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Cryopiece, a novel carrier with faster cooling rate, high recovery 
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Background: Cryopreservation of extremely few spermatozoa is still a major challenge for male fertility 
preservation. This study aims to evaluate the cooling rate, recovery rate, and retrieval rate, along with 
other parameters of spermatozoa that cryopreserved using Cryopiece, a novel carrier, for individual sperm 
cryopreservation.
Methods: Semen samples from 60 fertile donors were collected, and each semen sample was screened for 
motile sperm and mixed with cryoprotective agent (CPA), and then frozen using Cryopiece, micro-straw, and 
mini-straws. The cooling rate, retrieval rate, and recovery rate, morphology, DNA fragmentation index (DFI) 
and mitochondrial membrane potential (MMP), were compared among the un-frozen sperm and the sperm 
cryopreserved using these carriers. 
Results: Cryopiece possessed the fastest cooling rate. After freeze-thaw, the average retrieval rate of 
sperm cryopreserved using Cryopiece was 96.25%, and the average recovery rate was 64.40%, which were 
higher than that of sperm cryopreserved using the other two carriers (71.42% and 54.30% for micro-straw, 
and 63.54% and 58.04% for mini-straw, respectively). There was no significant impact on DFI after sperm 
cryopreservation, and no significant difference in morphology between sperm cryopreserved using these 
carriers was observed. Though MMP of sperm changed significantly after cryopreservation, micro-straw 
maintained sperm MMP better than Cryopiece and mini-straw did, while no significant difference was 
observed in MMP between sperm cryopreserved using Cryopiece and mini-straw.
Conclusions: Cryopiece produced satisfying retrieval and recovery rates in sperm cryopreservation and 
should be an ideal carrier for cryopreservation of small number of sperm.
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Introduction

Due to the deterioration of the environment, unhealthy 
lifestyle, and the genetic factors, more and more couples 
are suffering from infertility (1). According to the data 
released by the WHO (World Health Organization), 
10–15% couples were infertile and about 50% of them were 
associated with male factors. Today, majority of infertile 
couples will be successfully treated by assisted reproduction 
technology (ART), especially intracytoplasmic sperm 
injection (ICSI) for severe male factors such as oligospermia 
or asthenozoospermia (2,3). The pregnancy rate is about 
40–45% for ICSI cycle (4). Unfortunately, in some cases, 
ICSI cycle may be canceled due to no sperm available 
in semen or testicular biopsy specimens (5). Therefore, 
before commencing ICSI cycle, it is very important to 
cryopreserve small number of sperm retrieved from semen 
of severe oligospermic men or testicular biopsy sample from 
non-obstructive azoospermia (NOA) men.

Cryopreservation of small number of sperm is very 
challenging with conventional cryopreservation carriers, 
which could cause loss and seriously injury of sperm (6).  
Several carriers have been developed to improve the 
outcome of sperm cryopreservation. A micro-straw has 
been reported to be useful carrier for sperm density 
<2×106 /mL (7). Nevertheless, to those who suffer from 
cryptozoospermia or NOA, the number of retrieved 
sperm is usually below 100. Micro-straw is incompetent to 
preserve such few sperm.

In literatures, many innovated carriers for individual 
sperm cryopreservation were reported, such as Cryoloop, 
Cryotop, and Cell sleeper (8-12). Even empty zona 
pellucida was reported to be employed (13). Artificial 
synthetic hollow hyaluronan microcapsules and agarose 
capsules were also be developed for sperm cryopreservation 
(14-16). However, these methods are still not been widely 
used in ART clinics. 

A novel carrier called Cryopiece, which was suitable 
for cryopreservation of extremely few sperm, had been 
developed previously (17). During sperm cryopreservation 
using Cryopiece, micromanipulation was used to load sperm 
onto specific carrier individually. No additional transfer 
of sperm during the freeze-thaw procedure, which could 
ensure almost no loss of sperm during following process. 

