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Table I Common CPAs in the semen freezing extender and their optimal addition amounts

B Cryoprotectant agents A& F1% 71/ % Sperm motility 7RI Added amount Z:7% CHk Reference
Orvus Es paste (OEP) 54.82 1.5% [14]
Equex STM paste 63.00£6.00 0.5% [15]
Hih Glycerol 44.0043.00 3.0% [16]
ZHIIEEA DMSO 34.50+4.62 3.0% [17]
PR EG 43.0044.00 0.5 mL [18]

3 L 3 A v VRORAP R S, B0 SR AR S
IRV VR FEWCR a0 2 A e R ILAR
ESNS YNGR TR A AR SN 2 U e S (EREST
i TR TR0 S TS [ A7 S A 7R 488 o R Rl oK 535
M7KFAR (2) .
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Table 2 Freeze-thaw vitality of pig sperm under different antioxidants

SIMBTRE TR J1/ %

BSINE RS TR s 71/ %

UL o Iy 275 30k
L. Frozen-thawed of sperm Frozen-thawed of sperm motility
Antioxidant . . o . . Added amount  Reference
motility before adding antioxidants after adding antioxidants

132 M Resveratrol 40.12 + 0.08 69.332£0.04 50 umol/L [19]
B E B Glutamine 52.75 4 0.63 58.5040.65 40 mmol/L [20]
# LK% Epicatechin 37.93 + 0.54 48.17+0.67 75 pmol/L [21]
£} J5 R Chlorogenic acid 31.60 + 1.03 56.5041.31 50 pg/mL [22]
a- B ¥ 2 a-Thioctic acid 43.79 4= 0.56 51.2740.59 6 mg/mL [23]
215t K Z 4l Rhodiola rosea polysaccharide 46.80 4 1.80 60.10=1.40 6 mg/L [24]
W 2 Astaxanthin 39.47 £ 2.22 56.09+1.91 2 ymol/L [25]

R IR 2 10 CLUF PR F 2 RAERIRE IS,
WAL IR 2 1~2 O, IR SE IR AR AETE I &
SEHEZWN R AAERE S . It R FAERT
IR HT RS AE 15 “CFAff 2~3 h, LLEAS 7% di 2k 45 XF
PRSI BE J) o FE VR TP o 72 v, AT 3 3o )
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FEVR IRACR, 8 VR T I T T 48 B 8] 2 17~20 “CPR
1724 W20 A R R ASCR  5 HA 22 Bl N R A K
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Plus) 8% ASP (Androstar® Plus) i}, 7 10 “CF 4 24
h AR 2 LD G A IR S 32 7 |, 31X E 2R X
s T AL 5 I B0 0 >R U5 1 240 L JE R 4 B 4, 2 B AR
M A SR A Bl X ATk %) 3 B U o Y FLbE - R
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Table 3 Common sperm revitalization substances added to thawing extenders

