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1 | INTRODUCTION

Abstract

Cryopreservation of small quantities of human spermatozoa whilst maintaining ad-
equate post-thawing motility has been found an essential challenge for male fertility
preservation. Therefore, the study used an effective, and convenient rapid-freezing
method to freeze small amounts of human spermatozoa by adding self-prepared
cryoprotectant (SPC) without animal component. In the feasibility experiment, no
significant differences in progressive motility, normal sperm morphology, vitality or
DNA fragmentation index between the conventional slow freezing and rapid freezing
were realised. The present study prospectively analysed the effects of sperm freezing
and resuscitation in 175 patients with severe oligozoospermia (sperm concentration
<1 x 10%/ml). We observed the 120 severe oligozoospermia specimens had a mean
recovery rate of 60.19% + 10.43% and a mean cryosurvival rate of 68.0% + 9.17%.
In addition, 55 cryptozoospermia specimens were analysed. The small-volume cryo-
preservation showed advantages. The total sperm recovery, motility recovery and
sperm loss rates were 98.48%, 50.17% and 1.52% respectively. In short, the SPC is
safe and effective, and can be used to rapidly freeze severe oligozoospermia speci-
mens. That is useful for successful sperm freezing whilst avoiding the risk of azoo-

spermia in the later stages and promoting comprehensive fertility preservation.

KEYWORDS
conventional slow freezing, rapid freezing, self-prepared cryoprotectant, small quantities of
human spermatozoa

reproductive technology. Male infertility currently accounts for

Cryopreserved spermatozoa had first been utilised to attain preg-
nancy in the 1950s (Sherman, 1973). From that time, cryopreser-
vation technologies have become integral in the management of

male infertility, as well as one of the leading aspects of assisted

about 50% of fertility-related problems (Jackson et al., 2010). Nearly
75% of male patients with infertility have abnormal sperm charac-
teristics, such as oligozoospermia, necrospermia, azoospermia or
sperm deformities (Lopushnyan & Walsh, 2012). Intracytoplasmic

sperm injection (ICSI) has been an ideal method for treating severe
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male infertility (Ohlander et al., 2014; Di Santo et al.,, 2012; Tsai
et al., 2013). Moreover, several investigations have demonstrated
that ICSI utilising frozen-thawed motile spermatozoa from an ejac-
ulation had similar clinical outcomes as that using fresh motile
spermatozoa (Philippon et al., 2015; Sokmensuer et al., 2015). The
seminal parameters of patients with severe oligozoospermia may
fluctuate, and spermatozoa may not always be detected. However,
timely and effective cryopreservation of oligozoospermia samples
can ensure patient fertility. Cryopreservation aims to ensure usable
spermatozoa on the day of egg retrieval and reduces the physical
and mental suffering and financial burden experienced by patients.
Conventional cryopreservation techniques may not be the most
suitable option for oligozoospermia samples given their varying de-
grees of loss and poor in situ motility during the sperm thawing pro-
cess (AbdelHafez et al., 2009). Slow-freezing methods initiated in
the 1960s, as the core technology of sperm banks, have been exten-
sively implemented until now (Sherman, 1963). As such, researchers
have constantly been trying to explore methods for freezing rare
sperm, including the use of single sperm freezing technology in some
extreme cases to preserve a limited number of spermatozoa (Liu &
Li, 2020). Currently, the rare sperm-freezing technology primarily
aimed to use diluted semen (concentration <5 x 10%/ml). It is impos-
sible to truly evaluate the freezing effect of severe oligozoospermia
and choose and optimise the freezing method. The SPC is used for
the routine slow freezing of volunteer spermatozoa in this human
sperm bank, and a good freezing effect has been obtained. The clin-
ical pregnancy rate is higher than 20%. But the freezing effect of
a small amount of spermatozoa has not been evaluated. The main
objective of the present study is to assess an effective, convenient
rapid-freezing method and analyse the freezing effect of small quan-
tities of human spermatozoa. The results presented, herein, would
be beneficial for patients with oligozoospermia experiencing ICSI

treatment cycles with cryopreserved sperm.

2 | MATERIALS AND METHODS

2.1 | Study population

The study was approved by the committee of Medical Ethics of
West China Second University Hospital, Sichuan University, and in-
formed consent was obtained from all participants. From June 2019
to January 2021, a total of 20 normal sperm samples were randomly
selected and 175 severe oligozoospermia samples were involved in

the current study.