Though there had been successful delivery of health baby 
with the help of Cryopiece for extremely few spermatozoa 
cryopreservation (17), a systemic evaluation of Cryopiece 
has not yet been conducted. The aim of this study was to 
compare the sperm retrieval and recovery rates, and impact 

on sperm DFI, morphology, and mitochondrial membrane 
potential (MMP) between Cryopiece, micro- or mini-straws 
for cryopreservation of small number of sperm. We present 
the following article in accordance with the TREND 
reporting checklist (available at http://dx.doi.org/10.21037/
tau-20-1080).

Methods

Sperm sample and preparation 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Review Board of Shanghai 
General Hospital (license number of ethics statement: 
2016KY196). Informed consents were signed by all sperm 
donors. Semen samples of 60 healthy donors (ages ranged 
from 23 to 29 years, mean, 25.3±3.4 years) were randomly 
collected from Department of Andrology, Urological 
Medical Center, Shanghai General Hospital, Shanghai Jiao 
Tong University. Semen was obtained by masturbation after 
abstinence for 2–7 days. Then, a routine semen analysis 
was performed according to the WHO Laboratory Manual 
for the Examination and Processing of Human Semen (5th 
Edition), and parameters of enrolled semen samples were 
within the following range: volume of semen >2 mL, sperm 
concentration >20×106/mL, and progressive motility rate 
(PR) >60%.

Because of that only the motile sperm would be chosen 
during individual sperm cryopreservation, to make a 
comparison with other types of carrier, motile sperm should 
be used in all cryopreservation procedure. A modified 
swim-up method was employed for motile sperm screening. 
Briefly, about 1–2 mL liquefied semen was centrifuged at 
600 g for 10 min, remove the upper semen plasma and retain 
about 200 μL liquid. Re-suspend the precipitate and add 
the suspension at the bottom of a clean 1.5 mL tube, then 
about 1 mL mHTF (Modified HTF Medium, Ref.90126, 
Irvine Scientific, USA) supplied with 5% HSA (human 
serum albumin) was carefully covered on the suspension. 
The tube was incubated in a 37 ℃ incubator for at least 
1 hour, and then the upper mHTF (about 500–700 μL  
to avoid the inclusion of unscreened immotile sperm) was 
collected. The screened sperm were then counted under 
microscopy. Samples with a sperm concentration over 
2×106/mL (with the total sperm number over 1×106, which 
would be sufficient for the following examination), and 
motile sperm above 95% after swim-up screening were used 
in following examinations. The screened sperm derived 
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from the same semen specimen were divided into different 
groups for treating and detecting in all following works, 
sperm derived from different semen specimens were served 
as biological repeats.

Three types of carrier: Cryopiece, micro-, and mini-straws

Cryopiece is a novel carrier designed for individual sperm 
cryopreservation. It is a thin slice made from polystyrene, 
about 1×3 cm in size, and TC (tissue culture) treated. On 
the end of Cryopiece, there exists a handle made from 3M 
tape, which enable the operator to move it with the help 
of tweezers, without touching the surface of Cryopiece  
(Figure 1A). It could be put in a vial for preservation. Before 
using, Cryopiece was sterilized via ethylene oxide treatment. 
Recently, a kind of improved Cryopiece was developed 
(Figure 1B). The slice is fixed to an injection molded handle, 
which could be mounted on an improved vial cap tightly. 
The cap could be screwed onto the vial with the Cryopiece 
mounted, thus avoiding the rocking of the Cryopiece 
inside the vial during transferring and cryopreservation  
(Figure 1C,D,E). In present work, the improved Cryopiece 
was utilized.

Micro-straws which had been described in our previous 
work and commercially available mini-straws (Ref 010261, 
CryoBiosystem, Paris, France) that had been widely used in 
our clinical practice were used for comparison (7).

Detection of cooling rate during cryopreservation

In this study, a data acquisition unit PXle-1073 from 
National Instruments® was adopted to measure the real-time 
temperature during freezing and thawing at a high frequent 
(at 10 kHz sample rate), along with a Φ0.1 mm diameter 
T-type (copper-constantan) thermocouple as the sensor. The 
small volume of the sensor ensured the instant response to 
the temperature change of the sample. To provide the zero-
degree reference temperature, an Omega® TRCIII-A ice-
point Calibration Reference Chamber was used.