W) J§i 4% Fx Name of substance

KT 41/ % Sperm motility

# it Added amount 27 ik Reference

JIF [ B2 47 28K 9 ERRAE Cholesterol-loaded cyclodextrins 52.40 12.5 mg CLC/500< 10° sperm [36]
F%% Seminal plasma ~60 50% [37]
H [ Z M Astragalus polysaccharide 58.334-4.40 0.5 mg/mL [38]
[ 3" [ Resveratrol 250 1 mmol/L [39]
#:JLAS & Epicatechin 50 25 pmol/L [39]
B-i3k 2, 2-Hydroxy-1-ethanethiol ~80 25 pmol/L [40]
WA/ AL Caffeine/ CaCl, 42.50+1.10 1.15/3.97 mmol/L [40]
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A AR B 22 0 e TB i MV AR R R AN
REPREHE T 2B AFTEHE 70 ‘Ot R 8 s I L M
F il 23z 853 i (curvilinear velocity, VCL) | HL.£kiz
8 J& (straight-line velocity, VSL) |~ 41z 2 o &
(average path velocity , VAP) Fl13k #8422 gl i (ampli-
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F 37 Tl 20 s
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T TR W s e AR R mT 0 ROS 512 A 8 Ak 35
P33 BIFSE S B0, #E V4 a AR R PE 2E B ROS I R
Z AR IR R A7 AT BRI 2R R K 77 A ROS Y iE 1114
ROS 77 A= By Bsf 1] 3 ZE ARG TR A2 I 0 188 B o Tk - Ay
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— o 20 B R MR 2R ) B, (AR T e 1 AR AR
P4, 4-HINE J& — Rl s S A0 ), ol DL 8 R
DNA FIfig B 5 4= 1) o3 F AR SE M 856, AT 5 | B2 4
JEdi0 o T ROS B9 A B, K 12Ok AL R 25 15 /Y
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TR NS E -1 5 DNA BIAHEAE ], IR0 R % &
P 2 e 1% i [ 22 i) ) A T 8 i A 2 1 A
DNA Z B 454 . UL, K F R f, ROS
Tt 23 5 3 DNA Jy Bedit 475 FORS 2 8 4 €4 5 19 72
b, DT 52 M AF DG BE PR 19 2 51 5 i, e B8ORS 1
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T A FE AL, Chen 250 38 1 Ho 458 66 7117 fi
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RO F IR VR AR Re BRIk g iy A2 4k X 2
K FAERRL S 320G 2 R AR IR R 2 — . BFSEIE
WPRS IR SR A7 25 3 B0 S TR B IR 1k 1) S AR 388 m
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W AR IR E A E W, RS
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W 0 1% L1 B i A8 AR L AR, 58t
URBE Tt — 2 T B NI RS 1 T 25 5 1 A aX
RREREAEAL . 55 3K RE R B A 2 — i R R W 1R
HHE AW p32, X & —FP il AR A L& EH
sp32 Y 1% 24 IR B 2 AL T =X, 5 DA 2 1 Al oG,
p32 T+ 5K T Ca™ 7K -2 v AR 25 2 A 56 .
PHL I p32 AT LAIAE A TR 2 R (A5 5540 1, FEAE RS 7%
TR R, p32 BRI A R - & A TOUAR S Nz, 5 K
TRHZE S CHALA I ZE 15 Cr= A 31 R R AR IR
FRAEFN A A WA S0, 28 B 0 A7 76 ] LB k2 B
R WTOUA SN, 2 e i R S A T 7 o

4 BEHRFMIREREMERE
FRER M

41 BEREXIEFFIZI

Vo VRORG VLR L 2 i A7 T8 XA LR L 0k
RIS R IR R T (HDRL A4S N2 A . HERTE
A KR MRS R, RS R fl i A v i
JEARAL T N5, ¥ R G R P AT B R 3 TR L
I R A v BE A R R TR, VR AL AR B A
02 mL e EANAE 5 mL RN, WERR I SF- £
P83, FEKS T R RS 36 7195 0.25 mL 41 WU 2
U, I H LT 2590 88 ZR5W , 78 S2 b A 7 i s /D i O
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A AR WD ERE R B 2. 5 0.5 mL 40 AH
F i - UE 26 T AR 18 VR DA 3 R rh m] S
A H K AR HARFRI , T 95 A WA R % v
4.2 HEIEFHRRLE T

i Vv 240 AT %) oA R 4 P R AN AR 2
DAV 2 D LR A AL IR IE SRR A B
W R A B T TR T B AN AT, PN TR A R A R RS
TR IOT R 5 M AN o AR A0 T S R G of #R A
K TR RE T ORGSR EAE . 4R X
i FORS - 00 5% i) = 28 1 B0 76 X - LAk M T 1Y 5
W, 0T A e R TR S LR AR AR
A, A DA B AEAE 2 38 IR ORGSR A= BEAE I G,
IS HE Jy R o O T 3Rk G 4 B N R RORS
(R RE ), — 8 ) A B 5 B R AE R VRO h B b AR
R 3t FH 25 b A= 25 25 185 o 448 T 1 T 25 1
I, Ay RSl s 200 TR S ) T B ) i R I
ARG W T3 A 25, 6 RN RN R AR A L 72
SR R D A TS
4.3 HEZERIIBEF RN

ek 2 R ) 1 2 W A B 52 P AR ARG - 0
— U A RS UE BT RS VR R B TR I
LN AFWERENR T A E R ERAH
o0 TR Ve | BRI SZ VR ERAT Y . EAh SRS (AT
A4, U HIE BB 10 mL, Lo 2300 BA o
R TR S 1, T 1 it AL 2 i 2 3 0 15 A AR KT 1Y
T R S #h L 503 A VRS 213 4 RS 3R 23 7 AR T
B