2.2 | Experimental design

2.21 | Feasibility

A frozen analysis of the semen samples obtained from 20 normal
sperm samples was conducted to appraise the effectiveness of
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FIGURE 1 Self-designed closed straw carrier system. It
equipped with a novel straw (i), cryoprotectant containing sperm
(i), and an outer 0.5-mL straw (iii)

the rapid cryopreservation by SPC prior to the clinical utilisation
in an assisted reproduction process. The average age (mean + SD),
volume (mean =+ SD), abstinence duration (mean + SD), con-
centration (mean + SD) and progressive motility (mean + SD)
were 28.13 + 4.67 years old, 3.88 + 2.34 ml, 4.13 + 1.19 days,
123.60 + 47.07 x 10%/ml and 63.07% + 10.56% respectively. Semen
from the same ejaculation was categorised into three aliquots: (i)
conventional slow freezing—thawing, (ii) rapid freezing—thawing, (iii)
without freezing as control. Basic sperm analysis (sperm motility, vi-
tality and morphology) and sperm DNA fragmentation assessment
were performed in all three groups.

2.2.2 | Verification test

The 175 severe oligozoospermia samples (sperm concentration
<1 x 10%/ml) were considered for a verification test. The average
age (mean + SD), volume (mean + SD) and abstinence duration
(mean + SD) were 28.42 + 5.37 years old, 3.34 + 1.39 ml and
490 + 1.92 days respectively. The number of progressively motile

(PR) spermatozoa, sperm vitality and recovery rate were evaluated.

23 | SPC

The SPC [sodium chloride, calcium chloride, potassium chloride,
magnesium chloride, sodium dihydrogen phosphate, sodium lactate,
sodium hydrogen carbonate, HEPES, sucrose, glycine, glucose and
glycerol (14% v/v), at pH 7.4] was utilised for cryopreservation (pat-
ent no. CN107027741A).

24 | Self-designed closed-straw carrier system
Self-designed closed-straw carrier system (Figure 1) equipped with
a novel straw, cryoprotectant containing sperm, and an outer 0.5-
ml straw (Cryo Bio System, Paris, France). The novel straw is made
of 0.25-ml straw (Cryo Bio System, Paris, France). The spermatozoa
with normal morphology and motility were captured using the ICSI
needles, then loaded on a droplet of freezing medium (1 pul) upon the
novel straw. The novel straw was placed in a 0.5-ml straw, which was
sealed using an SYMS111 sealer (Cryo Bio System, Paris, France).
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2.5 | Sperm preparation

For 120 severe oligozoospermia samples and 15 cryptozoospermia
specimens, semen was washed by centrifugation at 800g for 15 min
utilizing a double volume of Sydney IVF Gamete Buffer (Cook
Medical, Queensland, Australia). After centrifugation, 100 pl sper-
matozoa suspension was retained and mixed evenly.

For another 40 cryptozoospermia specimens, semen was divided
into sterile centrifuge tubes and centrifuged at 800g for 15 min.
After centrifugation, seminal plasma was discarded, and 50 pl of the
pellet was retained and mixed evenly, then diluted and re-suspended
with 500 pl Sydney IVF Sperm Medium. The isolation of motile
spermatozoa was carried out by utilizing a density gradient centrif-
ugation technique with Sydney IVF Sperm Gradient, and through
centrifugation at 500g for 20 min. Following the final washing step,
the supernatant was abandoned; subsequently, the pellet was re-
suspended in 0.1 ml Sydney IVF Sperm Medium.

2.6 | Conventional slow freezing and thawing

Sperm specimens were added to SPC (7% glycerol concentration) at
a ratio of 1:1. After mixing evenly, the sample (1 ml) was sealed in a
1.8-ml cryotube (Cryo Bio System, Paris, France), which was sealed
using an SYMS111 sealer. The cryotubes were equilibrated for
15 min at 4°C and subsequently placed 5 cm above liquid nitrogen
(LN,) for 10 min and finally, plunged and stored for at least 5 days in
LN, (-196°C). For thawing of sperm, the cryotubes were eliminated
from liquid nitrogen and incubated for 10 min at 37°C.

