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Abstract: With the development of biomedical technology, non—human primate (NHP) models become increa—
singly widely used in basic scientific research. Meanwhile, many NHP species are on the verge of extinction
due to habitat destruction, hunting and genetic isolation. Thus, it is important to improve the sperm cryop—
reservation technology to conserve the genetic resources. This review mainly described the characteristics of
NHP semen, introduced the methods of semen liquefaction and quality evaluation, and analyzed the effects
of cryoprotectants, extenders and freezing methods on sperm cryopreservation. It also compared the relevant
sperm parameters, discussed the puzzles and difficulties in sperm cryopreservation research, and proposed
some feasible solutions. In conclusion, this paper reviewed the important research results of NHP sperm cryop—
reservation in recent years, which may have certain reference value for development of NHP sperm cryopro—
tectants and cryopreservation technology.
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Table 1 Cryopreservation of non—human primate sperm

Function detection

Species Extender Glyce.rol Cryopreservation Post—thaw sperm  Sperm motility Post—thaw sperm Reference
concentration/(%) method motility/(%)  recovery rate/(%) survival rate/(%)
Macaca mulatta ~ TTE 5.0 Liquid nitrogen vapor 56.5 65.4 / [42]
TTE 5.0 Liquid nitrogen vapor / 56.0 57.0 [62]
TEST 3.0 Liquid nitrogen vapor 17.2 19.9 / [42]
HTF 10.0 Liquid nitrogen vapor 58.7 66.0 / [63]
HTF / Vitrification 0 / / [51]
Trehalose buffer / Vacuum drying 0 0 / [58]
Macaca TTE 5.0 Liquid nitrogen vapor / 50.0 59.0 [62]
Sascicularis TTE 5.0 Liquid nitrogen vapor 50.1 61.3 / [27]
TTE 5.0 Directional freezing 39.0 50.6 / [64]
TTE 5.0 Liquid nitrogen vapor 422 52.4 / [65]
Modified TTE 5.0 Programmable freezing 45.0 62.0 / [66]
TEST 5.0 Liquid nitrogen vapor 16.1 20.0 / [27]
Tris—egg yolk 6.0 Liquid nitrogen vapor 29.0 45.3 45.0 [67]
extender
SC medium / Liquid nitrogen vapor 25.5 30.7 / [32]
HTF 10.0 Liquid nitrogen vapor 58.7 66.0 / [63]
Macaca thibetana  FCS-G/TH 4.0 Programmable freezing / 63.6 90.1 [68]
Macaca assamensis TTE 5.0 Liquid nitrogen vapor / 61.0 64.0 [62]
Macaca fuscata TEST 5.0 Liquid nitrogen vapor 65.0 / 60.0 [69]
Papio hamadryas ~ TEST 3.0 Programmable freezing 42.5 / 46.5 [70]
Pan troglodytes TEST 3.0 Programmable freezing 82.5 / 28.0 [70]
Pongo pygmaeus ~ TEST 6.0 Liquid nitrogen vapor 5.0 6.8 43.9 [26]
morio
Pan paniscus Two-step 5.0 Liquid nitrogen vapor 19.0 32.0 21.3 [20]
medium
Callithrix jacchus  TEST 3.0 Programmable freezing 435 / 33.5 [70]
Cebus apella CWS 2.5 Liquid nitrogen vapor / / 13.2 [18]
TEST 3.5 Liquid nitrogen vapor / / 26.2 [18]

E: AR T BB FA IR IGHET BB L B ST 18 3 6 AR, HTF: A4 99 i FCS-G/TH: 4 B8 4 dn i o i
F= TALP-Hepes £ 77 i%; CWS: #p-F /KRIEIR o

Notes: Sperm motility recovery rate=(post—thaw sperm motility/pre—freeze sperm motility)x100%. HTF: Human tubal fluid; FCS-
G/TH: A solution containing fetal calf serum, glycerol and TALP-Hepes buffer; CWS: Coconut water solution.

