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Background. An optimal approach to the recovery of testicular tissue fragments after cryopreser-
vation is critical for their further use in order to successful fertility restoration.

Aim. The purpose of this study was to investigate the effect of bovine serum albumin (BSA) addi-
tion to the rehabilitation medium on the morphofunctional characteristics of fragments of semini-
ferous tubules of testes (FSTT) of immature rats after cryopreservation.

Methods. The object of the study was cryopreserved by slow cooling and vitrified FSTT. Warmed
samples were incubated for 30 min in Leibovitz medium supplemented with BSA at concentrations of
0, 2, 50r 10% . After that, morphological characteristics, the activity of the metabolic and antioxidant
systems were evaluated.

Results. It was found that in the samples cryopreserved by slow cooling, the use of 5% BSA contri-
buted to the increase in the safety of spermatogenic epithelium cells, in the levels of metabolic and
antioxidant activities. In case of vitrified FSTT samples, it was observed that the addition of 5% BSA
to the medium promoted the repair of minor tissue damage and increased metabolic activity level, but
did not affect the state of the antioxidant defense system.

Conclusions. The obtained data can be used to develop an effective rehabilitation medium for cryo-
preserved fragments of the seminiferous tubules of testes using BSA.
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tubules of testes.

Today, there is an active developing of
the direction of cryopreserved immature
testicle fragments transplantation for
fertility restoring in the field of reproductive
biotechnology. According to the WHO, most
people who have experienced childhood cancer
are prone to infertility. High doses of chemo-
and radiation therapy lead to the destruction
or dysfunction of spermatogonial stem cells[1,
2]. Therefore, cryopreservation of fragments
of testicular tissue containing a large number
of germ cells, especially spermatogonia,
which can be a source of male gametes if
properly stored and cultured, is now widely
recommended for patients with prepubertal
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cancer [3]. This procedure is currently
available in many reproductive centers around
the world. Wherein, both slow freezing and
vitrification have shown their effectiveness in
immature testicular tissue preservation [4, 5].

Asearchfornewandanimprovementofexisting
methodological approaches to cryopreservation
of fragments of convoluted seminiferous tubules
is important for their further application. It is
known that low-temperature storage leads to a
decrease in the activity of the protective systems
of biological objects, as a result of which damage
to the integrity of cell membranes and initiation
of apoptosis processes occur [6]. According to
the authors [7], free radicals, such as superoxide
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and hydroxyl radicals, are damaging factors
for tissue. The contact of OH radicals with the
polyunsaturated fatty acids leads to increased
permeability of cell membranes, disruption of
mitochondrial function, decrease in the activities
of glyceraldehyde-3-phosphate dehydrogenase,
ATPase, etc. [8, 9].

Male gametes are very sensitive to the
harmful effects of reactive oxygen species (ROS)
due to the large number of unsaturated fatty
acids found in their cell membranes [10]. In
the work of authors [11] it has been shown that
increasing of ROS content leads to reduced sperm
motility, DNA fragmentation and activation of
apoptosis. Therefore, the attention of scientists
has long been attracted by the study of various
additional components in the composition of
the medium for low-temperature preservation
of reproductive cells. As such additive, it is
effective to use blood serum, as well as one of
its constituents — albumin. Serum albumin is
known for its ability to regulate oncotic pressure,
to normalize acid-base balance, to bind different
ligands, and to exhibit powerful antioxidant
properties. Based on the literature, it was found
that in the process of sperm storage bovine
serum albumin (BSA) (5 mg/ml) and fetal bovine
serum (FBS) (10%) have a protective effect on
various parameters of sperm: morphological
characteristics, plasma membrane and acrosome
integrity, motility, DNA structure, fertilization
potential [12]. In addition, it was shown that the
addition of both BSA and FBS plays a protective
role in maintaining the antioxidant activity of
glutathione peroxidase and in reducing the level
of malonic dialdehyde during sperm storage.
Based on the above, both of these impurities
are alternative protective agents, but FBS
gives in to BSA in widespread use, because its
application is burdened by ethical standards,
and obtaining is more expensive. Previously, we
have shown the effectiveness of BSA addition
to cryopreservation solution for fragments of
seminiferous tubules of the testes (FSTT) of
immature rats [13]. However, the effectiveness
of the use of protein impurities in the stages of
deconservation and subsequent rehabilitation
for FSTT of immature rats has not been studied
sofar, althoughitisof interest todevelop modern
biotechnological approaches for potentiating the
functional state of tissues after low temperature
storage.

