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ABSTRACT

Cryoprotectants are key factors affecting sperm survival during sperm cryopreservation. Apart from glycerol,
the commonly used cryoprotectant, other permeating cryoprotectants (i.e. dimethyl sulfoxide, ethylene glycol
and propylene glycol) have been tested in sperm freezing of various animal species. However, the efficiency
of these permeating cryoprotectants (i.e. glycerol, dimethyl sulfoxide, ethylene glycol and propylene glycol)
on canine sperm freezing has not been reported. In the present study, the cryoprotective effects of four
cryoprotectants on Kunming dog sperm cryopreservation have been investigated based on two freezing
extenders Tris-citric acid-fructose (TCF) and Lactose-Glucose DM (LG-DM). The performance of different
concentration of cryoprotectants in Kunming canine sperm freezing was also been investigated. Sperm motility,
motility recovery rate, plasma membrane and acrosomal integrity were examined to evaluate cryopreserved
sperm function. The results showed that: Glycerol and ethylene glycol exhibited best cryopreserving effects
while propylene glycol and DMSO showed little cryoprotection for Kunming canine spermatozoa, though
propylene glycol displayed better effectiveness than that of dimethyl sulfoxide. Although 5% glycerol and 5%
ethylene glycol yielded more than 40% of frozen-thawed sperm motility, which meets the need for in vitro
fertilization (IVF) or artificial insemination (AI), 5% glycerol was the best for Kunming dog sperm freezing
and had a significant difference compared with other treatments (P<0.05). On the contrary, propylene glycol
or dimethyl sulfoxide was found to be unsuitable for the sperm freezing in Kunming dogs. Additionally, the
function of permeating cryoprotectant appeared to be independent of extender types.
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INTRODUCTION

Effective cryopreservation of spermatozoa provides a use-
ful way to preserve genetic resources, especially for some
endangered and/or precious animals. Animal breeding can
also be carried out using frozen semen via artificial insemina-
tion (AI). However, sperm cryopreservation usually results
in low sperm viability and fertility, which then affects the
efficiency of Al (1,2,3,4,5,6,7). Being a model animal used

in semen freezing, dogs are attracting more and more interest
(8). Cryopreservation of canine sperm might offer exchange
of genetic material as well as lead to improvement in the
breeding of working dogs (9). Unlike many other working
dogs used in China, the Kunming dog is the sole breed devel-
oped independently by China and is widely used by Chinese
military and police in searching, rescuing and guarding. Thus,
the cryopreservation of Kunming dog spermatozoa is of great
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importance in these two aspects. Recently, we have success-
fully frozen this animal semen with glycerol (unpublished).
In order to improve the quality of cryopreserved sperm,
various cryoprotectants, among which glycerol is a common
one, have been inevitably employed in sperm freezing. It is
reported dog sperm can be cryopreserved in media containing
2%-8% glycerol without damage (10, 11), but the toxicity
of glycerol on spermatozoa has been reported (12, 13, 14),
and sperm injury caused by glycerol was detected (15). As
a result, attempts to diversify with effective cryoprotectants
in sperm cryopreservation have been made for some mam-
malian species. As previously reported, ethylene glycol could
significantly improve post-thaw sperm motility in dog (16,
17), stallion (18), rhesus macaque (19) and cynomolgus mon-
key (20). Dimethyl sulfoxide (DMSO) was used for sperm
freezing in rabbits (21,22), cynomolgus monkeys (23), dogs
(24) and Tasmanian devil (25). In a few studies, propylene
glycol was used for the freezing of cynomolgus monkey (20)
and rabbit (26) spermatozoa. As in different species, freezing
extenders and procedures were involved in those studies, the
cryoprotectant concentrations and the relative results varied
greatly. In addition, the effects of four permeating cryopro-
tectants (i.e. glycerol, DMSO, ethylene glycol and propylene
glycol) on dog sperm freezing have not been compared yet.

In the present study, the comparison of four permeating
cryoprotectants for Kunming dog sperm cryopreservation has
been investigated based on two extenders TCF and LG-DM.
At the same time, the freezing effects of various concentra-
tions for each cryoprotectant on canine spermatozoa have
been examined.

MATERIALS AND METHODS

All chemicals were obtained from Sigma Chemical Co. (St.
Louis, MO) unless indicated otherwise.

