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Abstract
The best method for long-term storage of semen is cryopreservation, which has the advantages of
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long storage time and low production cost. This technology is widely used in pig production for
long-term preservation of sperm. But due to the low cholesterol/phospholipid on the plasma
membrane of pig sperm, therefore, compared with other species, they are more vulnerable to low
temperature damage, resulting in decreased sperm motility and fertilization rate. In this paper,
the effects of cryopreservation on the ultrastructure and energy metabolism of porcine sperm
were reviewed, and the damage mechanism of frozen thawed sperm was elucidated, so as to lay a
foundation for improving the vitality of frozen sperm.
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1. AIRB=E

R TARRA R IRAT, IR EIRERAR T MRG0 TAGEEh, BT RR, EAH
TUKEBIR B R, 085 PRI 1196 C VR AU T, AT I ORAE  ZE3EAT N #5285 (Artificial insemination,
AN AR SMZAE (In vitro fertilization, IVF)I), K 37°C, 30 s HHTMEA[L]. K& sk TR RAETT LG
R AR AT P A B 1 BEUER F FR9E BT DU A R R, WA ARSI i A BRI, T
DRI b R 355 b o 8 8% 18 71 2] -

HAT, A[3]. /NR[4]. 4 [B]55 K T HURIR A R IR R R O Bl A Rg, IR 1 i Rk +
B, AR B VRAS H AR IE ARAT B2 L o JERE - rh R T & S AR v, LD B I Py O ] st/ 8 I LU A1 ELAIG
BAERE FHURBIT A8 J10855, VRN RS TI5 71 U R TR 5 48 2R 1 25 PR 6] A 04 VR ORAT I RS TR
A DRAZOE AP ZE R, R SR, RS FAMRIE R F UK, SEUEA GRS RESZ 8 —EfREN
0, RGN T AR R AT R AR R R

FERE T 0 N FREARE A=A (A 1 R), KEEZ) 50~60 um. K12 & H BAE YR
KA RES . REENREI R 7. 1) kK2 8.5 um; R AR, HAlMZ. TR 5
R R R 3 AL 0 DNA; TR 2HIRXUZ 50, AL TR T, W& 2R Z2RA R i
AL TR T M EANZ I LE R . 2) RO TSk iR R, &Sk AR . 3) KT Rl AR
MIZBEE T, BRI KI5y AR HE A5 AN R 343 9 B (29 10 pm). F B (29 30 pm) A1 E Bt (2~5 pm),
B4 B S RAL[T). ezt 9 MXUERE M 2 A R H PO E Ak, fEREE L 2R
SEI €9 + 27 gERHERI8] (W15 2 FioR) . W BN S ERRLAR, RS T E R, PR A RE R I 3 B Ay
29150 2 A 1717 K

2. (RIRRHRREINE F NSRRI
2.1 MTRFHIRAE

TA S s RS AN B TR R T A, A7 R TSk iR il o . K T 32 A5 RE T I AT 1R 20 12
AR e SR PAF[O]SEIRAEN], R BTN, BRI R (14 3()s &1 3(b)) k. #. RBEHE
B TR KR, JAFVEW, LGRS, RELEE, RELAR. G, BT KM A A
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Figure 1. Structure of pig sperm
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Figure 2. “9 + 2” structure of axial wire cross section

2. WHIZHEEE “9+ 27 45t

17K SZAERE 1 5 HE T IS S M E VIR S [10] . DA N & EWI TR IERNE . MR IEWEEREE . THiA e .
ATP BMISE 2 505 SRS KB [11] . RS IR R G ARG 76 R AL TR BNE, TR A Re AR AE I [12]. AT
Sy SEHE AT G544 e 1 TR S 7 ) e il o

2.2. MEWEMM
Wi, MR TRER, REETHRSTHFLIR. BWHSRE, ERTESRKEISETE

BRI7]. RN T A Sieshas B 18], S TSR H VIR, A TINS5 RE T2 58 )
A EERR A KW THEARE)E, &ERKIEA RSN T4 SRR, FTisshizhng 5h
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TEEWEEMR, RASHIEFRTRETARE RGN ZRERE ). R T HIEIKT . RHIE
BRETATH T AR S SBUEEA T . £ROE 5% ERRATIEEEES, —LRRZEH
AR E SFEW[L4]. TRV, JF R BIE )G s R R L EA S 25 A 1E (primary  ciliary
dyskinesia, PCD) 2 H1A% 1 HE B [ A /B e, AT 51K 0% 0 5, S0 1R 1% ([15].