R2 ATRERBRERIEM

Table 2 Composition of four extenders

Extender Sugar Protein Antibiotics Others Reference
TTE Glucose 2.0 g Egg yolk Penicillin 1.0x10* IU TES12 g [31]
Lactose 2.0 g 20.0 mL Streptomycin sulfate 5.0x107 g Tris 0.2 g
Raffinose 0.2 g
Modified TTE Glucose 2.0 g Egg yolk Penicillin 1.0x10* IU TES12 g [66]
Lactose 2.0 g 20.0 mL Streptomycin sulfate 5.0x107 g Tris 0.2 g

Sucrose 0.2 g

TEST Glucose 1.0 g Egg yolk Penicillin 1.0x10* IU TES 43 ¢ [31]
20.0 mL Streptomycin sulfate 5.0x107 g Tris 1.0 g
CWS / / Penicillin 0.1 g Citrate solution 5% 25.0 mL [18]
Streptomycin 0.2 g Ultrapure water 25.0 mL

Coconut water 50.0 mL

7E: VA 100 mL AR R A&

Note: Each component is calculated in 100 mL of extender.

T, NCANSA BN AP BRI N IRG THEEA Sh, AWHO ARG A S Ak S0 28 T ) s
PRUEFIEBRKMIE), IHTEAME RS E . 5 T —BENIETHRE R, Hbh, Hh-on -
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RSO AT AR BT AR R o H, FTLA
fEAE NN TR R o i 1A 2R, O 18 I o 5 K A G
WARAS, ARG DB SR R AR B0 22 S 2R AT 202K,
WFFE A 1 978 ORORAPR B I v R I, I
LA N R RN 71, AR AEAR
KT,

222 3 ik (References):

(1]

2]

(3]

[4]

5]

(6]

[71

(8]

%]

[10]

[11]

[12]

[13]

[14]

AMIDI F, PAZHOHAN A, SHABANI NASHTAEI M, et al. The
role of antioxidants in sperm freezing: a review[]J]. Cell and Tis—
sue Banking, 2016, 17(4): 745-756.

LI M W, MEYERS S, TOLLNER T L, et al. Damage to chromo—
somes and DNA of rhesus monkey sperm following cryopreser—
vation[J]. Journal of Andrology, 2007, 28(4): 493-501.
MEYERS S A. Dry storage of sperm: applications in primates
and domestic animals[]J]. Reproduction, Fertility, and Develop—
ment, 2006, 18(1/2): 1-5.

RUTLLANT J, POMMER A C, MEYERS S A. Osmotic tolerance
limits and properties of rhesus monkey (Macaca mulatta) sper—
matozoa[J]. Journal of Andrology, 2003, 24(4): 534-541.
GARCIA GRANADOS M D, HERNANDEZ LOPEZ L E, COR-
DOBA AGUILAR A, et al. Effect of photoperiod on characteris—
tics of semen obtained by electroejaculation in stump —tailed
macaques (Macaca arctoides)|J]. Primates, 2014, 55(3): 393-401.
W BN, Y, PR, &5, —Rheiolt i 25 R OR AR 5
FRVER A 05 1 M R B SRR B HOR IR A A R 0 A6 BF 5 (D)
W)W 5T (YANG Shangchuan, JT Weizhi, CHEN Jianchun,
et al. The use of improved penile electroejaculation in rhesus,
Tibetan and Assamese macaques and study on the parameters
of their semenl[J]. Zoological Research), 1994, 15(1): 77-83.
DIXSON A L, ANDERSON M J. Sexual selection, seminal coa—
gulation and copulatory plug formation in primates[J]. Folia Pri—
matologica, 2002, 73(2/3): 63-69.

HOSKINS D D, PATTERSON D L. Prevention of coagulum for—
mation with recovery of motile spermatozoa from rhesus mon—
key semen(]J]. Journal of Reproduction and Fertility, 1967, 13(2):
337-340.

SETTLAGE D S, HENDRICKX A G. Observations on coagulum
characteristics of the rhesus monkey electroejaculate[J]. Biology
of Reproduction, 1974, 11(5): 619-623.

MARSON J, GERVAIS D, MEURIS S, et al. Influence of ejacu—
lation frequency on semen characteristics in chimpanzees (Pan
iroglodytes)|J]. Jounal of Reproduction and Fertility, 1989, 85
(1): 43-50.

MORELAND R B, RICHARDSON M E, LAMBERSKI N, et al.
Characterizing the reproductive physiology of the male southern
black howler monkey, Alouaita caraya|J]. Journal of Andrology,
2001, 22(3): 395-403.

