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ABSTRACT

Today, transplantation of cryopreserved fragments of immature testis is a non-alternative method of preserving the fertility of pre-adolescent
patients who undergo cytotoxic therapy.

The PURPOSE of the study is to compare the effectiveness of the use of biopolymers (bovine serum albumin and fibrin gel) as the bases
of cryoprotective media at low temperature preservation of the fragments of the convoluted seminiferous tubules of prepubertal rats’ testis.

MATERIALS AND METHODS. Convoluted seminiferous tubules of prepubertal rats’ testis (75 + 3 mg and 6-8 mm?), after a 30-minute exposure
at 4 °C in cryoprotective media based on Hanks’ solution with 50 g/L of bovine serum albumin (BSA) or fibrin gel (FG) supplemented with
0.6 M DMSO or 0.7 M glycerol, were cryopreserved according to the program: 1 °C/min to -8 °C; stop for 10 minutes; 10 °G/min to -70 °C;
stored in liquid nitrogen. After thawing, the histological structure was evaluated and the metabolic activity of the spermatogenic epithelium
cells was determined.

RESULTS. According to the results of the histological study, there was a positive tendency of FG application, which had the maximum
expressiveness in combination with 0,7 M glycerol. In this case, 68.8 + 15.7 % of cell nuclei remained morphologically intact, and changes in
the spermatogenic epithelium were slightly pronounced. The metabolic activity of the rats’ seminiferous convoluted tubules cells after freezing
and thawing remained at a significantly higher level when using FG in combination with 0.6 M DMSO than with 0.7 M glycerol compared to the
corresponding cryoprotectant based on the Hanks’ solution with BSA.

CONCLUSIONS. The use of fibrin gel in the protocols of cryopreservation promote preservation of the histological structure and metabolic
activity of the spermatogenic epithelium.
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Today, in the field of reproductive biotechnology, the transplantation
of cryopreserved fragments of immature testis to restore fertility is ac-
tively developing [1]. The advantage of this method is to preserve the
compartment of the spermatogenic cells, due to the support of cellular
contacts and interaction, which contributes to the normal development
of the germ cells. Studies on animal models showed the possibility of
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restoring complete spermatogenesis after orthotopic and heterotopic
transplantation of cryopreserved fragments of immature testicular tissue
[2-4]. Healthy progeny was also obtained by intracytoplasmic sperm in-
jection (ICSI) isolated from transplants of cryopreserved testicular tis-
sue of mice and rabbits [5, 6]. Clinical studies in this direction have not
been carried out so far, and modern knowledge on spermatogenesis



in transplants of cryopreserved human immature testicular tissue is based
only on experiments in the xenogeneic system [7-10], in which the differ-
entiation of spermatocytes was observed until the stage of pachynema [9]
and the formation of spermatid-like structures [10]. However, today, this
approach is quite successful in maintaining fertility in adolescents with
non-obstructive azoospermia and Klinefelter syndrome, in which the tes-
ticular tissue nevertheless contains at least isolated, but mature sperm,
which can be used in the ICSI procedure [11, 12].

The success of experimental transplantation encourages some op-
timism about the future use of this approach to maintain the fertility
of prepubertal patients who undergo cytotoxic therapy. That is why the
appropriateness of implementing cryobanking of immature testicular tis-
sue in applied medicine leaves no doubt today.

Existing protocols for cryopreservation of immature testicular tissues
of humans and mammals with the use of programmed freezing and mul-
ticomponent cryoprotective media [8, 13] consist of 3-4 stages and are
based on the use of slow cooling rates (0.5-1 °C/min) to the crystalliza-
tion temperature, presence/absence of seeding, subsequent increase of
the speed to 10-20 °C/min and transfer of the samples in liquid nitrogen
at temperatures reaching -70...-80 °C [14, 15]. Cryoprotectant dimethyl
sulfoxide (DMSO) due to low molecular weight and high penetrating abi-
lity exceeds ethylene glycol, propandiol and glycerol in minimizing the
cryodamage of testicular tissue [16], while retaining the ability to initiate
spermatogenesis [17]. Animal studies emphasized the key role of the ini-
tial state of spermatogenic cells in the effectiveness of fertility recovery
procedures. Comparative studies on the use of fresh and cryopreserved
specimens indicate the loss of spermatogonial stem cells during cryo-
preservation. Thus, the effectiveness of cryopreservation procedures
is critical and should be improved [18].

