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Quality Improvement of Frozen Sperm by Combined Usage
of Trehalose and Fructose in Black-Bone Sheep
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('Hohhot Vocational College, Hohhot 010010, China; *Inner Mongolia Animal Disease Prevention and Control Center,
Hohhot 010010, China; *Inner Mongolia Grassland Black-Bone Sheep Biological Technology Co., Ltd., Hohhot 010010, China)

Abstract The impact of trehalose and fructose on cryopreservation of Black-bone sheep sperm was re-
searched. Tris-citric acid-egg yolk diluent containing 82.65 mmol/L fructose was supplemented with 0, 5, 10, 15,
25, 50 and 100 mmol/L trehalose, respectively. The assay was divided into TO, T5, T10, T15, T25, T50 and T100
groups. Twenty-seven semen samples from 12 Black-bone sheeps were cryopreserved by two-step dilution method.
Before and after thawing, sperm motility was evaluated by sperm quality analyzer. The percentage of survival

sperm was evaluated by eosin aniline black staining. Sperm plasma membrane status was evaluated by carboxyl
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fluorescein diacetate/propidium iodide double staining. Sperm acrosome status was evaluated by pea agglutinin
staining complexed with fluorescein isothiocyanate. The hydrogen peroxide content and malondialdehyde content
of thawed sperm in each experimental group were detected by hydrogen peroxide content determination kit and
malondialdehyde content determination kit to evaluate the lipid peroxidation of sperm. The results showed that the
sperm movement and survival rate of TS5, T10 and T15 groups were significantly improved after freezing. The sta-
tus of sperm plasma membrane of T5 group was significantly improved. Compared with the TO group, adding tre-
halose could not improve sperm acrosome status. The addition of trehalose could not reduce the hydrogen peroxide
content of thawed sperm, but could significantly reduce the malondialdehyde content of sperm. The results suggest
that adding 5 mmol/L trehalose and 82.65 mmol/L fructose to Tris-citric acid-yolk dilution can improve the quality

of frozen sperm of Black-bone sheep, increase the sperm movement, survival and plasma membrane integrity after

thawing, and reduce the lipid peroxidation of sperm membrane after thawing.
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The Black-bone sheep sperm is stained with eosin-aniline black. The solid arrow indicates the survival sperm, and the open arrow indicates the dead sperm.
El SEXEEFHFRI-KRERE

Fig.1 Eosin-aniline black staining for Black-bone sheep sperm
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Black-bone sheep sperm is stained with carboxyfluorescein diacetate. The thin arrow indicates intact plasma membrane sperm, and the thick arrow indi-

cates sperm with ruptured plasma membrane.
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Fig.2 Fluorescence staining of Black-bone sheep sperm with carboxyfluorescein diacetate

100 pm
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Black-bone sheep sperm is stained with fluorescein isothiocyanate-peas agglutinin. The thin arrow indicates intact acrosome sperm, and the thick arrow

indicates abnormal acrosome sperm.

E3 SEFRTFHEREFMBBRAAZNBERERIOLLRE

Fig.3 Fluorescence staining of Black-bone sheep sperm with bowl bean lectin complexed with fluorescein isothiocyanate
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A: comparison of motile sperm in different concentrations of trehalose test group after thawing shows that the percentage of motile sperm of TS, T10
and T15 groups is significantly increased; B: comparison of survival sperm of different concentrations of trehalose test group after thawing shows that
the percentage of survival sperm of TS5, T10 and T15 groups is significantly increased; C: comparison of plasma membrane intact sperm in different
concentrations of trehalose test group after thawing shows that the percentage of plasma membrane intact sperm of TS5 group is significantly increased; D:
comparison of intact acrosome sperm in different concentrations of trehalose test groups after thawing shows that there is no significant difference in the
percentage of intact acrosome sperm in each group. Compared with other groups, marking the same letter means that the difference is not significant,
while marking different letters means significant difference (£<0.05).
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Fig.4 Comparison on motility, survival, intact plasma membrane and intact acrosome

of Black-bone sheep sperm cryopreserved in different dilutions
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Table 1 Contents of hydrogen peroxide and malondialdehyde of thawed

Black-bone sheep sperm cryopreserved in different dilutions

5] AL B R (umol/ 1
Group Contents of hydrogen peroxide

0*4ff Jf1) A (pmol/10°41 )

