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ABSTRACT

The objective of this study was to develop an in vitro assessment of sperm fertilizing capacity of
bulls and investigate the factors influencing sperm function and characteristics of frozen-thawed bovine
spermatozoa.

In vitro fertilization (IVF), the evaluation of motility and normal morphology, HOST (hypoosmotic
swelling test), Ca-ionophore induced acrosome reaction, luminol and lucigenin-dependent chemiluminescence
for the measurement of reactive oxygen species (ROS), the measurement of malondialdehyde formation
for the analysis of lipid peroxidation (LPO), and the evaluation of DNA fragmentation using the method
of TdT-mediated nick end labelling (TUNEL) by flow cytometry were performed in frozen-thawed
bovine spermatozoa. Correlations between the rates of fertilization, blastocyst formation after IVF and
the values of respective assays were investigated.

1. IVF rate and blastocyst formation rate averaged 64.4% and 34.3% for spermatozoa from high

-fertility bull group and averaged 18.5% and 6.2% for spermatozoa from low-fertility bull group,
respectively. There were significantly different between two bull groups. Sperm motility and

percentage acrosome reaction averaged 79.0% and 66.2% for spermatozoa from high-fertility bull
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group and averaged 40.7% and 22.9% for spermatozoa from low-fertility bull group, respectivitely.

There were not different between two bull groups.

2. Luminol depenent chemiluminescence, LPO and DNA fragementation averaged 6.4, 2.0 nmo! and

2.6% from spermatozoa from high-fertility bull group and averaged 6.5, 3.1 nmol and 7.4% for

spermatozoa from low-fertility bull group, respectively. There were significantly different between

two bull groups. There was no significant difference in lucigenin dependent chemiluminescence

between two bull groups.

3. Fertilization rate was positively correlated with motility and the rate of Ca-ionophore induced

acrosome reaction, but negatively correlated with the frequency of luminol-dependent chemiluminescence,

the rate of LPO, and the percentage of sperm with DNA fragmentation. There was no correlation

between fertilization rate and the percentage of swollen spermatozoa, normal morphology, and the

frequency of lucigenin-dependent chemiluminescence.

4. Blastocyst formation rate was positively correlated with the rate of Ca-ionophore induced acrosome

reaction, but negatively correlated with the frequency of luminol-dependent chemiluminescence, the

rate of LPO, and the percentage of sperm with DNA fragmentation. There was no correlation between

blastocyst formation rate and motility, the percentage of swollen spermatozoa, normal morphology,

and the frequency of lucigenin-dependent chemiluminescence.

In conclusion, these data suggest that ROS significantly impact semen quality. The assays of this

study may provide a basis for improving in vitro assessment of sperm fetilizing capacity.

(Key words: Bovine sperm, Blastocyst formation, DNA framentation, In vitro fertilization, Lipid

peroxidation, Reactive oxygen species)
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(Jeyendran 5, 1984), hemizona assay(Oehninger
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B8l AR A (De Leeuw 5, 1991) 50
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SEHA G2 GEITE AEEY A&
o) g3ty dxee AYALE TCMIIY(Gi-
bcoBRL, USA)el| 10%2] FBS(GibcoBRL, USA),
10 [U/ml HCG(-+8+%38), 3+3), 1 pg/ml estradiol
-17 B(Sigma, USA), 10 ug/ml FSH(Sigma, USA),
52 pug/ml gentamycin sulfate(‘S=A A 2k, 3=)7} 8
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27 §8jA 7] & caffeine sodium benzonate(Sig-
ma, USA) 10 mMo] Z7Hg 5 mle] 24 3-8 BO
ol (Brackett$} Olipant, 1975)2.2 343 & 4&
2](500xg, 5 min)3tHt} FEAE A AL HFA
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H 2 mlo A 5A L BOY LR 31435 3 300xg
2180 94 2GS 54 3AH 299
Arzol g 5] 4251ed 300xgE SE7 94 23 7
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=7} 1x10°ml HE% A 27t 24 E
Az FMAO R 100 plo] FHE A4S TE F
7} AT A Qs dAE 10~ 15704 o] 397,
5% CO; v k7ol A 24412 Ao A AT
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= 27 $3eE W Fg Al vhete] WA
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on, Wi ES ALMLF gUMol wirtE7]
oo 2 wAlE ujole} H|ER I

