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ABSTRACT: Sperm from the caudal epididymis of 2 inbred strains
of Sprague-Dawley (SD) rats, selected on the basis of their high– or
low–shuttlebox avoidance responses, were analyzed for motion
characteristics by a computer-assisted sperm motion analysis
(CASA) system. Sperm motion in high-avoidance animals (HAA)
was characterized by high velocities, high amplitude of lateral head
displacement (ALH), and low beat cross frequency (BCF). Con-
versely, sperm from low-avoidance animals (LAA) displayed low ve-
locities, low ALH, and high BCF. These characteristics in sperm mo-
tion were not changed by washing. Furthermore, after treatment with
alpha-chlorohydrin (aCH) as a male antifertility agent affecting rat
epididymal sperm motion, sperm velocities in HAA rats were signif-

icantly reduced to levels similar to those in untreated LAA rats. How-
ever, ALH and BCF in HAA rats treated with aCH were different from
those in untreated LAA rats. Sperm adenosine triphosphate (ATP)
content was higher in HAA than in LAA rats, correlating with values
of their sperm velocities. These data suggest there are apparent
strain differences in sperm motion between HAA and LAA rats and
that these differences are dependent on factors, including sperm
energy production.
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The 2-way active avoidance learning test, known as
the shuttlebox test, is commonly used in the fields

of psychology, pharmacology, and behavioral teratolo-
gy. This test assesses the acquisition of the ability to
flee to the safe chamber after the onset of the condi-
tioned stimulus. However, it is well known that this test
produces high variability in the data from a heteroge-
neous animal population and, as such, makes the anal-
ysis of the effect of drugs on shuttlebox performance
difficult to assess. To resolve this, some strains of rats,
including the Roman strains, which have been devel-
oped as animal models, have been used (reviewed in
Driscoll and Bättig, 1982). Similarly, 2 inbred strains
(Hatano strains) originating from Sprague-Dawley (SD)
rats (Crj:CD(SD)) have been developed at the Hatano
Research Institute of Food and Drug Safety Center (Ha-
dano, Japan) since 1985 (Ohta et al, 1995). These an-
imals have been selectively inbred over 30 generations
for rapid acquisition of a conditioned avoidance re-
sponse in a shuttlebox test (high-avoidance animals
[HAA]) compared with failure to acquire the response
(low-avoidance animals [LAA]).

In addition to divergence in behavior, various other be-
havioral and phenotypic differences have also been ob-
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served in these animals, such as reproductive, develop-
mental, and endocrinological characteristics. The HAA
dams retrieved their pup faster and produced more milk
than the LAA dams (Ohta et al, 1997). Because of these
differences in dams, the body weights in the HAA infants
were heavier than in the LAA infants (Ohta et al, 1998),
and these body weight differences continued from wean-
ing until mature adulthood. The adrenal weights in the
HAA rats were heavier than in the LAA rats, and plasma
adrenocorticotropic hormone levels after shuttlebox test-
ing were higher in the HAA rats than in the LAA rats
(Ohta et al, 1999b).

Since strain differences in female reproduction were
observed, we examined sperm motion in these strains of
rats at 9 weeks of age while identifying characteristics of
male reproduction and unexpectedly found that there were
obvious strain differences in sperm motion. In the present
study, we examined whether these differences in sperm
motion at 9 weeks of age were dependent on the growth
differences between the HAA and LAA rats or not, and
we confirmed that strain differences in sperm motion were
dependent on spermatozoa. Next, sperm motion changes
were examined when both strains of rats were adminis-
tered alpha-chlorohydrin (aCH), an antifertility agent
(Cooper and Yeung, 1999). The level of adenosine tri-
phosphate (ATP), the energy source of sperm, was mea-
sured in intact HAA and LAA spermatozoa to investigate
whether these strain differences in spermatozoa were due
to their energy metabolism or not.
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Materials and Methods

Animals
Male HAA and LAA rats bred in our institute were used from
9 weeks of age to 18 months of age. Animals were maintained
in a light (12-hour light:12-hour dark cycle), humidity (40% to
60%), and temperature (22�C to 25�C) controlled environment,
with free access to laboratory chow (CE-2; Clea Japan, Inc, To-
kyo, Japan) and water.