To measure the cooling rate of the cryoprotective agent 
(CPA) on the Cryopiece during freeze-thaw process, the 
T-type thermocouple was attached on the Cryopiece by 
adhesive tape to avoid drop-off of the probe at cryogenic 
temperature. The point was completely immerged in the 
CPA drops. Cryopiece was put in the vial and fumigated 
with vapors of liquid nitrogen at 5 cm above the liquid-
air interface of liquid nitrogen while the cooling rate was 
recorded. When the temperature reached −130 ℃, the 

vial was dropped into liquid nitrogen. For thawing, the 
Cryopiece was picked out of the vial, immersed into  
37 ℃ pre-heated light mineral oil (Oil for Embryo Culture, 
Ref. 9305, Irvine Scientific, USA) immediately and incubated 
for 3 min. The cooling rates of micro-straw and mini-straw 
loaded with CPA were also detected in the same way for 
making a comparison, the only difference of the performance 
was that micro-straw and mini-straw were put in a plastic 
holder instead of vial during fumigation, and the thawing of 
these straws was performed by 37 ℃ water-bath for 3 min.

Sperm cryopreservation 

For cryopreservation using Cryopiece, swim-up screened 
sperm was loaded in Petri dish (Petri Dish, Ref. 1006, BD/
Falcon, USA) as micro strips. 

CPA (Cryosperm, Ref. 10670010F, Origio, Denmark) 
was mixed with mHTF supplemented with 5% HSA at a 
ratio of 1:1, and loaded as drops on to Cryopiece, 2 μL for 
each drop. Then Cryopiece was laid in the Petri dish.

Cover the micro strips and the Cryopiece with light 
mineral oil. ICSI needle (ICSI, Ref. MIC-35-35, Origio, 
USA) was used to transfer the motile sperm from the micro 
strips to the CPA drops individually (Figure 1F). 

After transferring the spermatozoa, Cryopiece was 
picked out of the oil, drain it with tissue carefully and put 
it into vial. Then, the vial with Cryopiece was fumigated 
with vapor of liquid nitrogen at 5 cm above the liquid-air 
interface of liquid nitrogen for at least 10 min and stored in 
the liquid nitrogen finally.

For thawing, light mineral oil put in the Petri dish was 
pre-heated in incubator at 37 ℃, and then Cryopiece was 
picked out of the vial immediately and put into the warmed 
oil. The frozen drops would be thawed within seconds.

Cryopreservation and thawing of sperm specimen 
using micro and mini-straw was performed as described 
previously (7). 

Briefly, as for micro-straw, several drops of 50 μL mixed 
sperm specimen and CPA were placed into a culture dish. 
We pushed up the outer metal shell of micro-straw and 
exposed the inner tube to aspirate mixed sample with a 
sterile syringe, and then pushed down the outer metal shell 
to protect the pine end of the inner tube. Finally, micro-
straw was put in the holder and fumigated with vapor of 
liquid nitrogen for at least 10 min before being transferred 
into liquid nitrogen. For thawing of sperm, the micro-
straws were put in 37 ℃ incubator immediately after picked 
out from the liquid nitrogen, and incubated for 3 min. The 
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Figure 1 Cryopiece and the application of it in individual sperm cryopreservation. (A) The original version of Cryopiece was a thin slice 
made from polystyrene. On one end of Cryopiece, there exists a handle made from 3M tape, which enable the operator to move it with 
the help of tweezers, without touch the surface of Cryopiece. It could be put in a vial for preservation; (B) the appearance of the improved 
Cryopiece. The slice is fixed to an injection molded handle; (C,D,E) the injection molded handle could be mounted on an improved vial 
cap tightly. The cap could be screwed onto the vial with the Cryopiece mounted, thus avoiding the rocking of the Cryopiece inside the vial 
during transferring and cryopreservation; (F) sperm specimen was loaded in Petri dish as micro strips. Cryoprotective agent (CPA) mixed 
with mHTF was loaded as drops on to Cryopiece. Then Cryopiece was laid in the Petri dish. Cover the micro strips and the Cryopiece with 
light mineral oil. Then, ICSI needle was used to transfer the motile sperm from the micro strips to the CPA drops on Cryopiece individually. 
ICSI, intracytoplasmic sperm injection.
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solution in the micro-straws was lightly blown into pre-
warmed recovery solution at 37 ℃ in a 5% CO2 incubator 
for 10 min before further examinations. 