2.7 | Rapid freezing and thawing

For 120 severe oligozoospermia samples and 15 cryptozoospermia
specimens, spermatozoa suspension was added to SPC (7% glycerol
concentration) at a ratio of 1:1. After mixing evenly, 150 pl of this
solution was added to a 0.25-ml straw, which was sealed using an
SYMS111 sealer. After a distance of 8 cm from the LN, surface was
maintained for 10 min, the straw was rapidly immersed into LN,
(-196°C) for storage at least 5 days. For the thawing procedure, the
straw was removed from the LN, and incubated in a water bath at
37°C for 2 min. Thereafter, the sealed ends of the straws were cut,
and the solution was gently aspirated into a 1.5-ml Eppendorf tube
prior to microscopic analysis.

An Olympus IX-73 inverted microscope fitted with the
NARISHIGE ON4 micromanipulation system was used for selection
of spermatozoa from the semen sample. For another 40 cryptozo-
ospermia specimens, after two-step centrifugation, the novel straw
with a droplet of freezing medium (1 pl) was putted into the bottom
of a 35-cm dish (Falcon, San Jose, CA, USA), the spermatozoa sam-
ple microstrips were directly loaded on the dish, then covered with

mineral oil (Vitrolife, Goteborg, Sweden). The cryoprotectant was
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a 50:50 solution of Sydney IVF Sperm Medium and SPC (glycerol
concentration 14%). Individual spermatozoa were transferred into a
droplet of freezing medium (1 pl). Self-designed closed-straw carrier
system was instantly placed about 5 cm above the LN, surface for
10 min and next, immediately plunged and stored for at least 5 days
in LN, (-196°C). For the thawing procedure, the cryopreserved novel
straw was pulled out from the freezing 0.5-ml straw and placed at
the bottom of a 35-cm dish, and immediately covered with pre-
warmed mineral oil (37°C). Then the dish was cultured in 37°C in-
cubator for 15 min. Finally, the thawed and recovered spermatozoa

were examined.

2.8 | Basic sperm analysis

2.8.1 | Sperm motility evaluation

Specimens were permitted to liquefy for up to 30 min prior to the
treating. For each evaluation, a 5-ul sperm specimen was placed
in a pre-warmed (37°C) Makler counting chamber (Sefi Medical
Industries). The sperm motility parameters were objectively ana-
lysed both pre-freezing and post-thawing by SSA-Il sperm auto-
matic detection and analysis system (SUIJIA SOFTWAAE, Beijing,
China). At least 200 spermatozoa per Makler counting chamber
were evaluated at x200 times magnification (Olympus CX41,
Tokyo, Japan).

For severe oligozoospermia specimens, a manual counting ap-
proach was applied in accordance with WHO guidelines (World
Health Organization, 2010). Each semen specimen is evaluated
twice. For each evaluation, a 5-ul sperm specimen was placed in a
pre-warmed (37°C) Makler counting chamber. Before centrifuga-
tion, after centrifugation and after thawing, 35-40 random fields
per Makler chamber were counted at x200 times magnification,
after which non-progressive, progressive and immotile sperm counts
were recorded, and then the progressive motility and recovery rates
were calculated. On the basis of the formula presented through
the aforementioned manual, the volume per x20 times high power
field was approximately 8 nl, and the volume of 35-40 random
fields per Makler chamber was approximately 0.3 ul. Progressive
motility = PR sperm count/total sperm count x 100%, recovery
rate = post-thawing progressive motility/pre-freezing progressive
motility x 100%.

2.8.2 | Sperm viability assessment

Sperm viability was assessed through vitality testing using eosin
alone according to the WHO guidelines (World Health Organization,
2010). Semen samples were fully mixed, after which 5 pl of semen
and 5 pl of eosin were placed on a slide and mixed thereon using
a pipette tip. A 22 mm x 22 mm coverslip was then used to cover

the sample, which was left to stand at room temperature for 30 s.
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An optical microscope (Olympus CX33, Tokyo, Japan) was used to
examine sperm viability on the glass slide using a x40 objective lens.
Live spermatozoa possess light pink or white heads, whereas dead
ones have heads that are stained red or dark pink. The current study
also evaluated the cryosurvival rate of the spermatozoa as post-
thawing viability/pre-freezing viability x 100%.

2.8.3 | Sperm morphology assessment

The criteria could be applied when assessing the morphological
normality of the spermatozoon (Kruger et al., 1987). We use the
Papanicolaou staining procedure for sperm morphology. Two hun-
dred spermatozoa per specimen were analysed conforming to WHO
protocols (World Health Organization, 2010).