Sperm Collection
Before experimentation, animals were anesthetized using sodium
pentobarbital and killed by exsanguination. Sperm were collect-
ed as previously described by Sato et al (2000) via micropunc-
ture of the distal cauda epididymides. The retrieved luminal con-
tents were dispersed in prewarmed (38�C) Medium 199 with
Hanks salts (Gibco, Grand Island, NY) containing 0.5% bovine
serum albumin (Intergen, Purchase, NY) placed on a heating
plate at 38�C, before being analyzed for sperm motion.

Sperm Motion Analysis
After approximately 5 minutes of incubation, sperm suspensions
were drawn by capillary action into a cannula 100 �m deep
(Microslide 1099, VitroCom Inc, Mt Lakes, NJ), and at least 200
sperm per animal, chosen from 3 to 6 random fields, were ana-
lyzed for the following parameters using the computer-assisted
sperm motion analysis (CASA) system (HTM-IVOS version
10.6, Hamilton-Thorne Research, Beverly, Mass): percentage of
motile sperm (%, MOT); average path velocity (�m/s, VAP);
straight-line velocity (�m/s, VSL); curvilinear velocity (�m/s,
VCL); amplitude of lateral head displacement (�m, ALH); and
beat cross frequency (Hz, BCF). The optics were set using a 4�
objective in the dark field, and the stage in the CASA system
was set at 37�C. Details of other settings for the CASA system
were described by Sato et al (2000).

Sperm Motion After Washing
Rats of both strains were used at 5 months of age. Sperm col-
lection and analysis by CASA were done as described above.
After the initial 5-minute incubation, a prewash analysis for
sperm motion was performed using the CASA system. Then, 1-
mL sperm suspensions of the remaining samples were centri-
fuged for 30 seconds at 1700 � g at room temperature. The
supernatant was removed, and the sediment was suspended in 1
mL of the medium. After a 5-minute incubation following sus-
pension of the sperm, the sperm motion was analyzed as a first
washed sample. A second centrifugation and resuspension fol-
lowed, and the sperm motion was analyzed for a 5-minute in-
cubation after resuspension as a second washed sample. There-
fore, the sperm motion of each rat was analyzed 3 times: after
the first (prewashing), second (first washing), and third incuba-
tion (second washing). Each incubating sample was placed on a
heating plate at 38�C.

aCH Administration
Rats of each strain were randomly assigned to treatment groups
at 12 weeks of age and were orally administered a dose of 0

(vehicle control), 12.5, or 25 mg aCH (3-chloro-1,2-propanediol;
Sigma Chemical Co, St Louis, Mo) per kg body weight. The
vehicle was distilled water (Hikari Pharmaceutical Co Ltd, To-
kyo, Japan), and the dosed volume was 5 mL/kg body weight
based on the body weight measured on the day of administration.
About 24 hours after the administration, sperm motion from each
rat was analyzed as described above.

Measurement of Sperm ATP Content
The sperm were collected from caudal epididymis in HAA and
LAA rats at 12 weeks of age. Minced caudal epididymis was
placed into the Hanks balanced salt solution, pH 7.4, containing
10 mg/mL glucose (Gibco) at 37�C, and the sperm were dis-
persed. After 5 minutes of incubation, the sperm suspension was
transferred to another tube, and immediately, small amounts
from the sperm suspension were taken for ATP extraction and
sperm motion. The remaining sperm suspensions were kept in a
water bath at 37�C until the next ATP extraction and sperm mo-
tion analysis (60 minutes). Sperm motion was analyzed as de-
scribed above. Sperm ATP was extracted with the 10% trichlo-
roacetic acid (TCA) method previously described by Gottlieb et
al (1987). A 50-�L sperm suspension was mixed with 50 �L
TCA solution. Thereafter, 4 mL Tris-EDTA buffer (0.1 M Tris
and 2 mM EDTA, pH 7.7) kept at 4�C was added and stored at
�20�C until assayed. The sperm were counted with the Ident
Stain kit (Hamilton-Thorne) by the CASA system (Strader et al,
1996). The ATP concentration was measured by the simple lu-
minometric method with commercially available luciferin/lucif-
erase reagents (ATP Detection Kit, Molecular Probes, Inc, Eu-
gene, Ore), and bioluminescence was detected in a luminometer
(Luminescence Reader BLR-201, Aloka, Japan). The ATP val-
ues were normalized to sperm counts of each sample.

Statistical Analysis
For the motion analysis studies, a mean value for each rat was
calculated from each measured sperm motion, and the overall
mean for each strain was determined from these individual
means.