VALLE R R, GUIMARAES M A B V, MUNIZ J A P C, et dl.
Collection and evaluation of semen from captive howler mon—
keys (Alouaita caraya)|J]. Theriogenology, 2004, 62(1/2): 131-
138.

HERNANDEZ-LOPEZ L, CERDA-MOLINA A L, PAEZ-PO-
NCE L D, et al. Seasonal emission of seminal coagulum and in
vivo sperm dynamics in the black—handed spider monkey (A te—
les geoffroyt)[J]. Theriogenology, 2008, 69(4): 466—472.

RE/R R, TP, XIURLL. AZEHE T24(M). dbat: ARTUE
H}iﬁ:(XIONC Chengliang, SHANG Xuejun, LIU Jihong. Human
Spermatology[M]. Beijing: People’s Medical Publishing House),

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

2013: 618-619.

VALTONEN-ANDRE C, OLSSON A Y, NAYUDU P 1, et al.
Ejaculates from the common marmoset (Callithrix jacchus) con—
tain semenogelin and beta-microseminoprotein but not prostate—
specific antigen[]J]. Molecular Reproduction and Development,
2005, 71(2): 247-255.

BAVISTER B D, LEIBFRIED M L, LIEBERMAN G. Develop—
ment of preimplantation embryos of the golden hamster in a
defined culture medium|[J]. Biology of Reproduction, 1983, 28
(1): 235-247.

STRELCHENKO N S, SCHMIDT J K, MEAN K D, et al. Cryop—
reservation of Mauritian cynomolgus macaque (Macaca fascicu—
laris) sperm in chemically defined medium[J]. Journal of the
American Association for Laboratory Animal Science, 2020, 59
(6): 681-686.

OLIVEIRA K G, MIRANDA S A, LEAO D L, et al. Semen coa—
gulum liquefaction, sperm activation and cryopreservation of
capuchin monkey (Cebus apella) semen in coconut water solu—
tion (CWS) and TES-TRIS[J]. Animal Reproduction Science,
2011, 123(1/2): 75-80.

DA CUNHA SOUSA P, LEAO D L, SAMPAIO W V, et al. Mor—
phological and ultrastructural changes in seminal coagulum of
the squirrel monkey (Saimiri collinsi Osgood, 1916) before and
after liquefaction[J]. Animal Reproduction Science, 2021, 226:
106710.

GERITS I, WYDOOGHE E, PEERE S, et al. Semen collection,
evaluation, and cryopreservation in the bonobo (Pan paniscus)[J].
BMC Zoology, 2022, 7: 12.

FLORES-HERRERA H, ACUNA-HERNANDEZ D G, RIVER-
A-REBOLLEDO ] A, et al. Effect of increasing trypsin con—
centrations on seminal coagulum dissolution and sperm parame—
ters in spider monkeys (Azeles geoffroyi)J]. Theriogenology, 2012,
78(3): 612-619.

FIRIE, B IR, KTV URIRAF B B FE ik )], v He
P& 2235 (PING Shuhuang, YANG Shihua. Progress on sperm
cryopreservation[J]. Chinese Journal of Comparative Medicine),
2011, 21(3): 67-71.

WHALEY D, DAMYAR K, WITEK R P, et . Cryopreservation:
an overview of principles and cell -specific considerations|J].
Cell Transplantation, 2021, 30: 1-12.

LI Y H, CAI K J, SU L, et al. Cryopreservation of cynomolgus
monkey (Macaca fascicularis) spermatozoa in a chemically de—
fined extender|J]. Asian Journal of Andrology, 2005, 7(2): 139-
144.

SI W, ZHENG P, TANG X, et al. Cryopreservation of rhesus
macaque (Macaca mulatta) spermatozoa and their functional as—
sessment by in viiro fertilization[]]. Cryobiology, 2000, 41(3):
232-240.

ZAINUDDIN Z Z, TARMIZI R, CHEE Y K, et al. Preliminary
findings of age and male sexual characteristics and potential
effect to semen characteristics and cryopreservation of the criti—
cally endangered Bornean orangutan in Malaysia[J]. Primates,
2022, 63(4): 377-386.