The aim of the study was to investigate
the effect of bovine serum albumin (BSA)
addition to the rehabilitation medium on the
morphofunctional characteristics of fragments
of seminiferous tubules of testes (FSTT) of
immature rats after cryopreservation.

Materials and Methods

Immature outbred rats aged 7-8 weeks
(n = 15) were used in the study. Experimental
scheme is shown in Fig. 1.

The testes were isolated from animals
after humane euthanasia (CO, asphyxia) and
were washed in sterile Leibovitz L-15 medium
(BioWest, France). Tunica albuginea was
removed with sterile medical instruments,
and the testicles were then washed in
Leibovitz medium again. Samples weighing
75+5 mg and 25+3 mg were made from the
obtained material and used respectively for
slow-cooling cryopreservation [14] and for
vitrification [15]. In the case of slow cooling
cryopreservation, rat FSTT were exposed to
a medium based on fibrin gel (FG) and 6%
glycerol for 30 min at 4 °C, then they were
frozen in nitrogen vapor to —70 °C at an
uncontrolled rate (40 min) with following
transfer to liquid nitrogen (=196 °C). Heating
of FSTT samples was carried out in a water bath
at 40 °C with preliminary exposure to liquid
nitrogen vapor. Removal of the cryoprotectant
from the samples was performed by a three-
step change of the cryopreservation medium to
Hanks’ solution. In the case FSTT vitrification,
a combination of cryoprotectants was used:
medium 1 (FG + 5% Me2SO + 6% glycerol +
0.1 M sucrose) and medium 2 FG + 15% Me2SO
+ 18% glycerol + 0.5 M sucrose). Sequential
exposure of FSTT to each medium 1 and 2 was
performed for 5 min at a temperature of 4 °C,
followed by rapid immersion of the fragments
in liquid nitrogen. Heating was performed
in 1 M sucrose solution at 50 °C and then
samples were transfered to sucrose solutions
of decreasing concentrations (0.5 M, 0.25 M,
0 M) at temperature of 20 °C. The exposition to
each sucrose solution lasted for 5 min.
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Fig. 1. Experimental scheme
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FSTT samples after heating and removal
of cryoprotectants were incubated for 30 min
in Leibovitz medium with the addition of BSA
(PAA, Austria) at concentrations of 2, 5 or
10% . The control samples were incubated in
Leibovitz medium without BSA addition.

Five fragments from each experimental
group were taken for histological examination
and fixed in 10% formalin solution (Sigma-
Aldrich, USA). Sections of 7 pm thickness
from paraffin blocks were stained with
hematoxylin&eosin. A general assessment
of histological structure of the seminiferous
tubules, the relative number of cells with
intact and pathological nuclei and the average
density of spermatogenic epithelial cells per
1 mm? were determined. A Carl Zeiss LSM 510
Meta light microscope (Oberkochen, Germany)
and ZEISS ZEN 2 (blue edition) software were
used.

The total metabolic activity of rat FSTT
samples was investigated using a MTT
test (Sigma-Aldrich, USA). To do this, the
samples (5 fragments from each group) were
transferred into 1 ml of Hanks’ solution,
where 0.5 ml of 5 mg/ml MTT was added.
After three hour incubation (5% CO,,
37 °C), the medium was removed and the
formed formazan was dissolved with Me,SO
(1 ml/sample). Precipitate of proteins was
released by centrifugation for 10 min at
1000 g. Measurements of the optical density of
the formazan solution in the supernatant were
performed on a biochemical analyzer CHEM 7
(“ERBA”, Czech Republic) at a wavelength of
540 nm. Cell-free medium was used as a blank.

