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ABSTRACT The acrosome cap allows sperm to penetrate the egg membrane and
produce male pronuclei within female chicken eggs, facilitating successful fertilization.
Given this, it is important to establish practical methods for evaluating the integrity
of the acrosome cap and thus the quality of the rooster’s sperm. There are several
established methods for evaluating the acrosomes of mammalian sperm, but none of
these methods are suitable for evaluating the acrosome status of rooster spermatozoa.
Therefore, a simplified method for evaluating the rooster acrosome is needed. Here we
evaluated the usefulness of CBB (coomassie brilliant blue) staining of the acrosome
at concentrations of 0.04%, 0.08%, and 0.3% CBB solutions. Our data revealed a
clear staining pattern for intact acrosome caps at 0.04% and 0.08% CBB but not at
0.3% CBB. This protocol revealed differences in acrosome integrity between fresh and
frozen rooster sperm smears suggesting that CBB staining may facilitate easier semen
evaluation in roosters. This protocol allows for the accurate differential staining of
acrosome cap in rooster spermatozoa.
Keywords: acrosome, CBB, rooster, spermatozoa, staining

INTRODUCTION

CBB (coomassie brilliant blue) dyes, triple staining kits,
chlortetracycline, spermack kits, or the application of

The ability of avian spermatozoa capable of fenestra-

immune fluorescent antibodies (Talbot and Chacon, 1980;

tion reaction in head membrane, acrosome reaction, is

Wolf et al., 1985; Lee at al., 1987; Chan et al., 1999; Lar-

essential for the fertilization process and embryo devel-

son and Miller, 1999; Menkveld et al., 2011; Villaverde-

opment. Many diverse methods have been developed

Morcillo et al. 2015; Santiago-Moreno et al., 2016). In

to evaluate the acrosome status and estimate the sperm

poultry breeding, artificial insemination is followed by

quality of mammalian samples, but relatively few studies

the administration of fresh semen in the semen stor-

have focused on avian applications. These studies have

age tubules (SST) of the female reproductive organs. This

been defined various staining techniques for the evalua-

sperm preservination in vivo is unique to avian species

tion of the acrosome status in mammalian sperm samples

and requires a far higher concentration of spermatozoa.

(Köhn et al., 1997; Larson and Miller, 1999; Zhang et al.,

Therefore, the evaluation of the acrosome cap is a criti-

2012), using a wide variety of materials including anti-

cal step in semen quality evaluation and for the selection

glycoprotein agents such as enzyme-binding chemicals,

of avian breeding individuals. In addition, frozen rooster
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semen is also one of the essential genetic materials in the

of their long, slender, vermiform, or fusiform shape. In

development of avian cryo-banking systems, but to date,

addition, detached heads, extended or swollen heads,

the fertilizing efficiency of these frozen samples is inef-

coiled heads, swollen acrosomes, missing or detached

ficient when compare with those of fresh semen. In gen-

acrosomes, mitochondrial detachment from the mid-

eral, membrane damage lowers sperm motility, fertility,

piece, simple bending in the tail, and untiled tail ends

and hatchability (Pommer et al, 2002; Correa et al., 2007;

are all common defects in frozen rooster semen samples

Peña et al., 2011). Therefore, the evaluation of frozen

(Siudzińska and Lukaszewicz, 2008; Santiago-Moreno et

rooster semen is one of the most essential techniques in

al., 2016). However, the intactness of the acrosome cap

increasing fertility and hatchability in these applications.

remains the most critical indicator for semen quality as

However, these techniques have not been evaluated in

the final step of fertilization allowing for the fusion of

any detail in rooster samples, and their applicability in

the membranes of egg yolk and spermatozoa (Ahammad

these settings is not well established

et al., 2013). In addition, the acrosome cap is quite small

Earlier observations using transmission electron micros-

when compared with the total size of spermatozoa, ne-

copy revealed that the sperm plasma membrane detaches

cessitating extremely careful observation of these samples

from the sperm head upon exposure to severe osmotic

using a microscope. Moreover, there is no standardized

stress (Sieme et al., 2015), which is easily detected in

method for acrosome cap staining of rooster spermato-

mammalian sperm via the application of live/dead stain-

zoa. Given this, it is critical to develop a simple, standard-

ing dyes such as SYBR and PI (Chalah and Brillard, 1998;

ized method for the differential staining of rooster sperm

Mehaisen et al., 2020). The fenestrated membrane of the

head and cap which should facilitate the rapid evaluation

acrosome region releases acrosome-enzymes during the

of semen quality under these conditions.