2) KISl 71T AR

-278 -

ARG A AARAE Al A95E 2
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B Ao A= 20 mM N-(2-hydroxyethyl) pipe-
razine-N'-2-ethane sulphonic acid(HEPES; Sigma, USA),
20 mM NaHCOs(Sigma, USA)S}F 0.1% polyvinyl
alcohol(PVA; Sigma, USA)e] A 73 Biggers Witten
Whittingham(BWW) v} ¢k (Biggers %, 1971)
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Aers F54E AT

4) X Hef B4

3 AMHE AAEA &2 F 10plE
28} 70% ethyl alcohol 2 A3, %3 o=
Aol Hoj=d & Eaty Ao AR
27 o] 42 9487 1,000 ¥ &3t
A z}zte] Zerolmwit) 2007 o) HAAE &
Z3te Blom(1973)¢] 7]&ol wie} #2E F5ol
A FRU SHE, o o)) gle AAEH

A Mg ool YA,

(5) FRI2| MZEMH XM2|(Hypo-Osmotic Swelling
Test; HOST)

HOST+ Jeyendran 5(1984)2] ®iyd] F3td
A8 &k Ak,

ARG A )8 HA 300 £I20x10° sperma-
tozoa/ml)E fructose(Sigma, USA) 13.51 gm3} sodium
citrate(Shinyo, Japan) 7.35gm< 3% ZF4 1,000
mlo} =o FHE HEY 150mOsm/Kgl 2 A ZH
A48 &4 5 midk 3 F 37Co Fx o
A 30E7F w3t o] F 500xgel A 5E7F Y
A Estdey, ASdE AAS T FAI A
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Fig. 1. Diagrammatic representation of hypo-os-
motic swelling patterns. Shaded area denote
regions of tail swollen. a, no swelling; b
-d, tail-tip patterns; e-g, various types of
swelling (Jeyendran et. al., 1984).
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7}. Stock solution2] M ZE

Calcium ionophore A23187(A23187; Sigma, USA)
1.0 mg& 382 xl®] dimethyl sulfoxide (DMSO;
Sigma, USA)o] =o FH=L FLE SmM/L stock
solutiong A2 §F LFrjFI el < Eppen-
dorf tubedl] 20 pl¥ EF3td -20To BB
oh ARE ©) B3 20 ple] stock solutiondl]
4.98 mlo} 712 W gd e H7lstd HE & 20
pM/LE] A23187 &3 thEFOZE 4.98 mig
71% el DMSO 20 ulE 7 &4 A
z3e] A sk

Hoechst 33258(H33258; Sigma, USA)S 7] 2 &}
Gt oF | mgmle) FEZ XA F dFEnFS
o) ¢l Eppendorf tubedl] 20 1% EF3lof -
20Ce BaAstArk AHE FY EFE  stock
solutiong 71¥ Wikl o2 BAsted HFFE 1
pgml2 23 F AR

Fluorescein isothiocyanate conjugated pisum
sativum agglutinin (FITC-PSA; Sigma, USA)E =
F52 I mgmle] $E2 249 ¥RugEd
o #-¢1 Eppendorf tubeol] 100 1% 25314 -20
Tl RARAE AE FL FFD FITCPSA §
Ag ZHFE FH(19)3t] AFEFE 100 pg/ml
2 239 ¥ Aeadth



Lt A
HARS BHE Cummins S(1991)e] Wyl
Foel Aah

(AE =% 10 uM/L)z} DMSO &0 2 343}l
3087 37T, 5% CO; k7] ulol A ) <¥at%l o)

O HAEA o MY 24

MG F AR Bholol Fae) HILE £4L
A71sto] Lol ol % & TS fASHA T3
ZH FAEE T o] F 1.5 mi) GAE{-A-E phos-
phate buffered saline(PBS; GibcoBRL, USA)S. =2
34 ¥ 4mle] 2% polyvinyl pyrrolidone(Sigma,
USA) column®]ol] &8E 3 500xgE 5E7F A
A ASAE AARL AAAE F 4o
F 720418 Aste] ool o) =2, A%A
71 & 95% ethanolo|A] 587} 7Rt 14,
Az9A £do)E Yo FITC-PSA(100 zg/ml) 100
plE dolmd & 47T moist chamberd A 1587k
BAAANAY. FHRTE GANE AF3L A=A
1 F AAo GAE FFo] A= AL A
8}7] $13le] propyl gallate mountant® ¥ 3+ Th.
&dtol=9l FAL mercury burner®} epi-illu-
mination module©] A 333 w7 (Olympus,
Japan)3loll A 10002) w82 H33258 Ad] 93t
Azre] QAL A8 AZ-E sl filter cube UE
AE31 3, FITC-PSA @4jo 93 AAAA #
Ao FAE 43k filter cube BE AME3IA T