LIY H, CATK J, KOVACS A, et al. Effects of various extenders
and permeating cryoprotectants on cryopreservation of cynomol—
gus monkey (Macaca fascicularis) spermatozoalJ]. Journal of An—
drology, 2005, 26(3): 387-395.

AGCA Y, MULLEN S, LIU J, et al. Osmotic tolerance and mem—
brane permeability characteristics of rhesus monkey (Macaca
mulaita) spermatozoal]J]. Cryobiology, 2005, 51(1): 1-14.
TAKAESU N, KANNO C, SUGIMOTO K, et al. Semen collec—
tion by urethral catheterization and electro —ejaculation with
different voltages, and the effect of holding temperature and
cooling rate before cryopreservation on semen quality in the
Japanese macaque (Macaca fuscata)[J]. Journal of Veterinary
Medical Science, 2022, 84(3): 429-438.

MCCARTHY M J, BAUMBER J, KASS P H, et al. Osmotic
stress induces oxidative cell damage to rhesus macaque sper—
matozoalJ]. Biology of Reproduction, 2010, 82(3): 644-651.
RIR, N, 260, 55, A [A1E 7 R AR RO SR ApoRs 1
IRV TR ERAE R SE IR D). B4 248 58 (CAT Kejun, LI Yahui,
LI Jian, et al. Effects of extenders varying in osmolality on rhe—
sus monkey (Macaca mulaita) spermatozoa cryopreservation|J].

Zoological Research), 2005, 26(3): 305-310.