Contents of and malondialdehyde

(umol/10* cells) (pmol/10* cells)
TO 0.283 9+0.012 7° 0.791 2+0.119 2°
TS 0.299 9+0.501 0° 0.481 6+0.157 6°
T10 0.380 1+0.014 4° 0.378 4+0.043 6°
T15 0.319 1+£0.021 7 0.481 6+£0.119 2*
T25 0.303 1+£0.030 0° 0.447 2+0.059 6°
T50 0.283 9+0.009 6 0.378 4+0.057 4°
T100 0.388 1£0.014 7° 0.344 0+£0.119 0*

Al —FUBRIEAR Al 5 REROR 22 AN 3, Al FIRREAN [ 7 BEOR 72 53t i 3% (P<0.05).

There was no significant difference in the same column with the same letter, but there was significant difference in the same

column with different letters (P<0.05).
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(P RE TAEREE o A FLAR K I 25 mmol/LEL
T R PEE P B (5081 100 mmol/L) 5 S BE IR & N
5 B R TR A T HEEH, ATRE& BT
I T 82.65 mmol/LARWE G MM AT A T —%
WBIE R, TR I SR P i R AR RS 18 T
SURETTRS S W AL

TERERE. FURR 755 2 P 2R BB AF AR =ik
FEE (1 A B 0 , 6 T 3 B X A Ay A A 5 A B K R ER
B A7id S MR REAR R T, EARRB AR T
R, EEAENARRTFIREN . GIikiE,
7 Tris-F7 5 8 4 2 B R B NN 375 mmol/Lif
FERE R AR CERS T, AR BB T B
LRIBBNKE T HORIE il B T T RR A, RIS
It A2 BTG R RS T BRI, 45 R B R i i
B AL B AEURG T R L s PR BT WA,
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BRESIHEE 7 RS TSR (R B R S, 80 T 40 R IR
B, W EERE T DA H i B R4 P IR R T 4
I AE B4 . B T O RS iR e EAS A
TR Z A1, IX W 258 0T DL R 1 JR 0 A A M Sk
HER AR A AR FHRASE RS T, NI AR i B2 (1)
SE R LE R RIS R 042, RS 1 5 I 1) B 20 TR
ot A [ 11 722 4 B0 AT 8 — ok bt At bl B S
FE— R Wb ARG TR, DRI R 7 AR A AR
TRYER . BTLL, BE2 5 5 I 8] ff AF LA AT LA
FH SR ff R W S AE AN R W0 PORE T8 R OR3P AR B
ZE B3 WA — BORIE T UE S, S N A Y 5
TR A B A AL B A A IOl
UL TG M DOGHT B e SR AR L Ak, A R
5 1 M A 52 S8 Ak il B3, ASHIT T S i
R SR B AR AN B PR AR AR T 1 I A A & &
AREERITHEERH TN S E, G800
B 1k T 4 RS R TR O AL, $RE R T AR T IR
SERNE T 3 RAAEIE R, U W b R S B
JS7FH RE 3 5RORE 7 S AR E TR, BB SR T AR AR
RAG3 P 52 7

AHIE T I Y A AN R (A B AR B T
mNIEE) . e R AEERE T A, SRR
T e &5 FARML U1, 5 I e B RIS B 2 K T 4EFF )
RE AR B BE A, RS TR EE . KT
a7 RER, 25 790 IRE R, Tifkse
BERMEXRIETRE CHRZREMEERE.
{EAFE R IR, AR TR, A T Tris- R B,
FENEFN PRI A BL A B8 8 AR RS T IR TR
B, 1% 5 DLRT I HRIEAS [F] 142734, Hil g T3 s A
IR, RERHIE RN UK SR T A, il TAEMRE R
4%~6% o A< fil 55 PR TE , WA e v
VEFH3E Rk T2 IR ARAFZOR, 50 mmol/Li SR A1 %
HIhAE B TR IR SR . ABFFEH S mmol/L
TEERE 5 5% HIM L & BE A AL ORI AR K 7o

4 ZHie5EIY

AHI AR S TV 00 R SR B 1) Tris BB
WEEA B R 5 B R RS T, QI EERER N
5 mmol/L. HFEK L N82.65 mmol/LEf, nJ HU1F i
FERIRE TARRAE AR . 1245 G TAEH, o]
DAE— A PR T i WS 5 AN R RS I W R VE D, Ak
HTARIREE, $REK 7 IR R IR AR .

