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Effect of trehalose on the freeze-dried boar spermatozoa

Xiangqgian Meng'*~, Xiaolong Gu'*”, Caifeng Wu™’, Jianjun Dai*", Tingyu Zhang™’,
Yini Xie'?*”, Zhigiang Wu'*?, Liang Liu*’, Hengdong Ma', and Defu Zhang™?

1 Animal Science & Technology College, Sichuan Agricultural University, Ya’an 625014, China
2 Institute of Animal Science and Veterinary Medicine, Shanghai Academy of Agricultural Science, Shanghai 201106, China
3 Division of Animal Genetic Engineering, Shanghai Municipal Key Laboratory of Agri-genetics and Breeding, Shanghai 201106, China

Abstract: After freeze-drying, the ultrastructure of boar sperms was observed by optical and electron microscopy. The in vitro
development ability of the sperm was also examined with intracytoplasmic sperm injection (ICSI). The rate of male pronuclear
formation was (68.52%), for cleavage (59.17%) and for blastocyst formation (19.16%) of the trehalose group (0.2 mol/L),
significantly higher than those of the 50 mmol/L EDTA group (64.59%, 56.26% and 15.62%) and the control group (35.36%, 52.33%
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and 8.60%) (P<0.05). After storage for 60, 120 and 180 d at 4°C, no significant difference in the in vitro development was observed
(P>0.05). The male pronuclear, cleavage and blastocyst formation after ICSI with freeze-dried spermatozoa incubated for 1 h was
superior than those incubated for 2 h (P<0.05). No significant differences in the structures after stored at 4°C or —20°C (P>0.05)
were observed between the trehalose group and EDTA group. The percent of B grade freeze-dried boar spermatozoa in the trehalose

group was higher than that of the EDTA group (P<0.05). Based on the ultrastructure observation, main cryogenic damage in

freeze-dried boar spermatozoa was swelling, damage or rupture in the sperm acrosome, neck and tail.

Keywords: boar spermatozoa, freeze-drying, intracytoplasmic sperm injection
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A HARMONY Fi BE7E S5 25 0 AR 11 ke, R
AT BRI, 2 h NIZ I SE80 3 . B S0 mL JEAE
W F 600xg B0 10 min, 7 5 I0A S AR
Modena ¥ (23.5 mmol/L sodium citrate,11.9 mmol/L
Bicarbonate, 6.3 mmol/L EDTA-2Na. 46.7 mmol/L
Tris. 15.1 mmol/L citric acid. 152.6 mmol/L glucose.
0.3 mg/mL gentamycin), HA 17°CE KA H kS
T B 30 min 5, WURCEJR 10 mL SRR AR
CEP, W 600xg B0 10 min, FF EIEE G
UUBERIRE T T LAR 258 1) & A0K T U00E 9 B 0
EHmA 3 mL % T 55 (50 mmol/L NaCl+
10 mmol/L Tris-HCI+0.2 mol /L Trehalose, pH 8.0,
BEE N 268 mOsm/kg; 50 mmol/L NaCl+10 mmol/L
Tris-HCI+50 mmol/L EDTA, pH 8.0, B&EE N
268 mOsm/kg), RIPFIRIAINIFREI 00 3 4,
AU 1 mL R, SNBSS 2 min, DUE
RENBIE OV, KT B 3310 mL, 5 Hic IR
100 pL/ff 53 2% B2 R o

1.2 BRTRETRREKKL
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(V8 05 T R8RS TAE ICST R IR ZER (59.17%) Fi

PR (19.16%) EUI 50 mmol/L EDTA Ay 554
R (56.26%) MEEMAE (15.62%) ZrBFE, &
ORI (52.33%F1 8.60%) ¥EREE (P<
0.05). #l 1C. 1D, 1E 435 i st #i4H , EDTA
A FRLZH FIXT HEZH v R B S TR RRE F ICST R 3557
7 d FrAR I AR

T 1 RINEEEXT ICSI
Table 1

RRERA B M

Effect of trehalose on embryonic development

No. of oocytes With male
Disposal successfully pronucleus
injected (%)

Cleavage
rate (%)

Blastocyst
rate (%)

Trehalose 135 68.52+1.88* 59.17+1.51* 19.16+1.48°
EDTA 115 64.59+1.15° 56.26+1.03" 15.62+1.48°
Control 104 35.36+1.97° 52.33£1.08" 8.60+1.89°

Values with different superscripts in the same column differ
significantly (P<0.05); Values with same superscripts in the same
column differ no significantly (P>0.05). The experiment was
repeated five times. The same as below.

E1 5 FRBETRESBBTIHREERINAE

Fig. 1  Freeze-dried boar spermatozoa and the in vitro
development after ICSI. (A) Freeze-dried boar spermatozoa. (B)
ICSI process. (C) Blastula formed from trehalose group. (D)
Blastula formed from EDTA group. (E) Blastula formed from
control group. (F) Male and female pronucleus.

