ol el ez 50 Ll il ool o laslinl ol 190 )5 dlgu ST g,
ssrimet 513 00t aly e ol oy 5 iy tajli 5 o0t g5, o3 Ly ot ol ol
Ol (pl Gliad! Jodses [Lslo uzred 098 0 el (6 ldigs
=y an 30 olesdl Ladlowe slge a5 WS o el 1) o Slaadl SISE pwy 5l 8yl dslllas o

Slazsl )8 clio 6 g wiilup prnl 4]y 093 (395890 9 Ll (Gl p el diged sla el by

Al oo pyewl  SEM el sleslaiul Lyoass s slo JoueS
aS adoole s ol plad jo ol adlae o olis 59,08 3l edel Caws 4y pglal .90 5 oy
08Ty, L S o0 Aoy wogd—olezl wil g sl o o=l A wil o dligy o2 4 e[Sl cains
o=l ol a ity jralS gl s Heb 4 lap ol &8ly 10.00) el ooy (L8 Gldlas  gudain gl
09,5 d e Sliall (s5ls (slres)S o palS el Jloys S VL ueal I JSs 000 Sy 0l

vAa

VO a5 ) osled (Y4 oy 15jly ySiisjs mgle alan http:/rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

slozsl gy (b > izl J59)an 53 o Alguns” Slusl (slap sl 2 5135 156 (gl yzal b 31

Fomb glacdale sl eolaul s o .(V0) il
93 5l o a Sl s 4 068 o pll el Slezl
39 Sl el (oo S 8y 5 )
o] ol CS > g oo ooltnl S 0,5
U3 VRN IS P SUU] RLIV-IL S DY VS S v K
lise Jolse a8 cenl [S3 @ p3Y aiiiis 095
310K 83U wlg oe Sldl ange je0 Sl
2 Py Jelse 51 (S andl Jge ailyioo Jolse 500
A ot AgnS 5l o gyl gleonsy g oS >
o=l 2008 o p (95 eSS ol ol
A oolaiwl YU caalS g olass b (gloo pn! 51 asllas
ladsged sln d9d oo Sledny (V) WS (265 iy
L2 098 a9 03905] (B9, (ol 58 mb CeiST L
4o ol o lailwl Loy, iges 95, (gl Conl L5 aS
Sleslaiul byl s 31 ol aslas gl olul 5

09,5 dile ) Sleoos; asilys o g aingy Sl
g Herrler aslae gulos asliin a5 oS Laas> ]S
A OIS o el o8 e aniiiles oS 0y o))
s 1y Gleeas; 70/ clnadl 5l eslaal JLss
aS yob e (V0) anles a8 0,5 4 Cand
sla Sy 5l &5 wdboe Yo (s )50 b ndy
s Syl g5 S SSis 4y Sliad] sdins
ok ) S5l alin &5 sl S s (o
Sl S 5le 55 nl 58 o)Ll e w5lion
S5 (5 09)° 9 5 Ogr bz Lulpd o la Jolo
g Shah asllas sbiul, jo e bl puzmes (YY)
o pl (Slooddy (59, (Suie ISl aS 0 ] 1Sen
Siiae g 28,5 5,158 SliadT b 8,5 dgans JLso
Pl Sln S e Lame Slgioe (59,5 g Widg:
4 e Guized g les cbla> )] 5l g e0ges eal 8
o=l &8y 50 ((YA) 00,5 oyl 5Ls 0 50 Slge Jols
Ecl a5 WS o obul (60,8 4 jass LSl S 5