5 4 1) TR AR R SIS T IR AF R BRI S Ji 337
[32] YAN Y P, AO L, WANG H, et al. Cryopreservation of cyno— [52] PATRICK J, COMIZZOLI P, ELLIOTT G. Dry preservation of
molgus macaque (Macaca fascicularis) sperm by using a com— spermatozoa: considerations for different species|J]. Biopreser—
mercial egg—yolk free freezing medium[J]. Journal of the Ame— vation and Biobanking, 2017, 15(2): 158-168.
rican Association for Laboratory Animal Science, 2016, 55(6): [53] SANCHEZ-PARTIDA L G, SIMERLY C R, RAMALHO-SAN-
744-748. TOS J. Freeze—dried primate sperm retains early reproductive
[33] DONG Q X, VANDEVOORT C A. Effect of egg yolk on cryopre— potential after intracytoplasmic sperm injection[J]. Fertility and
servation of rhesus monkey ejaculated and epididymal sperm[]]. Sterility, 2008, 89(3): 742-745.
Journal of Andrology, 2009, 30(3): 309-316. [54] KLOOSTER K L, BURRUEL V R, MEYERS S A. Loss of ferti—
[34] MCCARTHY M J, MEYERS S A. Antioxidant treatment in the lization potential of desiccated rhesus macaque spermatozoa
absence of exogenous lipids and proteins protects rhesus ma— following prolonged storage[J]. Cryobiology, 2011, 62(3): 161-
caque sperm from cryopreservation—induced cell membrane da— 166.
mage[J]. Theriogenology, 2011, 76(1): 168-176. [55] MAHDAVINEZHAD F, GILANI M A S, GHARAEI R, et al.
[35] DONG Q X, CORREA L M, VANDEVOORT C A. Rhesus mon— Protective roles of seminal plasma exosomes and microvesicles
key sperm cryopreservation with TEST —yolk extender in the during human sperm cryopreservation[J]. Reproductive BioMe—
absence of permeable cryoprotectant[]]. Cryobiology, 2009, 58 dicine Online, 2022, 45(2): 341-353.
(1): 20-27. [56] HEZAVEHEI M, SHARAFI M, FATHI R, et al. Membrane lipid
[36] PILLET E, LABBE C, BATELLIER F, et al. Liposomes as an replacement with nano—micelles in human sperm cryopreserva—
alternative to egg yolk in stallion freezing extender[J]. Therio— tion improves post—thaw function and acrosome protein integ—
genology, 2012, 77(2): 268-279. rity[J]. Reproductive BioMedicine Online, 2021, 43(2): 257-268.
[37] DONG Q X, TOLLNER T L, RODENBURG S E, et al. Antioxi— [57] CHEN B B, WANG S N, INGLIS B M, et al. Improving sperm
dants, oxyrase, and mitochondrial uncoupler 2,4—dinitrophenol cryopreservation with type lll antifreeze protein: proteomic pro—
improved postthaw survival of rhesus monkey sperm from eja— filing of cynomolgus macaque (Macaca fascicularis) sperm|[]].
culates with low cryosurvival[J]. Fertility and Sterility, 2010, 94 Frontiers in Physiology, 2021, 12: 719346.
(6): 2359-2361. [58] DONG Q, RODENBURG S E, HUANG C, et al. Effect of pre—
[38] LEAO D L, BRITO A B, MIRANDA S A, et al. Extender sup— freezing conditions on semen cryopreservation in rhesus mon-—
plementation with catalase maintains the integrity of sperm keyq J]. Therlogenobgv, 2008, 70(1): 61-69.
plasma membrane after freezing—thawing of semen from capu— [59] Ryifi, ml4k, 22N, 45 {)lbﬁémﬁﬂjﬁfuﬁﬂlﬂ%#&
chin monkeyl[J]. Zygote, 2017, 25(2): 231-234. Ko T . Lﬁ%%ﬁﬁﬁ(ml Kejun, SI Wei, LI Yahm
[39] SI'W, WANG H, REID C, et al. Effect of sugar type on the sur— et al. Evaluation of mammalian semen quality by flow cytome—
vival of frozen—-thawed rhesus monkey (Macaca mulaita) sperm|]J]. try[J]. Zoological Research), 2003, 24(4): 311-317.
American Journal of Primatology, 2006, 68(1): 103—108. [60] DUGUM M, SANDLOW J I, BRANNIGAN R E. Sperm DNA
[40] NAING S W, WAHID H, MOHD AZAM K, et al. Effect of su— damage evaluation techniques[J]. Journal of Andrology, 2011,
gars on characteristics of Boer goat semen after cryopreserva— 32(3): 207-209.
tion[J]. Animal Reproduction Science, 2010, 122(1/2): 23-28. [61] MORRELL J M, HODGES ] K. Cryopreservation of non—hu-—
[41] MALO C, GIL L, GONZALEZ N, et al. Comparing sugar type man primate sperm: priorities for future research[J]. Animal Re—
supplementation for cryopreservation of boar semen in egg yolk production Science, 1998, 53(1/4): 43-63.
haqed extender[]] Cryobiology, 2010, 61(1): 17-21. [62] wl4E, 455, 40/ '\ﬁ ”ﬁr TR E RSB RO AR v
[42] Z=EJp, A4, £, 4. ﬁfﬁfﬁj{%*{?1&ﬂ{/\@%ﬁL*§¢ URPR-AFF715(ST Wei, NIU Yuyu, JT Shaohui, et al. Cryopreser—