K VR i o R 2 o R VT 1 R — R
A WS G AR B LA 25 DU G R i i ik
R Z IR B R M52, 250 7R R ZE 300 r/min
BTN FRELiEAT 6 h RUE K AR sh b 3, & 5 80k
WA TR AL, B 2 SRS T T i, e 2 )
7 d BIBEAF IR R L PR sh A B A E— 2B T B0 T4k
LR T T MR 5 5 M AR L DR A R T
B URITCE Mg i B b iz R — Ay, R
St FRATRRG 3 A g
5 REBBEREMERMAE
51 ETHABRARSERBEEBUR

UE AR, 409 K 4 A 2 8 1 T B 8 G T fb vk
$, BRI 0 0 0 e 1 X LR A T A R A AR Kb 3, el R
W BCIRA R T Y OB DI RE o A IS IE SR 0 7Y

VRO RN AR ACLL 5 R Z WA TR WO Ok, 2T
PRF L Sy 1506 B, THERS 7 VR Rl s 0936 0 32
11% 3550 69%° 53 A B 75 16 ¥4 v i A Hh i 40
pg/mL GRE AL S BT A A T - B B, ] ek
KA HRG R, HAh, Ak R 450 T
PRI H AR AT H T8 A= f2 g 1 FUB S (Can Sk B8 A 2
(2N O oAl IS TIBUR G207/ i onnt 7)1 I <t DR R A v
PR RS - B9 QORISR b, AT A X B R O BORS £
an K wE P A A 2R 95 K R (magnetic iron oxide
nanoparticles, MNP ) SIS 1 V sl BEE R 45 A,
[FHG V 00 B 30 min 5 i G 53 15, 24 40 K Uk 5T
R 87.5 pg (24 218 750 KL 4 K Fk: ) , ks 740 H
1.6X10°~2.0X 10, AT A R B 300 SRS 1, IR
B 97 % RO T8 NI, Aok B R Y 2 S o I &
BBV F I HOR RSO SR RS 2 TR BRI TR
7 1]
5.2 RMAIREWIRENRSEBERERBR
A B A 2 AR 2H 2 T TR S 2R RO AN
s AAR DG o7 Rl 8 43 AT AR A T DI RE B T
TEEYbREY) . HRTAR Z W RS T A Yhn &Y
FOUIRE 1AV I 0 52 7 R v R R R R R AN
FIFEMR o 38 2ok B (A5 o B ARERG I 5 R 22N
[ 2 5 2H 53 : SP1(>>40 ku) . SP2(<240 ku) , 43X 2 b
AN [) J5 £ S5 SR I 0 S INAE i R rh , 5T
A LA LE , 3% 2 RO S 24T 18 2% (P<<0.01) #2755
K 7 iz sh R oS B PR AT BT A RS 4
UHPLC-QTOF-MS £ A7 1 A [7] R Rl BE 1 23 36 K
AR 28 57 5 R D-RAZ R N-CBE-L-
BRBRFNUAT A & B A7 e B 22 R0 skl
TRE A VR R RE ) 0ok AR A= bR s 443t 1 4
GO . BRI Z AN K C Rl 22K )E & -t i di 1
(Niemanne Pick C2 , NPC2) )& &t ] FilPRS 119
YR URRE ST, X Fh 2R 0T IE T A 48 o B SR RN DD E A
BRSS9 & B NPC2 (19 16 ku 1 19 ku 2 Fh il B4 78
PFE ' MIX} 7K - 8 T GFE 1, PFE ' NPC2 {9 &
it T GFE, 23 5 S5l [ B iy S0 HE , 341710 52 e J5 e )
TP R RORT B A RIS AORE RS T A A K
I ] PR A7 BOR A AE 22 S PR EAT BIF 9, AT 328 1 AL
FE 1 A& (granulin precursor) | 5. 3¢ 2 [ Ay K (legu-
main) fl AWN Hij & & [ (AWN precursor) 3 F i i
A, IR RV R A AR RS AR S 0 - A7 158 7 1]
(122 5 T RE 506 1 X0 A B SP 1Tt 52 M A [l AH 3¢, i
AR AR SP 22 [ 1) 22 53 SO IRAE JUT 7 36+ ) 3 e
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WHE A FEE B2, B, 3FMEEE H TR A
Al AORS T AR SN R AP AR R 2 1, XA B T 0 1k 1
PR R A7 I A AR B2, AR 4%
PEAT RGNS T2 AR B LB 9, A B T8 /R K 1%