The presence of an extracellular matrix can affect the structure
of ice formed during the cooling stages, and the final result of tissue
cryopreservation. Therefore, the use of biopolymer gels as matrices for
seminiferous convoluted tubules can allow, by reducing the volume of
free water, to minimize tissue damage during cryopreservation and pre-
serve its architectonic and morphological and functional structure [19,
20]. However, today the methods of cryopreservation using biopolymers
have not reached wide application in reproductive technologies yet.

Our previous studies have shown that the use of biopolymers at the
exposure stage reduced the toxic effect of DMSO and glycerol on sper-
matogenic epithelial cells of prepubertal rats’ testis and increased the
exposure time [21, 22].

The PURPOSE of the study is to carry out a comparative evaluation
of the effectiveness of the biopolymers bovine serum albumin (BSA) and
fibrin gel (FG) application as the component of cryoprotective media at
low temperature preservation of fragments of seminiferous convoluted
tubules of prepubertal rat’s testis.

MATERIALS AND METHODS

The study was performed on prepubertal (7-8 weeks) male rats (n = 50)
weighing 50 + 15 g [23]. All manipulations with animals were conducted
in accordance with international bioethical norms, legislative documents
of Ukraine, materials of the IV European Convention for the Protection of
Vertebrate Animals used for experimental and other scientific purposes [24]
and the protocol of the Committee on Bioethics on the work with experi-
mental animals of the Institute of Problems of Cryobiology and Cryomedi-
cine of the National Academy of Sciences of Ukraine (No. 2014-02).

Seminiferous tubules were obtained mechanically from both testis
of rats after euthanasia with CO,. Fragments (75 + 3 mg and 6-8 mm?)
were cut from the obtained tissue using forceps and scissors for further
research. Cryoprotective media were made ex tempore based on:

1. Hanks’ solution (PAA, Austria);

2. Bovine serum albumin (PAA, Austria), which was used at a concen-
tration of 50 g/L in the Hanks’ solution;
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3. Fibrin gel, which was obtained from fresh blood of 7-8 weeks-old
male rats. The blood in volume 5-7 mL was collected from the cardiac
vein, and centrifuged for 15 minutes at 1500 xg. After centrifugation, three
fractions of blood were obtained: lower —red blood cells, upper — platelet-
poor plasma, medium — platelet-rich fibrin gel. Blood samples with hemo-
lysis were not used in the experiment.

The basis component was added with the DMSO cryoprotectant
(PanEco, Russia) or glycerol (Dow Chemical, Germany) at a final con-
centration of 0.6 M and 0.7 M, respectively. The tissue fragments were
transferred into 2-mL cryovials (Munc, USA). The exposure of the rats’
seminiferous tubules to the media was 30 minutes at 4 °C [21, 22]. Cryo-
preservation was carried out using a freezer ZP-10 according to the pro-
gram: cooling from 20 °C to -8 °C at a rate of 1 °C/min; stop for 10 min-
utes at -8 °C; cooling to -70 °C at a rate of 10 °C/min; transferring to liquid
nitrogen (-196 °C). The samples were stored in a cryobank for a month.
Cryovials were thawed in a water bath at 40 °C until a liquid phase. Re-
moval of cryoprotectants from the samples was carried out by a threefold
wash of the cryopreservation medium to Hanks’ solution. Control groups
were intact freshly isolated fragments of rats’ seminiferous tubules and
samples cryopreserved without the use of DMSO or glycerol, respectively.

The samples for histological examination were fixed in 10 % formalin
solution, dehydrated, degreased with acetone and ethanol of increasing
concentrations and then embedded in paraffin. Obtained 7-pm-thick his-
tologic sections, stained with hematoxylin and eosin, and studied using
a LSM 510 Meta microscope (Carl Zeiss, Germany). The following basic
histological parameters of the spermatogenic epithelium were estimated
(Table 1) [25, 26].

The minimum total number of points (0-1 points) corresponded
to the intact structure of the spermatogenic epithelium, 1-3 points was
considered as weak changes, 3-6 points — moderate changes and more
than 6 points — pronounced damage to the spermatogenic epithelium.

Metabolic activity was investigated using the MTT test [27]. For this,
samples of rats’ seminiferous tubules after cryopreservation were trans-
ferred into 1 mL Hanks’ medium, which was added with 0.5 ml MTT so-
lution at a concentration of 5 mg/mL. After 3 hours of incubation (5 %
C0,, 37 °C), the medium was completely removed and the formazan was
dissolved by addition of DMSO (1 mL/sample), followed by centrifugation
for 10 minutes at 840 xg. The optical density of the formazan solution
in the supernatant was measured at 540 nm wavelength.