% o) sl EolA 2zt 20070 o)ge) Bt
£ Paald H332580] PHElo] Be FAL
Bl Fo AA% AR £5 447 9497
sk, WA el AAYEE A A A
sty HAF-H7E A a8 A, A=
(equatorial segment)7} FAE 7 FA A7} H2
Hoz gud A, Aruo) A47 A &
oA AAHA Y Fgu) £3} 2 dooolemma)
o g8l 5@ FAWEel £EH9T LAS A
R EELDEEEE BERIES

2 o273 A23187 M2 2ol A usg
(%)= AT

A231879) ¥Hg-3ted HASE Vel £ e
AANS FEE A23187 Ao HA gl
A Uz FAusgo oA st

(7) ROS2| LM &3

ROS 9] 8L chemiluminescence WH o2 &
A8l tHAitken 5, 1992). Chemiluminescence sig-
nal2 LB950 luminometer(Berthold, German)& o]
£-3}a] 32719) integration modeE 71 Z38}5 k. ROS
Z23& 93} probex luminol(5-amino-2, 3-dihidro
-1, 4-phthalazinedione; Sigma, USA)3} lucigenin(10,
10'-dimethyl-9, 9'-biacridinium dinitrate; Sigma, USA)
< AHEstAth Luminol - 4] pH defell A Al X
WE AFEHEE, A X 99 thgst ROS(H,O0;, -
0., - OH)$} wh-3-3te] wHA 3}, peroxidase 4]
&l HO:¢k ZEs §h&& uvebdch Wb,
lucigenin Z/3 pH Aefoll Al A X ] w3 FH o]
o, ROS & FE -0, & §h-3-&td g gt

o] & % probe?] stock solution2 DMSOE 4]
&l 25 mMEZ A Za&tgch

Luminol-& ©]-&-8 Aol A HAH H.0,9 =
Ao A A" 400419 A B (10x10°
spermatozoa/ml)ell luminol stock solution 4 uI(
FTEE 250 uM)ok A E Qo] EA 3 H.0:9 #
ML g Fo|7] 98 PBSE 34 H 8ul19 hor-
seradish peroxidase(# <35 = 12.4 U; Sigma, USA)
2 #7138 & luminometero] Al 1087} signal S &
Qssict. Signale] QHASHEW, ROSS WAL F
WA177) $15he] DMSOO] ol Sl 4 wl(A% 5
% 100nM)2] phorbol-12-myristate-13-acetate (PMA;
Sigma, USA)E 7}ste] 1087F signal S A 573
stath Ha0,9] A FF A4S PMA 37t ¥
10 ¥7+ =49 chemiluminescence countsol 4] &
T(peak) @ AT e Taaks SR A
o sk

Lucigening ©] 43 - 0,” &AL A #2]F 400
p19) Az FEfolol lucigenin stock solution 4 pl
(F==x 250 4M)E FH 713 £ luminometerel] A]
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1037} signal& &3ttt Signalo] HEst=H
4 p12) PMAE #7lske] 1087} signal & A 24
Stk - 0,79 WA P BAL H0,0) B4
W3} FAsl sk

(8) ™A x|4of Ak(Lipid Peroxidation)

Lipid peroxidation &% AF&<¢l malondialde-
hyde& &% 8} thiobabituric acid(TBA) W& {2
2 22359 tHAitken =, 1993).