2.9 | Sperm DNA fragmentation assessment

Sperm DNA fragmentation assessment was performed using the
sperm chromatin structure assay (SCSA) (The staining kit of sperm
DNA fragmentation, ANKEBIO, Anhui, China) according to the man-
ufacturer's instructions. The sperm count was adjusted to 1-2 x 10/
ml. Approximately 5000 sperm cells per sample were evaluated by
flow cytometer (Beckman Coulter Inc., Brea, USA). Acridine orange
was intercalated to the normal double-stranded DNA fluoresced
green and associated with the abnormal single-stranded DNA fluo-
resced red. The DNA fragmentation index (DFI) was expressed as
the ratio of the fluorescent intensity of red to total (red plus green)
fluorescence intensities. The data were analysed by Flowjo, a spe-
cific dedicated software.

2.10 | Statistical analysis

The achieved outcomes were analysed by taking advantage of
the Statistical Package for the Social Sciences (SPSS) version 19.0

(IBM, New York, USA). Results were expressed as mean + standard

100 =

80 =

[
o
1

Percentage (%)
8
L

20

. TRET 1l

Progressive motility Vitality Normal morphology

DNA fragmentation

deviation or median and interquartile range. p-value < 0.05 was
considered to be statistically significant. Data sets were analysed
through ANOVA and t-test, utilizing the GraphPad Prism ver.9.0
(GraphPad Software).

3 | RESULTS

3.1 | Sperm parameters and characteristics

The evaluation of the influence of conventional slow freezing and
rapid freezing on sperm parameters and characteristics showed no
statistically significant differences in progressive motility, normal
sperm morphology, vitality, or DNA fragmentation index (p > 0.05)
(Figure 2). Twenty normal semen specimens were analysed for each
outcome. Using SPC, we found a rapid freeze-thaw recovery rate of
67.7% + 15.47% and cryosurvival rate of 71.80% + 12.17%.

3.2 | Cryopreservation effectiveness of severely
oligozoospermic samples

Rapid-freezing results of 120 human sperm specimens are sum-
marised in Table 1. Given the importance of accurately estimating
freezing results in those with exceedingly low sperm count, our pa-
tients were divided into two sections considering a semen PR sperm
count (0.3 pl) of 15 as the boundary. The results indicating 1 < PR
sperm count (0.3 pl) <5 indicated poor freezing effects and were
categorised into group A alone; 5 < PR sperm count (0.3 ul) <15,
into group B; and 15 < PR sperm count (0.3 ul) <30, into group C.
Our results showed that groups A, B, and C had recovery rates of
54.81% + 11.58%, 62.74% + 9.51%, and 63.03% + 7.92% respec-
tively. We found significant differences between groups A and B
(p < 0.05), and groups A and C (p < 0.05) but no substantial discrep-
ancies between groups B and C (p = 0.861).

Fresh spermatozoa samples exhibited a mean cryosurvival rate of
62.08% + 11.85%, which decreased to 42.58% + 11.43% in frozen-

thawed spermatozoa samples. Groups A, B and C had cryosurvival

Em Fresh semen

Conventional slow
frozen—thawed

3 Rapid frozen-thawed

FIGURE 2 Impacton sperm
parameters and characteristics of
conventional slow-freezing and rapid-
freezing protocols
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TABLE 1 Rapid-freezing results of 120 severe oligospermia specimens

Post-thaw

Pre-freezing

Before centrifugation

Cryosurvival
rate (%)

Progressive Recovery rate
(%)

PR sperm count

(0.3 ul)

Progressive

PR sperm count

(0.3 ul)

PR sperm count

(0.3 ul)

Viability (%)

motility (%)

Viability (%)

motility (%)

n

Group

62.76 +12.72°
70.26 + 5.85%

54.81 + 11.58°
62.74 + 9.51°

33.83 +9.04

18.76 + 6.12
29.61 +8.27
30.80 + 9.0

3.88+1.81
9.83 +3.95

63.03 + 10.71
69.25 + 11.04

53.95 +8.38

33.98 +7.60
47.33 +12.42

12.23 +3.68

40

3.45+1.08
9.80+2.76

70.98 + 4.21°

63.03 + 7.92°

44.60 + 10.07
49.30 + 9.28

30.28 + 11.40
73.20 + 14.64
38.57 + 27.87

40

68.0 + 9.17

42.58 +11.43

26.39 + 9.53

21.48 +5.67
11.73 + 8.40

48.69 + 12.64
43.33 +12.90

40

22.68 +4.62
11.98 + 8.62

60.19 + 10.43

62.08 + 11.85

120

Total

Note: Values are mean + standard deviation (SD).

