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Sperm Morphology is Different in Two Common Mouse Strains
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ICR and C57BL/6J mice have been widely used in several research fields. The reproductive toxicology
parameters, such as fertilization rate, which may differ between the two strains, are well known. However, the
details of the sperm quality parameters are not well known. To reveal these, we compared the sperm morphology of the two strains. Eosin-stained sperm smears from adult ICR and C57BL/6J mice were analyzed. We
observed that 79.6 ± 1.2 and 49.5 ± 1.7% of ICR and C57BL/6J mice sperm, respectively, showed a normal
form. Furthermore, abnormal sperm samples were classified into ten types based on their defective sites. The
percentage of abnormal sperm with an amorphous head, bent head, no head, hairpin loop, short tail, and two
tails in ICR mice was significantly lower than that in C57BL/6J mice. In contrast, the percentage of coil-tailed
sperm in ICR mice was significantly higher than that in C57BL/6J mice. These results suggest that C57BL/6J
mice have a limited ability to remove the cytoplasm during spermiation and ICR mice have fewer sperm abnormalities than C57BL/6J mice. The characteristics of male reproductive traits among mouse strains should be
taken into consideration in sperm analysis, as the negligence of this could generate an increased potential for a
misleading in toxicology evaluation.
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INTRODUCTION

MATERIALS AND METHODS

Toxicology studies in reproduction are designed to examine
the effects of exposure to chemical substances on the reproductive function and development of the offspring. Sperm
quality parameters, such as sperm count, motility, morphology, and viability are generally used.1) Multilateral evaluation
of these parameters is good for elucidating testicular toxicity
caused by chemical exposure.
ICR mice have superior characteristics including rapid growth, strong constitution, very docile nature, and fairly good reproductive ability (average litter size 13.6).2) This
strain generally has very little variability among the inheritable characteristics.3) Therefore, genetic traits are maintained
at a constant level when closed colony mice are observed in a
group. In contrast, C57BL/6J mice are commonly used to conduct behavioral studies because they are lively and capable of
learning a variety of tasks.4) In addition, C57BL/6J mice have
low variability, which enables the analysis of reproducibility
through genetic research.3,4) However, this strain has relatively
lower reproductive ability (average litter size 6.7)2) than ICR.
Sperm-related parameters of both strains differ,5) however, differences in the proportions of various types of anomalies in
sperm morphology have not yet been evaluated.
In the present study, we aimed to estimate the general morphological anomalies in the spermatozoa of ICR and
C57BL/6J mice.

Animals and Tissue Sampling Male ICR and C57BL/6J
mice were purchased from CLEA Japan, Inc. (Tokyo, Japan).
Both groups were bred from 3 to 10 weeks of age in home
cages at 23 ± 2°C on a 12 h light/dark cycle (lights on from
08:00 to 20:00). Food and water were provided ad libitum during the experiment. After intraperitoneal injection of pentobarbital at 10 weeks of age, we collected the reproductive organs.
All efforts were made to minimize suffering. Dissected tissues,
except for the epididymis, were rapidly frozen in liquid nitrogen and stored at −80°C.
All experiments were performed following the National
Institute of Health (USA) guidelines for animal experiments
and were approved by the Animal Care Committee of Ohu
University (approval no. 2016-40).
Analysis of Sperm Quality This method was performed
as previously reported.6) The isolated cauda epididymis was
minced with small scissors in 1 mL of 10 mM HEPES-TYH
culture medium in a sterile 1.5-mL tube. Sperm suspensions
were allowed to disperse for 15 min on a warming tray at 37°C.
These suspensions were then filtered using a high-quality
40 μm nylon mesh (PP-40N, Kyoshin Rikoh Inc., Tokyo, Japan)
to remove any undigested tissue fragments, and the sperm was
collected for count, motility, and viability evaluation.
Sperm count, viability, and motility6) were analyzed using a
phase-contrast microscope (BX51, Olympus Co., Tokyo, Japan).
Sperm motility was analyzed using a Sperm Class Analyzer
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(Microscopic SL, Barcelona, Spain) and the progressive motile
sperms were detected based on the movement of at least 500
sperm cells. Sperm cells were recorded in at least four random
fields for each sample. Sperm viability was measured by mixing the sperm suspension with eosin Y solution (1%).
Daily sperm production (DSP) was also measured.6,7) Briefly, half of the right testes were dissected and homogenized
using a Polytron homogenizer (PT 1300D Homogenizer;
KINEMATICA AG, Luzern, Switzerland) in homogenization
buffer containing saline, 0.05% Triton X-100 (Nacalai Tesque, Inc.,
Kyoto, Japan), and 0.2% eosin Y (Merck & Co., Inc., Kenilworth,
NJ, USA). The concentration of sperm nuclei in each suspension was determined using a hemocytometer under a light
microscope. The counts served as a basis for the calculation of
the number of homogenization-resistant spermatids per gram of
testicular tissue.
Evaluation of Morphological Anomalies of Sperm Cells
One drop of the sperm suspension was placed on a glass slide
and spread using a coverslip. Sperm cells were fixed in an ethanol-acetic acid, followed by staining with 1% eosin Y solution. The samples were air-dried before morphological observation. Sperm morphology was examined using sperm smear
preparations under a microscope, and the percentage of sperm
cells with a normal form was calculated and classified depending on the site of abnormality, and at least 200 spermatozoa
were analyzed per mouse. In particular, 11 types of morphological classifications were evaluated as follows: Normal morphology, amorphous head, bent head, no head, two heads,
small head, round head, hairpin loop, coil tail, short tail, and
two tails. This classification method was based on previous
studies.8–12)
Statistics Unless otherwise noted, data are presented as the
mean ± standard error. Statistical analyses were performed using
the Wilcoxon rank-sum test. Significance was set at P < 0.05.