Randox test kits (UK) were used to measure
the activity of lactate dehydrogenase (LDH),
gamma-glutathione transferase (GGT) and
total antioxidant status (TAS) in rat FSTT
samples. To test the samples, a homogenate
from 5 fragments was prepared, filtered
through a nylon filter and centrifuged (5 min,
840 g). Measurements of optical density
were performed in the supernatant on the
biochemical analyzer CHEM 7. The calculation
of activity was performed according to the
manufacturer’s instructions and normalized
to mg of protein. The latter was determined by
the biuret method (Randox, UK).

Significance of the differences between
groups was assessed using the Mann-Whitney
test. The statistical parameters are presented
below as means and their errors (M=m). The
critical value of the significance level (P) was
taken to be 0.05. Data analysis was performed
using software packages “Microsoft Excel”
and “Statistica 8”.
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Results and Discussion

The results of histological examination
showed that in control samples after
cryopreservation using slow cooling, the
structure of the seminiferous tubules of
the testes was characterized by moderate
damage, namely: unexpressed retraction
of cells, insignificant spherical lacunae in
the epithelial layer, partial desquamation,
karyopyknosis in germinogenic cells (Fig. 2).
In addition, the basement membrane in the
areas of desquamation looked thickened and
swollen.

The BSA addition to the rehabilitation
media of slow frozen FSTT of immature rats
had a positive result (Fig. 2). The number of
tubules with the phenomena of spermatogenic
epithelium desquamation and swelling of
the basement membrane decreased in all
experimental groups compared to the control.
The number of cells with karyopyknosis
underwent pronounced changes, which under
the influence of rehabilitation decreased
with the maximum effect in the medium with
5% BSA (Fig. 3, A).

Histological structure of seminiferous
testicular tubules in control samples after
vitrification was characterized by moderate
cell retraction (Fig. 4). Desquamation of the
spermatogenic epithelium was pronounced,
often becoming total. The nuclei of most cells
looked pyknotic, and in some cells they were
vacuolated.

The BSA addition to the rehabilitation
medium of vitrified FSTT samples reduced
the degree of cell retraction, the frequency of
karyopyknosis and spermatogenic epithelium
desquamation compared to the control (Fig. 3,
A; 4). These changes occurred in all groups
with the use of BSA, but the best result was
found at a concentration of 5% .

The BSA addition to the rehabilitation
medium also helped to increase the average
density of spermatogenic epithelial cells in
the seminiferous tubules, both cryopreserved
using slow cooling and vitrified: in the
first case this index increased by 1.47 times
(P <0.05) when BSA was used at concentration
of 5%, and in the second one it did by 1.43
times (P <0.05) relative to the control. In other
experimental groups, the average density of
spermatogenic epithelial cells remained at the
control level (Fig. 3, B).

The next step was to determine the
metabolic activity in deconserved rat FSTT
after rehabilitation in the medium with
BSA addition. The obtained results, that
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Fig. 2. Histological structure of FSTT of immature rats after cryopreservation
using slow cooling and subsequent rehabilitation in the medium with BSA addition:
desquamation frequency reducing in spermatogenic epithelium and basement membrane normalization
after incubation in medium with 5% BSA addition
Light microscopy; staining with hematoxylin and eosin
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Fig. 3. Nucleus condition (A) and average density of spermatogenic epithelial cells (B) in cryopreserved FSTT
of immature rats after rehabilitation in the medium with BSA addition:
S — slow frozen; V — vitrified; * — the difference is significant compared to the control (P < 0.05; n = 5)
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BSA 5%
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Fig. 4. Histological structure of FSTT of immature rats after vitrification and subsequent rehabilitation
in the medium with BSA addition: cell retraction and desquamation frequency reducing
after incubation in medium with a BSA concentration of 5%
after incubation in medium with 5% BSA addition
Light microscopy; staining with hematoxylin and eosin

