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Abstract: In this paper, DMSO was used as cryoprotectant for cryopreservation of Sparus macrocephalus
spermatozoa in 0.5 mL straws. Detection of DNA damage in response to a cryopreservation process in Sparus
macrocephalus spermatozoa was also carried out. The results demonstrated that there were no significant differences
between frozen-thawed sperm conserved by Cortland solution diluted with 5%, 10%, 15%, 20% DMSO and fresh sperm
in motility. The best motility of frozen-thawed sperm were obtained when DMSO concentration was 10%, and the
activation rate, moving time, living time and fertilization rate of frozen-thawed sperm were 92.91+1.25%, 39.90+2.70min,
53.82+2.84min and 89.35+1.99% respectively. However, a significant drop in sperm maotility and fertilization rate was
observed in sperm cryopreserved with 25% and 30% DMSO. The comet rate and damage coefficient of frozen-thawed
sperm conserved with 5%, 10%, 15%, 20% DMSO was similar to fresh sperm, but at 25% and 30% were significantly
differed to fresh sperm. In fact, there was a positive correlation between comet rate of frozen-thawed sperm and
concentration of DMSO in protocol. The majority of sperm with DNA damage within the nucleus were slightly and
mildly damaged, while minorities were heavily damaged. Few were totally damaged, and only occurred under the
conditions of 25% and 30% DMSO. Our analysis suggests that high concentration of DMSO is the main factor that
causes the DNA damage in frozen-thawed sperm nucleus.

Key words: Sparus macrocephalus; Spermatozoa; Cryopreservation; Sperm motility; Fertilization rate; DNA
damage; SCGE

A (Sparus macrocephalus) 2R E ATt FEMRRGEAAHIT, L0+ IR R A7
FRAGE, MV IRIER . SRS %, XA BRI ORYT . IR A I e R R A

Wk HIY: 2008-10-06; #2532 HIM: 2009-01-22

FEEITH: TR AR AR RIE (2006C100044; 2007A31004); #EHATH FABIEH (IRTO734)
"M% (Corresponding author), E-mail: zhujunquan@nbu.edu.cn

HAEE R W E (1984-) 5, MRS, NFOKPESEUE RIS, E-mail: nbytfun@163.com




152 N7/ I

5/ 30 %

TR o A R TBARRS 1 AR R A AT 9T O AT #iE
(Hong et al, 1997; Jiang et al, 1999; Li et al, 2001),
RS T IRAE R (OS2, 183l I ) J 52 K53
&) HEERE —wxEE. 245 M8k, B
DNA #1050 i A WARTE . K5+ DNA iR 0 &
7 S - R I AR 2 — o A M i UK
(single-cell gel electrophoresis, SCGE) aifxE 2
RL (comet assay) J&—FPAS Il DNA 475 1 5 i
Tk MMIE 2R . DNA fReESE ol 7, 28 yk il
F05 ) DNA A Mok s b, sARHARIK ), B
FRatl, BRERR, ARE0500 DNA R EFEOE,
P SLRTE R E A", BRNKEAR DNA T
PR, SOUREEERNZOCIREZE DNA #if %
AHIG, U m] ARSI A 20 B i) DNA 3. T
REAE 2GR IHEE T B4 5240 i DNA [R5 45 5 400 »
HEA PG A RBIORE S, SN T A
F57 (Luetal, 2002; Xuetal, 2000) Lk K faJ5ks
¥ (Labbeetal, 2001; Zillietal, 2003; Xuetal,
2005) DNA fiifffar i

AWFFTLL Cortland (WolIf, 1963) Wik A Fake
W, DMSO NHiikil, 0.5mL 224055 M VA7 it
AT SEHRRS - BRI R AR . I T R 5 R
G (BOEZ, B3l R AFdr) 552R%, I
il SCGE &6 T LA 5%—30%DMSO b H1i4: 5l 1)
R R AERS 1% DNA G oL, 5 76 RE
G~ B ARG 25 A7 2 A St B 5 R o e P A 2 1
2%,

1 RS

1.1 #

PRSP R S 1 1 2008 4 4 HELE WA
T TR S WA SRS S R, AR
1—2kg/)E, M5 B, Mifa 32, LRk, U,
1.2 A &
121 KSR SMRE K R e £ £a o [
&, M BT AL ERR, Bk aE,
RS BRI, SRAFTCIR . 2800 Sy s IRRS
ZBERIRG 135 J1AE 90% LA b T30 o AR R
W A Cortland¥%5¥ (NaCl 7.25g/L, KCI 0.38g/L,
CaCl, 0.18g/L, NaHCO;1.00g/L, MgSO,7H,0 0.23
g/L, NaH,PO42H,0 0.41g/L, CgH1,0s 1.009/L,
pH=7.00), 47 ADMSO. Sk ik 5 DMSO
fe—w LR G G UE Tk (4°CH) s, 1

WS EIRIR G 10 3 E R AT RS V- R R
WEY, T 4°C4 10—15min.