(@) (b) HrlEEBT: (C)~(F) Wik - EERT

Figure 3. The ultrastructure of porcine sperm before and after cryopreserva-
tion was observed under scanning electron microscope [9]

Bl 3. HAMBET, REARFIEEETFHBHENI]

o UR 2 (T HE B IR A S A A A — s RE L A7 » T 2 K% 1 (R0 2R A1 . S A [16]38 1 S48k B
ARACTRAGHA VR JE G A T HEB 10T, WBE Y, AT LUR IR BB s 1 Be i Zekifh 2
WIBRE T M0 e (I HES £ il 22 (KO N (1] 4(a))s BT : 2R ARSI BT “9 + 27 S (LI 4(b))o
VRAG 7 RS BB, ARt S R R BR e (AN E LR . AR BL, JUBRARAK , BT A 2o A A L
R G NG b BT R, A R S R IR AR SR (LK 4(c)).

(a) (b)

E: (a) (b) FEERS T (o) RRVER T (2) RHHBIATI 30 Kx; (b) EHEH Bl
140 Kx; (c) ThBBEln, dpifkdif 20 Kx.

Figure 4. Under transmission electron microscope, the sperm tail of Siberian
tiger changed before and after freezing and thawing [16]
B 4. BHBET, RILEBFREINFRMAIGENEHL16]

Ni-Hao Gu [8]%5 A\ A F3% 5 B W 2208 k5 1 P BR (141 5(a))~ 32 B (1] 5(b)) Al B (K 5(c)) kiR . 4
EHIE[L7IF R, BERT AR TIRASIER, Mise®s, Tkl . AMNELE TSR, M0 IER.
PRIERTRI R AT, B R Al TR . MR ISR, N R ARG, RSN R &
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Figure 5. Cross section of fresh pig sperm flagella [8]

5. FEHER T HREEE@E[S)

B TFIEsh iy, HIES R FRanEsish 1. B4 0 27 4047 4 8 2 Rk 1]
CAFRTIZ B 6 B L5 [18], IER AN MIEX R Tiash FZ i+ S8, #iE 7% ] 80 Tiash b
T, SAEFRAK[19].

2.3. X} EREEMISZIE

7 R T3k M B E B AL 5, e i 5 0 AL, B AT DR RS 13k 355 4 41 e 2 A0
LS. BRI 2 S RO A =R AR (ATP) . AR ARSI 26, BEEMS TAET2[19].
KT IR S 5e %, X TR A sk AE . TR B BRI S0 2 56 2 [20]. FRAR[21]5 A ff 5K
W ESRRN, BRI TR TR N AR B 2 R (LI 6(a))s Sk B 5R BRI TRAR UM 45 & 535 (I
6(D))o VRS KE THREMEE MR I o 45 P B R I (L F 6(c)), 5 THUAAR MBS 43 5 (L 1A 6(dl)-
6(e)): AIIHEHBURMBIER, KA NEDINELE 6(F).
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JEANTRAA SR S, B35 —(4 Kx); (c) BUBEREZIK, TS84 (25 Kx); (d) B
K, BIRIEIRE0 Kx); (o) FURSTHARSMERIBRIE K (4 Kx); (F) BUBE—Msk%,
WNEMINFE (2.5 Kx).