As for mini-straw, the mixture of sperm specimen and CPA 
was drawn into the mini-straws, and then the straws were 
sealed using a heating-sealing and then put in the holder, 
fumigated with vapor of liquid nitrogen for at least 10 min 
before being transferred into liquid nitrogen for preservation.

The straws were thawed in a water bath at 37 ℃ for 3 min. 
Then, we cut the sealed ends of the straws and lightly blew 
out the solution into pre-warmed recovery solution. The 
following steps were the same with that of the micro-straw.

Recovery rate and retrieval rate calculation

For testing and comparing the recovery rate and retrieval rate 
after cryopreservation and thawing using Cryopiece, sperm 
from 20 donors were processed through swim-up procedures. 
Each semen specimen was used for the calculation 
individually. A total of 20 spermatozoa were transferred 
into each CPA drop loaded on the Cryopiece through the 
micromanipulation. Then the Cryopiece was frozen and 
thawed as mentioned above. The recovery rate and retrieval 
rate were checked under an inverted microscope. 

For micro-straw and mini-straw, the specimens were 
cryopreserved and thawed as described previously. The 
number of sperm in the sample and the number of motile 
sperm were checked respectively under microscope before 
freezing and after thawing. Motile sperm was defined as 
sperm with any motion, including vibration. The retrieval 
rate was calculated as the ratio of sperm count after thawing 
to before freezing. The recovery rate was defined as the 
ratio of motile sperm count after thawing to before freezing. 

DNA fragmentation index (DFI) examination

For DFI examination, adequate spermatozoa were 
transferred into several CPA drops loaded on the Cryopiece. 
Then the Cryopiece was frozen and thawed as mentioned 
above. The drops were recovered carefully after thawing, 
avoiding the mixing of oil. Sperm chromatin dispersion 
(SCD) test using Halo-tech sperm DFI test kit (Halosperm, 
Ref. HT-HS1, Spain) was carried out to exam the DFI 
according to the instruction. 

Briefly, sperm specimen was mixed with pre-melt low-
melting agarose and loaded onto the treated side of the slide 
provided in the kit, covering with a coverslip, being careful 
to avoid air bubbles. The slide was then put into a fridge 

at 4 ℃ for cooling. After the agarose was solidified, the 
coverslip was removed carefully, and the slide was immersed 
in the acid denaturant solution, incubating it for 7 min. 
Then, lysis solution was used to incubate the slide for  
25 min. After being washed with water for 5 min, the slide 
was dehydrated in ascending series of ethanol, and left to dry 
at room temperature. Wright stain was employed to stain the 
slide. Wright stain solution was mixed with phosphate buffer 
at a ratio of 1:1. The slide was kept in horizontal station, and 
drops of mixed Wright stain solution was added to cover the 
agarose layer, staining for about 2–5 min, and then the slide 
was washed briefly in tap water and air dry. A microscope 
was used to observe the staining result. The haloes appeared 
around the heads of sperm were counted. DFI value was 
defined as the ratio of sperm with small halo (the halo width 
is similar or smaller than 1/3 of the minor diameter of the 
core) or without halo to that with bigger halo.

Un-frozen sperm specimen was used as control. A 
minimum of 300 sperm were counted for each sample 
before and after freeze-thaw procedure; 60 samples from 
the 60 donors were used for biological repeatability.