1.2.2 A5G K P RO - R RO &
WAy B NARRR A 0.5mL (224055 (RS2 32 4078 ik
3629 0.4mL), ~FJRE B AU 3—5cm A& 5—8min
o, BENBERAFRTE. [7— DMSO ¢ 2 {117 4
—6 o fERVRIRE A0 DA T PO, N
40°C/KI TR BN H AL .

1.2.3 RSN 3G ) SR HIE 4% Jiang
etal (2000a) ¥/ i & i X 55 VR A7 30d Ja A 711
W GBS R 188N R e )

RGOS R 2 IR S ORI (FhE 28 1)
HPEHAO RAE, T EAED F WIS SR 5L
AR T ECRE I E A s RS T B T AR R
T ABIETFIR A 90% KRG 7 It H B 5)) Ay 1 () BN [ 5
P ek 7 A0S TF R 2 90% (1R 145 1k
BT IR SR 4 K.

KA TERRE, WGBS (29 5uL) FIvRg (4
20uL) Ml E O (£ 0.5mL) JB4A, 10min J&hnid
JEIFKTEDY 2 WK, SZKEHNE T 1000mL Bedrd (&
L PEHEK 800mL), TR (21—24C). M4
PERE - WEIG A E 20 )50 I A I 5 52 R 26
S EE 4 K.

1.2.4  BERS 54 FSDNARGG IRISCGERIM 53R

O R, A7 30d )5 fift ¥R I0F WA 4°C (1 PBS
(PH=7.4) By MYk (2000r/min), K 5min.
RS K RS 1 T PBSH R 4249 8x10°4/mL, B 50 UL
FikG v 5 350 PLIR S A 1% v A il o5 Bl b ok
fiE (LMA) JEATT SmLEOE . KB &R
25 104N mL. @R, IAZEA#H (2.5mol/L NaCl,
100mmol/L EDTA, 10g/LLERH, pH 10, I
HI I 1%Triton X-100, 10% DMSO), 10°C FZfi# 1
h. @k, AN (2.5mol/L NaCl, Smmol/L
Tris, 0.5g/LWLZ RN, pH 7.4, I&HIRTI 0.50/L%&
FEEK), 55°C/K#fr 3h, Bk %8 A S 2y
Fti . @HIR, PBSUES 2 K, T0°C/KIE I
3min, HLMARILEGEAS, U 100 pl i 5 18 25 3%
A b, InEgas B A 10°C R¥A % 10min. OfflE,
Y AR vk i (300mmol/L Z 847, 100mmol/L
Tris, HCHATpHZE 10.00 ##2¥ 30min, k5t
DNAXUEEfFE . ©FEIK, {EHLIE 15V, i 130mA
4 R HLYK 60min. AT, Tris-HCI (0.4mol/L,
pH7.0) AT 15min. @%fs, EB (50pug/mL) 4t



2 AR TRARKE T BG4 AT % DNA #5475 () SCGE Kl 153

10min. @M%%, Nikon 80i%¢ ) Wi T & ik
K 580nm FALEE, BENLILEE 100 ANKEFAZ, 44
HEK R 4L QR PURFIIRED 4 AT

Geik b B OERE bR, SR
CometScore 1.5 B Hab e, RAAEHELK. &
K& E A Z Y DNA [f5E 415 DNA [ L
LS. @QERRLH RO, HEK=s (F
AN H R E H ) x100%; 545 RE=[ (0
AR AR AN Bx0) + C T a1 40 A Bx 1)
+ CITZAR AN AN $x2) + (T AR 16 1 40 e A
$x3) + IV an A Fixd) 1.

JIT A S 56 50 R0 A TR) B TR) 3R 2 A bR
SPSS 11.5 5¢/#%, LAP =0.05 A Kk, Ziilas 3

PP SRR ZE (xds) RoR.

2.1 BHRERNEIRZTRE

R MBI RAE 30 d o I SRR 1 3%
(BIEH 18hI KF5 ) 552500 e 45 8 0
* 1. 1AW, D1—D4 KIS 1 M2 ks
RE XA MRS AL 22 SR B35, b D2 4%
K3 ) 552K % e, #IEEERS KF-. D5, D6
PRGOS ) KRR SR L E R B2 . St
INTRIA, FEEORS F 52 R R S S R S 1IE A
XK (ED.
2.2 EHEER DNA #i15

k5 R 6 ZH VK (1) SCGE Ryl 2 i R, #E
A KN R A BEHTR 1 DMSO W (1) T 3ok, e
W D1—D4 41K I 2 A K R K S R A LE 22
AL, D5, D6 4Lk E R A K &R K L
AL 22 e B (R 2).