Figure 6. The changes of plasma membrane structure of porcine sperm before
and after cryopreservation were observed under transmission electron micro-
scope [21]
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AW FCHE A VR DR AT AL ER T ZEB S 1 S A D 55 AR [2] o Jo R85 TR LE T4 S 7 (3R %
TRV 3 bt e A3 B s S5 R A P s o A

XIS TR G K B E T Bl T2 — DA A RN RS T IO RE I, MR RV TR 1 32 e AR IR SR Rl B 44
BB UHE -

3. KRR HFiREXTREER AR

P TR R B MU D R 5 ZERE R, A T AVBI SN [22]. W FLah ks 5 IS Sl R 4E R A dir
AISZ ) 5 B ANE B [23] . 4% T N B A, £E 28 5 U8 BE N fa S0 s R R v, AR BEE 23 WP K
B VERTBERERG T IOV T (VU8 B B e, TRD I T 2 g e L 5 O Ml L 3 B B R A AR A, 3%
P& T AL, AT AR IEIRER, X ELR PR Y3k AE(Capacitation) . [RIL, H§ T IR AE AL S & 52 HG 1A 56
R KT MREEACH RIS KR ATP, AR R ER IR [24], RY4ERF B Bigzh[25]. B, KT
REEACEITS DURIZ B8 T AR N T B RG T i 4R PR [26]

FERS T IO IR A RE R, EFRE 2 A, HORE 7550 R4 45 5 A
BE[27]. RCAAHIAS TR A F RE QIR L ar SRps . SR b . A& mE . OERIR . FLIRAN Z B HEAT A0
BLRE[28], ] = WERR R EF (ATP)RAERFAR ML N RS, JF R T D SRS il 5 AR AR, nissh . RAE
Ao BE S AT S 2 [29] [30]0 — R UL, K7 AT LU % A& AR ™ A BE i, RIVHE T A A UL BRI A (e
PREGRLAAIEIR), 1 R ALK T IS BN B B s & KBRS bR, YRR T IR &
RERFLIR, 1 H RS HOH AL A FEE A 1A 7R, BIREE SN, FURR I B 2 AL FLR
FAL A EARR, 2 J5 N ERRRIE N SRR, HEAT =FRIRIGIA(TCA)™ it A SKIIEN], FLIR bLAE 4 Bl 50 2
57 LS TARRE[31]. BRIk, AAE U0, KT REE AN 3 2RI AL BEIR 1L .

W 7 s, BLTAE T R AR BUR 2R i B R BRI HR S, BEBEANE SR YR, AL Z R
FRAN AR AR RS . 2 BISM TR (AT . VRN R AE), SRR b 2 BB, SRR
IhReZ[32]. FIRF, FALBERRC I RAELNRAA AT, MERA T RE 2, LR AN b b 15 s 5
Wi, fd TCA (Zi. ATP s/, &R T LR R = 5 A 32 3 [33] -

Yok
R
bR
SRS

T BAEIEMS.

Figure 7. The cross section of the middle
part of sperm tail

E 7. BT REIFEROEEE

AWFCRI, GRRlG RORS T I ZRR 2 B0 0, it LAVE 70 LOB RS 1K (0 Je [32] 3 i i 5 FRL A
KENNFIR TR, HTERAAAEER, LRRKIETE, TIHRRSCEE 2. v DL RA T A
Ap 23 BRI THRE A B4R - ATP Al ZRRE A4 JiE: e 437 (Mitochondrial membrane potential, MMP) -t 2 i & 2% ki 14 T
REMIEHEIRNR, SHE TSR TG ISR R A A O5[34] . MMP 2 ZRRARTERFIR SA LI R, TEN
FEL R BT 7 A T R B DA BB 2R 3R B A AT, 5 BUBR N R 1 B A B8 IR FE A X FR 44T o MMIP I %R5E A A
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TUERFANML ) IR A B Th e, AERETEALBRIRIL . 74 ATP (IR P HE EAE . MMP ARt B 4okt
REOBERE L T BEAS, ATP mlaxilob . SRS MR R e AE 2 FE kS 1 132 RS RE J1[35] [36]. FTEL, HiT
LR 3G R RE B AD . RS T R BRIt 1 — s M ER SCH

