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Correlation between Fluoromicroscopic Assessment of Mitochondria Function
of Frozen-Thawed Hanwoo Spermatozoa and Blastocyst Development
Following In Vitro Fertilization
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ABSTRACT

This experiment was to investigate whether the mitochondria function assessment can be used for the prediction
of sperm fertility through examining the correlation between mitochondria fluoromicroscopic frequency of
frozen-thawed eight Hanwoo bull semen using rhodamine123 (R123) and in vitro embryo deve opment following
fertilization. Individual sperm were stained in 5 xg/mL R123-added calcium-free Sp-TALP for 30 min at 0 h, 6 h,

12 h and 24 h after thawing and examined their mid-p

ece under an epifluorescence microscope using 495 nm

excitation filter (x1,000). Three replications were taken, and at least 300 sperm per individual were examined. When
' semen samples were separated into two groups (good and poor) by sperm motility and fluorescent frequencies at

just after thawing,

average fluorescent frequencies were remarkably reduced as time oing (0 h; 53.29~72.94%, 6 h;

21.40~58.90%, 12 h; 8.26~25.93%, 24 h; 1.00~13.78%), irrespective of selected gyoup, and there were no differences at

6 h or 12 h after thawing between selected groups but indicated significant

ifference at 24 h after thawing (p<0.05).

In vitro fertilization rates in good and Eoor groups ranginﬁ 70.8~77.8% and 52.1~84.5%, respectively, were not

significantly different. However, i vitro

evelopment rates o

the same groups ranging 25.7~40.0% and 12.9~1.8%,

respectively, were significant different (p<0.05). These results demonstrate that mitochondria fluoromicroscopic
assessment of frozen-thawed bovine sperm may be used as a criterion to select more fertile sperm.
(Key words : Frozen-thawed bovine sperm, Mitochondria, R123, Fluorescent frequency)

INTRODUCTION

The use of frozen semen for improving the bovine
population genetics is accepted and utilized worldwide.
However, in order to enhance production potential,
cattle artificial insemination industry is focusing on the
development of accurate methods capable of predicting
field fertility when using frozen semen. Conventional
tests of semen quality although widely used, are con-
sidered to be inconsistent predictors of reproductive
efficiency (Rodriguez-Martinez, 2003; Graham et al,
1994).

Fertilization requires several subcellular organelles of
the fertilizing sperm to work in sequence. A preferential
importance is progressive forward sperm motility. This
particular attribute is dependent on proper mitochondrial
function. The sperm mitochondria, which are located in the
midpiece, must produce ample energy in the form of ATP
to power the flagellar motion that propels the sperm to the
site of fertilization (Duane et al., 1999). Sperm require large
quantities of ATP to maintain motility and their ATP may
derive from a variety of metabolic pathways, the two most
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important of which are glycolysis and mitochondrial
respiration (Mann and Lutwak-Mann 1981). These two
pathways may function independently to maintain moti-
lity in mammalian sperm (Bartoov et al., 1980).

The rhodaminel23 (R123) is a membrane permeable,
cationic fluorescent dye that is taken up in energy-
dependent fashion by the mitochondria of sperm cell: it
has been accumulated by mitochondria in response to the
electrochemical gradient set up by the mitochondrial
membrane potential (Johnson et al., 1980, 1981) and used
preliminary to monitor structure and function of bovine
spermatozoa (Tucker et al., 1986; Windsor et al., 1997). Live
sperm activity accumulate R123, showing characteristic
fluorescent staining of midpiece (Johnson et al., 1981). Such
staining has been used in a number of cell types including
mouse, bull, and stallion sperm to indicate mitochondrial
membrane potential (Papaioannou et al., 1997; Evanston et
al., 1982; Chen et al., 1988; Garner ¢t al., 1997).

The objective of this study was to investigate the
variation on mitochondrial function of frozen-thawed
Hanwoo bull semen by staining using R123 and their
fertilization and blastocyst rate in vitro and thus to predict
their sperm fertility according to mitochondrial function.
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Fig. 1. Relationship between fluorescent frequency at 24 h after
thawing of individual semen and blastocyst development (good
group - kp 437, 483, 486 and 502; poor group - kp 435, 436, 438 and
485).

MATERIALS AND METHODS

Semen Preparation

Frozen-thawed semen was prepared from eight Hanwoo
bulls. Sperm were washed twice in calcium-free Sp-TALP
and resuspended into a concentration of 1~1.5x10%mL.
Sperm suspension in each bull number was divided into 4
equal parts and cultured at 39°C in an atmosphere of 5%
COyincubator for O h, 6 h, 12 h and 24 h after thawing,

R123 Staining and Fluorescent Microscopy

In each treatment, sperm were incubated for 30 min in
calcium-free 5 xg/mL R123 (Sigma) added Sp-TALP and
sperm/R123 mixture was washed twice in calcium-free
Sp-TALP and then aliquots were wet mounted for
microscopic assessment after placing a drop on a slide.
Slides were examined under epifluorescence microscope
(Olympus) using a 495 nm excitation filter (x1,000). Fluo-

rophotograph was taken on 400 ASA Ektachrome slide

film, with exposure times varying between 20 sec and 2
min (Fig. 2). At least 300 sperm were scored per individual
assessment from their original culture stock.