http://rjms.iums.ac.ir

50 Sl Bl (gl e Dglas g iy S
Lo sloadl woload] calie slacdale o aolio
St s LV an cors 1) bl ol jlas
Seslaiwl 0,08 1,3 a5 o o el Slozsl o0
00 Aoyl Slgu Dldlas o 5.5 M3 V) ol
mg/mL &Ll 5l as glaallas o (YA O F) 5o
O9m Bl p 50 (Sladl p el 03,5 dgunS Cuer VIV
LaplS 5 090 oo oolitwl atwa| sless] o Y
ol JyaS 09,5 A Cannd el S > 0 VAYY
(VD) 39— o —me 7 (bl ,Las jla S a5
5955 S J53 & el S5 o 2018 prias
oS (S g (S alex 51 K8 sladisS jo liuadT L
Sy Sl @l asle SL sl (S ol
as Sloy (Yo YA) wiS oo Wyl gyl &85> 0 Jled
Cel 8,5 o )13 e 1l 59, Sluadl saile  SU
Ll Sex fpoww a5 glasdlas jo il Son 4 Torre
S o LialS cde wso S Ay S V[0 Sl
SS9y uLu..?Lﬂ u‘)é o-.\_:l.o.&l.’ Sg—29 JL@.&‘ ‘) IDJ‘“'“"‘
slacdled o Pl ccel as ool auils gyl
o0 Slgiien umizred (V1) 098 o el i
51 el b ST aile  BL g jgas
A5k el S5 > ol (Al Wil oo ma (S5
30 CS > Cdlas ol owsd ol dslllas o (YA)
aS Sl piin 1) s Cams TVO ] 09,5
sl 0 ol o aS cul L3 Gdisg 4l b gudaie
s OS> sl il i oliadl cbalé 4>
B S oo A Cdds (0. (V0) 0 wles i
Jlas! LSl o 4 ail pdes Sloadl cdalé as
CS > HualS 0 asiled co piien pyel po 4 i

0d 008 Ol i mrows 4o Sluadl J59,008 o

VY a5 osled (Y4 oyss 1g5jl) 1o Salsjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

Jelse ol aen a5, S ool wl a1 (6 s
Lo oyl sl yielly 2 (ogllals b wilgs e
S oS WIS a0 45 S8, 1 il )i
oolazwl 0,0 Sliadl b canlize b Sgu g0 oolawl
Pyl (Glym a8 0l ooly ylid pol> axdllas (o all
FelaSee Voo pedS LIS Y Sl sl Gl
o=l eSS gl psie 3l Ko S cwl §ocwlin
S oS L gl g Sl 35 536 alo o
=y S WS ey 8 4 Glaallas ool
slo Glas sls 13 bl 090 o ol sl el b
e aili Ve pley b aslie o adli Y ey a8
4z )S oS i) p iyl (Gleods) g &5 > atuilys
ag>lae Hloy (V0) Cowl 00gu5 Jlo s B ol aS
A aid S o colb ol addlhae o ST Wl STL
YL slacdale sloslanl 4y g3ls ols ylas Lo guls
s 1Y Sliaad 5l solaiwl gly pudS 218
593531 Bl s ol slot il ol asllae s
L ol Slazel gl , slozxl Jadloes olgs
asllan o 0 (o 5 Sl Sl 5—nS
L oo Ao 5l o ol ) LSCen o Herrler
8,5 1,8 olasel Ladlowe dlgs (o yme ,0 Sl
b ol dglgo 15U pol> aslllas ,5 a5 Jb> 8 (V)
Sy @S b a5 ad (g p 5 o WS I LS
g5 4 o oo addllan ¥ slesslis 5l o ol e 53
&y ezl 5l ol adllas o aS 5,5 o Lol sl
cde oyle L o (g ien 00,8 A4S al eolaiul
31 =8 ol adlore olge 1509381 050 10 yigo gl
bwg aSGl 51 U8 il &5 Cosl (pl o5 dgunS
Ladlows olgo b aS ol L5 09 48,5 5 y0 Sl
B9 S0 L A g 0Bl s agzlge sl
sk a0, 5 ool 8 L_;’L‘-*-"’-ﬂ SldgaS 5> p e
A Szl Ladlows Slgse 3945 5 p sl (5050 JolS
S 31 U585 315 5 5 39 0nd pladl T 51
obas aslllas cpl 55 Guizren 39 plnil JIS cnl (0,5
95 31 =8 5 5o JoSid 5l amy a5 0l o0l
ey b crl el 50 )b o Sl i 5 slexxdl
oo (20 10 (awl 00l dgunS Sl awgs a5
Sloolaiwl o) oo il 4y 008 )18 sleol Ladle
b 9y Sl Lyl (305 dlgenS (3,