are presented in Fig. 5, A, indicate a 1.5-,
1.8- and 1.6-fold increase (P < 0.05) of total
metabolic activity in experimental FSTT
samples, cryopreserved using slow cooling and
rehabilitated in the medium with 2, 5 and 10%
BSA addition respectively compared to the
control. Metabolic activity in vitrified FSTT
samples with following rehabilitation in the
medium with BSA addition at concentrations
of 5 and 10% was increased by 1.9 and 1.7
times (P < 0.05) respectively compared to the
control. The rate of total metabolic activity
in samples cryopreserved by slow cooling
exceeded that in vitrified FSTT.

In experimental samples cryopreserved
using both slow cooling and vitrification and
then rehabilitated in the medium with BSA
addition in the studied concentrations, no
significant changes in LDH activity were
observed relative to the control (Fig. 5, B).

Determination of GGT activity and TAS
level in rat FSTT samples after freezing-
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thawing and subsequent rehabilitation in
the medium with BSA addition are shown
in Fig. 6 (4, B).

The obtained data showed a 1.2- and 1.3-
fold increase (P <0.05) relative to the control
in the GGT activity and TAS level respectively
in FSTT samples, cryopreserved using slow
cooling and rehabilitated in the medium with
BSA addition at concentration of 5% . The use
of BSA at concentrations of 2 and 10% did not
lead to significant changes in these indexes in
rat FSTT samples, cryopreserved using both
slow cooling and vitrification, compared to the
control.

GGT is known to be an important enzyme
involved in glutathione metabolism. In the
seminiferous tubules, this enzyme is localized
in Sertoli cells [16] and stimulated by the
corresponding hormones. Meroni et al. [17]
showed that GGT was present in epididymal
epithelial cells and fluid of the lumen. It
has been assumed that it plays a role in
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sperm protection from oxidative stress in
the epididymal duct and/or in extracellular
cysteine reduction for protein synthesis [18].

The use of BSA at concentration of 5% had

the positive effect on the histological
structure, reduced the frequency of
karyopyknosis in spermatogenic epithelial
cells, increased levels of metabolic and
antioxidant activities insamples
cryopreserved by slow cooling. During
the rehabilitation of vitrified FSTT, it
was observed that the addition of 5%
BSA contributed to the repair of minor
histological damages and increased the level
of total metabolic activity without significant
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changesin the state of the antioxidant defense
system.

The authors of the paper [19] described a
possible mechanism of the protective effect
of BSA on cell membranes. It was shown that
protein components are needed to preserve
the solubilized form, reduce diffusion and
stabilize connection of phospholipids with the
cell membrane. In a study by the authors [20],
it was shown that BSA can exhibit a membrane
stabilizing effect (by absorption on the lipid
bilayer and prevention of vesicle aggregation).
Assumptions about the possible interaction
of BSA with cell membranes are confirmed by
data [21, 23] on the absence of concentration
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Fig. 5. Rates (A) of total metabolic activity (MTT-test) and (B) LDH activity in cryopreserved rat FSTT
after rehabilitation in the medium with BSA addition
* — the difference is significant compared to the control (P < 0.05; n = 5)
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Fig. 6. GGT activity (A) and TAS level (B) in cryopreserved rat FSTT after rehabilitation
in the medium with BSA addition
* — the difference is significant compared to the control (P < 0.05; n = 5)
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dependence (1 and 4.6%) and its positive
effect on the motility and integrity of sperm
membranes during incubation in vitro.