E/”/PFH [J]. Z\j]%%ﬁﬂ:ﬁ(l 1 Xilong, SI Wei, WANG Hong, et dl. vation of semen of the genus Macaca): CN201010198716.9[P].
Function of sugars during cryopreservation of rhesus macaque 2010-09-29.
(Macaca mulatta) spermatozoalJ]. Zoological Research), 2002, 23 [63] EhFA, BEEE, BIhSE, 55, JE AR KIS 1R oR iR
(3): 205-209. ﬁ&aw‘b%(m Kaili, HUANG Zhangqiong, LU Shuaiyao,
[43] AHMAD E, NASEER Z, AKSOY M, et al. Trehalose enhances et al. Cryopreservation and resuscitation of non—human primate
osmotic tolerance and suppresses lysophosphatidylcholine—in— sperm): CN201710125218.3[P]. 2017-07-21.
duced acrosome reaction in ram spermatozoon[J]. Andrologia, [64] JhFt, RURVE, PEHE, S5, IRTRLAE M1V VR VR AF (B MRS TR
2015, 47(7): 786-792. RYBFFE]. ZeBA B 2#(TANG Dan, ST Chenyang, YAN Ya—
[44] TAKEUCHI H, NISHIOKA M, MAEZAWA T, et al. Carboxy— ping, et al. Study on the preservation of frozen sperm of Maca—
lated poly—L-lysine as a macromolecular cryoprotective agent ca fascicularts by directional freezing technique[J]. Journal of
enables the development of defined and xeno—free human sperm Anhui Agricultural Sciences), 2014, 42(6): 1699-1701.
cryopreservation reagents[J]. Cells, 2021, 10(6): 1435. [65] BEAT, BT AR, Xt 25 JC IR VA RO R T R T
[45] LIY H,SI'W, ZHANG X Z, et al. Effect of amino acids on cryop— AR I S B2 i (CHEN Yan, GAO Jiangmei,
reservation of cynomolgus monkey (Macaca fascicularis) sperm|]]. ZHAO Shikun, et al. Optimization of cryopreservation of cyno—
American Journal of Primatology, 2003, 59(4): 159-165. molgus monkey semen with yolk—free solution[]]. Acta Labora—
[46] FENG C W, ZHU Z D, BAI W ], et al. Proline protects boar torium Animalis Scientia Sinica), 2022, 30(1): 70-76.
sperm against oxidative stress through proline dehydrogenase— [66] Fim, bk, BAETE, 5. R R]H- TR B 5 57 i psf 1) o
mediated metabolism and the amine structure of pyrrolidine[J]. HERTHVS VRO G SE R [J]. 192238 (LU Shengsheng, L1
Animals, 2020, 10(9): 1549. Lin, HU Chuanhuo, et al. Effects of glycerol concentration and
[47] KHIABANI A B, MOGHADDAM G, KIA H D. Effects of adding equilibration time on cryopreservation of cynomolgus monkey
different levels of glutamine to modified Beltsville extender on spermatozoalJ]. Chinese Journal Zoology), 2008, 43(1): 50-55.
the survival of frozen rooster semen[J]. Animal Reproduction [67] FERADIS A H, PAWITRI D, SUATHA 1 K, et al. Cryopreser—
Science, 2017, 184: 172-177. vation of epididymal spermatozoa collected by needle biopsy
[48] KOOHESTANIDEHAGHI Y, TORKAMANPARI M, SHIRMO- from cynomolgus monkeys (Macaca fascicularis)[J]. Journal of
HAMADI Z, et al. The effect of cysteine and glutamine on hu— Medical Primato|0gy, 2001, 30(2): 100-106.
man sperm functional parameters during vitrification[J]. Andro— [68] BRifs, =L ﬁd:}” S BRG RT BRI IR RAT I IE
logia, 2021, 53(1): ¢13870. —— [RGB (A W A7 R R .
[49] FAEE, fisd, Roolk. TBEHER R R T35 B4R (CHEN Jianchun, JT Weizhi, YANG Shangchuan, et al.
ﬂﬁ;’/?\(/iﬁﬁﬂ:?fﬁ% [J]. EPE]%*L%«M\(WANG Jiahui, LU Jin— Semen cryopreservation in the Tibetan macaque (Macaca thibe—
chun, LIANG Yuanjiao. Research progress on vitrification of tana): comparison of different cooling programs and freezing
sperm without osmotic cryoprotectants|J]. Chinese Journal of An— media[]]. Current Zoology), 1994, 40(2): 174-181.
drology), 2020, 34(5): 65-69. [69] SANKAI T, SHIMIZU K, CHO F, et al. In vitro fertilization of
[50] ZHOU D, WANG X M, LI R X, et al. Improving native human follicular oocytes by frozen —thawed spermatozoa in Japanese
sperm freezing protection by using a modified vitrification me— monkeys (Macaca fuscata)[J]. Laboratory Animal Science, 1997,
thod[J]. Asian Journal of Andrology, 2021, 23(1): 91-96. 47(1): 58-62.
[51] DE CARVALHO F M, RAMSEY C, HANNA C B, et al. Cryop— [70] O’BRIEN, J K, HOLLINSHEAD F K, EVANS K M, et al. Flow

reservation and preparation of thawed spermatozoa from rhesus
macaques (Macaca mulaita) for in viiro fertilization[]]. Journal
of the American Association for Laboratory Animal Science,

2021, 60(4): 396-406.

cytometric sorting of frozen—thawed spermatozoa in sheep and
non—human primates[J]. Reproduction, Fertility, and Develop—

ment, 2003, 15(7/8): 367-375.