Semen collection and processing

Six Kunming dogs between 2 to 4 years old, which had been
proved to be fertile via natural mating, were used for semen
collection in the study. Only the second sperm-rich fraction
of each ejaculate was collected (27). The sperm motility, con-
centration, plasma membrane and acrosomal integrity were
examined immediately. The semen with motility of 270%
and concentration of 2200x10° spermatozoa/mL were used
for freezing.

Diluents and Extenders

The medium for semen dilution and sperm washing was
Tris buffer, prepared by dissolving 2.4 g Tris (hydroxymethyl,
aminomethane), 1.4 g citric acid, 0.8 g glucose, 0.06 g penicil-
lin and 0.1 g streptomycin sulfate in 100ml of distilled water
(28).

Two freezing extenders, Tris-citric acid-fructose (TCF)
and Lactose-Glucose DM (LG-DM) were used in the
study. TCF was composed of 3.025g Tris (hydroxymethyl,
aminomethane), 1.70g citric acid, 1.25g fructose, 0.1g
penicillin, 0.1g streptomycin sulfate, 20 ml egg yolk in 80
ml distilled water (29). LG-DM contained 2.75g Glucose,
5.5g Lactose, 6.32 mg penicillin, 5mg streptomycin sulfate,
10ml egg yolk in 90 ml distilled water (30). Fresh chicken
eggs laid within 8 hours were used for egg yolk preparation
and the procedure was taken from the description of Li e

al. (30).

Semen freezing and thawing

After collection, the semen was diluted 4-fold with Tris buf-
fer, then centrifuged at 700 xg for 5 min (room temperature)
and the sperm pellets were re-suspended in TCF or LG-DM
at a concentration of 2000 million spermatozoa/ml. Canine
semen freezing was performed as previously described (30).
Briefly, spermatozoa was diluted with TCF or LG-DM
(1:9) without cryoprotectant and kept at 4°C for 2h. An
equal volume of pre-cooled (4°C) corresponding extenders
containing glycerol, ethylene glycol, DMSO or 1,2- propyl-
ene glycol (1%, 3%, 5%, 7% or 9% (v/v)) was added to the
sperm suspension for each respective extender. The addition
was carried out stepwise (five times) at intervals of 5 to 6
min within 30 min. The spermatozoa were equilibrated at
4°C for 30 min. Just before the end of equilibration, the
spermatozoa were drawn into 0.25-ml plastic straws (IMV,
L'Aigle, France) with the final concentration of 100x10°
spermatozoa/mL, sealed with a straw heater (Heat Sealer,
PFS -300; Zhejiang jiangnan industrial co., Ltd., Zhejiang,
China). Following that, the straws were frozen by being
placed horizontally on a rack 5 cm above the surface of liquid
nitrogen. Ten minutes later they were submerged directly
into liquid nitrogen (LN3) for storage. After being stored
in LN for more than 7 days, the straws containing frozen
spermatozoa were put into 37°C water bath for 1 minute
to thaw.
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Table 1. Post-thaw motility, motility recovery rate, membrane integrity and acrosomal integrity
of spermatozoa cryopreserved with different cryoprotectants at different concentrations in

added to each sperm sample (1 ml).