A HEE AAE Ca”, Mg o] A AR Hank's
balanced salt solution®. & 3] &l AR5 7} 20
x10%ml %A ZA 3t ). Lipid peroxide®] malon-
dialdehyde 2 9] M &g F3A1717] 918t 34 5
F+2 34 H ImM ferrous sulphate(Sigma, USA)
9} 5SmM sodium ascorbate(Sigma, USA)E z+z} 10
pl¥ 2F7] A2 F-5-9 1 mlel] H7hsta 37°CoH A
3087 wok3tich 250 xle] 40% trichloroacetic
acid(Sigma, USA)E #7138t 0CollA 10 7+ 4
218k lipid peroxidationS 2] A)17] £ 2500%gd]
A 1087 94 £3art olF 4% 1 mlE 3
S8ked 250 1] 1% TBA S E£F8le B B4
10270 83 2ol A YA 7tk Malon-
dialdehyde$] 5%+ spectrophotometer(Kontron in-
struments, Switzerland)E ©]-23}d 532 nm 23
A wk-ol o] E 33T (optical density)E 24514
4359t A E malondialdehyde] Brrs
EFAAS(149%10°1 - mol ' - em™HE 7)FoF 3
2+3} 9 thSlater9} Sawyer, 1971).
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(9) FME 247|(Flow Cytomeuy)§ 0|8
HXI DNA Fragmentation £

A 212} DNA fragmentation 2% TUNEL(ter-
minal deoxynucleotidyl transferase(TdT) dUTP nick
end labelling) 71¥¢] H4¥ APO-DIRECT™ kit
(Pharmingen, USA)2} Al £ 4] 7](Becton dickin-
son, USA)E AME-3le] AAlEIGIch A A=
A 0.5mle] PBSE 34iated Az} 217} 2~4
x10%mle] HE& ZA3 T 5 mle 1% parafor-
maldehyde(pH 7.2)& ‘o] €& oA 1587 1

AT ol F 300xgel ) 57 4l ¥elat A

—-281 -

(=]
[w]
N
Q
8
(a)
(o]
P
£ (0)
- L/\
g
1 M1
(] h
10° 10! 102
FL1-H

Fig. 2. Histograms of the TUNEL assay in bovine
spermatozoa analyzed by flow cytometry.
(a) A typical negative control, in which
0.1% of the spermatozoa are labeled. (b)
A positive control treated with DNase [,
in which 62.8% of the spermatozoa are
labeled.

AHE 5 mle] PBSE 23 HHE 70% ice-cold
ethanol 5 ml-& ¥ -20TColA H4 3087 AX
SFATE 300xgoll Al SEZF AP st Ao
ethanole A A3t & A3 E 1.0ml9] wash buffer
2 3|43k 300xgoll Al SE7 44 Eelste Al
#ZE 28] wrEIAT. ojgA AL Ao
FITC-dUTP2} TdT enzymeo] Eof 9l I 50
pI1E ¥ 37CAA 6087 vhSAIA T whSo]
W 5 5 ml9] rinse bufferE ¢ 3 300xgol A 5&
A Bgte A3 43L& 23] wE5 ¢ o
Ao 0.5 ml9] propidium iodide(PT)/RNase
& Arste) Ao A 3087 A5 o
A EEA L AT oluel] A3l 3}t
A ZEA L 488 nm argon laser(15SmW)E &
FAE E471E o]83ltl DNA histogram
432 CELLQuest program(ver. 3.1)& o] 43}
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DNA fragmentation®] oF71€ Ax}e] dJ)w
of ek 7S A8 Y8t TdT A4F A A
3 wh2od 0 2 X738 AAE DNA fragmentation
HFA =] R] 9k negative control 2 753191, PBS
2 343 0.1 IU DNase I(Sigma, USA)S )3}



o] 2l$1# S % DNA fragmentationg -5 %3
& positive control 2 ©]-&3}a] Fig. 24 A &}

oX

‘o

©

2
ol

DNA fragmentationo] o}7|® A =a}o] &F7lzo|
e 71ES AAsdn ofF B4 Fig 29 4
BAE 7128 £ = ZAe] DNA fragmen-

tation AL E &4 s}t

3) SHEA

ROSel ¥FAlof w2 chemiluminescence counts=
XS AFEES 517] Y8l log2 WSkal ).
Aol et SA A B 54 H7)x] 22
1%l SPSS(ver. 7.5)& ol&stden, 7t g5zt

2} #5212 Spearman rank order correlation test
g, ¥ #7+e] g3 v o= Mann-Whitney U
£, ol p005d B4E FA

TR AER P Yo B AF)A A

43 AP ES AFE Table 10] Qo8 73} 74

AFyEH AP AdFFEH Wdd &
o] Ha#S A7t 64.4:1.8%9F 34.3+5.3%, 18.5+
3.0%9 62:09%2 SATHORE {o§ 2jo|E
H A THP<0.05).