VRAGI B0 73 T LB, S3-4R 5 30 1 50K 708 IR PR AR G
(9 A= s A5 ), Ry S BB A VR 1m0 ) ¥ R AR AT A1
K B B TR TR TR S
HEEAY)INRE(RL) .
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Table 4 Freezability markers of porcine sperm and their function

ST ARG PR 275 30k
o ifig Function
Freezability markers Reference
251 KhE T0 BB Rl
G E A 13 GNAL3 SHPARRE DURLC SRR S . [37]
Involved in sperm capacitation, acrosome reaction, oocyte fusion
AL Inosine [
UCHAERI Hypoxanthine Involibctjlﬂli}clijcr metabolism i
WL Creatine &y 8
S0 TR 2 , 5 M) B O sl 1
4 RlEmEfG a4 2NPC2
AP IR EREE B 2 NPC Binds plasma membrane cholesterol and affects plasma membrane fluidity i
WKL H AT Granulin precursor PR RPN Y [50]
FTFEMER AWN Enrlchcd with cysteine, resistant to oxidative stress o
i 0 71§ n I 7
£Fi% & 1 1 Fibronectin-1 b UMEE/ BB TREAER , ML [60]
Predicting the factors of sperm damage caused by low temperature
RTER T 90AAT AR DS A QI AN S 1 e B (61

Heat shock protein 90AA1

Mamlammg cellular metabolism and structural integrity under stressful conditions

6 B 2

PRG0S VR IR AT R T IR I DR AT B 2 7
U5 ARV Ui A 2 XA 1 R S AR AR AR R T
I 12 ARG A RO T L EERS OR 25 . T4
K, A2 AT TR EOR BHRR A0 &
TR URORAT B T 5 A G A 8 Aol o 47 O
RBC RS AR, B T — R o A s AR ek
A R A VR S T 0 AT 3k 7026~80%6 , HAZ i 4 Sk
LT 5 R PE A [R] S5 ASCR A B K F L 389024 AL,
A7 1 V4 AR IR AR Vi 195 1 B BE i R G 3 11 5
UK TR H RTEHORE T2 RO TR AL
bR EA R BRI R B I A E . I, 1 >
XEREAR ORI A 7= T rp S A AR AT AL &
J%’%E’JEI‘EHE%JKE*E%L?’E4KJ%(ﬁiﬂﬁﬂ/‘]%%‘@‘/%ffﬁ
TR FR I el 7 PR TR V0 1) R FORS T BT e DA
Jr ¥k DASE BRAE A0 2L 7 i A v U R 2 1% T
KU, AT AR A 23 08 5 o R A B ) AR D2
ANLEL AW L A AR o
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Research progress on porcine semen cryopreservation
technology and its influencing factors
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Abstract Pig industry is an important component of animal husbandry industry in China. The domes-
tic pig production mainly adopts self-breeding mode. The semen used in pig reproduction is usually fresh se-
men or diluted at room temperature, while semen cryopreservation technology can realize the long-term
preservation of pig semen.Compared with cattle, mice and other species, the cryopreservation technology
of pig semen needs to be further optimized and improved.In order to provide a theoretical reference for per-
fecting the freezing technique of pig semen and accelerating its large-scale application in pig production, this
review summarized the development and main technological process of freezing and thawing of porcine se-
men, and the key factors affecting sperm motility after freezing and thawing, including semen collection,
pre-cooling balance before freezing, addition of cryoprotectant agents, and cryopreservation methods.It also
covered the physicochemical changes during the sperm cryopreservation process, such as physical structural
damage, functional damage, and sperm anti-freezing mechanisms.Finally, the new methods to improve the
cryopreservation efficiency of pig sperm were summarized and prospected , including nanotechnology treat-
ment of semen and the study of cryopreservation biomarkers for sperm.

Keywords pig; frozen semen thawing; cryoprotectant; thawing extender additive; physical and

chemical properties of sperm
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