Each sperm suspension was mixed

TCF extender. . . .
three times by gentle pipetting, and
Cryoprotective Motility Motility recovery ~ Membrane Acrosomal was then incubated in a 37°C water
Solution (%) rate (%) Integrity(%) Integrity(%) bath for 15 min. A minimum of 200
Fresh sperm 80.02+4.35 91.22+1.96 94.48+0.94
GlywAd%) 1 39.63:1.09  49.66:315  4474:099  83.34:2.07° spermatozoa were counted for each
3 43.4151.41° 54.40+3.66 46.99:2.02® 85.55+1.57b sample.
5 48.75+3.69 61.03£5.05  52.81+4.00¢ 89.09+1.57¢ . .
7 42+158  5288:322%  4782:3260  87.408229° Sperm acrosomal integrity
9 30.45+1.84¢ 38.22+3.82¢ 35.35+2.63¢ 83.21£1.73¢ Acrosome status was determined by
DMSO(A%) 1  11.94+1.67%  14.92+1.80%  18.70+2.16® 81.3512.291 means of fluorescein isothiocyanate
S dgnir  lsomon  mseady  mm  Conuged peanutagglutnin (FITC-
7 11606139 145161560 19.91:235¢  §0.73:3.76% PNA) and the acrosome staining pro-
9 922:+158¢ 115341874 17.16+1.89%  7843+1.71° cess described by Esteves ez al. (32).
EGWA%) 1 405061.75%  5069:2.73%  46.02:0.8%  84.07+0.55" Under a fluorescence microscope,
3 43.19:1.75 54.11:3.47 48.67+2.45 87.74:2.10° spermatozoa with intact acrosome
5 43.99+3.01¢ 55.20%5.89° 48.67+3.12¢ 86.81+2.76 showed uniform apple-green fluores-
7 38628385  4837+535%°  43.16+431° 84.22+1.49 cence in the acrosomal region of the
9 33724377 42.20+464 38.69+2.61¢ 82.70+1.74° sperm head, while acrosome-reacted
PROH(WA%) 1  3539:14%  44.40+3.84 39.58:1.15*  83.81+1.61® .
3 303553090 3813:531°  35.07:411°  8438:3.50¢ spermatozoa showedlittle or no green
5 24844143 3116:28% 29962243 8124229 fluorescence in the equatorial segment
7 20.65+1.00¢ 25.91+2.36¢ 25.72+1.024 80.84+2.09¢ of the acrosome. During the experi-
9 17.66+147° 2216258  2385:188'  80.47:3.24¢ ment, 2 minimum of 200 spermatozoa

Gly indicates glycerol; DMSO, dimethylsulfoxide; EG, ethylene glycol; and PROH, 1,2- propylene
glycol. Groups with different superscript letters in the same column for same cryoprotectant are
significantly different (P<0.05,n=10). Only statistical differences to p<0.05 were examined.

Sperm quality assessment
Sperm motility

Using a pre-warmed hemocytometer, the percentage of sperm
motility was evaluated by counting at least 200 spermatozoa

per group.
Sperm recovery rated based on motility

Recovery rate was calculated by comparing the motility of
pre-freezing (Mpr) and post-thawed (Mps) spermatozoa.
Where Mpr and Mps are the sperm motility percentages
before and after freezing, then the recovery rate would cal-
culated as Mps/Mprx100%.

Sperm membrane integrity

Sperm membrane integrity was measured by means of a
dual DNA staining technique as Cai e7 a/. as described (31).
Briefly, a 6-ml volume of Hoechst 33342 (H342) (1 mg/ml)
and an 8-ml volume of propidium iodide (PI) (1 mg/ml) were

were counted for each sample.

Statistical Analysis

All data are expressed as the
mean+SD. The percentage of sperm motility, sperm mem-
brane and acrosomal integrity were analyzed by analysis
of variance (ANOVA), Fisher’s protected least significant
difference (LSD) test and the One-Samples Test. Values of

P<0.05 were considered statistically significant.

RESULTS

Comparative study of four permeating cryoprotectants
for Kunming dog sperm in TCF extender

As shown in Table 1, when glycerol concentration increased
from 1% to 5%, the post-thaw sperm motility, motility
recovery rate, membrane integrity and acrosomal integ-
rity increased. However, those sperm parameters declined
when glycerol concentration increased from 5% to 9%.
Five percent glycerol yielded the optimal freezing efficacy.
When spermatozoa were frozen in DMSO, all sperm pa-
rameters with the exception of acrosomal integrity were
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extremely low (9.22%-21.96%), regardless of the gycerol
concentration.

The freezing efficacy of ethylene glycol was generally
similar to glycerol, but the maximum post-thaw sperm motil-
ity given as 5% ethylene glycol was 43.99%, less than that
of 5% glycerol which was 48.75%. The freezing efficacy of
propylene glycol (with the exception of acrosomal integrity)
was better than that of DMSO but was inferior to that of
glycerol or ethylene glycol.

In general, the post-thaw sperm motility, motility recov-
ery rate, membrane integrity and acrosomal integrity exhib-
ited by glycerol or ethylene glycol were higher than that of
propylene glycol or DMSO. Under the same concentration,
5% for instance, all sperm parameters (except for acrosomal
integrity) of spermatozoa frozen by four cryoprotectants
were significantly different from each other (P<0.05). The
cryopreservation efficiency for the four cryoprotectants was
glycerol> ethylene glycol> propylene glycol> DMSO (Figure
1,P<0.05).