Sperm morphology evaluation

For evaluating the sperm morphology, screened sperm were 
divided into 5 groups. Fresh group: no CPA added, un-
frozen; CPA added group: CPA added, un-frozen; Cryopiece 
group: CPA added, cryopreserved using Cryopiece; micro-
straw group: CPA added, cryopreserved using micro-
straw; mini-straw group: CPA added, cryopreserved using 
mini-straw. The freeze-thaw procedure was performed as 
described above. Smears were prepared using the recovered 
drops, un-frozen specimen served as control. Diff-Quik 
(sperm Morphology Quick-Staining Solution, Ref. BA-
4157B, Baso, China) was used to stain the smears. Briefly, 
sperm smears were immersed in Diff-Quik Fix for 5 s for 
fixation, and then immersed in Diff-Quik I and Diff-Quik II 
for 5 s in turn for staining. The stained smears were washed 
by fresh water and air dried. The normal morphology rate 
was evaluated according to the WHO laboratory semen 
examination manual 5th edition. A total of 200 sperm were 
assessed for morphology in each sample. Sisty samples from 
the 60 donors were used for biological repeatability.

Flow cytometric evaluation of MMP (Δψm)

For evaluating the MMP of spermatozoon, JC-1 fluorescent 
dye (5,5',6,6'-tetrachloro-1-1',3,3' tetraethylbenzimidazolylc
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arbocyanine iodide) (Yeasen, CAS3850-30, Shanghai, China) 
was used for monitoring and directly measuring the MMP 
(Δψm), which is a good indicator of mitochondrial function. 
JC-1 is a cationic lipophilic probe that can selectively 
enter and distinguish the mitochondria with low and high 
Δψm, and has a dual emission. Red fluorescence (FL-3) 
corresponds to active and functional mitochondria, and green 
fluorescence (FL-1) corresponds to inactive or inoperative 
mitochondria. The MMP was defined as red/green ratio 
which could indicate the whole mitochondrial activity in 
sperm. The higher the MMP, the better the mitochondrial 
function was. All experiments were performed on FACS 
Calibur cytometer (BD Biosciences). A minimum of 10,000 
sperm were calculated for MMP in each sample; 60 samples 
from the 60 donors were used for biological repeatability.

A control group was prepared by incubating the sperm 
with p-trifluoromethoxy carbonyl cyanide phenylhydrazone 
(CCCP), a mitochondrial uncoupling agent, for 20 min at 
room temperature. This uncoupler agent alters the red/green 
fluorescence decreasing the ratio value. Other 5 groups were 
the same as those in the sperm morphology evaluation.

Statistical analysis

The retrieval rate and recovery rate were calculated by 
comparing sperm numbers and motility rate after freeze-thaw 
procedure. The data of retrieval rate, recovery rate, sperm 
morphology, DFI, and MMP were analyzed by paired t-test 
or one-way of variance (ANOVA) using GraphPad Prism 
8.2.1 software (GraphPad Software, Inc., La Jolla, CA, USA), 
P<0.05 was considered to be statistically significant. If the P 
value was less than 0.05 by ANOVA, the Tukey Significant 

Difference test was performed using the same program. 

Results

Cryopiece has the fastest cooling rate

The cooling rate during sperm cryopreservation showed 
very difference between Cryopiece, micro-straw and 
mini-straw. The cooling rate of Cryopiece was obviously 
faster than micro-straw and mini-straw, showing 29.12, 
20.99, and 20.63 ℃/min from 27 to 0 ℃, 44.20, 26.05, and  
25.90 ℃/min from 0 to −50 ℃ ,  43.53, 39.06, and  
35.20 ℃/min from −50 to −80 ℃, and 6.99, 6.30, and  
6.27 ℃/min from −80 to −130 ℃, respectively, thus rapidly get 
through the freezing point, during which the intracellular 
ice and extracellular ice formed (Figure 2, Table 1).

The sperm cryopreserved using Cryopiece has the highest 
recovery rate and retrieval rate 

After thawing, the recovery rate and retrieval rate of the 
sperm were calculated. The average retrieval rate and 
recovery rate of sperm cryopreserved using Cryopiece 
were 96.25% and 64.40%, respectively. For micro-straw, 
the average retrieval rate and recovery rate were 71.42% 
and 54.30%, respectively. For mini-straw, the average 
retrieval rate and recovery rate were 63.54% and 58.04%, 
respectively. The recovery rate and retrieval rate of sperm 
cryopreserved using Cryopiece was significantly higher than 
that of sperm cryopreserved using micro-straw and mini-
straw significantly (Figure 3).