Cell viability in samples of rats’ seminiferous tubules was determined
by supravital staining with Trypan Blue. Cell suspension was obtained

PARAMETER GRADE POINTS
absent 0
CELLS RETRACTION insignificant 1
expressed 2
absent 0
DESQUAMATION OF CELLS :

IN THE TUBULAR LUMEN partial 1
>70 % or total 2
absent 0
THE PERCENTAGE OF CELLS WITH 40 % y

NUCLEAR CONDENSATION <Al
> 40 % 2
absent 0
DEFECTS OF TISSUE single 1
diffuse 2
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by enzymatic disaggregation [28]. The percentage of viable cells was
determined as the percentage of cells resistant to staining and the total
number of cells.

The normality of the distribution was determined by the skewness
and the kurtosis. In the normal distribution of variables, the significance
of differences between groups was estimated using Student’s t-test and
presented as M = m. The critical value of the significance level was as-
sumed to be p = 0.05. Data analysis was performed using Microsoft Excel
(Microsoft, USA) and Statistika 8 (StatSoft Inc., USA) software.

RESULTS AND DISCUSSION

The results of the histological studies showed that the seminifer-
ous tubule sections of the intact rat had normal structural organization
(Fig. 1). Within the seminiferous tubules on the basement membrane,
there was a spermatogenic epithelium in several layers, whose germ cells
were at different development stages. In the external basal layer, sper-
matogonia, rounded cells with a hyperchromic nucleus and a thin rim
ofthe cytoplasm, were visualized. Spermatocytes, cellswithalarge core and
a wide border of the cytoplasm, were located in several rows in the inner
adluminal layer. In some tubules near the center, there were small round
shape cells with a bright nucleus — early spermatids, and, in some cases,
elongated cells — late spermatids.

Spermatogenic epithelium after cryopreservation with DMSO was
characterized by a pronounced retraction of cells with the formation
of fissures and cavities within the spermatogenic layer. The desquamation
of the spermatogenic epithelium from the tubular membrane, sometimes
totally, was observed. At the same time, the membrane was edematous
and thickened. Its contour was unequal. In the epithelial layer, there
were defects of round shape with clear even contours. More than 61 %
of cells have been pathologically altered, primarily due to nucleus pykno-
sis (Tahle 2).

According to the semi-quantitative evaluation, histological structural
alterations in the spermatogenic epithelium after cryopreservation with
DMSO corresponded to moderately pronounced (Table 3).

With the use of glycerol without biopolymers, a pronounced retrac-
tion of spermatogenic epithelial cells with desquamation occurred similar
to DMSO, although the latter was rarely total. The nuclei of most germ
cells had hyperchromic, and sometimes foci of lysed cells were detected
(Table 2). Therefore, the damage of spermatogenic epithelium in this
group remained at the level of moderately pronounced changes (Table 3).

In groups with the use of DMSO + BSA and DMSO + FG (Fig. 2, A, B),
there was a decrease of the retraction and desquamation of spermato-
genic epithelial cells compared to control (DMSQ). However, in the first
case (DMSO + BSA), the relative number of cells with damaged nucleus
remained high, and the pyknotic type predominated among the lesions
(Table 2). In comparison with this, the use of DMSO with FG contrib-
uted to a relative decrease in the number of cells with the lysis of nu-
clei. Complex semi-quantitative assessment revealed that programmed

Fig. 1.
Microphotography
of histological
sections of intact
convoluted
seminiferous tubules
of prepubertal rats’
testis; hematoxylin
and eosin staining.

Table 3. Semi-quantitative evaluation of spermatogenic epithelium
alterations, average total score.

GROUP DMSO0 GLYCEROL

CONTROL 5.8 (5-7) 3.9 (3-5)

BSA 5.4 (5-7) 2.8 (2-4)

FG 4.9 (4-6) 14(1-3)
INTACT CONTROL 0.4 (0-1)

Note: the boundary values of the total points in the corresponding group are
specified in parentheses.

cryopreservation of convoluted seminiferous tubules of rats’ testis using
DMSO combined with both BSA and FG caused moderate morphological
changes in the spermatogenic epithelium (Table 3).

In experimental groups with using glycerol (glycerol + BSA and glyc-
erol + FG), the retraction and desquamation of epithelial cells, as well as
spherical cavities in the spermatogenic layer, were absent in most sec-
tions. It should be noted that alteration of cell nuclei were observed to
a lesser extent when using FG as the basis of cryoprotective medium
than when using BSA (Table 2). This led to a decrease in the degree of
cryoinjury of the spermatogenic epithelium in this group (glycerol + FG)
to 1.4 points (Table 3), which corresponds to weak changes.