Comparative study of four permeating cryoprotectants

for Kunming dog sperm in LG-DM extender

Post-thaw motility, motility recovery rate, membrane integ-
rity and acrosomal integrity of spermatozoa cryopreserved
with different cryoprotectants and concentrations are shown
in Table 2.

As shown in Table 2, when glycerol concentration
increased from 1% to 5%, the post-thaw sperm motility,
motility recovery rate, membrane integrity and acrosomal
integrity increased. However, those sperm parameters de-
clined when glycerol concentration increased from 5% to
9%. 5% glycerol yielded the optimal freezing efficacy. When
spermatozoa were frozen in DMSO, all sperm parameters
with the exception of acrosomal integrity were extremely low
(8.14%-20.53%), regardless of its concentration.

The freezing efficacy of ethylene glycol was generally
similar to glycerol, but the maximum post-thaw sperm motil-
ity given by 5% ethylene glycol was 45.31%, less than the
result of 5% glycerol which was 50.40%; The freezing ef-
ficacy of propylene glycol (with the exception of acrosomal
integrity) was better than that of DMSO but was poorer than
that of glycerol or EG.

In general, the post-thaw sperm motility, motility re-
covery rate, membrane integrity and acrosomal integrity

exhibited by glycerol or ethylene glycol were higher than that

of propylene glycol or DMSO. Under the same concentra-
tion, 5% for instance, all parameters (except for acrosomal
integrity) of spermatozoa frozen by four cryoprotectants
were significantly different from each other (P<0.05). The
cryopreservation efficiency for the four cryoprotectants was
glycerol> ethylene glycol> propylene glycol> DMSO (Figure
2, P<0.05).

Kunming dog sperm stained with fluorescein
isothiocyanate conjugated peanut agglutinin

(FITC-PNA)

As shown in Fig. 3, spermatozoa with intact acrosome (NR)
showed uniform apple-green fluorescence in the acrosomal
region of the sperm head, while acrosome-reacted sperma-
tozoa (AR) showed little or no green fluorescence in the
equatorial segment of the acrosome.

DISCUSSION

In the present study, we investigated the efficiency of four
permeating cryoprotectants on canine sperm cryopreserva-
tion. Though glycerol is the most widely used cryoprotectant
for sperm freezing, its negative effect was also reported (33,
34, 35). Other chemicals as substitutes were considered
promising for glycerol in sperm cryopreservation. For ex-
ample, Rota ez al. (16, 17) reported post-thaw sperm motility
of 5% ethylene glycol was higher than that of 5% glycerol in
their dog experiment. The cryopreservation result of glycerol
in our work was similar to that of Rota e a/, but the ethylene
glycol result was far less than theirs. We suggest that different
results stem from different freezing procedures. The major
differences in two studies lies in the pattern of sperm cooling
and the exposure time of sperm in ethylene glycol. In our
study, dog semen was cooled (at 4°C) in extender without
ethylene glycol for 2 hours, then ethylene glycol was added
and the semen was equilibrated in 5% ethylene glycol for half
an hour (at 4°C) before freezing. In the experiment of Rota e
al., however, semen was firstly cooled (also at 4°C) in extender
containing 3% ethylene glycol for a shorter period of time
(only one hour). Then a higher concentration of ethylene
glycol (7%) was added and the semen was frozen afterwards.
During sperm freezing, when a permeating cryoprotectant
is added to sperm suspension, sperm cells begin to expel
internal water therefore causing the cell to shrink. Then, the
permeating cryoprotectant could enter the cells and help
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Figure 1. Post-thaw motility, motility recovery rate, membrane
integrity and acrosomal integrity of spermatozoa cryopreserved
with different cryoprotectants at the same concentration (5%) in

TCF extender.

Gly indicates glycerol; DMSO, dimethylsulfoxide; EG, ethylene
glycol; and PROH, 1,2- propylene glycol. Different letters above the
columns for each parameter are significantly different (P<0.05).
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Figure 2. Post-thaw motility, motility recovery rate, membrane
integrity and acrosomal integrity of spermatozoa cryopreserved
with different cryoprotectants at the same concentration (5%) in

LG-DM extender.

Gly indicates glycerol; DMSO, dimethyl sulfoxide; EG, ethylene
glycol; and PROH, 1,2- propylene glycol. Different letters above the

columns for each parameter are significantly different (P<0.05).