VFoY poa 8 ) oslad (Y4 oy ﬁjljusl-i-lj-l?'ﬂgll:ﬂlﬂ..ﬂ

A

OhSen 5 iie (b dvaw

aile (3o dlge « SIS sledsSUge JEl Jogus
3985 o algi oo 4S5 35800 (ST 5 ;59 LS
el 575 0l b 39,5 1o s s g5k
Lo Jslw Sleooas; (il LSon o Pirnia a_sliae
o Coms Sliadl gl 05,5 (555 gile yml (50l
ek ol x5l alS (s folins ysb ay J S 05,
5o Sleoasy Lrals ol clle wasdllas ol 5158
o 5 Dbl J3g,0e Bis slan g al> e
AT sl o S5k 38,5 ), 5ROS (5, o
39 prel Sleodsy alS &g, de oo ol asllac
S92 Cde 4 wilg oo J 5S4 s izl 09 S
oyl i |y ]ty 45 g8 al> 1o 45 ROS
ealS o ol sl eosl WS in 5l SO Bl o ls
ol ol adllae sl e slezsl Jlis 4y Sleows;
09,5 4n S0y asilei s Sl 1 eslatul aS” ols
=zt Sl andlyles a1, (Sleosy S
35— Sl Szl sloslaul JLis 4y p el 5 Slos
slozsl jo Olaadl o Slae Wlgh B 0,5 J1 3 o)
vy a5 glasdlas ;o oren led 0l 1) gyl
O095=81 a5 Al 0aud W0 )T sl il Sen ¢ Kumar
15 lsgs ool Slazol Lidlome Law oo 4y ligd]
ol g clse Coeled Lado el (5 (g Ll
S allas (ol @l 53 055 e Jsho (Slooa;
o CopmolB |y ol Sleousy o> gla ol
o)en g Gosalvez (YV) wils oo ladl b 2SL
L oyl oyl (33,5 Ay a8 ol oLt |
assSol Ll o 1y sl leonsy wls se Lzl
o Jy=S 09,5 amy Comnd VYOO (sloo 5o (38
AOY) Ll laas
s See Ve e bl a S ols Ll ol adllas
10+ a5 5 sl &L S WIS
algs oo ol ade aS @ ls puedS 0ol IS g e
A ooy ado e 53 Wdly y3 il g anlp s b
V0. chle b olaadl Jjg 00 s (252
b el Gl 5 Sl 005 Sl oanlS IS 25 S
o ke Wlgi oo aF Cenl 4850 S j90 JulS j5bo @
cale olidl 8k 5les S sl OS> rals
Sl s b Jjg,0e0 oo 5k oley S (IS
Sl madew Ol eizred g 980 (0 I,

http://rjms.iums.ac.ir



https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

slozsl gy (b > izl J59)an 53 o Alguns” Slusl (slap sl 2 5135 156 (gl yzal b 31

ooy S 5 ol iils il e e (A8 das
ol oo Jos 4y pads o9 ool 5l Colex (1

References
1. Di Santo M, Tarozzi N, Nadalini M, Borini A.
Human sperm cryopreservation: update on

techniques, effect on DNA integrity, and implications
for ART. Adv UROL. 2011;2012.

2. Gholamitabar M, Jorsaraei S, Yousefnia Y.
Methods of Cryopreserving Sperm in Infertile Men
with Oligospermia and Cryptospermia Patterns. J
Babol Univ Med Sci. 2016;18(11):35-43.

3. Hezavehei M, Sharafi M, Kouchesfahani HM,
Henkel R, Agarwal A, Esmaeili V, et al. Sperm
cryopreservation: areview on current molecular
cryobiology and advanced approaches. Reprod
Biomed Online. 2018;37(3):327-39.

4. O'connell M, McClure N, Lewis S. The effects of
cryopreservation on sperm morphology, motility and
mitochondrial function. Hum Reprod.
2002;17(3):704-9.

5. Ozkavukcu S, Erdemli E, Isik A, Oztuna D,
Karahuseyinoglu S. Effects of cryopreservation on
sperm parameters and ultrastructural morphology of
human spermatozoa. J Assist Reprod Genet.
2008;25(8):403-11.

6. Said TM, Gaglani A, Agarwal A. Implication of
apoptosis in sperm cryoinjury. Reprod Biomed
Online. 2010;21(4):456-62.

7. Sun J, Tan H. Alginate-based biomaterials for
regenerative medicine  applications. Materials.
2013;6(4):1285-309.

8. Nebel R, Vishwanath R, McMillan W, Pitt C.
Microencapsulation of bovine spermatozoa: effect of
capsule membrane thickness on spermatozoal
viability and fertility. Animal Reprod Sci.
1996;44(2):79-89.