mammalian acrosome reaction (Partyka et al., 2010), al-

This study was designed to evaluate the utility of CBB

lowing PNA molecules to easily discriminate between

dyes for the differential staining of rooster spermatozoa

intact and damaged acrosome caps. Also, the binding

and develop a simple standardized protocol for their eval-

property of agglutins were not reported clearly with im-

uation. Previous reports have described the use of CBB

ages of rooster spermatozoa. The acrosome reaction in

dyes in similar mammalian applications but not in avian

chickens can be induced by physiological reactions such

semen (Larson and Miller, 1999). Thus we optimized the

as ROS stress, increased calcium, or contact with the

concentration of CBB for effective histological staining of

glycoprotein from the inner perivitelline layer of the egg

the rooster acrosome cap and developed a fast-staining

yolk in vivo , making semen evaluation factors (Siudzińska

technique that could be useful for semen evaluation in

and Łukaszewicz, 2008). The tendency of frozen semen on

chicken breeding programs.

higher injuries, causing reduced fertility in chickens was
reported by many researchers (Chalah and Brillard, 1998;

MATERIALS AND METHODS

Watson, 2000; Patryka et al., 2010; Gliozzi et al., 2011).
Only 40-50% of the sperm survive freezing (Horrocks et

Animals and ethics statement

al., 2000; Watson, 2000), and while this can be accom-

We collected semen from 35-45 week-old leghorn or

modated by increasing the freeze-thaw volume for larger

Ogye (Korean black chicken) roosters. All the roosters

mammals like cattle (Schenk, 2018). This strategy is not

were housed in individual battery cages (35 × 40 × 59

applicable in hens due to the small size of their reproduc-

cm, width × length × height) using a 14 h light/10 h dark

tive tract and the likely loss of additional volume follow-

photoperiod and fed a standard diet and water ad libitum.

ing the contractile reaction of the vagina (Wishart, 1985;
Chalah et al. 1999; Thélie et al., 2019)

Chemicals and reagents

The morphological structure of rooster spermatozoa is

All chemicals and reagents were purchased from Sigma

an essential factor in the quality of the semen and un-

Chemical Co. (St. Louis, MO, USA), unless otherwise indi-

fortunately, rooster sperm are very easily damaged in

cated.

response to mechanical stress, such as centrifugation
(Mazur, 1984; Feyzi et al., 2018). This is largely because
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Semen treatment for fresh, heat-stressed and cryodamaged spermatozoa

0.04%, 0.08%, and 0.3% were freshly prepared using distilled water. The stained smears were then observed under

Semen was collected from 6 to 10 roosters from each

a bright-field microscope (IX51, Olympus, Japan) using a

strain using the dorsal massage method. Semen was col-

100× oil immersion objective, and images were taken us-

lected and pooled twice per week and immediately placed

ing a digital camera (DP20, Olympus, Japan). These slides

in an ice slurry at 5℃ before being transported to the

were then used to compare the acrosome integrity in the

laboratory. Samples were placed in the laboratory within

fresh and frozen-thawed semen.

15 min and then diluted in BPSE diluent containing 0.1%
fatty-acid-free BSA (FAF-BSA) to assess motility. Heat

Acrosome integrity analysis

stressed acrosome reaction was induced by incubation

We then examined three independent semen smears

with BPSE diluent for 3 h at 37.5℃. The cryo-damaged

from each of the three biological replicates using a single

sperm was prepared by freezing process with fresh semen.

direction of movement under the microscope. Acrosome

The fresh semen was dipped into ice slurry and dilution

cap count data were collected from at least 200 sperma-

with 1:1 HS-1 medium (v/v) at 4℃ for 15 min. The semen

tozoa per slide per experiment.

was then further diluted using the dropwise addition of an
equal volume of media containing 18% methylacetamide

Statistical analysis

(MA) to yield a final concentration of 9% MA. After 20 min

We produced at least three slides from individual sam-

of equilibration at 4℃, the semen was packed into straws

ples at each time point and the Student’s t-test was ap-

and then placed in liquid nitrogen vapor above 5cm from

plied to identify any significant differences between these

the surface for 30 min, before being plunged in liquid

groups. Inter group comparisons were completed using

nitrogen. After preservation for several weeks, the semen

one-way analysis of variance (ANOVA) and we set a p -

was thawed by immersion in a 5℃ program freezer (ET-

value of < 0.05 as the cut off for statistical significance.

1N, Fujihira Inc., Japan) with 30% ethanol solution (v/v)
for 2 min.