The statistical evaluation of the sperm motion parameters be-
tween 2 strains was performed by 2-way analysis of variance
(strain � age). The effects of the washing and the aCH treatment
on sperm motion were analyzed by 1-way analysis of variance
in each strain, because we had observed apparent strain differ-
ences. When necessary, a Fisher protected least significant dif-
ference post hoc analysis (FPLSD) was used to evaluate more
detail. All data are expressed as the mean plus or minus the
standard deviation, and all statements of statistical significance
refer to a P-value less than .05.

Results

Sperm Motion Analysis in HAA and LAA Rats
Visualization of the sperm on the CASA terminal screen
indicated that the sperm motion characteristics of each
strain were profoundly different. The sperm motion pa-
rameters are summarized in the Table, when caudal sperm
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Sperm motion characteristics in HAA and LAA males analyzed by CASA*†

Age Strain

No.
of Rats

Examined
Percentage of
Motile Sperm

Average Path
Velocity
(�m/s)

Straight-line
Velocity
(�m/s)

Curvilinear
Velocity
(�m/s)

Amplitude of
Lateral Head
Displacement

(�m)

Beat Cross
Frequency

(Hz)

9 weeks

12 weeks

15 weeks

6 months

12 months

18 months

HAA
LAA
HAA
LAA
HAA
LAA
HAA
LAA
HAA
LAA
HAA
LAA

4
5
6
7
9

10
5
5
6
6
5
4

95.5 � 4.0
83.3 � 6.5
95.3 � 3.6
83.1 � 15.1
92.9 � 7.3
84.5 � 5.6
91.0 � 4.6
75.8 � 8.5
96.7 � 2.3
81.8 � 7.7
96.4 � 2.6
70.3 � 9.4

151.6 � 8.7
105.3 � 3.0
160.7 � 7.1
107.2 � 7.5
167.9 � 6.8
110.1 � 3.9
151.0 � 8.5
96.7 � 5.0

165.6 � 4.7
108.3 � 7.0
167.1 � 8.7
101.7 � 6.6

107.6 � 12.3
62.1 � 3.6

106.5 � 8.7
63.4 � 4.8

122.9 � 8.8
70.0 � 6.2
98.6 � 9.5
59.9 � 4.2

117.3 � 4.9
69.2 � 5.5

110.1 � 2.6
63.7 � 3.8

337.6 � 22.8
231.1 � 11.8
333.2 � 16.6
214.7 � 22.2
350.4 � 12.6
215.5 � 7.3
318.9 � 16.1
185.5 � 9.8
331.2 � 10.0
200.4 � 15.8
339.2 � 14.3
188.0 � 14.0

19.4 � 0.6
13.4 � 0.4
20.9 � 0.9
14.3 � 0.4
20.3 � 0.3
14.5 � 0.5
20.5 � 0.7
13.1 � 0.5
20.3 � 0.8
13.5 � 0.8
21.5 � 1.2
13.1 � 1.4

22.9 � 0.4
34.1 � 3.6
21.4 � 1.0
30.3 � 3.1
22.1 � 1.0
28.0 � 2.2
20.7 � 1.4
31.2 � 2.4
20.7 � 0.9
26.6 � 1.5
20.1 � 0.7
26.1 � 1.3

Statistical significance (2-way analysis of variance)
Strain
Age
Strain � age

P � .0001
NS
NS

P � .0001
P � .0001

NS

P � .0001
P � .0001

NS

P � .0001
P � .0001
P � .0328

P � .0001
P � .0033
P � .0008

P � .0001
P � .0001
P � .0012

* Data are presented as the means � SD. Sperm were obtained from the caudal epididymis and incubated in medium for 5 minutes at 38�C.
† CASA indicates computer-assisted sperm motion analysis; HAA, high-avoidance animals; LAA, low-avoidance animals; and NS, not significant.

from the HAA and LAA rats at ages from 9 weeks to 18
months were analyzed by the CASA system. The mean
values of each parameter were different between the
strains (P � .0001, Table 1), and these differences were
consistently observed in rats at ages from 9 weeks to 18
months. The mean values of MOT in HAA rats were sig-
nificantly higher than in LAA rats. The mean values of
VAP, VSL, and VCL, which represented the swimming
speed, and ALH, which represented the oscillation width
of the sperm head, were much higher in the HAA rats
than in the LAA rats. The mean values of BCF in the
LAA rats, as shown by the oscillation rate, were signifi-
cantly higher than in the HAA rats. There were also sig-
nificant effects of age on all parameters, as well as sig-
nificant strain–age interactions in VCL, ALH, and BCF
(Table 1). However, no tendency with regard to sperm
motion changes was seen that occurred on the basis of
age in either strain.