FRP £ 24 DNA (5 54105 DNA (1)

2 & R ot e 11 }
EEAs, L AHIE TR PR AR RS S 4 ORS 1K) DNA 454584
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Tab.1 Motility and fertilization rate of fresh sperm and frozen-thawed sperm (n=400, x+s)
4 WOER iE Bl ) Fsaiin ZHRGHR
Group Activation rate (%) Moving time (min) Living time (min) Fertilization rate (%)
i 94.21+3.03 42.32+4.23 55.61+4.76 91.16+2.92
D1 89.72+1.54 36.23+£3.55 50.63+3.95 85.77+4.27
D2 92.91+1.25 39.90+2.70 53.82+2.84 89.35+1.99
D3 88.61+2.05 35.84+3.54 48.53+2.23 87.56+4.86
D4 86.49+1.69 33.85+£2.20 45.51+4.26 85.64+3.94
D5 77.4416.16 24.46+3.24" 36.69+4.34 71.61+2.88"
D6 66.15+5.34" 20.16+4.16 27.3446.35" 63.12+10.26"
D1: 5%DMSO; D2: 10%DMSO; D3: 15%DMSO; D4: 20%DMSO; D5: 25% DMSO; D6: 30%DMSO.
“P<0.05, PR, 2523 (one-way ANOVA). Significant effect of the treatment, P<0.05.
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Fig. 1 Relativity between fertilization rate and activation
rate of frozen-thawed sperm
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* 2 BEEBRIFHBISCGEEE 2 KKEK (n=400, x+s)
Tab.2 Comet length and tail length of fresh sperm and frozen-thawed
sperm (n=400, X+S)

415 Group A=K Comet length (um) 2K Tail length (um)
i 17.7242.33 0.910.43
D1 22.70+4.08 1.0620.44
D2 24.45+2 57 4.60£3.09
D3 25.22+4.23 4.93+2.86
D4 26.89+1.24 5.09+1.83
D5 34.77+2.37 8.29+2.70"
D6 40.00+10.96" 10.30+2.08"

D1: 5%DMSO; D2: 10%DMSO; D3: 15%DMSO; D4: 20%DMSO; D5: 25%DMSO;
D6:30%DMSO0. "P<0.05, SfifisfLl, %5 8% (one-way ANOVA), “Significant effect of the
treatment, P<0.05,

Kl 2 BRRERRE XRS5 SCGE £ A
Fig. 2 Comet image of fresh sperm and frozen-thawed sperm
1: 0 % #if)i (grade 0 damage) x2000; 2: T Z45if%i (grade I damage) x1000; 3: [ 2 J§K (enlarged drawing of picture 2) x1500; 4: 1T
i) (grade 11 damage) x1000;5: [ 4 jifk Cenlarged drawing of picture 4) x1800; 6: II1Z43i4); (grade III damage) x1000; 7: /& 6
JK Cenlarged drawing of picture 6) x1800; 8: V£ #4517 (grade IV damage) x1000; 9: [ 8 Jf_k (enlarged drawing of picture 8) x1800.

£ 3 BHEEHERARESCGERMAIDNARG AR (n=400, xis)
Tab. 3 Classification of DNA damage detection of comet rate in fresh sperm and frozen-thawed sperm

A% Group 0% 1% 11 %% 11144 IV HER Bl =5
Grade 0(%) Grade | (%) Grade Il (%) Grade I1I (%) Grade [V (%) Comet rate (%) Damage coefficient
K 79.12+4.65 13.25+3.3 6.43+1.29 0.84+0.50 0.00+0.00 20.14+4.65 27.47+6.35
D1 75.22+4.76 16.34+4.12 7.11+1.29 1.29+0.82 0.00+0.00 25.45+4.76 34.79+5.07
D2 74.54+2.94 16.96+4.65 6.85+3.11 2.35+2.22 0.00+0.00 26.62+2.94 38.29+5.10
D3 72.73+5.32 18.12+8.37 7.46%2.65 1.46+1.71 0.00+0.00 27.27+5.32 38.43+4.35
D4 71.14+3.30 18.76+4.04 7.52+1.71 2.94+0.82 0.00+0.00 28.64+3.3 40.71+4.24
D5 47.19+3.86°  25.16+2.06 14.97+0.96" 11.42+351" 1.24+0.50 52.81+3.86" 94.95+11.87"
D6 30.88+2.99°  27.55+3.11 21.38+2.75 16.18+2.63" 3.75+2.22" 69.39+2.99" 134.34+7.27"

D1: 5%DMSO; D2: 10%DMSO0; D3: 15%DMSO; D4: 20%DMSO; D5: 25%DMSO0; D6: 30%DMSO0.
“P<0.05, LRI, #5323 (one-way ANOVA). “Significant effect of the treatment, P<0.05.
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Fig. 3 Comet rate and damage coefficient of fresh sperm
and frozen-thawed sperm conserved with different
DMSO concentration
141: 55 2 41: 5% DMSO; 3 41: 10% DMSO; 4 41: 15% DMSO; 5 41:
20% DMSO; 6 41: 25% DMSO; 7 41: 30% DMSO.
Group 1: fresh sperm; Group 2: 5% DMSO; Group 3: 10% DMSO; Group 4:
15% DMSO; Group 5: 20% DMSO; Group 6: 25% DMSO; Group 7: 30%
DMSO.
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Fig. 4 Relativity between comet rate and DMSO
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