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Abstract
The cryopreserve technique using liquid nitrogen is used to preserve human sperm. Nevertheless, this
technique has several disadvantages, such as bacterial/viral contamination and its expensive cost.
Freeze-drying process offers more simple and cheaper of sperm storage technique. This study aimed to
investigate the effect of storage temperature and period of freeze-dried human sperm on DNA integrity.
Human sperm samples of 15 donors were prepared with simple washing techniques. Post-washing
samples (T0) were divided into 4 groups with the same volume. The four group of samples carried on the
freeze-drying process and stored based on different temperature and period: 4°C for 1 week (T1), room
temperature (24-25ºC) for 1 week (T2), 4°C for 3 months (T3), and room temperature for 3 months (T4).
Sperm DNA integrity was analyzed before and after the storage period of each group. There was a
statistically significant difference of sperm DNA integrity of freezes - dried at 4°C in 1 week versus 3
months (T1 vs T3), at room temperature in 1 week versus 3 months (T2 vs T4) (p <0.05)and between both
temperatures in 3 months (T3 vs T4) (p<0.05).In conclusion, temperature at 4°C and period in 1 week is
the best temperature and storage to store freeze-dried human sperm, based on sperm DNA integrity.
Keywords: Freeze-drying process, Human sperm, Sperm DNA integrity.

Introduction
Currently, the cryopreserve technique using
liquid or vapor nitrogen is used to preserve
human sperm. Unfortunately, this technique
has several disadvantages. Cryopreserve
techniques is capable in reducing human
sperm DNA integrity [1-3].Bacterial, viral
and fungal contamination of embryos and
semen stored in liquid nitrogen have been
reported by several researchers [4, 5].
In addition, expensive costs are also required
for special containers, repetitive nitrogen
filling and shipping. Some infertile patients
who have financial problems such as
suffering testicular cancer, undergoing
routine hemodialysis, chemotherapy, and
radiotherapy couldn't afford to fund this
cryopreserve techniques [6, 7]. Therefore,
simple and affordable cost methods are
needed to develop for novel sperm
preservation techniques. One of these
techniques is freeze-drying (FD).
©2009-2020, JGPT. All Rights Reserved

Freeze-drying can maintain chromosomal
integrity of mammalian sperm in 4°C for
several years and at room temperature for
approximately 1 month [8].
However, the recent publications of freezedrying on human sperm are still very limited.
The freeze-drying technique allowed human
sperm to be stored at 4°C for 1 week without
a statistically significant change in DNA
integrity (average: 81.06% ± 9.2 % and 81.3 %
± 3.5 % before and after FD) [9].
Another study showed no statistically
significant change in freeze-dried human
sperm DNA integrity (80.6 ± 11.3%), whereas
DNA integrity significantly reduced after
cryopreservation with liquid nitrogen (62.8 ±
10%) when compared with fresh samples
(77.8 ± 12.2%) [10]. The different results
performed in the study conducted by
(Pramesti et al. 2010), in which the freeze-

412

Ahmad Ricardo Silalahi et. al. | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 09 |412-416

dried human sperm storage for 7 days at 4ºC
have more DNA damage (94.24 ± 5.58c)
compared with fresh samples (70.62 ±
14.57%) [11]. In contrast, there has been no
study of freeze-dried human sperm stored for
more than 7 days. Therefore, in this study,
we aimed to assess human sperm DNA
integrity in freeze-dried which were stored at
4°C and room temperature (24-25ºC) for 1
week and 3 months.