The frequency distributions for each motion parameter
in individual sperm collected from 5 rats at the age of 12
weeks in each strain are shown in Figure 1. In VAP, VSL,
VCL, and ALH, LAA sperm constituted one population
with low values, and HAA sperm constituted another with
higher values. The wide-ranging distribution pattern of
BCF, particularly in the LAA sperm, was different from
that of other parameters. Although the mean values of
sperm motion parameters were significantly different be-
tween the strains, there were similar ranges of variations
in individual sperm in both strains; VAP ranged from 29.1
to 243.5 �m/s for HAA sperm and from 25.0 to 271.9
�m/s for LAA sperm; VSL ranged from 10.5 to 187.5

�m/s for HAA and from 3.8 to 171.7 �m/s for LAA; VCL
ranged from 67.2 to 490 �m/s for HAA and from 42.2 to
493.2 �m/s for LAA; ALH ranged from 3.5 to 48.2 �m
for HAA and from 2.6 to 39.2 �m for LAA; BCF ranged
from 0 to 47.5 �m/s for HAA and from 0 to 50 �m/s for
LAA.

Effects of Washing on Sperm Motion
The motion parameters in washed sperm from both strains
are shown in Figure 2. The characteristics in sperm mo-
tion of both strains were observed in the sperm before
washing, and these characteristics in both strains did not
alter after washing. In the HAA strain, 1-way analysis of
variance indicated effects of washing times on MOT,
VCL, and ALH (MOT, F(2,9) � 5.80, P � .05; VCL,
F(2,9) � 4.50, P � .05; ALH, F(2,9) � 8.86, P � .01).
The mean values of VCL and ALH in this strain were
significantly higher (VCL, P � .05; ALH, P � .01) after
washing than the values before washing. On the other
hand, in the LAA strain, 1-way analysis of variance yield-
ed values for VAP and VSL (VAP, F(2,9) � 5.67, P �
.05; VSL, F(2,9) � 6.51, P � .05) that showed the mean
values were significantly and gradually decreased by the
washing. The values of MOT in both strains seemed to
decrease gradually with washing times, and the mean val-
ues of MOT after the second washing were significantly
lower in the HAA (P � .01) and the LAA (P � .05) than
corresponding values before washing.

aCH Administration
When observing sperm motion on the CASA terminal
screen for both groups given 25 mg/kg aCH, sperm swim-
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Figure 1. Comparison of frequency distribution of sperm motion parameters analyzed by computer-assisted sperm motion analysis (CASA) in individual
sperm of high-avoidance animals (HAA) and low-avoidance animals (LAA) (rats) at 12 weeks of age. Sperm were collected from the population
analyzed in the Table. More than 50 motile sperm (MOT) per 1 rat were randomly selected, and 466 sperm (total number examined) obtained from
5 HAA rats and 472 sperm obtained from 5 LAA rats fell within each range according to the analyzed value of individual sperm. (A) Average path
velocity (VAP), (B) straight-line velocity (VSL), (C) curvilinear velocity (VCL), (D) amplitude of lateral head displacement (ALH), and (E) beat cross
frequency (BCF).

ming speeds were clearly reduced. The sperm motion pa-
rameters in males of both strains administered aCH are
shown in Figure 3. No significant difference in the mean
values of MOT was observed in the 1-way analysis of
variance for the aCH dose in each strain (HAA, F(2,14)
� 1.50, P � .26; LAA, F(2,14) � 0.81, P � .46). In the
HAA strain, 1-way analysis of variance indicated the ef-
fects of the aCH dose other parameters (VAP, F(2,14) �
146.6, P � .0001; VSL, F(2,14) � 266.3, P � .0001;
VCL, F(2,14) � 159.4, P � .0001; ALH, F(2,14) � 59.8,
P � .0001; BCF, F(2,14) � 6.2, P � .0118). In the HAA