(1

(2]

B3]

(4]

(3]

[l

(7

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

S EHK (References)

FULLER B J. Cryoprotectants: the essential antifreezes to protect
life in the frozen state [J]. Cryo Letters, 2004, 25(6): 375-88.
MORRIS G J, ACTON E, MURRAY B J, et al. Freezing injury:
the special case of the sperm cell [J]. Cryobiology, 2012, 64: 71-
80.

PURDY P H. A review on goat sperm cryopreservation [J]. Small
Rumin Res, 2006, 63(3): 215-25.

SALAMON S, RITAR A J. Deep freezing of Angora goat semen:
effects of diluent composition and method and rate of dilution on
survival of spermatozoa [J]. Aust J Biol Sci, 1982, 35: 295-303.
NEMA S P, SUTHAR B N, KAVANI F S, et al. Effect of dilutors
on motility, morphology and acrosome integrity of ram sperma-
tozoa during freezing [J]. Indian J Anim Reprod, 2010, 31(2): 54-
8.

FULLER B, PAYNTER S. Fundamentals of cryobiology in re-
productive medicine [J]. Reprod BioMed Online, 2004, 9(6):680-
91.

BROWNE R K, CLULOW J, MAHONY M. The effect on sac-
charides on the post-thaw recovery of Cane Toad (Bufo marinus)
spermatozoa [J]. Cryo Letters, 2002, 23: 121-8.

ZHU Z D, FAN X T, PAN Y, et al. Trehalose improves rabbit
sperm quality during cryopreservation [J]. Cryobiology, 2017,
75:45-51.

WAERS, BT, AR, A WM T AR A TR
FERCRK M. 2B TRER(MENG X Q, GU X L, WU CF,
et al. Effect of trehalose on the freeze-dried boar spermatozoa [J].
Chinese Journal of Biotechnology), 2010, 26(8): 1143-9.

PARK K S, CHUN J L, KIM E Y, et al. Protective effect of tre-
halose on canine spermatozoa in cryopreservation [J]. J Fac Agr
Kyushu Univ, 2018, 63(1): 53-60.

PIRI K, GHALEHKANDI J G, BEHESHTI R. Effect of addition
of raffinose and trehalose at andromed on post thawed semen
characteristics of buffalo spermatozoa [J]. Int J Biosci, 2014,
4(1): 393-8.

MATSUOKA T, IMAI H, KOHNO H, et al. Effect of bovine se-
rum albumin and trehalose in semen diluents for improvement of
frozen-thawed ram spermatozoa [J]. J Reprod Dev, 2006, 52(5):
675-83.

JAFAROGHLI M, KHALILI B, FARSHAD A, et al. The effect
of supplementation of cryopreservation diluents with sugars on
the post-thawing fertility of ram semen [J]. Small Rumin Res,
2011, 96: 58-63.

AISEN E G, MEDINA V H, VENTURINO A. Cryopreservation
and post thawed fertility of ram semen frozen in different treha-
lose concentrations [J]. Theriogenology, 2002, 57: 1801-8.
ITWAHASHI H, OBUCHI K, FUJII S, et al. The correlative evi-
dence suggesting that trehalose stabilizes membrane-structure
in the yeast saccharomyces-cerevisiae [J]. Cell Mol Biol, 1995,
41(6): 763-9.

GIRAUD M N, MOTTA C, BOUCHER D, et al. Membrane flu-
idity predicts the outcome of cryopreservation of human sperma-
tozoa [J]. Hum Reprod, 2000, 15(10): 2160-4.

HU J H, LI Q W, JIANG Z L, et al. Effects of different extend-
ers on DNA integrity of boar spermatozoa following freezing-
thawing [J]. Cryobiology, 2008, 57(3): 257-62.

IQBAL S, MURTAZA S, ANDRABI H, et al. Trehalose im-



298

CBRE T

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

proves semen antioxidant enzymes activity, post-thaw quality,
and fertility in Nili Ravi buffaloes (Bubalus bubalis) [J]. Therio-
genology, 2015, 85: 954-9.