Abbreviations: 0.3 ul, the volume of 35-40 random fields per Makler chamber; PR, progressively motile.

Statistically significant at p < 0.05.
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rates of 62.76% + 12.72%, 70.26% + 5.85% and 70.98% + 4.21%
respectively. We found significant differences between groups A
and B (p < 0.01), and groups A and C (p < 0.01) but no substantial
discrepancies between groups B and C (p = 0.703).

In order to further explore the effect of sperm freezing, semen
specimens PR sperm count (0.3 pl) < 1 is selected, so the cryptozo-
ospermia specimens meet the standard. The rapid-freezing results
of 15 cryptozoospermia specimens are summarised in Table 2. There
was a risk that specimens would not have PR spermatozoa after
thawing. Depending on specific situations, the small-volume (1 ul)
cryopreservation on the self-designed closed straw carrier system
showed advantages. Spermatozoa can be found within 30 s after
thawing. The rates of total sperm recovery, as well as motility recov-
ery, were 98.48% and 50.17% respectively. The average sperm loss
rate was 1.52% (Table 3).

4 | DISCUSSION

Semen cryopreservation is essential for treating the infertility of
males, especially for patients with severe oligozoospermia and
nonobstructive azoospermia. Studies have shown that those with
a minimum of one previous semen analysis showing a total sperm
count of <100,000 have a 52% risk for future transient azoospermia
(Montagut et al., 2015). Currently, ICSI is the most effective treat-
ment procedure for the serious factor of male infertility. A major
difference of ICSI with respect to natural fertilisation is that only a
few spermatozoa are required for successful fertilisation. Therefore,
effective cryopreservation of spermatozoa can ensure protection
against the potentially damaging influences of transient azoospermia
when ICSI occurs, reducing the psychological and physical stress in
many couples.

Cryopreservation of small amounts of spermatozoa remains a
major challenge for male fertility. Although years of research have
improved the cryopreservability of sperm, substantial sperm loss and
decline in motility after thawing still remain a problem. Influencing
factors include cryoprotectants, freezing carriers, optimised sperm-
processing methods, freezing volumes, freezing procedures, etc.
Accordingly, damage during cryopreservation greatly reduces the
chance of finding motile spermatozoa after the ICSI procedure fol-
lowing thawing, with some cases showing not even a single motile
spermatozoa (Isachenko et al., 2004). ICSI with inanimate spermato-
zoa leads to difficult fertilisation and pregnancy (O'Neill et al., 2018;
Rubino et al., 2016; Yazawa et al., 2009).

Cryoprotectants are low molecular weight and highly permeable
chemicals used to protect spermatozoa from freeze damage through
ice crystallisation by decreasing the freezing temperature of the
specimens (Royere et al., 1996). The SPC used in this study does
not contain egg yolk, and there is no risk of infection by pathogenic
bacteria. Volunteer spermatozoa cryopreserved are used within
the scope permitted by national regulations, and the clinical preg-
nancy rate is higher than 20%. The traditional slow-freezing method
leads to poor performance in freezing samples with unfavourable
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TABLE 2 Rapid-freezing results of 15 cryptozoospermia specimens

Pre-freezing

PR sperm count

No. (0.3 ul) Progressive motility (%)
1 4 36.36

2 2 28.57

3 4 57.14

4 5 62.5

5 9 29.03

6 4 66.67

7 5 71.43

8 S 75.0

9 8 66.67

10 7 33.33

11 2 33.33

12 2 40.0

13 5 55.56

14 S 37.5

15 2 25.0

Mean + SD 4.33 +2.23 47.87 + 17.59
Median 4.0 40.0

25-75 2.0-5.0 33.33-66.67

Post-thaw

PR sperm count

(0.3 ul) Progressive motility (%) Recovery rate (%)
1 12.5 34.4

0 0 0

1 20 35.0

2 SR8 53.33

2 13.33 45.92

0 0 0

0 0 0

0 0 0

2 25.0 37.50

2 12.50 37.50

0 0 0

0 0 0

1 14.29 25.72

1 16.67 44.45

0 0 0

0.80 +0.86 9.84 +10.87 20.92 +21.12
1 12.50 25.72

0-2.0 0-16.67 0-37.50

Abbreviations: 0.3 ul, the volume of 35-40 random fields per Makler chamber; PR, progressively motile.