No significant difference was observed in DFI between 
sperm before cryopreservation and after cryopreservation 
using Cryopiece

Semen provided by 60 donors was used to evaluate the 
DFI of sperm. The average DFI of sperm before and 
after cryopreservation using Cryopiece were 13.80% and 
14.18%, respectively. There was no significant difference 
in DFI between sperm before cryopreservation and after 
cryopreservation using Cryopiece (Figure 4). 

No significant difference was observed in normal 
morphology rate between sperm cryopreserved using the 
three types of carrier

Normal sperm morphology rate was analyzed after thawing 

Figure 2 The cooling curves of the three types of carriers loaded 
with cryoprotective agent (CPA). The cooling rate of Cryopiece is 
significantly faster than that of micro-straw and mini-straw. Micro-
straw shares similar cooling curve with mini-straw.
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according to the guidance of WHO laboratory semen 
examination manual 5th edition. The average normal 
morphology rates of sperm were 24.20% in fresh group, 
18.34% in CPA added group, 15.47% in Cryopiece group, 
16.27% in micro-straw group, and 15.39% in mini-straw 
group, respectively. The normal morphology rate of 
CPA group was significantly decreased after adding CPA 
compared with fresh group (P<0.001). Besides, the normal 
morphology rates of cryopreserved sperm specimens 
were also significantly decreased. However, there was no 
significant difference between Cryopiece group, micro-
straw group, and mini-straw group (Figure 5).

Micro-straw maintained MMP best while no significant 
difference was observed in MMP between sperm 
cryopreserved using Cryopiece and mini-straw

The effect of the three types of carrier on MMP in human 
sperm was measured using JC-1 staining (Figure 6A). 

Analysis by flow cytometry showed the average MMP of 
Cryopiece group and mini-straw group were 0.1143 and 
0.1118, respectively. No significant difference between these 
two groups was observed. The average MMP of micro-
straw group was 0.1345, which was significantly higher than 
that of Cryopiece group and mini-straw group. Besides, it 
was found the average MMP of fresh group and CPA added 
group were 0.1370 and 0.1475, respectively. The MMP 
of CPA added group was higher than that of fresh group 
significantly. The MMP of cryopreserved sperm decreased 
significantly compared with CPA added group. (Figure 6B).

Discussion

For a  long t ime,  c l inica l  technic ians  of  fert i l i ty 
preservation have been looking for an ideal carrier for the 
cryopreservation of small number of sperm. Such carrier 
should have an appropriate cooling rate to reduce the 
freezing injury and should not introduce additional damage 
on genetic materials of sperm. Furthermore, the carrier 
should minimize the loss of sperm during freezing and 
thawing procedure since each spermatozoon retrieved from 
patients with severe oligospermia and NOA is precious. 
These spermatozoa may be the last chance for them to 
father their own offspring through ICSI cycle. So, it was not 
allowed to use the spermatozoa retrieved from the patients 
for experimental study. Therefore, we use the spermatozoa 
donated by normal fertile men.

It was reported that the cooling rate of micro-straw, 
mini-straw, and 0.5 mL straw were 262.80, 153.45, and 
42.99 ℃/min from −50 to −80 ℃, and 94.32, 57.12, 
and 12.71 ℃/min from −80 to −130 ℃, respectively (7). 
However, these data were obtained via putting the carriers 
directly in the fumigation liquid nitrogen for analysis, which 
was different from the clinical protocol we following. In 
clinical work, before the specimen was fumigated, a cover 

Table 1 Comparison of cooling rate during freezing (liquid nitrogen fumigation) and thawing between Cryopiece, micro-straw and mini-straw

Temperature range (℃)
Cooling rate (℃/min)

Cryopiece Micro-straw Mini-straw

27 to 0/freezing 29.12 20.99 20.63

0 to −50/freezing 44.20 26.05 25.90

−50 to −80/freezing 43.53 39.06 35.20

−80 to −130/freezing 6.99 6.30 6.27

−193 to 27/thawing 832.3 922.30 854.95

Figure 3 Comparison of the retrieval and recovery rates between 
sperm cryopreserved using the three types of carriers. The recovery 
rate and retrieval rate of sperm cryopreserved using Cryopiece 
were significantly higher than that of sperm cryopreserved using 
mini-straw and micro-straw. (**, P<0.01; ***, P<0.001).