Production of Bovine In Vitro matured, Fertilized
and Cultured (IVM/IVF/IVC) Blastocysts

Bovine ovaries were transported from a slaughterhouse
to the laboratory in saline (36 + 2C) in container. Cumulus
oocytes complexes (COCs) were collected from visible
follicles (2~6 mm) of ovaries. The COCs were washed three
times with TL-HEPES (low carbonate TALP) medium
containing 1 mg/mL of bovine serum albumin (BSA;
Fraction V, Sigma). The basic medium for maturation
wastissue culture medium (TCM-199). The additives were
fetal bovine serum (FBS; 10%), sodium pyruvate (0.2 mM),
FSH (1 £ g/mL), estradiol 178 (1 #g/mL) and gentamycin
(25 ¢ g/mL). Ten COCs were placed in each maturation

Fig. 2. Fluorescence microscopy of spermatozoa that were stained
with mitochondrial probe (R123). A: midpiece of spermatozoa was
indicated high intensity fluorescence. B: head, tail and midpiece
was showed nonspecific fluorescence(x1,000).

drop (50 £L), and then cultured for 22~24 h at 39°C 5% CO,,
incubator. For in vitro fertilization (IVF), highly motile
sperm were recovered from frozen-thawed bull semen
separated on a discontinuous percoll column and re-
suspended with Sp-TALP at a concentration of 2.5x10
cells/mL. After 22~24 h in vitro maturation, the COCs were
washed three times with Sp-TALP, and transferred into 44
#L fertilization drops. Ten COCs were moved to each
fertilization drop, followed by 2 L of motile sperm (5x10*
cells/50 1L drop), 2 ¢L of heparin (2 #g/mL)and 2 #L of
PHE (18.2 1M Penicillamine, 9.1 M Hypotaurine and 1.8
#M Epinephrine) stock. The cleaved embryos were
selected at day 2 after IVF and then cultured in 50 L of
mCRI-FAF medium (which was supplemented with 3
mg/mL of fatty acid free BSA) under mineral oil. At day 4,
the embryos were transferred to mCRI-FBS medium
(which was supplemented with 10% FBS). Embryo deve-
lopment was finally assessed by blastocyst production at
day 8 after IVF.

Statistical Analysis

The fluorescent frequency were analyzed using General
Linear procedure for analysis of variance (SAS Institute
1990) and significant differences among treatment means
were tested by Duncan's multiple range test. In wvitro
cleavage and development rate were compared using
Chi-square tests using SAS institute software.

RESULTS

The results of mitochondrial fluorescent frequency in
individual bull at 0 h, 6 h, 12 h and 24 h post thawing were
shown in Table 1. In this study, we divided 8 frozen-
thawed Hanwoo bull semen into two groups (good - 4 or
poor - 4) by sperm motility and mitochondrial fluoromicro-
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Table 1. Bovine sperm mitochondria assessment using R123 in
individual bull (r=3)

Fluorescent frequency (%)

Bulls no.

0h 6h 12h 24h
kp-437 629 50.5° 216" 11.3*
kp-483 637 28.5° 20.6*° 13.8°
kp-486 66.3 40.3° 18.6*™° 9.4
kp-502 729 589" 259° 12.0°°
kp-435 61.0 21.4° 8.3° 1.0°
kp-436 60.8 3334 15.0% 7.9
kp-438 53.3 304+ 11.3" 2.7°4
kp-485 54.0 22,0% 12.7¢ 3.4

SEM 61.9+8.2 35.7+5.6 16.8£3.6 7.7¢1.7

4 (p<0.05).

scopic frequency at just after thawing. Good group
indicates 80~95% motility and over the mean fluorescent
frequency (62.9~72.9%) but poor group is 50~70% and
53.3~61.0%, respectively. Through the three replications,
fluorescent frequencies of all semen (0 h; 53.3~72.9%, 6 h;
21.4~58.9%, 12 h; 8.3~25.9%, 24 h; 1.0~13.8%) were re-
markably reduced as culture time is longer. In detail, the
fluorescent frequencies at 0 h, 6 h, 12 h and 24 h post
thawing in good group ranged 62.9~72.9%, 28.5~58.9%,
18.6~25.9% and 9.4~13.8% and in poor group ranged
53.3~61.0%, 21.4~33.4%, 8.3~15.0% and 1.0~7.9%, respec-
tively. After thawing, at 6 h and 12 h, there were di-
fferences among the individual bull number but not
between selected groups. However, at 24 h after thawing,
we confirmed there was significant difference between