LFETH AL ST FANSES
242 HF 79.0:4.2%9} 66.2+4.6%, 40.7+4.7%2
22942.1%2 EAGHORE §4% 2olE BFLC
LHP<0.05), &l =] vl &# HOSTE 7
7z B 94.6£1.2%9}F 92.7£1.5%, 69.4:8.8%2} 59.8
H49%Z T 7+ ol AolE KolA ¢ksirt

Luminol dependent chemiluminescence, lipid peroxi-
dation @ DNA fragmentation®] HF3e- Z4A
=3 AFGFd doAM 7+ 6.4:0.09F 6.5:0.0,
2.0+0.0 nmol®} 3.1+0.4 nmol ¥ 2.6+0.8%%} 7.4
t12%E F 7 SAGHLE K% AolE B

S 1K(P<0.05), lucigenin dependent chemilumine-
scencer= 4.7£0.09F 4.620.08 T F7ZF 93t o)
& HolA ¥yrh

Table 1. Seminal measurements for low fertility and high fertility groups

High fertility group Low fertility group Significance of any

Parameter (n=4) (n=4) difference
Fertilization rate (FR) 644 + 1.8 343 £ 53 P<0.05
Blastocyst formation rate (BFR) 18.5 £ 3.0 62 £ 09 P<0.05
Motility (%) 79.0 + 4.2 662 + 4.6 P<0.05
Morphology (MOR) 946 + 1.2 927 + 1.5 Not significant
HOST 69.4 + 88 59.8 + 49 Not significant
Acrosome reaction (AR) 40.7 = 47 229 + 2.1 P<0.05
Luminol (LM) 64 = 0.0 6.5 £ 0.0 P<0.05
Lucigenin (LC) 4.7 + 0.0 46 £ 0.0 Not significant
Lipid peroxidation (LPO) 20 £ 0.0 3.1 + 04 P<0.05
DNA fragmentation (DNA frag) 26 £ 08 74 £ 1.2 P<0.05

Values are mean + SEM.

FR: ova cleaved/ova inseminated (%); BFR: embryos developed beyond blastocyst stage/ova cleaved (%); MOR:
normal morphology (%); HOST: spermatozoa swollen under hypo-osmotic condition (%); AR: the difference

between spontaneous and ionophore induced acrosome reaction rates (%); LM: luminol-dependent chemiluminescence

counts (log transformed 5-min integration covering the period of peak response); LC: lucigenin-dependent chemilu-

minescence counts (log transformed 5-min integration covering the period of peak response); LPO: malondial-
dehyde generated by 1x10° spermatozoa (nmol); DNA frag: sperm with fragmented DNA (%) assessed by TUNEL

and flow cytometry.
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Table 2. Linear correlations between seminal measurements and fertilization rate, and blastocyst

formation rate

Parameter Fertilization rate (FR) Blastocyst formation rate (BFR)
Motility(%) 0.87** 0.54
Morphology (MOR) 0.40 0.12
HOST 0.00 0.52
Acrosome reaction (AR) 0.81* 0.71*
Luminol (LM) -0.81* -0.71*
Lucigenin (LC) 041 0.48
Lipid peroxidation (LPO) -0.74*% —(0.89%*
DNA fragmentation (DNA frag) -0.81* -0.71%

Spearman rank order correlation test (n=8, *P<0.05, **P<0.01).

FR: ova cleaved/ova inseminated (%); BFR: embryos developed beyond blastocyst stage/ova cleaved (%); MOR:
normal morphology (%); HOST: spermatozoa swollen under hypo-osmotic condition (%); AR: the difference
between spontaneous and ionophore induced acrosome reaction rates (%); LM: log transformed 5-min integration

luminol-dependent chemiluminescence counts generated by
integration lucigenin-dependent chemiluminescence counts

10x10° spermatozoa/ml; LC: log transformed 5-min
generated by 10x10° spermatozoa/ml; LPO: nmol

malondialdehyde generated by 1 x 10® spermatozoa; DNA frag: sperm with fragmented DNA (%) assessed by

TUNEL and flow cytometry.
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