quality perhaps due to the increased number of spermatozoa with
damaged plasma membranes and internal organelles in these poor-
quality specimens, which increases their susceptibility to cryoinjury
(Counsel et al., 2004; Degl'Innocenti et al., 2013). Furthermore, stud-
ies have found that a higher cooling rate lowers the solid solution
effect (Sieme et al., 2016). Thus, in the current research, the straws
were directly placed above the LN, vapour to rapidly freeze human
sperm, the high average freeze-thaw recovery rate, cryosurvival
rate and morphological integrity rate, and low DNA fragmentation
rate were obtained. Besides, no significant difference in progressive
motility, normal sperm morphology, vitality, or DNA fragmentation
index between the conventional slow freezing and rapid freezing
were realised. These findings confirm the clinical application value
of using SPC to rapidly freeze a small amount of spermatozoa and
highlight its potential in assisted reproductive technology.

Semen samples utilised, herein, were obtained from spermato-
zoa collected from patients with severe oligozoospermia through
masturbation, which could truly reflect the freezing effect. Owing
to the small number of sperm, the sperm samples were optimised
by centrifugation to increase the number and reduce the loss of
sperm. Therefore, our goal was to recover as many sperm as possi-
ble to meet the utilisation of assisted reproduction technology (ART)
under the premise of ensuring the freezing effect. The small size of
the straw can reduce sperm loss due to carrier adhesion and increase
the number of freezing tubes. Optimised semen cryopreservation
for fertility preservation frequently involves the cryopreservation of

multiple straws to present flexibility in further utilisation. Moreover,
multiple investigations have proposed the occurrence of cross-
contamination of biological material during LN, storage and suc-
ceeding cross-infection of patients (Fountain et al., 1997; Tedder
etal., 1995). Hence, utilizing more secure storage devices still carries
value to prevent the hypothetical occurrence of cross-contamination
(Cobo et al., 2010). The straw can also be sealed using a sealing ma-
chine to effectively prevent the potential risk of cross-contamination
in LN, and further improve safety and reliability.

The present prospective research in a relatively extensive sam-
ple scale divulged the recovered rate and cryosurvival rate of severe
oligozoospermia samples were higher than 60%. The recovered rate
and cryosurvival rate in group A were lower than those in groups
B and C. Significant differences were detected between groups A
and B, and between groups A and C. Degl'Innocenti et al. (2013)
observed a desirable association between pre-freeze progressive
motility and post-thaw semen parameters. In case of severe oligozo-
ospermia, it is reasonable to use the PR sperm count for evaluating
and predicting the freezing outcome when the sperm concentration
cannot be detected. This approach exhibits clinical reference value.
If the sperm count is extremely small, the frozen volume is more im-
portant. It can avoid the loss of spermatozoa and shorten the time
to search for spermatozoa after thaw. Researchers have used more
advantageous carriers in recent years to freeze single or small num-
ber of spermatozoa such as Cryotop, Cell Sleepers, Sperm VD and
cryopiece (Liu & Li, 2020). The spermatozoa with normal morphology
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TABLE 3 The small-volume cryopreservation results of 40 cryptozoospermia specimens
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:2;::1 PR No. (%) of spermatozoa No. (%) of motile No. (%) of immotile No. (%) of lost spermatozoa

No. sperm recovered after thawing  spermatozoa after thawing  spermatozoa after thawing  after thawing

1 13 13 (100) 4(30.77) 9 (69.23) 0(0)

2 20 20 (100) 0 (50) 10 (50) 0(0)

3 19 19 (100) 3(68.42) 6(31.58) 0(0)

4 25 4 (96) 3(52) 11 (44) 1(4)

5 20 19 (95) 10 (50) 9 (45) 1(5)

6 20 0 (100) 8 (40) 12 (60) 0(0)

7 25 5(100) 16 (64) 9(36) 0(0)

8 19 9 (100) 7 (36.84) 12 (63.16) 0(0)

9 14 14 (100) 7 (50) 7 (50) 0(0)

10 19 9 (100) 11 (57.89) 8(42.11) 0(0)