4. INEERE

P UR 5 MRS 78 0 R OLTUA B R A M 3 1 L UK Bk 2k | e A B AG 55 — A 47l AL,
It CMRALSE K6 T U5 A7 7 S ANSAR T8 v A 5 X9 1/ AR B2 [37] [38]. A% 7 AR S 44 (1 e B 2
T TR S (R J il AR R SR (R 058 s IR HTE S IO MER 2 A T Bl URGRAEMIRHE ;s K T2 A7 s
¥ 2 AR b R e BE 1L [38] . A% T LSS 5 SR BE DA SR [39]. K TR R M AE R L Bk
FifAfe it

T FLEN A 15 B Ol PR R 2 AT L AR S BTG, 2 EDUORIIBE FC s IAIARIR 7 R ORAT A
MR RAE TR RART SRR TR R R IR E R H AT BRI EE G, SANZRR. ZMET
SRRV TR DRAT IS JEAS T ZhRE IR 5 AOHLER, $R v VRIS TR, EVRRLE RS T3 202 BT

E&WH
TIIH : RAGEBHE (95 2020XQ011).

B30k

(1] SR FAEBA URARAFEOR BT FL[D]: [ 2 i 5], B PHALRARABHCR2, 2006.

[2] B, EAKTE, BIRS, Toosn, AL AR A R IR SRR T A U T AR [T A AR R AR,
2013, 44(11): 1766-1774.

[3] Hasegawa, A., Yonezawa, K., Ohta, A, et al. (2011) Optimization of a Protocol for Cryopreservation of Mouse Sper-
matozoa Using Cryotubes. Journal of Reproduction and Development, 58, 156-161.

[4] Anzar, M., et al. (2011) Cryopreservation of Bull Semen Shipped Overnight and Its Effect on Post-Thaw Sperm Motil-
ity, Plasma Membrane Integrity, Mitochondrial Membrane Potential and Normal Acrosomes. Animal Reproduction
Science, 126, 23-31. https://doi.org/10.1016/j.anireprosci.2011.04.018

[5] Benson, J.D., Woods, E.J., Walters, E.M., et al. (2012) The Cryobiology of Spermatozoa. Theriogenology, 78,
1682-1699. https://doi.org/10.1016/j.theriogenology.2012.06.007

[6] Johnson, L.A., Weize, K.F., Fiser, P., et al. (2000) Storage of Boar Semen. Animal Reproduction Science, 62, 143-172.
https://doi.org/10.1016/S0378-4320(00)00157-3
[7] EH#e TR KA GER B FLD]: [t A0e30]. M MR, 2013,

[8] Gu, N.H., Zhao, W.L., Wang, G.S. and Sun, F. (2019) Comparative Analysis of Mammalian Sperm Ultrastructure Re-
veals Relationships between Sperm Morphology, Mitochondrial Functions and Motility. Reproductive Biology and
Endocrinology, 17, Article No. 66. https://doi.org/10.1186/s12958-019-0510-y

[0 =F&F U4, B, ARE, Pt How, Mg WRIRAERE T DNA S8V IR Sk sz ).
TLF ARV RL2E, 2014, 42(1): 151-153.

[10] Pesch, S. and Bergmann, M. (2006) Structure of Mammalian Spermatozoa in Respect to Viability, Fertility and Cryo-
preservation. Micron, 37, 597-612. https://doi.org/10.1016/j.micron.2006.02.006

[11] JAHE®h, IR, EZERE. R TARAMNRBE 5 FLTE se B LI s [J]. SRV & S R, 2005(11): 32-33.

[12] O’Flaherty, C., Rodriguez, P. and Srivastava, S. (2004) L-Arginine Promotes Capacitation and Acrosome Reaction in
Cryopreserved Bovine Spermatozoa. Biochimica et Biophysica Acta, 24, 215-221.
https://doi.org/10.1016/j.bbagen.2004.06.020

[13] EFH#E, BRTHE 5KIGE, REX, ZHEE. Tektin3 BEERK EHRA K E TIFEETA]. KEESFR,
2017, 38(12): 11-17.
[14] Jungwirth, A., Giwercman, A., Tournaye, H., Diemer, T., Kopa, Z., Dohle, G. and Krausz, C. (2012) European Associ-

ation of Urology Working Group on Male Infertility. European Association of Urology guidelines on Male Infertility:
The 2012 Update. European Urology, 62, 324-332. https://doi.org/10.1016/j.eururo.2012.04.048