Retrieval rate                          Recovery rate
(71.42±15.68)% (96.25±4.55)% (63.54±9.68)%            (54.30±11.64)% (64.40±12.95)% (58.04±7.38)%

Micro-straw
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Mini-straw
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held by aluminum frame was used to hold the carrier. So in 
current study, the cooling rate is lower than that detected in 
previous work, but closer to clinical situation.

Compared with that of the other carriers, the cooling rate 
of Cryopiece is faster. Since it was reported that sperm can 
maintain the integrity of DNA, chromatin, and acrosome 
better in a lower cooling rate rather than higher ones (18,19), 
fumigation in nitrogen vapor above the liquid nitrogen was 
chosen as the method for sperm cryopreservation rather 
than direct immersion in liquid nitrogen. The faster cooling 
rate ensures the carrier could response more quickly to the 
change of environment temperature, getting through the 
crystalizing point more quickly, avoiding the formation 
of crystal, and reducing the cryo-injury to the sperm. So 
when fumigation was applied for sperm cryopreservation, 
Cryopiece would be a better carrier for reducing the cryo-
injury to the sperm.

The average recovery rate of sperm cryopreserved using 
Cryopiece was 64.40%, the average retrieval rate was 
96.25%, almost all the sperm transferred to the CPA drops 
can be found after thawing. In fact, there should be no loss 
of sperm occurred after cryopreservation using Cryopiece, 
since no container replacement took place during the 
operation. No sperm would be lost due to adhesion on the 
container as it happened when other carriers were used. 
However, some sperm would swim up to some height in the 
drops, and it would be hard to find them by adjusting the 
focal length, so actually not all the sperm could be found 
after thawing. We believe that the retrieval rate could be 
further improved by reducing the volume of CPA drops. 
Anyway, the recovery rate and retrieval rate, especially the 
retrieval rate, of sperm cryopreserved using Cryopiece 
were significantly higher than that using micro-straw or 
mini-straw, showing great advantage of Cryopiece in the 

Figure 4 Sperm DNA fragmentation index (DFI) examination. Sperm chromatin dispersion (SCD) test was applied for DFI examination. 
Wright’s stain was employed to stain the slides. SCD test generates a halo over the sperm head; the larger the halo was, the less DNA 
damage presented. (A) Typical picture of DFI examination results of fresh sperm; (B) typical picture of DFI examination results of sperm 
after cryopreservation using Cryopiece; (C) comparison of DFI values between the two groups. There was no significate difference between 
them. 
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application in extremely few sperm cryopreservation. 
The cryopreservation using Cryopiece is safe to the 

genetic materials of sperm. DFI test showed that there was 
no significant difference observed in DNA integrity between 
fresh sperm and sperm cryopreserved using Cryopiece. 
The results indicated that no additional DNA damage was 
produced during cryopreservation using Cryopiece. DNA 
fragmentation could lead to embryo development stop and 
abortion (20,21). In our previous work, it had been proved 
that cryopreservation of sperm using micro-straw or mini-
straw would not impair sperm DNA integrity (7). Although 
there were contradictory reports on the influence of sperm 
cryopreservation on DFI (7,18), current work confirmed 

that it is safe for DNA to cryopreserve the sperm using 
Cryopiece.

The morphology analysis of the sperm cryopreserved 
using Cryopiece also proved to be satisfied. The head of the 
sperm would be injured by the formation of crystal during 
cryopreservation, and the tail of the sperm would be coiled 
due to the application of CPA and the change of osmotic 
pressure during liquid freezing. Though the normal 
morphology rate of the cryopreserved sperm was shown 
to be significantly decreased compared with that of fresh 
sperm, there was no significant difference between sperm 
cryopreserved using Cryopiece and mini-straw or micro-
straw. 