Table 2. In vitro development of bovine embryos according to
the bull number

Bullro, No. of No. of embryos developed (%)

oocytes >2-cell Blastocyst
kp-437 392 305 (77.8)° 122/305 (40.0)°
kp-483 286 222 (77.6)° 57/222 (25.7)*
kp-486 380 269 (70.8)° 93/269 (34.6)*"
kp-502 283 204 (72.1)° 64/204 (31.4)™
kp-435 94 49 (52.1)° 10/ 49 (20.4)°
kp-436 116 93 (80.2)° 12/ 93 (12.9)°
kp-438 103 87 (84.5)" 19/87 (21.8)°
kp-485 224 175 (78.1)° 25/175 (14.3)°

*4(1<0.05).

selected group (p<0.05). The results of production of
IVM/IVE/IVC blastocysts using individual bull sperm were
indicated in Table 2. In vitro fertilization rates in good or
poor groups were ranged 70.8~77.8% or 52.1~84.5% and
there were no difference between selected group, but in
vitro development rates were indicated significant di-
fferences into 25.7~40.0% or 12.9~21.8%, respectively (p<
0.05).

DISCUSSION

This study demonstrated that sperm mitochondria
fluoromicroscopic assessment using R123 can be used as a
criterion to predict the sperm fertility because it correlates
with in vitro developmental capacity.

R123 fluorescent staining, it would appear, represent a
relatively convenient assay of the precise metabolic status
of any sperm, its predictable and rapid transport into and
out of an activity metabolizing sperm being an accurate
monitor of that sperm's normal membrane and function
integrity (Tucker et al., 1986). R123 is a cationic compound
that excites at 488 nm and emits at 515~575 nm (green
fluorescence) and has been used as a probe of mito-
chondrial membrane potential in a variety of cell types
(Chen et al, 1997). The mitochondrial probe, JC-1
(5,5',6,6'-tetrachloro-1,1'3,3'-tetraethylbenzimidazlyl
carbocyanine iodide) exists as a monomer with excitation
and emission peaks in the green wave lengths (510~520
nm) the novel mitochondrial probe, Mito Tracker Green
FM is nonfluorescent in aqueous solution and fluoresces
green upon accumulation in the mitochondrial membrane
potential and the the excitation and emission maxima are
490 and 516 nm, and the Mitotracker Deep Red wasX
suggested (Nagy et al., 2003) for testing mitochondrial
activity in spermatozoa. MitoTracker probes are cell-
permeant mitochondria-selective dyes that contain a
mildly thiol-reactive chloromethyl moiety (Hallap. ef al.,
2005). Among the four different mitochondrial probes, the
most widely used mitochondrial specific probe is R123. It
accumulates in the mitochondria as a function of trans-
membrane potential, of R123 concentration and of sperm
numbers; it is not dependent on time or temperature
(Gamner et al, 1997). In this study, 24h incubation time
before final assessment was designed by the fact that
fertility of bull sperm in reproductive tract is maintained
until 28 to 50h. However, our remarkably reduced
fluorescent frequency result at 24h after thawing was
similar to the report of the Tucker et al. (1986). Reduced
fluorescent frequencies in different bull may be the result
of metabolic uncoupling of the mitochondrial membrane
potential or lysis of the mitochondrial inner membrane
(Windsor and White, 1995).

For this experiment selected frozen-thawed semen was
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obtained from good quality Hanwoo bulls, even there
were variation of mitochondrial fluorescent frequencies
among the individual after thawing. Windsor (1997)
reported that poor sperm get damaged during freezing
and thawing and their mitochondrial fluorescent fre-
quency reduced. Also he indicated that high fluorescent
frequency of sperm was relation with good fertility.
Interestingly, in this study, at final assessment time (24 h
after thawing); we confirmed the sperm's mitochondrial
function of the good group was more maintained than that
of the poor group. Also, this result was correlated with
their fertility as shown in Fig. 1. Our result indicated that
the in vitro developmental rates of good group were
significantly higher than those of poor group (p<0.05).

On the other hand, use of advanced technique such as
flow-cytometry to identify and isolate such population
may be useful in increasing our knowledge of con-
sequences of mitochondrial injury for sperm motility.
However the tools available were insufficient to determine
whether the variation in the brightness of midpiece
fluorescence in frozen sperm is due to difference in
mitochondrial R123 staining level, or variation in the
proportion of individual mitochondria damage suffer from
freezing (Windsor, 1997).

Therefore, this result concluded that sperm mito-
chondria fluoromicroscopic assessment using R123 can be
used to predict the sperm fertility. X
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