22 AKFET
eEA
P4 0.2 mol/L ¥ #EMHAE A LR 47 I 1R ¥ R T 1 S kG
¥, WHSEAE 4C T R AF 60, 120 A1 180 d, KAk
JEWEE BRI 1 h, BEJEPEAT ICST, WLEEHE 5
. BN, mE 2 WM RAEFE 4C
T 60, 120 Fi1 180 d F¥ VTR HEKS 38 2ok 1CST i
SHim, HEFAZIE R (69.32% . 68.61% . 68.14%),
PR (53.65% . 52.60% Fl 51.71%) FI4E R
FO(17.82% . 17.43% M 17.15%) ¥ & 2%
(P>0.05).

BRERTHRENBXNERLEE
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x2 RETHRERTARRGEHEXEREE NN
Table 2 Effect of different storage time of freeze-dried
sperm on embryonic development

Time for No. of oocytes With male
. Cleavage Blastocyst
freeze-drying successfully pronucleus o o
(month) injected ©op)  rae®)  rate (%)
2 148 69.324+2.35 53.65+1.84 17.82+1.77
4 134 68.61+£1.69 53.40+1.42 17.43+£2.05
6 137 68.14+2.02 52.91+1.59 17.15+2.36

23 RETRERTFKEE
AL

PRIEAE 4°CF L, LL 0.2 mol/L ¥ sl S 45 305
(V% R IS8 RS 7 S K AL SR I B IR 43500k 1 h Al
2 h, HSTAINE, XGRS 95 B B R i
KH RS, R 3 A BT RS KIS
H1hM2h)E, HEFEEIERE, DIRRMERRY
ZRWE (P<0.05), HEME I, F 1h(17.98%)
A TR TR TIEE 2h (12.67%) 41 (P<0.05).
R3 AFEFHREBTFAUNENEMERE B NEME

Table 3 Effects of different hydration time for freeze-dried
sperm on embryonic development

BB EITIEREE

Hydration No. of oocytes With male Blastocyst
. Cleavage
time  successfully pronucleus rate (%) rate
(h) injected (%) ’ (%)
1 136 68.22+2.17"  59.17+£2.01°  17.98+1.53"
2 135 66.80£1.21°  53.6742.36"  12.67+2.47°
2 4 1%7?/@. //il::l:}:?ﬁa%* %ﬂ:;n_,\ E’] I]rlﬂ

ztxﬁsﬁm%&ﬂzﬁ (0.2 mol/L iff ¥ W) F
EDTA 234 (50 mmol/L EDTA) s T 5845
TARIEAE 4CHI-20°C T, 180 d J5/Kk1k, Xﬂ‘ﬂf?*’ﬁ
FHENRIER SR AL B, C. D DU AT YL 40
g2, SRR 4, WL 5 EDTA &Jj!ééﬂtlﬂ
1 TRE 743 BITE 4°CFI-20°C N RIS &40 3141 ]
ERARE (P>0.05); WM A F B AT
FHABEEZ T EDTA LB (P<0.05).

4 REBEMNLFTREEFHZIE

Table 4 Effect of storage temperature for freeze-dried boar
sperm

tersrir(:rz:i%ere No. of A B ¢ b
tocy - sperm (%) (%) ) )

Trehalose: 4 210 11.42+1.72 78.24+1.80* 7.10+1.41 3.23+1.17
—20 154 10.89+1.65 78.81+1.04" 7.87+2.27 2.42+1.58
EDTA:4 183 9.46+3.32 74.75+2.14° 10.24%2.16 5.53+1.66
—20 165  9.10£1.25 74.40+1.51° 10.29+2.72 6.20+139
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25 FEBEENELFTIRERT

T S A B RV R LA TR R AR EORS T AT
AL . T, AR A TR
0.2 mmol/L & BMHE R AEAE T3P0, XA
ARG B MRYRER . BT ERRES TR
EARTENIES, MTRMER (& 2A), Bk
TN 733 09 T RN 2% 38 35 B vl L (18] 2B). %%
PR EEREAR N 50 mmol/L EDTA 1V N EKE T 147 5],
WG FANTIE S5 e, AR AL BRRERE F 3
FEDVRZR (B 2C), TR AT W, (1l 2D), TfikE
W5 LFEA (RING) ZiE IR (& 2D, #ik
Ay, FEARTERWIR . RIS 199 VR T 1R G
FAE T R P AN R R B 05, TR i) &
& (B 2E) W FL#EH (RING) 5RE B
b R BT AR A5, R AR O R 58 A MV UK R R o
W% (K 2F, #iskhb),

20.0kV 2 000x 20

20.0kV 10 000% 5 pm

20.0kV_8000% 5 um
2 FRTEBTHBMEH

Fig. 2 ultrastructure of freeze-dried boar sperm. (A) Acrosome
(AC) of freeze-dried spermatozoa of trehalose group (arrow). (B)
Acrosome (AC) and equatorial segment (ES) of freeze-dried
spermatozoa of trehalose group. (C) Freeze-dried spermatozoa of
EDTA group. (D) Acrosome (AC) of freeze-dried spermatozoa of
EDTA group. Basal cords and posterior ring aren’t seen as well as
the beginning of the middle piece with circumferential strings of
particles around the plasma membrane (arrow). (E) Acrosome
loss of freeze-dried spermatozoa of control group. (F) Posterior
ring is clearly seen. Freeze-dried spermatozoa tail of control
group damage or loss (arrow).