DOI: 10.12677/bp.2021.113005 44 AWt i


https://doi.org/10.12677/bp.2021.113005
https://doi.org/10.1016/j.anireprosci.2011.04.018
https://doi.org/10.1016/j.theriogenology.2012.06.007
https://doi.org/10.1016/S0378-4320(00)00157-3
https://doi.org/10.1186/s12958-019-0510-y
https://doi.org/10.1016/j.micron.2006.02.006
https://doi.org/10.1016/j.bbagen.2004.06.020
https://doi.org/10.1016/j.eururo.2012.04.048

[Ik

ST

[15]
[16]
[17]
[18]

[19]

[20]
[21]
[22]

[23]

[24]
[25]

[26]
[27]
(28]
[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]

[39]

Lobo, J., Zariwala, M.A. and Noone, P.G. (2015) Primary Ciliary Dyskinesia. Seminars in Respiratory and Critical
Care Medicine, 36, 169-179. https://doi.org/10.1055/s-0035-1546748

E5, KEE, XFE, BER, XEE. RICFERERA TR TG IR MyRE 0], EESER Y, 2016,
46(3): 386-392.

BRE, RER, B, KRB, &FZ% N TRURETE M1 K2R R 1872840 [3]. Wil iRy BE 2, 20086,
18(3): 4-5.

g, HEOR, ShRA. SRR IR A KB R R[] SER SAIGER 2, 2016, 34(4): 473-476.
Krogenes, A., Andersen, B.K., Hafne, A.L., et al. (1994) Membrane Alterations in Bull Spermatozoa after Freezing

and Thawing and after in Vitro Fertilization. Acta Veterinaria Scandinavica, 35, 17-26.
https://doi.org/10.1186/BF03548352

SRR, T8k, EEE. WS BHEAERD]). FEBR#EKRE, 2006, 12(8): 726-729.
L. AR A A LR TR KRS RE I RE A [D]: [l A A8 0], RERIERE: A5 R, 2019.
Du Plessis, S.S., Agarwal, A., Mohanty, G. and van der Linde, M. (2015) Oxidative Phosphorylation Versus Glycoly-

sis: What Fuel do Spermatozoa Use? Asian Journal of Andrology, 17, 230-235.
https://doi.org/10.4103/1008-682X.135123

FERE, 30T, BEAKOR, 5. ANFORAFE S AR HERE T BB . T S ki A 45 07 RO BF FE 9], J8k B2, 2014(4):
102-105.

BRPRAE, MIEAK. FLERMERE C SIMFLshPrs FRe 2R I]. =Bk LRl 2, 2008, 36(3): 1076-1077.

Cosson, J., Groison, A.L., Suquet, M., et al. (2008) Marine Fish Spermatozoa: Racing Ephemeral Swimmers. Repro-
duction, 136, 277-294. https://doi.org/10.1530/REP-07-0522

Lahnsteiner, F., Berger, B., Weismann, T., et al. (1998) Determination of Semen Quality of the Rainbow Trout (On-
corhynchus mykiss) by Sperm Motility, Seminal Plasma Parameters, and Spermatozoal Metabolism. Aquaculture, 163,
163-181. https://doi.org/10.1016/S0044-8486(98)00243-9

KRIRAR. KT Re 2 R VLR FE[D]: [ g e 0r]. BiFH: FadbR R K%, 2020.
Storey, B.T. (2008) Mammalian Sperm Metabolism: Oxygen and Sugar, Friend and Foe. The International Journal of
Developmental Biology, 52, 427-437. https://doi.org/10.1387/ijdb.072522bs

Mannowetz, N., Wandernoth, P.M. and Wennemuth, G. (2012) Glucose Is a pH-Dependent Motor for Sperm Beat
Frequency during Early Activation. PLoS ONE, 7, e41030. https://doi.org/10.1371/journal.pone.0041030