RESULTS

Staining procedures and microscope examination of
semen smear

Morphological examination of acrosome region by Diff
Quik stains

Both the fresh and frozen sperm were centrifuged at

The morphological differences in the acrosome cap

500 × g for 10 min in 5 mL of PBSE diluent before a

between the fresh and heat-stressed rooster sperm were

small amount (0.5 mL) of the sperm pellet was tapped

evaluated using Diff Quik staining kits which facilitate the

for mixing. The 5-10 μL of diluted semen was smeared
on a microscope slide as previously described (Mota and

differential staining of the acrosome region. The majority

Ramalho-Santos, 2006). Briefly, the sperm suspension was

represented by their rigid, straight, rod-like structures

dragged with a coverslip and dried using a slide warmer at

(black arrows), but some sperm did demonstrate a twisted

37.5℃. Sperm morphology was examined using histologi-

acrosome structure (white arrow; Fig. 1A). The activated

cal smears stained by eosin in Diff Quik kits and dipped

fresh semen presented with an enlarged head with a shal-

into 0.04%, 0.08%, and 0.3% CBB solution. The Diff Quik®

low and shortened acrosome (white arrow). These sperm

staining kits (Dade Behring Inc., Newark, NJ, USA) in-

also presented without the acrosome cap (black arrow;

cluded a methanol fixative, eosin dye, and a thiazine-

Fig. 1B), with these images magnified in Fig. 1C and 1D,

like stain. The slides were sequentially immersed in each

respectively. Unmodified Diff Quik stains stained the

solution for 3-5 s without drying and then rapidly dipped

rooster sperm heads purple, which meant that we could

in water to remove excess dye. The thiazine-like solu-

not distinguish between the head and acrosome region

tion with a CBB solution was substituted by the CBB. The

clearly (hollow arrow in Fig. 1C).

of the fresh sperm presented with undamaged acrosomes

stock solution of 0.5% CBB dye stock (w/v) was prepared
using CBB solvent, a mixture of ethanol, acetic acid, and
water at a ratio of 9:2:9 (v/v/v). CBB working solutions of
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A

B

Fig. 1. The morphological differences

C

D

A

B

in heat stressed rooster spermatozoa with shortened acrosomes. The
intact acrosomes from fresh semen
are indicated by black arrows, and
the damaged acrosomes are indicated
by white arrows (A) which mark the
shortened or missing acrosomes (black
arrow) (B). Each sperm (black rectangular box in A and B) was magnified
to reveal the connected region between the sperm heads at (C) and (D).
The linking area between head and
acrosome cap is indicated by the hollow arrows. The scale bars in (A) and
(B) represent 20 μM. The scale bars in
(C) and (D) represent 10 μM.

Fig. 2. Modified Diff Quik stained im-

C

ages of fresh rooster spermatozoa
with CBB. After staining with the eosin
solution from the Diff Quik stain kits,
the smears were dipped into 0.04%
(A), 0.08% (C), or 0.3% (D) CBB. The
light purple tints of the heads (white
arrow in A) and dark purple acrosomes (black arrow in B) showed a
more distinct differentiation staining
pattern than the classic Diff Quik
stains. Black arrowheads in A and D
identify unresolved CBB staining with
the scale bars respectively (20 μM in A,
C, and D; 10 μM in B).

D

Effects of CBB concentration on differential staining
between head region and acrosome cap

unstained. We then added CBB solution at various concentrations and observed the differential staining of the

We determined the optimal concentration of CBB in

head (purple) and acrosome cap (Red) at both 0.04% and

rooster sperm staining by comparing the staining effects

0.08% CBB (Fig. 2A and 2C). However, 0.3% CBB over-

of 0.02%, 0.08%, and 0.3% CBB on the differential stain-

stained these samples imparting a blue and red-tinted

ing of the acrosome and sperm head in these samples.

background to the smears, resulting in less obvious differ-

We first applied the eosin solution from the Diff Quik

entiation (Fig. 2D).

which stained the positively charged proteins in the acrosome cap and tail red while leaving the head reasonably
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The rate of acrosome cap intactness in fresh, heatstressed, and cryopreserved semen

Thus the standard protocol for this assay should include
a minimal number of experimental steps and use a mild