Figure 5 Sperm morphology analysis. Diff-Quik staining was employed to stain the sperm. (A) Typical morphology of fresh sperm; (B) 
typical morphology of sperm with cryoprotective agent (CPA) added; (C) typical morphology of sperm cryopreserved using Cryopiece; 
(D) typical morphology of sperm cryopreserved using micro-straw; (E) typical morphology of sperm cryopreserved using mini-straw. (F) 
Histogram shows significant difference in the normal morphology rate between the fresh sperm and frozen-thawed sperm. However, no 
significant difference exists in the normal morphology rate between sperm cryopreserved using Cryopiece and mini-straw or micro-straw. (*, 
P<0.05; **, P<0.01).
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Figure 6 Flow cytometric evaluation of mitochondrial membrane potential (MMP). (A) Results of flow cytometry analysis. Red fluorescence 
corresponds to high Δψm (active and functional mitochondria), and green fluorescence corresponds to low Δψm (inactive or inoperative 
mitochondria). The red/green ratio indicates the whole mitochondrial activity in sperm; (B) comparison of sperm MMP between different 
groups. Though MMP of sperm changed significantly after cryopreservation, micro-straw maintained sperm MMP better than Cryopiece 
and mini-straw did, while no significant difference was observed in MMP between sperm cryopreserved using Cryopiece and mini-straw (*, 
P<0.05; **, P<0.01; ****, P<0.0001). CPA, cryoprotective agent.
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Sperm motility is the major factor in determining 
male fertility which is associated with the function of 
mitochondria. The most notable aspect of mitochondria 
function of sperm is the production of chemical energy in 
the form of ATP. Sperm use this energy to sustain motility. 
Though the sperm cryopreserved using micro-straw has 
the highest MMP, no difference between the MMP of 
the sperm cryopreserved using Cryopiece and mini-straw 
was observed. It was also noticed that the adding of CPA 
may help increasing the MMP of sperm before freezing, 
it was reported that the glucose in CPA could induce 
hyperpolarization in sperm through Na+, K+-ATPase (22).

Recently, a cryoprotectant-free vitrification method 
was introduced for the freezing of small volume of  
spermatozoa (23). Compared with conventional freezing 
methods, it provided better recovery rate and MMP. Though 
no retrieval rate after freezing-thawing was provided, the 
cryoprotectant-free vitrification method provided a cheaper 
and simpler choice for rare sperm cryopreservation. We’d 
like to try this method to improve our protocol for sperm 
cryopreservation. The combination of cryoprotectant-free 
vitrification method and Cryopiece might provide more 
available sperm for the patient at the day of oocyte retrieve.

In conclusion, the recovery rate and retrieval rate of 
the sperm cryopreserved using Cryopiece are significantly 
higher than that of the sperm cryopreserved using mini-
straw and micro-straw. Using of Cryopiece, as well as 
micro- or mini-straw, had no significantly impact on sperm 
morphology and DFI. Micro-straw maintained MMP best 
during cryopreservation, while no significant difference 
was observed in MMP between sperm cryopreserved using 
Cryopiece and mini-straw. The main shortcoming of our 
work is that sperm specimens provided from fertile donors 
were used instead of that derived from the patients who 
were the potential target users of the carriers evaluated. 
We did so to avoid the waste of precious, extremely rare 
spermatozoa retrieved from these patients, since the use 
of these spermatozoa in ART treatment may be the last 
chance for them to father their own child. Besides, the 
sperm retrieved from these patients are usually too few 
to meet the need for tests, such as the detection of DFI, 
morphology, and MMP, which require a large amount 
of sperm for detecting after treatment. Anyhow, our 
clinical data proved that the use of this novel carrier was 
beneficial for improving the outcome in the ART cycles of 
patients suffering from extremely severe oligospermia (17). 
Cryopiece is valuable for clinical practice.
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