DIC

Figure 3. Canine sperm stained with FITC-PNA. Sperm were fixed and stained with FITC-PNA as described in the Materials and Methods.

Sperm with intact acrosome (NR) and acrosome reacted sperm (AR) were observed. Representative pictures are shown.
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Table 2. Post-thaw motility, motility recovery rate, membrane integrity and acrosomal integrity
of spermatozoa cryopreserved with different cryoprotectants at different concentrations in

LG-DM extender.

for glycerol in sperm cryopreserva-
tion, at least for canine species, as
some researchers speculated that

Cryoprotective Solution  Motility(%) Moti]itty ?Ze/c;)very Il\/iemprazye) IAtcros.om(z;/l) ethylene glycol is less toxic than
rate (/o ntegri 0 ntegri 0
Fresh sperm 79.5+2.26 559505 65302079 glycerol to sperm cells (16, 38, 39).
Glyi%) 1 4059207  5103:230%  4565:l14%  8531eope  Loxicity testof ethylene glycol for
3 44676261 56.18:3.43  49.77+184  87.02+1.69 canine sperm cells need to be car-
5 50.40+3.90° 63.35+4.574 54.25+3.84¢ 88.72+0.93¢ ried out in the future.
7 4336+1.82 54535250  47.23+1.16*  87.61:1.86° Our study showed that 5%
9 35.28+2.75¢ 44.36+3.39¢ 39.95+3.19¢ 83.57+2.31* glyccrol or 5% ethylene g]ycol
DMSOWA%) 1 1221:0.90%  1538+1.46®  1929+1.70%  78.86+2.65° yields the best freezing results in
3 1278+137%  1610:2.01%  2013:2.88"  78.88+2.29° Kunming dog sperm compared
5 1342:131*  16.89+1.80°  2053:2.88>  78.35:1.38 . .
7 11540103 1451:116*  18.23+¢181%  78.41:3.12: with other concentrations. The
9 8.14+1.29° 10.22+1.49¢ 16.98+2.30° 77.413.23° fact that ethylene glycol could
EG(v/v%) 1 3898+1.61°  49.00:145°  4523:198  82.81+2.87 cryopreserve dog semen well is
3 42.60:2.51° 53.54:2.77° 47.90:138>  85.78:2.81% consistent with the findings in
5 45.312.79 56.96+3.15¢ 50.22+2.84¢ 87.38+2.57° stallion or ram semen cryopreser-
7 40.23+205*  50.60:2.92°  4531:2.35  84.67+2.09% vation (40, 41, 42). On the con-
9 354151430 44541201 39.77+1740  82.66:1.55 trary, the result from Awad’s study
PROH(WA%) 1 3466:1.94  43.56:1.76° 39744178  82.93:1.92% D
3 30215318  37.93:330b  3483:2.84b  81.47+2.05 is quite different. Awad found that
5 26995437 3387:5.05b  31.96:457°  79.67+2.16% glycerol is much better than eth-
7 21512495 2695:578  27.33:495  78.83:2.13¢ ylene glycol in bull sperm freezing
9 18.24+4.37¢ 22.86:5.17° 24.35:3.31 78.54+3.324 (43). Based on these findings, we

Gly indicates glycerol, DMSO, dimethylsulfoxide; EG, ethylene glycol; and PROH, 1,2-propylene glycol.

Groups with different superscript letters in the same column within each cryoprotectant are significantly

different (P<0.05, n=10).

avoid lysis. In this way, a permeating cryoprotectant prevents
sperm cells from damage. Although glycerol and ethylene
glycol belong to the same category of chemicals, ethylene
glycol enters sperm cells more quickly than glycerol as the
former has a lower molecular weight (36, 37). Consequently
it takes less time for ethylene glycol to cause a sperm cell to
resume its shape compared with glycerol. Apart from lower
molecular weight, ethylene glycol has higher permeability
coefficient than glycerol, making it more effective for sperm
freezing (36,37). To test this, by adding glycerol or ethylene
glycol with the protocol of Rota ez a/ (16, 17). We obtained
similar results (the post-thaw sperm motilities were 45% and
57%, respectively) to that of Rota ez a/. In addition, the stud-
ies (ours and that of Rota e 4/.) also indicating that the same
concentrations of glycerol or ethylene glycol, both of which
are ideal cryoprotectants for canine sperm freezing, may
exhibit significant freezing efficiency via different protocols.
It seems a feasible alternative to substitute ethylene glycol

postulate that the role of ethylene
glycol in sperm freezing may also
be species-specific.