9.Zhao Y, Zhang P, Ge W, Feng Y, Li L, Sun Z ,et
al. Alginate oligosaccharides improve germ cell
development and testicular microenvironment to
rescue  busulfan  disrupted  spermatogenesis.
Theranostics. 2020;10(7):3308-24.

10. Baert Y, Dvorakova-Hortova K, Margaryan H,
Goossens E. Mouse in vitro spermatogenesis on
alginate-based 3D bioprinted scaffolds.
Biofabrication. 2019;11(3):035011.

11. Munkittrick T, Nebel R, Saacke R. Accessory
sperm numbers for cattle inseminated with protamine
sulfate microcapsules. J Dairy Sci. 1992;75(3):725-
31.

12. Torre M, Faustini M, Norberti R, Stacchezzini
S, Maggi L, Maffeo G, et al. Boar semen controlled
delivery system: storage and in vitro spermatozoa
release. J controll Release. 2002;85(1-3):83-9.

http://rjms.iums.ac.ir

AY

5005 o 4 1) dlazsl Ladloro lge Lawgi gyl (5,05]
099 Pl 45 (Sl 5l i )15 cpl a5 s )ls 5L
S50 o8 Slgme (ml (B e 50 Lt g alalg
2 0ad (Byma Gy, 58l 39dicn dnagi 0 pdy Oy
39— DNA CuaSs Glime (o Gk 5l aslllas ()l
9y ol slersgae 5l (S0 0 S 8 )
p sl Slomil (hg) (975 5 yilos g 5 ooz
ol dm Olgies yolo aslllas leiusgacme jlail o
sl 3590 ol (60 Shoe slo el 45755 oL
asle gumaz slas g, Y] asl 4 55 1,8
kil Cl S Szl b oyl 0,5 dlganS
5 908 Laas |y ol 51 ey gyl ails 0ud
p el sloozmil o laibiwl (o) 5l (oide Wil o Culed
00 daueS Jloial Ol Sl gl g0 ooy 0l
2 el il sla el o Sliall L e
Pl b e Sladiged (59, mizmen g olexl
Ol 8590 50 Bls U 9,8 )18 o)l 090 5

D, (65 Az g olezdil o gy ol 5l eolaiul

G S A

D9y S Sl L ol 0, S als S
Sl 1 5 AUl e 45 el 0SS 0
oS ol i ol anllas gl WS (g, Ssle slazs
OO Wy 5l a9 S8 sloaxil Ldlowe Slge (3553
Sladl jleolawl rizen 5 Sliadl lawg ol
Sl rolie (o9, meelS LIS g o Ve v g VY.
i sl o Sl bags el oyl 53,5 AlgnS
5 a8 i 5L Uy il aasy o ki
oS L 1) gl Janome b p sl bl wilgs oo
=l Sleso ply o 1) ppnl Wlgs 0 a5 Jb> e
2 ST b g i lallae ol ez slozsl
el glsil 59, ol 60 Shos slo ey (o)
OO WganS (o9, B ogd plonl b p sl (sladiges
ooliial 3,50 slo by, 5| 5o Vst SloT b oy
slozsl sl g, (ed OIS Wilgiy 9 00,5 b o
ile @i pe 1)yl

JOSWEP RV

o) ol 8 asal Ll 5l a4 Sy atlis oyl

VY a5 osled (Y4 oyss 1g5jl) 1o Salsjs oglealan


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html

[ Downloaded from rjms.iums.ac.ir on 2026-02-16 ]

[ DOR: 20.1001.1.22287043.1401.29.1.10.1 ]

13. Gosalvez J, Lopez-Fernandez C, Fernandez JL,
Johnston S.  Microencapsulation of human
spermatozoa increases membrane stability and DNA
longevity. Andrologia. 2021;53(2):¢13924.

14. Perteghella S, Gaviraghi A, Cenadelli S,
Bornaghi V, Galli A, Crivelli B, et al. Alginate
encapsulation preserves the quality and fertilizing
ability of Mediterranean Italian water buffalo
(Bubalus bubalis) and Holstein Friesian (Bos taurus)
spermatozoa after cryopreservation. J Vet Sci.
2017;18(1):81.

15. Herrler A, Eisner S, Bach V, Weissenborn U,
Beier HM. Cryopreservation of spermatozoa in
alginic acid capsules. Fertil Steril. 2006;85(1):208-
13.