strain, the mean values of VAP, VSL, and VCL in the
group given 12.5 mg/kg aCH were slightly but signifi-
cantly higher (VAP, P � .05; VSL, P � .01; VCL, P �
.05) than those of the vehicle control group; however,
these changes may not be due to the effects of aCH, be-
cause the values for each rat fell within the range of intact
HAA rats. On the other hand, the mean values of VAP,
VSL, VCL, and ALH in the HAA group given 25 mg/kg
aCH were significantly lower (P � .01) than correspond-
ing values of the vehicle control group. In addition, these
mean values of VAP, VSL, and VCL in the HAA group
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Figure 2. Changes in motion parameters in sperm of high-avoidance animals (HAA) and low-avoidance animals (LAA) (rats) analyzed by computer-
assisted sperm motion analysis (CASA) before washing (0), after the first washing (1), and after the second washing (2) with a medium. Each analysis
was done for 5 minutes of incubation after sampling or washing. (A) Percentage of motile sperm (MOT), (B) average path velocity (VAP), (C) straight-
line velocity (VSL), (D) curvilinear velocity (VCL), (E) amplitude of lateral head displacement (ALH), and (F) beat cross frequency (BCF). Each point
represents the mean plus or minus the standard deviation of 4 rats. Asterisks indicate significant differences between the values before and after
washing within each strain (*, P � .05; **, P � .01).
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Figure 3. Sperm motion parameters analyzed by computer-assisted sperm motion analysis (CASA) in high-avoidance animals (HAA) and low-avoidance
animals (LAA) (rats) 24 hours after oral administration with distilled water (vehicle control, open column), with 12.5 mg/kg alpha-chlorohydrin (aCH,
hatched column), or with 25 mg/kg aCH (closed column). Sperm were obtained from the caudal epididymis and incubated in medium for 5 minutes.
(A) Percentage of motile sperm (MOT), (B) average path velocity (VAP), (C) straight-line velocity (VSL), (D) curvilinear velocity (VCL), (E) amplitude
of lateral head displacement (ALH), and (F) beat cross frequency (BCF). Each bar represents the mean plus or minus the standard deviation of 5 to
7 rats. Asterisks indicate significant differences from the values of the vehicle control within each strain (*, P � .05; **, P � .01).

given 25 mg/kg aCH were reduced to the levels of the
corresponding values of vehicle control group of the
LAA. The BCF value in the aCH 12.5 mg/kg group of
HAA was significantly increased (by FPLSD, P � .01);
however, that value in the aCH 25 mg/kg group of the
same strain did not show a difference compared with the
value of the vehicle control group. Also, in the LAA
strain, 1-way analysis of variance indicated the effects of
dose on most of the parameters, except for MOT and
ALH (VAP, F(2,14) � 17.3, P � .0002; VSL, F(2,14) �
87.5, P � .0001; VCL, F(2,14) � 27.0, P � .0001; BCF,
F(2,14) � 20.9, P � .0001). In the LAA rats, no signif-
icant changes in the sperm motion parameters were ob-
served in the aCH 12.5 mg/kg group. In the aCH 25 mg/
kg group of the LAA rats, the mean values of all param-
eters except for MOT were significantly different com-
pared with the corresponding values of the vehicle
controls by FPLSD; the mean values of VAP, VSL, VCL
(P � .01), and ALH (P � .05) were significantly reduced,
and the mean value of BCF was significantly increased
(P � .01).

Sperm ATP Content and Sperm Motion
There were significant differences in both the effects of
ATP content (F(1,16) � 4.49, P � .042) and incubation
time (F(1,16) � 109.4, P � .001) by 2-way analysis of

variance (Figure 4). The ATP content per sperm count
was significantly higher in the HAA sperm than in the
LAA sperm 5 minutes after collection (by FPLSD, P �
.05). The sperm ATP contents in both HAA and LAA rats
were decreased 60 minutes after collection, and there was
no difference between the 2 strains. Changes in the sperm
motion analyzed by CASA (Figure 5) correlated well with
ATP levels in sperm with respect to time; the mean values
of VAP, VSL, VCL, and ALH in both strains decreased
with incubation time. Moreover, there were significant
differences between the HAA and LAA sperm after 5
minutes of incubation (all parameters, P � .01, by
FPLSD), but there were no significant differences after
60 minutes of incubation in any parameter.