11 7 7 (100) 3(42.86) 4(57.14) 0(0)

12 14 4 (100) 7 (50) 7 (50) 0(0)

13 10 10 (100) 4 (40) 6 (60) 0(0)

14 18 8 (100) 10 (55.56) 8 (44.44) 0(0)

15 3 3(100) 1(33.33) 2(66.67) 0(0)

16 16 15(93.75) 7 (43.75) 8(50) 1(6.25)

17 15 15 (100) 5(33.33) 10 (66.67) 0(0)

18 9 9 (100) 5(55.56) 4 (44.44) 0(0)

19 12 0(85.71) 6(50) 4(33.33) 2(16.67)

20 6 6 (100) 4(66.67) 2(33.33) 0(0)

21 13 3(100) 5(38.4¢) 8(61.54) 0(0)

22 21 0(95.24) 9 (42.86) 11 (52.38) 1(4.76)

23 5 5(100) 3(60) 2 (40) 0(0)

24 8 8 (100) 3(37.5) 5(62.5) 0(0)

25 18 18 (100) 10 (55.56) 8(44.44) 0(0)

26 11 11 (100) 4 (36.36) 7 (63.64) 0(0)

27 5 5(100) 4(80) 1(20) 0(0)

28 14 13 (92.86) 6(42.86) 7 (50) 1(7.14)

29 15 15 (100) 6 (40) 9 (60) 0(0)

30 9 9 (100) 5(55.56) 4 (44.44) 0(0)

31 12 12 (100) 4(33.33) 8(66.67) 0(0)

32 14 14 (100) 8(57.14) 6(42.86) 0(0)

33 32 31(96.88) 18 (56.25) 13(40.63) 1(3.12)

34 10 10 (100) 4 (40) 6 (60) 0(0)

35 13 13(100) 7(53.85) 6(46.15) 0(0)

36 15 15 (100) 9 (60) 6 (40) 0(0)

37 39 37 (94.87) 27 (69.23) 9 (23.08) 2(5.13)

38 14 14 (100) 7 (50) 7 (50) 0(0)

39 14 14 (100) 6(42.86) 8(57.14) 0(0)

40 6 6 (100) 1(16.67) 5(83.33) 0(0)

Total 592 583(98.48) 297 (50.17) 285 (48.14) 9(1.52)
Abbreviation: PR, progressively motile.
and motility were captured using the ICSI needles. Then sperma- laboratories has been restricted through their different deficiencies,
tozoa were cryopreserved by rapid-freezing technique. However, including high cost, special equipment requirements, low recovery

the extensive usage of these carriers in assisted reproduction rate or open systems. There are sealed carriers (the two piece High
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Security Straw) for freezing single or small number of spermatozoa
(Desai et al., 2012). The same is the use of ICSI needle to capture
spermatozoa with normal morphology and motility. The difference
is that using a very finely drawn glass micropipette, spermatozoa
were drawn into the capillary tube. The sperm recovery rate is rela-
tively unstable (33%-100%). In our study, the 40 cryptozoospermia
sperm specimens were rapidly frozen using the self-made freezing
carrier. It is inexpensive and easy to manufacture whilst being able to
achieve full sealing. Spermatozoa had been found within 30 s, with
only eight specimens losing one or two spermatozoa after thawing.
The average sperm loss rate was 1.52%, indicating greatly reduced
sperm loss.

Some limitations of the current study need to be considered.
First, for cryptozoospermia specimens, small-volume cryopreserva-
tion is the direction of future development. This study only analysed
the freezing effect of 1 ul volume. Later studies can be tested in
different volumes to find the best effect. Second, the rapid-freezing
technology utilised herein had been developed for quite a short pe-
riod (i.e. about 1 year). There are already high-quality frozen em-
bryos and healthy babies born. Given the limited number of clinical
use cases, data analysis could not be performed. In the future, we
expect that this technology would be better developed in clinical
applications and that more cases can be considered to further deter-
mine the utility of this freezing method.

In conclusion, the current study showed SPC is safe and effec-
tive, and can be used to rapidly freeze small quantities of human
spermatozoa. Through appropriate freezing methods, successful
sperm freezing can be ensured, patients with oligozoospermia can
avoid situations wherein they cannot undergo sperm cryopreserva-
tion in the later stages, and comprehensive fertility preservation can
be achieved.
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