The intactness of acrosome cap was measured in 3 dif-

solvent that does not affect the membrane integrity of the

ferent rooster semen. The rate was higher in fresh semen

rooster sperm. Unlike mammalian sperm, rooster sperm

(87.5% ± 3.8%) and slightly lower when placed at 5℃ for

membranes are not resistant to organic solvents such as

3 h (78.6 ± 3.3%, p < 0.05). However, the heat-stressed

acetone or higher acetic acid content solvents. So, the

semen with spontaneous induction of the acrosome reac-

CBB dye was dissolved firstly in ethanol and an acetic

tion at 37.5℃ for 3 h significantly reduced the integrity

acid-based solvent to prepare the stock solution. We fur-

of the acrosome cap producing a proportional increase

ther diluted the working solution using only distilled water

in significantly damaged sperm (82.0 ± 2.3% vs. 50.4 ±

to minimize the solvent content in the dye. We also used

7.1%, p < 0.05). The percentage of the intact acrosome

a 3.7% paraformaldehyde fixative to preserve these weak

caps in the cryopreserved semen was reduced to 40.3 ±

membranes and limited fixation to only 2 min. The result-

2.4%. The treatment of spontaneous acrosome reaction

ing staining pattern of acrosome using 0.04% CBB showed

of frozen-thaw sperm at in 5℃ for 3 h also reduced the

clear blue staining of the acrosome cap but although this

intactness of acrosome (20.9 ± 3.1%). Therefore, the

procedure could be simplified, the CBB-stained mem-

heat-stressed fresh semen and cryo-damaged semen also

branes tended to lose their blue color during the final

shown a lowered percentage of intact acrosome caps (Fig.

wash step.

3).

Evaluating chicken sperm quality is one of the most
challenging tasks in the laboratory because the long tail

DISCUSSION

and head region cannot be easily distinguished from the
tiny acrosome caps (Gliozzi et al., 2011; Rui et al., 2017).

Many of acrosome staining protocols are inappropri-

However, our results show that the acrosome status of

ate for rooster sperm because their delicate properties of

these samples can be determined quickly when using

membranes. Also the head of rooster sperm is easily dam-

(0.04%-0.08%) CBB dye, with these evaluations taking only

aged by mechanical stress and strong organic solvents,

a few minutes to complete. These findings are supported

and the accuracy of most of these assessments depends

by the fact that 0.2% CBB staining is commonly applied

on careful preparation during fixation, dipping, and

for the rapid evaluation of mammalian acrosome (Larson

washing of the sperm samples (Menkveld et al., 2011).

and Miller, 1999). Our data also shows that a combination of CBB dye and the eosin stain from the Diff Quick
kit can be used to intensify the differential staining of

% of intact acrosome cap

a
b

the sperm and aid in the clear evaluation of their acro-

b

80

some status. The optimal concentration of CBB in rooster
samples is likely to be 0.04%. Acrosome-damaged sperm

c

60

present with reduced or missing acrosome caps, or with

d

only the perforatorium, was identified via CBB mediated

40
f

20

staining of the remaining proteins in the detached area.
The intact acrosome cap demonstrated a clear differential
staining pattern with a small rod or spike-like structure.

0
10 min
at 5 C

3h
3h
10 min
10 min
at 5 C at 37.5 C at 37.5 C at 5 C

Fresh

Heat stressed

3h
at 5 C

Frozen thaw

Fig. 3. The percentage of intact acrosome cap in rooster sper-

matozoa. Three different semen samples were stained using
the CBB solution and then compared. The semen smears were
prepared within 2 min after centrifugation. The hollow bar was
fresh, gray bar was heat stressed, and dark gray was cryopreserved
semen. Values represent the mean of three samples ± standard deviation. Superscript indicate significant difference (p < 0.05).

Given this, we were able to confirm that the simple application of CBB dye allowed for a clearer evaluation of the
acrosome cap in these specimens when compared with
other more conventional methods. Given the clear efficacy of this method, we went on to evaluate 0.08% CBB
staining, which produced a slightly blue tint to the head
which produced a mixed blue/red pattern when combined with the eosin from the Diff Quik stain kit (red), re-
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ducing the clarity in these stains, and suggesting that the

mittee on the Ethics of Animal Use in Experiments (pro-

lower concentration provides clearer differentiation under

tocol approval number: 2021-511).

these conditions. We then used this CBB staining method
to evaluate rooster acrosome cap integrity in fresh, heat-

Consent to Participate: Not applicable.

stressed, and cryopreserved semen samples and revealed
that the integrity of these samples tended to correlate with

Consent to Publish: Not applicable.

the fertility and hatchability rates from specific samples
and may be useful in the routine application of artificial

Availability of Data and Materials: Not applicable.

insemination with further research.
CBB-stained sperm smears have additional value, with
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these slides being compatible with room temperature
preservation for further examination. This allowed us to
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