Serum albumin is a large protein molecule
and is found in the fluids of reproductive
tract. Today, serum albumin, including BSA,
is one of the available egg yolk replacement
proteins, which is often used for sperm
cryopreservation. Matsuoka et al. [23]
reported that BSA can replace egg yolk in sheep
sperm dilution solutions, enhancing sperm
motility and viability after cryopreservation.
Yokuchi and others [24] suggested that the
adsorption of BSA on liposomes is likely due
to their hydrophobic interaction. It has also
been shown that the microfluidity of liposomal
bilayer membranes near the central bilayer
decreases, while their permeability increases
due to the adsorption of BSA on liposomes.

Conclusions

Thus, BSA addition at concentration of 5%
to the rehabilitation medium helped to increase
the preservation of spermatogenic epithelial
cells, levels of metabolic and antioxidant
activities in samples of FSTT, cryopreserved
by slow cooling. During the rehabilitation of
vitrified FSTT, it wasobservedthattheaddition
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Beryn. OnTumanbHUi TigXiA G0 BiTHOBIEHHSA
¢parMeHTiB TKAHUHU sI€UKa MicJII KPIOKOHCEPBY-
BaHHS Ma€ BUPIilIaJbHe 3HAUYEHHA IJId IX II0aaIb-
IIOTO YCHIiIITHOTO BUKOPUCTAHHS Y JiKyBaHHI 0e3-
mwaigms.

Meta po60OTH — [OOCHIAWMTU BILIUB JOJaBaH-
Ha 6uyayoro cupoBaTKoBoro anbbyminy (BCA)
o cepenoBuIna peabimitaiii Ha MopdodyHKITiIO-
HaJIbHI XapaKTepUCTUKU (pparMeHTiB 3BUBUCTUX
KaHaJabIliB ciMm’ aHUKIB (P3KC) craTeBoHE3piINX
MIypPiB ITic/IsT KPiOKOHCEPBYBaHHA.

Metogu. O6G’eKTOM [OOCTiAKEeHHA OyJaIud Kpi-
OKOHCEDPBOBAaHI 3 MOBIJIBHOIO IMTBUAKICTIO 0XOJIO-
mxeHHdA Ta BiTpudirkosani @3KC. Bigirpiri spas-
KM iHKyOyBanam BOpPOJoB:K 30 XB y cepemoBHIITL
Jleiibosina 3 nogaBaruaM BCA y KOHIIeHTpaIisax
0, 2, 5 a6o 10%, micas yoro oriHBaJIU MOPQPO-
JIOTiUHiI XapaKTepUCTUKU, aKTUBHICTH MeTabo-
JiuHOI Ta aHTHOKCUIAHTHOI CICTEM.

PesyasraTtn. BcraHoBieHO, 1[0 Yy 3pasKax,
KPiOKOHCEPBOBAHUX IIIJIAXOM IIOBIJILHOTO OXO0JIO-
IKeHHs, 3acTocyBaHHA 5% BCA cupwusio migsu-
IIeHHIO 30eperKeHOCTi KJIITUH CcIepMaTOTeHHOTO
emiTesiro, piBHIB MeTabosiuHOI Ta aAHTUOKCHU-
JaHTHOI aKTUBHOCTe#. ¥ pasi BiTpudikoBaHuUX
spaskiB @3KC momaBamHs Ao cepemoBuinia 5%
BCA cnpusio penapaiiii HeBHAUHUX YIITKOIKEHb
Y TKAHWHI Ta OiJBUIIYBaJIO PiBeHb MeTA00IiuHOL
aKTUBHOCTI, OJHAK He BILJIMBAJIO Ha CTaH CUCTEMU
AHTUOKCUJAHTHOTO 3aXUCTY.

Bucaorok. OrpumaHi naHi MOXKYTH OyTU BU-
KOpUCTaHi 115 po3podeHHa epeKTUBHUX peabi-
JiTAIifHUX cepesoBUII AJA KPiOKOHCEePBOBAHUX
¢dparmMeHTiB 3BUTHX KAHAJBIIB ciM’SHUKIB 3 BU-
ropucranaam BCA.