Mukai, C. and Travis, AJ. (2012) What Sperm Can Teach us about Energy Production. Reproduction in Domestic
Animals, 47, 164-169. https://doi.org/10.1111/j.1439-0531.2012.02071.x

Rogers, B.J. and Yanagimachi, R. (1975) Retardation of Guinea Pig Sperm Acrosome Reaction by Glucose: The Poss-
ible Importance of Pyruvate and Lactate Metabolism in Capacitation and the Acrosome Reaction. Biology of Repro-
duction, 13, 568-575. https://doi.org/10.1095/biolreprod13.5.568

e, MK T4 VR AR R e AU A 35 AL AR S LB B JC[D]: [ L2208 3], Jbst: o PSR
AP AR = 2B, 2019,
Ruiz-Pesini, E., Diez-Sanchez, C., Lopez-Pérez, M.J. and Enriquez, J.A. (2007) The Role of the Mitochondrion in

Sperm Function: Is There a Place for Oxidative Phosphorylation or Is This a Purely Glycolytic Process? Current Top-
ics in Developmental Biology, 77, 3-19. https://doi.org/10.1016/S0070-2153(06)77001-6

Amaral, S., Tavares, R.S., Baptista, M., Sousa, M.1., Silva, A., Escada-Rebelo, S., Paiva, C.P. and Ramalho-Santos, J.
(2016) Mitochondrial Functionality and Chemical Compound Action on Sperm Function. Current Medicinal Chemi-
stry, 23, 3575-3606. https://doi.org/10.2174/0929867323666160425113518

Ericsson, S.A., Garner, D.L., Thomas, C.A,, et al. (1993) Interrelationships among Fluorometric Analyses of Sperm
Function, Classical Sperm Quality Parameters and the Fertility of Frozen-Thawed Bovine Sperm. Theriogenolgy, 39,
1009-1024. https://doi.org/10.1016/0093-691X(93)90002-M

Gravance, C.G., Garner, D.L., Baumber, J., et al. (2000) Assessment of Equine Sperm Mitochondrial Function Using
JC-1. Theriogenology, 53, 1691-1703. https://doi.org/10.1016/S0093-691X(00)00308-3

S, ZFHEE, RIOE. R R R R RCR BT T 0], i 272 fi€, 2014, 35(5): 56-61.

F, BAE, BRREE, AR, S, o, SURAL, FARIE. VA VR ORAT HT-T SR B EORS TSRS R 9], 3h
=&t e, 2017, 38(6): 38-42.

Pesch, S. and Bergmann, M. (2006) Structure of Mammalian Spermatozoa in Respect to Viability, Fertility and Cryo-
preservation. Micron, 37, 597-612. https://doi.org/10.1016/j.micron.2006.02.006

DOI: 10.12677/bp.2021.113005 45 AWt i


https://doi.org/10.12677/bp.2021.113005
https://doi.org/10.1055/s-0035-1546748
https://doi.org/10.1186/BF03548352
https://doi.org/10.4103/1008-682X.135123
https://doi.org/10.1530/REP-07-0522
https://doi.org/10.1016/S0044-8486(98)00243-9
https://doi.org/10.1387/ijdb.072522bs
https://doi.org/10.1371/journal.pone.0041030
https://doi.org/10.1111/j.1439-0531.2012.02071.x
https://doi.org/10.1095/biolreprod13.5.568
https://doi.org/10.1016/S0070-2153(06)77001-6
https://doi.org/10.2174/0929867323666160425113518
https://doi.org/10.1016/0093-691X(93)90002-M
https://doi.org/10.1016/S0093-691X(00)00308-3
https://doi.org/10.1016/j.micron.2006.02.006

	低温冷冻保存对猪精子的影响
	摘  要
	关键词
	Effect of Cryopreservation on Pig Sperm
	Abstract
	Keywords
	1. 研究背景
	2. 低温冷冻保存对精子超微结构的影响
	2.1. 对顶体的影响
	2.2. 对鞭毛的影响
	2.3. 对质膜的影响

	3. 低温冷冻保存对能量代谢的影响
	4. 小结与展望
	基金项目
	参考文献