KHALILI B, FARSHAD A, ZAMIRI M J, et al. Effects of su-
crose and trehalose on the freezability of Markhoz Goat sperma-
tozoa [J]. Asian Australas J Anim sci, 2009, 22(12): 1614-9.
HARRISON R A P, VICKERS S E. Use of fluorescent probes to
assess membrane integrity in mammalian spermatozoa [J]. J Re-
prod Fertil, 1990, 88: 343-52.

ROTA A, STRORM B. Effects of seminal plasma and three ex-
tenders on canine semen stored at 4-degrees-C [J]. Theriogenol-
ogy, 1995, 44(6): 885-900.

CARRERAS A, MENDOZA C, TESARIK J, et al. Distinction
between true acrosome reaction and degenerative acrosome loss
by a one-step staining method using Pisum sativum agglutinin [J].
J Reprod Fertil, 1992, 95(3): 755-63.

EEUIER, B, JrRE R, A5 XUME X R RS R R TR R R
[J]. ML 3244 (HAN M M, JIN Y, FANG N Z, et al.
Effect of disaccharide on cryopreservation of quality parameters
in boar sperm [J]. Journal of Jilin Agricultural University), 2010,
32(1): 86-8,94.

BMRRR, IKREE, BREE, S5 MR AN A L A FDON AR
FIVR R RCR (0], PEABACHRABHE R 2 224 (H AR BHERRO)(ZAN L
S, ZHANG Y Y, GENG F J, et al. Effects of trehalose and BSA
on bull sperm cryopreservation [J]. Journal of Northwest A & F
University, Nat Sci Ed), 2008, 36(10): 53-8.

SRR, k08T, EhZE, 45, W EATH AR B P R 5 s gk
FEREA VRORAT W0 [J]. I & 42k & (SONG G X, ZHANG
J X, WANG R J, et al. Trehalose and glycerol synergistically im-
prove the cryopreservation of cashmere goat semen [J]. Chinese
Journal of Animal Science), 2021, 57(1): 114-9,191.

REDDY N S S, MOHANARAO G J, ATREJA S K. Effects of

[27]

(28]

[29]

(30]

311

[32]

[33]

[34]

adding taurine and trehalose to a tris-based egg yolk extender on
buffalo (Bubalus bubalis) sperm quality following cryopreserva-
tion [J]. Anim Reprod Sci, 2010, 119(3/4): 183-90.

ABOAGLA E M E, TERADA T. Trehalose enhanced fluidity of
the goat sperm membrane and its protection during freezing [J].
Biol Reprod, 2003, 69: 1245-50.

UYSAL O, BUCAK M N. The role of different trehalose con-
centrations and cooling rates in freezing of ram semen [J]. An-
kara Universitesi Veteriner Fakultesi Dergisi, 2009, 56(2): 99-
103.

STRAUSS G, SCHURTENBERGER P, HAUSER H. The inter-
action of saccharides with lipid bilayer vesicles: stabilization dur-
ing freeze-thawing and freeze-drying [J]. Biochim Biophys Acta,
1986, 858(1): 169-80.

GADELLA B M, HARRISON R A. The capacitating agent bicar-
bonate induces protein kinase A-dependent changes in phospho-
lipids trans-bilayer behaviour in the sperm plasma membrane [J].
Development, 2000, 127(11): 2407-20.

GARDE J J, DEL OLMO A, SOLER A J, et al. Effect of egg
yolk, cryoprotectant, and various sugars on semen cryopreserva-
tion in endangered Cuvier’s gazelle (Gazella cuvieri) [J]. Anim
Reprod Sci, 2008, 108(3/4): 384-401.

MALO C, GIL L, GONZALEZ N, et al. Comparing sugar type
supplementation for cryopreservation of boar semen in egg yolk
based extender [J]. Cryobiology, 2010, 61(1): 17-21.

PEZO F, ZAMBRANO F, URIBE P, et al. Oxidative and nitro-
sative stress in frozen-thawed pig spermatozoa. II: effect of the
addition of saccharides to freezing medium on sperm function [J].
Cryobiology, 2020, 97: 5-11.

HU J H, LI Q W, LI G, et al. The cryoprotective effect of tre-
halose supplementation on boar spermatozoa quality [J]. Anim
Reprod Sci, 2009, 112(1/2): 107-18.