RESULTS
Mouse Growth and Development The body weight (ICR:
40.1 ± 1.0 g vs C57BL/6J: 29.3 ± 0.8 g) and testicular weight
(ICR: 0.13 ± 0.004 g vs C57BL/6J: 0.10 ± 0.002 g) of ICR
mice were significantly higher than those of C57BL/6J mice
(P < 0.001). However, we observed no difference in both testis weight/body weight ratio and histological examination of
the seminiferous tubule area between ICR and C57BL/6J mice
(data not shown).
Functional Parameters of Sperm Cells The DSP per
gram of testicular tissue of ICR mice was significantly lower
than that of C57BL/6J mice (P = 0.011) (Fig. 1). No significant
differences in sperm motility and viability were found between
ICR and C57BL/6J mice.
Sperm Morphological Analysis We observed that 79.6 ±
1.2% of epididymal sperm in ICR mice showed a normal form,
compared with 49.5 ± 1.7% in C57BL/6J mice (Fig. 1). There
was a significant difference in the number of morphologically
normal sperms (P < 0.001) between ICR and C57BL/6J mice;
differences in the proportions of various types of anomalies
were also observed. Brieﬂy, the percentage of abnormal sperm
with amorphous head, bent head, no head, hairpin loop, short
tail, and two tails in ICR mice was significantly lower than
that in C57BL/6J mice (P < 0.001) (Table 1). In contrast, the
percentage of coil-tailed sperm in ICR mice (9.2 ± 1.1%) was
significantly higher than that in C57BL/6J mice (5.4 ± 0.6%)
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(P < 0.001) (Table 1).

DISCUSSION
The purpose of this study was to evaluate the properties
of spermatogenesis in ICR and C57BL/6J mice using sperm
analysis. DSP in ICR mice was significantly lower than that
in C57BL/6J mice. However, the body weight and testicular weight of C57BL/6J mice were significantly lower than
those of ICR mice. Sperm analysis is routinely used as a clinical test to diagnose male infertility because of its non-invasiveness and simplicity.13) In animals, epididymal sperm (from
rodents) or ejaculated sperm (from rabbit, dog, monkey, etc.)
are also analyzed as indicators of fertility.14) Rodents are used
as a model of male fertility and are also key to study reproductive toxicity.15)
Our results showed that the testis size of C57BL/6J mice
was small, although C57BL/6J mice had a high rate of sperm
production. Sperm motility and viability were not substantially different between ICR and C57BL/6J mice; thus, no characteristic differences in the sperm motility parameters regarding
male fertility were found between them. However, the number of morphologically normal sperm in ICR mice was significantly higher than that in C57BL/6J mice. Previous studies on
sperm morphology were reported that normal morphological
sperm % in ICR mice were around 70 to 80%,16–18) in contrast,
those in C57BL were around 50%. 19,20) These results agree
well with the present study. Albert and Russel21) reported that
the strain differences in the concentration, sperm motility and
morphology of epididymal sperm. They indicated that % of
sperm motility of BALB, CBA, C3H and C57BL of mice were
54.5, 53, 53, 54.5, however, % of normal morphological sperm
of these four strains were 42.4, 62.6, 56.8, 48, respectively. These results suggest that sperm motility does not always
correlate with normal morphology. In ICR mice, the percentage of the sperm cells with an abnormal tail was higher than
that of those with an abnormal head. In C57BL/6J mice, the
percentage of sperm cells with an abnormal head was higher
than that of those with an abnormal tail. These findings suggested that there is a difference in normal spermatogenesis and
the frequency of morphologically abnormal sperm production
between ICR and C57BL/6J mice. Therefore, differences in
the proportions of various types of anomalies were observed
to compare the morphological characteristics of these strains.
Abnormal sperm forms were classified into ten types based
on defective sites as follows: Amorphous head, bent head, no
head, small head, round head, and two heads. Among these
morphological abnormalities, percentages of sperm cells with
an amorphous head, bent head, or no head in C57BL/6J mice
were significantly higher than those in ICR mice, and the
amorphous head was the most frequently observed abnormality in C57BL/6J mice.
According to these results, the mechanism responsible for
the increase in the number of sperm cells with an abnormal
head was not due to a defect in the acrosome but a defect in
the head/neck region. The amorphous head appeared as an
inverted head. For instance, spermatid maturation 1 (spem1)
-null sperm cells display deformation with heads bent backward pointing to tail tips or bent heads wrapped around necks
and the middle of the tails. 22) The amorphous head is similar to the spem1-null sperm in morphology, and therefore,
the appearance of an amorphous head is thought to be caused
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Table 1. Sperm Morphological Status of ICR and C57BL/6J
ICR (n = 8)