Material and Methods
Human Sperm Collection
Human sperm samples were collected from
15 donors who signed informed consent forms
to be used as research samples (mean age
33.6 ± 4.1 years). This study was approved by
the Ethics Committee of Dr. Soetomo
Hospital Surabaya.
Semen samples ejaculated by donors and
collected in the non-toxic glass. Among the 15
samples, 14 teratozoospermia and 1
asthenoteratozoospermia based on World
Health Organization (WHO) criteria [12]. Six
donors were secondary infertility, 4 primary
infertility, and the remaining still unmarried.
Human Sperm Preparation
Semen samples were placed in an incubator
at 37°C until liquefaction. Sperm DNA
integrity (T0) was counted from liquefied
samples. Semen samples were washed using
Sperm
Rinse™
medium
(Vitro
life,
Gothenburg, Sweden) by simple washing
techniques according to WHO procedures
[12]. Pellets were resuspended in 4 ml of
Sperm Rinse™ medium and divided into four
aliquots. Each aliquot was put into microtube
with 1 ml volume.
Freeze-drying Process
All aliquots were freeze-dried using a freezedrying machine (VirTis, SP Industries, USA)
in Tissue and Cell Bank of Dr. Soetomo
Hospital Surabaya. All aliquots were frozen
at -80 ° C for at least 24 hours. Samples
transferred into a freeze-drying machine
after samples were frozen. Microtubes were
opened,
therefore
frozen
samples
mayundergo sublimation and desorption
process automatically for 48 hours.
Freeze-dried Sperm Storage
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After the freeze-drying process, microtubes
were closed and stored into different storage
temperature and periods 4°C for 1 week (T1),
room temperature (24-25ºC) for 1 week (T2),
4°C for 3 months (T3), room temperature for
3 months (T4). T1 and T3 were put in the
refrigerator and kept stable at 4°C. T3 and
T4 were put in a room with the air
conditioner (AC) which was set at 24-25ºC.
Rehydration
After 1 week and 3 months later, microtubes
containing
freeze-dried
sperm
were
resuspended 1 ml of distilled water and
analyzed for DNA integrity.
Sperm DNA Integrity Test
Sperm DNA integrity was analyzed using
SpermFunc® kit (BRED Life Science
Technology Inc., China) based on Sperm
Chromatin Dispersion (SCD) method.Sperm
DNA was considered normal if the halo size
was at least more than one third the shortest
diameter of the sperm head. In contrast,
sperm DNA was considered abnormal or
fragmented if the halo size was smaller or
have no halo at all. It was observed under
light microscope in 500 sperm cells, by two
observers. Sperm DNA integrity was defined
as the percentage of normal sperm DNA.

Result
Human sperm DNA integrity in each groups
was shown in Figure 1 and Figure 2. Sperm
DNA integrity in all groups (T1, T2, T3, T4)
was
statistically significantly
reduced
compared with the fresh sample before
freeze-drying process (T0) (p <0.05).
Furthermore, the DNA integrity of freezedried human sperm showed a statistically
significant change at 4°C in 1 week versus 3
months (T1 vs T3) and at room temperature
in 1 week versus 3 months (T2 vs T4) (p
<0.05).
In addition, there was also statistical
significant
different
between
both
temperatures in 3 months (T3 vs T4)
(p<0.05).Meanwhile, there was no statistical
significant difference in sperm DNA integrity
between 4°C and room temperature in 1
week (T1 vs T2) (p>0.05). Sperm DNA at
room temperature in 3 months (T4) was
totally fragmented in all samples.

413

Sperm DNA integrity (%)

Ahmad Ricardo Silalahi et. al. | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 09 |412-416

70
60
50
40
30
20
10
Group treatment

Figure 1: Human sperm DNA integrity. T0 (black block): before freeze drying process; T1 (light grey block): storage at
24-25C in 1 week; T2 (dark grey block): storage at 4Cin 1 week; T3 (white block): storage at 4Cin 3 months and T4
(black line): storage at 24-25C in 3 months
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Figure 2: The images of sperm DNA integrity. [A] Before freeze-drying (T0), [B] After freeze-drying and storage at 4ºC
in 1 week (T1), [C] After freeze-drying and storage at room temperature (24-25ºC) in 1 week (T2), [D] After freezedrying and storage at 4ºC in 3 months (T3), [E] After freeze-drying and storage at room temperature (24-25ºC) in 3
months (T4). Caption: → arrow showedsperm with normal DNA integrity, ► arrow showed sperm with fragmented
DNA