16. Shah S, Otsuki T, Fujimura C, Yamamoto N,
Yamashita Y, Higaki S, et al. Cryopreservation of
microencapsulated canine sperm. Theriogenology.
2011;75(4):679-86.

17. Nebel R, Saacke R. Spermatozoal
microencapsulation and capsule behavior in the
female  tract. Reprod  Domest  Animals.
1995;31(1):75-85.

18. Nebel RL, Bame J, Saacke R, Lim F.
Microencapsulation of bovine spermatozoa. J Animal
Sci. 1985;60(6):1631-9.

19. Torre M, Maggi L, Vigo D, Galli A, Bornaghi
V, Maffeo G, et al. Controlled release of swine
semen encapsulated in calcium alginate beads.
Biomaterials. 2000;21(14):1493-8.

20. Organization WH. World Health Organization
Laboratory Manual for the Examination and
Processing of Human Semen. Geneva. Switzerland:
World Health Organization. 2010.

21. Yu J, Christman KL, Chin E, Sievers RE, Saeed
M, Lee RJ. Restoration of left ventricular geometry
and improvement of left ventricular function in a
rodent model of chronic ischemic cardiomyopathy. J
Thoracic Cardiovasc Surg. 2009;137(1):180-7.

22. Najafi L, Halvaei I, Movahedin M.
Canthaxanthin protects human sperm parameters
during cryopreservation. Andrologia.
2019;51(10):e13389.

23. Zimmermann U, Mimietz S, Zimmermann H,
Hillgértner M, Schneider H, Ludwig J, et al
Hydrogel-based non-autologous cell and tissue
therapy. Biotechniques. 2000;29(3):564-81.

24. Vishwanath R, Nebel R, McMillan W, Pitt C,
Macmillan K. Selected times of insemination with
microencapsulated  bovine spermatozoa  affect
pregnancy  rates of  synchronized  heifers.
Theriogenology. 1997;48(3):369-76.

25. Maxwell W, Nebel R, Lewis G. Survival and
fertility of micro-encapsulated ram spermatozoa
stored at 5 degrees. Reprod Domest Animals
(Germany). 1996.

26. Weber W, Rimann M, Schafroth T, Witschi U,
Fussenegger M. Design of high-throughput-

AY

OhSen 5 iie (b dvaw

compatible  protocols for microencapsulation,
cryopreservation and release of bovine spermatozoa.
J Biotechnol. 2006;123(2):155-63.

27. Kumar P, Pawaria S, Dalal J, Ravesh S,
Bharadwaj S, Jerome A, et al. Sodium alginate
potentiates  antioxidants,  cryoprotection  and
antibacterial activities of egg yolk extender during
semen cryopreservation in buffalo. Animal Reprod
Sci. 2019;209:106166.

28. Shah S, Nagano M, Yamashita Y, Hishinuma
M. Microencapsulation of canine sperm and its
preservation at 4 C. Theriogenology. 2010;73(5):560-
7.

29. Baccetti B, Collodel G, Gambera L, Moretti E,
Serafini F, Piomboni P. Fluorescence in situ
hybridization and molecular studies in infertile men
with dysplasia of the fibrous sheath. Fertil Steril.
2005;84(1):123-9.

30. Akbari A, Anvar Z, Jaafarinia M, Totonchi M.
Genetic etiology of Asthenozoospermia: A review.
KAUMS J (FEYZ). 2019;23(3):318-33.

31. Whaley D, Damyar K, Witek RP, Mendoza A,
Alexander M, Lakey JR. Cryopreservation: An
Overview of  Principles and  Cell-Specific
Considerations. Cell Transplant. 2021;30.

32. Ghidoni I, Chlapanidas T, Bucco M, Crovato F,
Marazzi M, Vigo D, et al. Alginate cell
encapsulation: new advances in reproduction and
cartilage regenerative medicine. Cytotechnology.
2008;58(1):49-56.

33. Pirnia A, Parivar K, Hemadi M ,Yaghmaei P,
Gholami M. Stemness of spermatogonial stem cells
encapsulated in  alginate  hydrogel  during
cryopreservation. Andrologia. 2017;49(5):¢12650.


https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.1.10.1
https://rjms.iums.ac.ir/article-1-6993-fa.html
http://www.tcpdf.org