C57BL/6J (n = 11)

head abnormality
Totala
amorphous heada
bent heada
No heada
two heads
small head
round head
tail abnormality
Totala
hairpin loopa
coil taila
short taila
two tailsa

8.9
1.0
2.3
3.8
0.1
1.4
0.4

±
±
±
±
±
±
±

0.8
0.4
0.4
0.6
0.1
0.5
0.2

34.8
19.7
5.2
8.0
0.2
1.5
0.1

±
±
±
±
±
±
±

1.5
1.8
0.4
0.9
0.1
0.3
0.1

11.9
1.3
9.2
1.4

±
±
±
±
0

1.3
0.4
1.1
0.4

19.6
10.4
5.4
3.7
0.1

±
±
±
±
±

0.9
0.7
0.6
0.5
0.0

Values are represented as the mean ± standard error.
a: differences are significant at p < 0.01.

Fig. 1. Functional Parameters of Sperm Function
(A) Significantly low daily sperm production in ICR mice (16.6 ± 2.4%; n = 8)
compared with C57BL/6JJcl mice (25.4 ± 1.6%; n = 10). Data are presented as the
mean ± standard error (SE). (B) Sperm motility in ICR mice (30.7 ± 3.2%; n = 8)
was not different from that in C57BL/6JJcl mice (35.2 ± 6.0%; n = 11). Data are presented as the mean ± SE. (C) Sperm viability in ICR mice (41.9 ± 1.8%; n = 8) was
not different from that in C57BL/6JJcl mice (52.9 ± 5.1%; n = 10). Data are presented
as the mean ± SE. (D) Normal sperm in ICR and C57BL/6JJcl mice at 79.6 ± 1.7%
(n = 8) and 49.5 ± 1.2% (n = 11), respectively. Data are presented as the mean ± SE.
*p < 0.05, **p < 0.01, ***p < 0.001, NS: not significant.

by the remaining cytoplasmic components. Abnormal sperm
tail was denoted as a hairpin loop, coil tail, short tail, or two
tails. Among these morphological abnormalities, percentages of sperm cells with a hairpin loop, short tail, or two tails
in C57BL/6J mice were significantly higher than those in ICR
mice. In particular, the hairpin loop was the second most commonly observed feature in the abnormal sperm of C57BL/6J
mice. The hairpin loop appeared to be formed by a defect at
the midpiece and principal piece junction. For instance, sperm
defects in septin4 (sept4) mutant mice are associated with
excess cytoplasm retention.23) The hairpin loop is similar to the
sept4 mutant sperm in morphology, and therefore, the hairpin
loop is also thought to be caused by the remaining cytoplasmic components. According to our results, both the amorphous
head and hairpin loop were associated with the retention of the
excess cytoplasm. In contrast, the percentage of sperm cells
with a coiled tail in ICR mice was significantly higher than
that in C57BL/6J mice, and the coiled tail was the most frequently observed feature in the abnormal sperm of ICR mice.
However, the total number of tail defects in ICR mice was significantly lower than that in C57BL/6J mice. In several studies, sperm flagellum anomalies using knockout mice or mutant
mice displayed multiple spermatogenetic defects.24–30) These
studies suggest that major abnormal sperm, including the
coiled tail, remain undiscovered in knockout mice or mutant

mice. Thus, it appears that the coiled tail is affected by external factors rather than genetic factors.
In the present study, we showed that the percentage of morphologically normal and abnormal sperm, classified depending on the site of abnormality, differ substantially between
ICR and C57BL/6J mice. Taken together, our results suggest
the possibility that C57BL/6J mice sperm have a low ability
to remove the cytoplasm, as the percentage of almost all types
of sperm abnormalities observed in ICR mice were lower than
that in C57BL/6J mice. Thus, we considered that the characteristics of male reproductive traits among mouse strains
should be taken into consideration in sperm analysis. Differences in the number of morphologically normal sperms among
mouse strains could generate an increased potential for a misleading in toxicology evaluation.
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