Discussion
This study showed that sperm from fresh
samples showed better DNA integrity
compared to sperm which had undergone the
freeze-drying process. Our study is consistent
with (Pramesti, et al, 2010) who showed DNA
integrity freeze-dried sperm stored at 4ºC for
1 week had more DNA damage compared to
fresh samples [11].In addition, this study also
showed that the storage process at different
temperatures (4C and room temperature)
and at the same period (1 week), did not
significantly affect the integrity of sperm
DNA.

This can be due to the storage process which
does not ensure that it is free from oxygen, so
it may cause extracellular oxidative stress
(11).
Furthermore,
the
most
likely
mechanism for the reduction of freeze-dried
sperm DNA integrity in all sample groups
(T1, T2, T3, T4) is the lack of protective
agents
such
as
ethylenglycolbis
(baminoethyl ether) -N, N, N0, N0-tetraacetic
acid (EGTA), ethylene diamine tetra-acetic
acid(EDTA) and EGTA Tris-HCl buffered
solution (ETBS) pH 8.2 to 8.4, antioxidants,
and trehalose [13-15].

In contrast, storage processes at the same
temperature and at different periods (1 week
and 3 months) showed significant differences
in sperm DNA integrity. In other words, this
study proves that the freeze-drying process
does not affect the integrity of sperm DNA,
but the storage process of sperm after freeze
drying which may affect the integrity of
sperm DNA.

Previous studies using protective agents
before freeze-drying have shown better
results compared to those without protective
agents. One study showed that the use of
ETBS, fucose and egg yolk (5.20 ± 1.38%) as
protective agents showed better results than
without the protective agent (83.70 ± 2.89%)
[15].

©2009-2020, JGPT. All Rights Reserved

414

Ahmad Ricardo Silalahi et. al. | Journal of Global Pharma Technology | 2020| Vol. 12| Issue 09 |412-416

However, there are other studies showing
that the DNA integrity of human sperm after
(80.6 ± 11.3%) and before freeze drying (77.8
± 12.2%) did not significantly differ using
EDTA as a protective agent [10]. EGTA can
bind to Ca2+ ions, thereby inhibiting
endogenous Ca2+-dependent nuclease activity
in sperm.
Meanwhile, EDTA can also bind various
divalent cations, such as Ca2+, Mg2+, Mn2+,
and Zn2+. Zn2+ ion has an important role to
stabilize the chromatin structure of human
sperm [13]. Moreover, previous studies did
not show statistically significant changes in
DNA integrity of human sperm dried after
storage at 4 ° C for 7 days (81.3 ± 3.5%)
compared with fresh samples (81.06 ± 9.2%)
[9].
This difference occurs because this study
uses a lyophilized solution (LyoS: a-MEM
Eagle-sucrose 0.25M, trehalose 0.25M and
0.6% (w / v) HSA) which functions as a
protective agent. In addition, antioxidants
are also needed to ward off and prevent
oxidative stress in the freeze drying process.
Rosmarinic acid is an antioxidant that has
been shown to be a protective agent in the
freeze drying process (14,16). Trehalose has
also been reported to protect sperm DNA in
animals and humans in dehydrated
conditions [14, 17]. This study also showed
that although the freeze-dried sperm storage
process was assisted by the addition of
protective agents to help maintain the
integrity of sperm DNA, the storage process
at
non-optimal
temperatures
(room
temperature) and long periods(3 months)
could not afford to avoid sperm DNA
fragmentation.

Conclusion
Temperature at 4°C and periode in 1 weeknis
the best temperatureand storage to store
freeze-dried human sperm, based on sperm
DNA integrity.
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