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Figure 1 Photographs of rat sperm acrosomes 
stained with FITC-PNA
The sample field of image A was obtained with a laser 
confocal microscope. The sample field of image B was 
obtained with a fluorescence microscope.

:  Intact acrosome
:  Partially damaged

Scale bar = 30 m.

Table 1 Effect of raffinose dissolved in distilled, deionised water, PBS or mKRB containing 
20% egg yolk on the motility and acrosome integrity of frozen-thawed rat sperm.

Values are mean SEM (n=3). a-b Different superscripts within the same column denote significant differences (P < 0.05).

Table 2 Effect of different concentrations of glycerol (A) and Equex STM (B) added to 0.1 M 
raffinose-mKRB egg yolk extender on sperm motility and acrosome integrity. 

Values are mean SEM (n=3), respectively. a-c Different superscripts within the same column denote significant differences (P < 0.05).

Table 3 Effect of different sugars added to the 
mKRB-egg yolk extender on sperm motility and 
acrosome integrity.

Values are mean SEM (n=3). a-d Different superscripts within 
the same column denote significant differences (P < 0.05).

Figure 2 Motility of frozen-thawed sperm which 
were frozen in different sugars dissolved in an 
mKRB-egg yolk, and then subjected to a thermal 
resistance test at 37 . Values are the mean SEM (n=3).  
a-b Different superscripts within the same column denote significant 
differences (P < 0.05).
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Figure 4 Effect of different
concentrations of lactate in
raff inose-mKRB egg yolk
e x t e n d e r o n t h e a f t e r
collection and post-thawing
sperm characteristics (A) and
oxygen consumption of after
co l l e c t ed spe rm du r i ng
incubation at 37 for 10 min
(B). Values are mean SEM (n=5),
respectively. Statistical difference (P <
0.05) in comparisons to control are

Figure 3 Effect of substrates
in raffinose-mKRB egg yolk
extender with or without
glucose, pyruvate and lactate
on the after collection and
p o s t - t h a w i n g s p e r m
charac te r i s t i cs (A) and
oxygen consumption of after
co l l ec ted sperm dur ing
incubation at 37 for 10 min
(B). Indicates C; control, G; glucose,
P; pyruvate, L; lactate. Values are
mean SEM (n=5), respectively.
Statistical difference (P < 0.05) in
comparisons to control are marked (*).

Figure 5 Effect of different
concentrations of ATP in 32.37
m M l a c t a t e c o n t a i n i n g
raff inose-mKRB egg yolk
extender on the after collection
and pos t - t haw ing spe rm
characteristics (A) and oxygen
consumption of after collected
sperm during incubation at
37 for 10 min (B). Values are
mean SEM (n=5) , respec t i va l y .
Statistical difference (P < 0.05) in
comparisons to control are marked (*).

marked (*).
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Figure 6 Effect of different concentrations of ATP in 32.37 mM lactate containing raffinose-mKRB 
egg yolk extender on the post-thawing sperm motility (A), straight line velocity (B), curvilinear 
velocity (C), and amplitude of lateral head displacement (D) during incubation at 37 for 3 h. 
Values are mean SEM (n=3). Statistical difference (P < 0.05) in comparisons to control are marked (*).

Figure 7 Effect of presence or absence of lactate in raffinose-mKRB egg yolk extender
on the after collected sperm motility during 3 h incubation at 37 ( A and C) and oxygen 
consumption of after collected sperm during incubation at 37 for 5 min (B and D) by 
using different concentrations of 2-deoxy-d-glucose (2DG). Values are mean SEM (n=3), 
respectively. Statistical differences (P < 0.05) in comparisons to control are marked (*).

Sp
er

m
 m

ot
ili

ty
 (

%
)

Cu
rv

ili
ne

ar
 v

el
oc

ity
 (

m
/s

)

Am
pl

itu
de

 o
f 

la
te

ra
l h

ea
d 

di
sp

la
ce

m
en

t 
(

m
/s

)

Incubation time (h) Incubation time (h)
0                 1                  2                 3 0                 1                  2                 3 

*
*

*

0 0.92 1.85 3.70 5.55(mM)

St
ra

ig
ht

 li
ne

 v
el

oc
ity

 (
m

/s
)

(A) (B)

(C) (D)

0                 1                2                3 
Incubation time (h)

Sp
er

m
 m

ot
ili

ty
 (

%
)

O
2

co
ns

um
pt

io
n 

(n
m

ol
/m

in
/1

0
10

6 
sp

er
m

)(A)
(B)

(C) (D)

*

* * *
*

*

*

**

*

* * *

+lactate +lactate

-lactate
-lactate

－ 307 －



Figure 8 Effect of presence or absence of lactate in raffinose-mKRB egg yolk extender
on the after collected sperm motility during incubation at 37 for 3 h (A and C) and 
oxygen consumption of after collected sperm during incubation at 37 for 5 min (B and 
D) by using different concentrations of sodium oxamate (OX). Values are mean SEM (n=3), 
respectively. Statistical differences (P < 0.05) in comparisons to control are marked (*). Measurement was carried out 
using the same sperm as used in figure 7, respectively. 

(A)

(C) (D)

(B)

Figure 9 Representative patterns of rat sperm movement which were extended in the presence 
A) or absence B and C) of lactate in raffinose-mKRB egg yolk solution. In D, sperm was 

incubated at 37 for 3 h in the lactate containing solution. Panels a to l indicate the turn. Scale 
bars = 50 m
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Figure 10 Immunofluorescent localization 
of LDH-C to the mitochondria of the rat 
sperm using goat-anti polyclonal antibody. 
The head of sperm was identified by staining with 4’,6-
diamino-2-phenylindole (DAPI). The mitochondria of 
sperm was identified by labeling with Mito Tracker Red 
CMXRos. (A) Merged images of DAPI with FITC. (B) 
Merged images of DAPI, FITC, and  Mito Tracker. Scale 
bar = 50 m.

(A) (B)

Table 4 Effect of different concentrations of ionomycin in lactate-raffinose mKRB egg yolk extender 
with (A) or without ATP (B) on the motility and acrosome integrity of frozen-thawed rat sperm.

Table 5 Effect of different concentrations of dbcAMP in lactate-raffinose mKRB egg yolk extender 
with (A) or without ATP (B) on the motility and acrosome integrity of frozen-thawed rat sperm.

Values are mean SEM (n=3), respectively.

Values are mean SEM (n=3), respectively. Statistical difference (P < 0.05) in comparisons to control are marked (*).
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Figure 14 Effect of different concentrations of dbcAMP in ATP and lactate containing raffinose-
mKRB egg yolk extender on the post-thawing sperm motility (A), straight line velocity (B), 
curvilinear velocity (C), and amplitude of lateral head displacement (D) during incubation at 37
for 3 h. Values are mean SEM (n=3). Statistical difference (P < 0.05) in comparisons to control are marked (*).

Figure 15 Effect of dbcAMP in ATP and lactate containing raffinose-mKRB egg yolk extender
on the oxygen consumption of sperm after collection during incubation at 37 for 10 min. 
Values are mean SEM (n=3).
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