Discussion

In the present study, we examined the sperm motion of
HAA and LAA rats, separated on the basis of the outcome
of shuttlebox avoidance rate, from 9 weeks to 18 months
of age. Sperm motion differences were consistently ob-
served between these groups during these periods. We
first found that these 2 inbred strains of rats have re-
markably different characteristics in epididymal sperm
motion at the age of 9 weeks in both rats. There had been
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Figure 4. The adenosine triphosphate (ATP) levels in epididymal sper-
matozoa of high-avoidance animals (HAA; open column) and low-avoid-
ance animals (LAA; closed column) (rats) after 5 or 60 minutes of incu-
bation. Sperm were obtained from the caudal epididymis and incubated
with Hanks balanced salt solution at 38�C. Each bar represents the mean
plus or minus the standard deviation of 5 rats. Asterisks indicate signif-
icant differences between both strains (*, P � .05).

Figure 5. Sperm motion parameters analyzed by computer-assisted
sperm motion analysis (CASA) in high-avoidance animals (HAA) and
low-avoidance animals (LAA) (rats) after 5 or 60 minutes of incubation.
Sperm were obtained from the caudal epididymis and incubated with
Hanks balanced salt solution at 38�C. (A) Average path velocity (VAP),
(B) straight-line velocity (VSL), (C) curvilinear velocity (VCL), (D) ampli-
tude of lateral head displacement (ALH), and (E) beat cross frequency
(BCF). Each bar represents the mean plus or minus the standard devi-
ation of 5 rats. Asterisks indicate significant differences between both
strains at each incubation time (**, P � .01).

possibilities that sperm in 9-week-old LAA rats had not
yet matured, because body weights of the LAA rats were
lighter than those of the HAA rats (data not shown), and
the MOT in 8-week-old SD rats was less than 30% (Ohta
et al, 1999a). However, the present results clearly indicate
that these sperm motion differences between the HAA
and LAA rats do not involve differences in their growth
rate. Additionally, these strains were kept under the same
conditions and in the same room; therefore, these differ-
ences in sperm motion must be dependent on genetic fac-
tor(s). The avoidance behavior of the shuttlebox test en-
tails complicated responses; therefore, it has not been
known whether these differences in sperm motion are di-
rectly linked with the genetic factors contributing to the
avoidance behavior of the shuttlebox test.

The motion parameters in the individual sperm of SD
rats are more similar to those of HAA sperm than to those
of LAA sperm (Horimoto et al, 2000; Sato et al, 2000).
The ranges of the motion parameters in individual SD rat
sperm, however, were much wider than those of these 2
inbred strains, and the distributions of sperm motion in
both HAA and LAA rats were included within the range
of SD rat sperm motion. Sperm motion is thought to play
an important role in sperm transport to the site of fertil-
ization within the female genital tract and in sperm pen-
etration to the oocyte investments (Yanagimachi, 1994).
Both the HAA and LAA rats, however, had been main-
tained by natural breeding. This suggests that the sperm

motion characteristics in HAA and LAA rats had become
homogeneous, and these different phenotypes of the strain
diversities were within the normal range of the original
SD rats.

Development of the capacity for sperm progressive mo-
tility occurs during their passage through the epididymis
(Hoskins et al, 1978; Majumder et al, 1990), where sperm
are subjected to a wide variety of factors (Cooper, 1998;
Holland and Nixon, 1998). It was thought that sperm mo-
tion inhibitors existed in the epididymal fluid of rats, be-
cause sperm motion decreased with medium containing
the epididymal fluid (Turner et al, 1978; Turner and Giles,
1982; Usselman and Cone, 1983). In this study, sperm in
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the epididymal fluid were diluted and dispersed into about
400-fold volume (about 5 �L of epididymal fluid to 2 mL
of medium), and even after the epididymal fluid was al-
most removed by washing, the sperm in both strains
maintained the motion characteristics of their sperm. We
suggest, therefore, that these strain differences in sperm
motion characteristics are not directly induced by the fac-
tors within the luminal fluid of the caudal epididymis and
that these sperm motion differences may already be es-
tablished upon their arrival in the caudal epididymis.