3 itk

ERGESE TR BTk FHNAR L. &H
A 25 EAE TR, W ERREE T
PEIDE L S N S AR AR T, IR AR 1 RE R
TP R R, ATHAE SR AR S X
FHEAMYIEL . WA TERET, Huiiks
BEWEIR, SE xR AR RE 0T, BRARAR AR T
FlA, T AR AR T B . 7RV VR LS T HR
R T4 TR (—40°C) 11, XK Z3)
K FVIX W5 T PR, RERE A R A AR,
KRRt , R 2k, A (%K
R R EETE S N A — R 545 W IREAS
TG 1 B R AT LU MR B Lk i . X sk
] AR ARG TR S IR SR SRR T SR ™, 7
PRSI D710, Aisen 25U Vg OB SR 8¢
I, Bayarad %" 7E/NERRT Aboagla %5 UIFE 11 3K
W VRRAE IR T A B R 1 4518, AN s
Mai R ey EiR—3,

IG5 28 F RS 1 T s o 14y £ 477 541
HIE I T AL M BRI BRI . Ca¥'
Mg™ 5 ERN DIBEVE T, 3 KK WA S A T (o
WRH B L], MmN e LS 2 855, B
IE S5 ANYIBEER- . BT R B2 T o fl
MM L4571 2 - EDTA 5 EGTA 1Y Tris-HCI 22 /i)
-8 307] i A a6 245 St 7 Vi S W O R b
BUREA TR T

Jennings A KR AR5 1E 5 A 4 8
W, $etK o+, e A& Ao oK s
TR 2 22 R0 AR R G B RS T 5 | R A A A .
HOBELE R R R MR R v A AR, RERIA
B R R EYE . IR R, s
ML T HABBEE R PL S . TEVF 24, TS
F A B R 5 — S iy AR 2 A RIS B A P2 i
WIEFA TR IR L, B2 50 F a2 i
2 PR G R R, PRSI I SR . L T
RS I SR R TR 2 A R R e g e
KT R R A ) o3 F L, R F2ed e oA
)2 Un, (HAR R WP i bl i (R 5 HL
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5 AR VR B G FAL 2 R B U A
Ko MF R R KB PR, SRR 2
(] ) S5 RE E S R BT 0 OS5, X R P I Y
OREACBUL” PO SHABESAR L, R A
) T RAF EAE TGRSR 0 58 B R0 X 28 - 1 A%
AE 1T RRARE b R S B RS, B L SRR AR 1 A )
BCY ) A RE B AR B, R AN R IR
25y kB B,

Kaneko 2555 % BUKE 7% T4 49951 #9 pH 8.0~
8.2 BRI AT o T4 PN —SLE, A% R P9 V) il
TERRTE Z5 A T 8RG8 0E & pH (B IY PR T 31X SE G ) 3
PEBEIN G, XA Y R SE R A R . AR
PRI R A PR B9 pH (B YR 8.0,

Vo VR B2 THEAS 710 H AR RBE 4°C R
7. 2003 4, Monika 2RI FHRAE T 1.5 4RAY/NER
Vo VR A TR F 3R A IS A o ARBIFSE 417 180 d
VAR L 28 T8RS 7 1CST 5 B RE SRS 2E0E , (HIT
RIATIRRGFA, HILIEA T Tk —2 .

Kwon ZEUOE AW VR B 28 TGRS T35 i
ARG TIFHATRE N L, & BURT I b S A R 3
WTIEH, B8 R E ANERER T 76 i JFAZIE R
FRT FR% T 4h. 9h, 16 h HARFETE 4°C% 25°C
AR TR LS TSRS 7, (ARSI R LS T
IR o Nakai 5568 R B 25 TR IE RS T84T T K1k
Ja B IHE] (0~60 min, 60~120 min, 20~180 min)
Z BB XT4E, K 0~60 min /KAL G % B B 8] ) ¥
R L2 TR T SRS TR O 5 #EAR R 23.1%, 120~
180 min fY°H 22.6%, —FHZ[H2ZESHAWEFD Ak
Bﬁﬁ%ﬂﬂﬁkﬂ:)ﬁﬁﬂ?ﬁﬁlﬂ (1 h #12 h) 5T HE5, Br

SERE R —FL,

ZE TR, O R B TR RS T
A B RSER, BRERET T A% — 0
fEATE

Bt Bt BT OR LA F A A IREARY B R PT
EEKRAR TR, LBRFREAELH LR T
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