Olar reported that the motil-
ity of spermatozoa cryopreserved in DMSO was reduced
dramatically (24). In our experiment, the post-thaw sperm
motility (less than 15%) for DMSO was far less than other
three cryoprotectants, implying that DMSO is not suitable
for Kunming dog sperm cryopreservation. Si ez al. showed
that the effect of glycerol was better than DMSO in rhesus
monkey sperm freezing (44). However, this cryoprotectant
had been successtully employed for sperm freezing in bulls
(45), rabbits, (21, 22, 26) and cynomolgus monkeys (23).
It seems reasonable to infer that the effects of DMSO as a
sperm cryoprotectant may be related to animal species and/or
different freezing procedures. The mechanism of the failure
of DMSO to cryopreserve Kunming dog semen may be due
to its toxic effects rather than osmotic effects. Since according
to the study of Songsasen ez a/., the motility of canine sperm
exposed to hypertonic solution of DMSO decreased consid-
erably after dilution into isotonic solution, owing to having
a lower molecular weight than that of glycerol, it seems that

Vol. 73 (2) © June 2018
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DMSO would be unlikely to produce an osmotic shock for
spermatozoa (46). Although post-thaw sperm motility given
by DMSO was very low in the present study, the acrosomal
integrity of frozen-thawed spermatozoa was scarcely affected,
so motility might be a more sensitive indicator of sperm func-
tion (20).

Another permeating cryoprotectant we investigated in
this study is propylene glycol which showed a better effect in
sperm freezing than that of DMSO, in contrast, the freezing
effect of propylene glycol was significantly poorer than that of
glycerol or ethylene glycol. We point out that the cryoprotec-
tive effect of propylene glycol in our study is equivalent to the
report of Nur e7 4. in which ram sperm cryopreservation was
conducted (47). Compared with the study of Li ez o, which
examined cryoprotective effects of these four permeating
cryoprotectants on cynomolgus monkey (Macaca fascicularis)
sperm cryopreservation, the efficiencies of glycerol and ethyl-
ene glycol in our study were similar to that of Li ez a/. (20). As
for DMSO and propylene glycol, our results were different
from their study: In our study, the cryoprotective effect of
propylene glycol was better than that of DMSO compared
to Li e al. We postulate species difference may account for
the inconsistency.

The present study demonstrated that 4 cryoprotectants
used here either performed similar freezing effects for canine
spermztozoa rather in TCF or LG-DM, suggesting the ac-
tion of a permeating cryoprotectant is mainly associated with
its internal chemical feature instead of extender types.

Our laboratory has been focusing on sperm cryopreserva-
tion in wild and domestic animals. We have compared freez-
ing effects of permeating cryoprotectants on spermatozoa
of primate animals (20) as well as dogs (the present study)
and found that the effects of glycerol or ethylene glycol were
significantly better than that of DMSO or propylene glycol
regardless of the animal species. Furthermore, the frozen-
thawed sperm motility with glycerol or ethylene glycol
could reach 40% or more in any species, which means those
cryopreserved spermatozoa can be used in the practice of IVF
and/or Al Considering the similar freezing effects of glyc-
erol, DMSO, ethylene glycol and propylene glycol on sperm
cryopreservation in primate animals and dogs, we speculate
that primates and Kunming dog spermatozoa might share
similar response to these permeating cryoprotectants.

In the present study, six fertile Kunming dogs whose ages
are 2-4 years were used as semen donors. In many other

canine sperm cryopreservation studies, the number of animals
is from 2 to 12 and quite a few laboratories use 5-6 dogs for
each study. Additionally, the age of dogs in those previous
studies is between 2-7 years old. Thus, the number or the
age of dogs in our study is similar to other studies. In ad-
dition, both FITC-PSA and FITC-PNA can be used in
evaluating acrosomal integrity for mammalian spermatozoa.
FITC-PNA staining has been performed in assessing sperm
acrosome status for various species including Kunming dogs
in our laboratory and the staining results are quite clear, reli-
able and easy to determine. Therefore, FITC-PNA was used
to dye sperm acrosomes in this study. Spermatozoa should be
permeabilized by methanol before staining, as PNA cannot
penetrate an intact membrane.
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