Since aCH is thought to inhibit glyceraldehyde 3-phos-
phate dehydrogenase in sperm, oral administration with
aCH may inhibit sperm energy production, with a resul-
tant decrease in sperm progressive motion (Mohri et al,
1975; Ford and Rees, 1990; Jones, 1998; Cooper and
Yeung, 1999; Jones and Cooper, 1999). Sperm produce
ATP by a glycogenesis pathway, which is the source of
their motile energy. In rats, the sperm ATP content and
sperm progressive velocity were decreased in the absence
of an appropriate substrate for glycolysis (Jeulin and Sou-
fir, 1992). A report by Jelks et al (2001) showed that ATP
levels in sperm from aCH-treated rats (�10 mg/kg aCH)
were significantly lower when diluted in a medium con-
taining glucose. Since we used Medium 199 containing
glucose in the present study and sperm velocities (VAP,
VSL, and VCL) were reduced in both strains that were
administered 25 mg/kg aCH, sperm ATP levels could be
reduced in both HAA and LAA rats treated with aCH.
Furthermore, the sperm ATP content in the intact HAA
rats was significantly greater than that of the intact LAA
rats after 5 minutes of incubation. At this time, the sperm
motion in the HAA and LAA rats was different, as de-
scribed above; however, after 60 minutes of incubation,
neither sperm ATP content nor sperm motion showed
strain differences. From these results, sperm ATP content
may be contributing to strain differences in sperm motion
between the HAA and LAA rats.

The study by Jeulin and Soufir (1992) showed that in
the presence of a substrate for glycolysis, the ATP content
of rat spermatozoa decreased, but the sperm progressive
velocity and beat frequency did not change. In the present
study, changes in the sperm ATP content and sperm mo-
tion in the LAA rats resembled the data of SD rats (Jeulin
and Soufir, 1992). However, in the HAA rats, there was
good correlation between the decreased ATP levels in
sperm and their decreased velocities (VAP, VSL, and
VCL) and ALH. Although there were differences in some
experimental conditions (eg, the gas condition for incu-
bation), Hatano rats (the HAA or LAA rats) may have
characteristics different from SD rats in the energy me-
tabolism and sperm motion.

In addition to the strain differences in sperm swimming
velocities, the HAA and LAA rats have differences in
sperm swimming patterns (ALH and BCF). The sperm

treated with 25 mg/kg aCH in HAA rats had reduced
velocities, with values similar to those of controls in the
LAA rats. On the other hand, in the HAA sperm treated
with 25 mg/kg aCH, ALH and BCF values (the values of
the parameters representing the sperm motile pattern)
were not similar to those of the controls in LAA rats. The
BCF values for 60 minutes after incubation were clearly
different between the 2 groups. The strain differences in
the sperm velocities may principally depend on the sperm
energy production, but the property of the energy pro-
duction or metabolism affected by aCH may not be the
only factors determining the sperm motile pattern in these
strains.

There has been no information about the relationship
between sperm motion and active avoidance responses.
ATP is a source of cyclic adenosine 3	,5	-monophosphate
(cAMP). It is well established that cAMP regulates not
only initiation and maintenance of sperm motility (Ford
and Rees, 1990; Tash, 1990) but also that cAMP is one
of the second messengers for receptor-mediated, postsyn-
aptic signal transduction (Nicoll et al, 1990). Florio et al
(1999) reported that daily administration of alpha-glycer-
ylphosphorylethanolamine to rats caused a significance
improvement in their conditioned avoidance responses in
an active avoidance test (shuttlebox). This compound in-
creases the neurotransmitter activity by improving the ef-
ficiency of receptor-effector coupling through an increase
in membrane fluidity. In vitro cAMP production in the
brain of rats administered this compound was activated
in the presence of receptor-mediated stimulation (isopro-
terenol or carbamyl choline). Additionally, rolipram,
which is a cAMP-specific phosphodiesterase 4 inhibitor,
increased brain cAMP levels (Schneider, 1984) and ame-
liorated scopolamine-induced impairments of learning
and memory in rats (Imanishi et al, 1997). Although the
above studies did not address sperm motion, the func-
tional differences that exist between HAA and LAA with
respect to sperm motion and active avoidance responses
may also be explained by differences in cAMP levels.

In conclusion, these Hatano strains, the HAA and LAA
rats, have obvious differences in motion characteristics of
the cauda epididymal spermatozoa genetically, and the
sperm motion differences may be dependent on their
sperm ATP content. Therefore, these 2 inbred strains of
rats may become useful animal models, not only for be-
havioral teratology but also for the study of physiology
or toxicology on sperm motion. Moreover, the clarifica-
tion of these strain differences in sperm motility may add
to our knowledge of the mechanism of sperm motion.
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