Knwouwosei cnoea: Ouuaumii CHUPOBATKOBUI

anrp0OyMiH, peabigiraimis, KpioKoHcepByBaHHS,
dparMeHTH 3BUTHUX KAaHAJBIIB ciM’ AHUKIB.
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WucTUTYT TPo6IeM KPHuoOMOJIOTUN
u xpuomenunuabl HAH VKpaunbl, XapbKoB

E-mail: volkovana781@gmail.com

Berynnenue. OnTuMabHBIA TOAXON K BOC-
CTAHOBJIEHUIO (DPAarMeHTOB TKAHU AWYKA II0CJe
KPUOKOHCEPBUPOBAHMUA UMeEET pellaiolee 3Have-
HUe I UX AAaJbHEHUIIero yCIelrHoTO UCII0Ib30-
BaHUS B JIeYeHUU OECILJIONUS.

Iensr paboThl — wucCCIAEOOBATH BIUAHUE IO-
0aByieHUA OBIYBETO CHIBOPOTOUYHOTO aJbOyMUHA
(BCA) k cpee peabunuramuy Ha MOPGHOPYHKITIO-
HaJbHbIE XapaKTePUCTUKU (PParMeHTOB U3BUTHIX
KaHaabieB cemMmeHHUKOB (PUKC) HemosoBospe-
JIBIX KPBIC TT0CJIe KDMOKOHCEPBUPOBAHMA.

Metoapr. OOBEKTOM HCCJELOBAHUS OBIINU
KPHUOKOHCEPBUPOBAHHBIE € MEAJEHHOH CKO-
POCTBIO OXJaKAeHUsS U BUTPUGUIIMPOBAHHBIE
DUKC. Ilocse ororpeBa 00pasibl UHKYOUPOBAIU
B Teuenue 30 MuH B cpeie JleitboBuiia ¢ mobaBJie-
uuem BCA B xouneurparmuax 0, 2, 5 uau 10%,
ImocJjie 4Yero oIlleHuBaJu MOPQOJIOTHUYECKUe Xa-
PAKTEePUCTUKHN, AKTHUBHOCTHL MeTab0OJIMUYECKOH u
AHTUOKCUIAHTHON CHCTEM.

PesyabpTaThl. YcTaHOBIEHO, UTO B 0OpasIiax,
KPUOKOHCEPBUPOBAHHBIX MYTEM MEJIJIEHHOTO OX-
naxgenus, npumenenne 5% BCA cmoco6cTBO-
BaJIO TMOBBIMIEHNIO0 COXPAHHOCTHU KJIETOK CIlepMa-
TOTEHHOTO 3IUTEJIUA, YPOBHEN MeTaboJIUUeCcKOoi
M aHTUOKCHUIAHTHON aKTWBHOCTel. B cayuae Bu-
TpudunupoBanubix o6pasmo PUKC npobasie-
Hue K cpege 5% BCA cmoco6cTBOBAIO perrapanuu
HE3HAUUTEJbHBIX IIOBPEXKIEHUII B TKAHU U TO-
BBIIIAJI0 YPOBEeHb METa00JINYeCKOU aKTUBHOCTH,
OMHAKO He BJUAJNO HA COCTOSAHUNE CUCTEMbI aHTHU-
OKCHJIAHTHOM 3aITUThI.

BoiBogpi. IlosnyuenHble MaHHBIE MOTYT OBITH
WCIIOJIB30BAHbI MJIA pPaspadboTKy s(hGeKTUBHBIX
peabUIUTAIIMOHHBIX CPel AJs KPUOKOHCEPBUPO-
BaHHBIX ()ParMeHTOB U3BUTHIX KaHAJIbIEB CEMeH-
HUKOB ¢ ucnoab3oBanueMm BCA.

Knrouesvre cnosa: 661Ul CHIBOPOTOUHBINA AILOY-
MWH, peabuIUTaInUA, KPUOKOHCEPBHPOBaHUE,
()parMeHThI U3BUTHIX KaHAJIbIIEB CEMEHHUKOB.