The analysis of the results of histomorphometric study shows that the
use of FG had the positive tendency for cryopreservation of the convo-
luted seminiferous tubules of prepubertal rats’ testis, which had the most
pronounced effect in combination with glycerol.

The results of the study of the cryopreservation effects on the meta-
bolic activity of the tissues of the convoluted seminiferous tubules of rats’
testis are shown in Fig. 3. Metabolic activity was 1.4 times higher in the
samples cryopreserved with DMSO+BSA, than in the corresponding con-
trol. The combination of DMSO with FG provided an increase of the inves-
tigated index by 2.5 times relative to the corresponding control. The result
of the MTT test in samples cryopreserved using glycerol with BSA and FG

Table 2. Status of nuclei of spermatogenic

INTACT PYKNOTIC FRAGMENTED LYZED epithelium cells after cryopreservation
DMSO 38.8+6.7' 35.3 + 5.4 13.6+ 211 123+17 of convoluted seminiferous tubules of
= == — — prepubertal rats’ testis, % of cells.
DMSO0 + BSA 493 +8.7'? 26.6 £ 2.412 13.6 £ 1.412 10.4 +0.9'2
DMASO + FG 52.4 +7.8'? 28.3+2.7"2 16.5 +1.9'2 2.8+0.5'2
GLYCEROL 37.1 + 6.3 35.9 + 5 41 15.2 + 2.5 11.8+2.21 Notes: ' —the difference is significant
GLYCEROL + BSA 331 + 5312 340+ 4512 19541912 13041712 compared to intact control; ? — the difference
e e e e is significant compared to the corresponding
GLYCEROL + FG 68.8 + 15.7123 159 +2.1128 12.7 +1.6'28 2.7 +0.4123 control: 3 — the difference is significant
INTACT CONTROL 921+13 6.9+13 05+0.3 0.6+0.4 compared to the corresponding cryoprotectant
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Fig. 2. Microphotography of histological sections of convoluted seminiferous tubules of prepubertal rats’ testis after cryopreservation with: A — DMSO;
B - glycerol; C -DMSO + BSA; D — glycerol + BSA; E — DMSO+FG; F - glycerol + FG; hematoxylin and eosin staining.
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Fig. 3. Metabolic activity of cryopreserved convoluted seminiferous
tubules of prepubertal rats’ testis by optical density of the formazan
solution in the MTT test.

Notes: solid line — indicator of intact control; DMSO - dimethyl
sulfoxide, BSA — bovine serum albumin, FG - fibrin gel;

* — the difference is significant compared to the corresponding
cryoprotectant (p < 0.05;,n = 5).

was 1.4 and 1.7 times higher, respectively, relative to control (glycerol).
However, the metabolic activity of cells in all investigated cryopreserved
samples was significantly lower than in intact control.

Thus, the level of metabolic activity in samples of convoluted semi-
niferous tubules of rats’ testis decreases after freezing-thawing. In ad-
dition, the present study has shown that the use of a polymer in the
form of a gel helps to reduce the damage of low temperatures. The fibrin
gel in combination with both DMSO and glycerol, during programmed
cryopreservation, contributed to preserving of the metabolic activity of
convoluted seminiferous tubules cells of immature rats’ testis at a sig-
nificantly higher level than with BSA and using a corresponding cryopro-
tectant separately.
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Fig. 4. Cell viability in convoluted seminiferous tubules of prepubertal
rats’ testis after cryopreservation and thawing.

()

Notes: solid line — indicator of intact control; DMSO — dimethy!
sulfoxide, BSA — bovine serum albumin, FG — fibrin gel;

* —the difference is significant compared to the corresponding
cryoprotectant (p < 0.05; n = 5).

An assessment of the effect of programmed freezing on the viability
of cells of the convoluted seminiferous tubules of rats’ testis is shown
in Fig. 4. In samples cryopreserved with DMSO + FG, the number of vi-
able cells was 1.6 times higher than in the control (DMSO0). The use of
glycerol in combination with FG contributed to an increase in this index by
1.4 times relative to control (glycerol). In all tested samples, the number
of intact cells after cryopreservation was significantly lower than intact
control. In contrast to BSA, the use of FG in cryopreservation of con-
voluted seminiferous tubules is more effective in maintaining the cells
viability in combination with both DMSO and glycerol.

Modern developments of innovative biomaterials have made a sig-
nificant contribution to the development of reproductive medicine,
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especially in the fertility preservation. The analysis of the data shows that
the level of metabolic activity after freezing-thawing in the samples of
convoluted tubules of rats’ testis decreased. It should be noted that the
use of biopolymers weakened the damaging effect of low-temperature
preservation.

According to the literature, additional components of media that re-
duce cell damage during cryopreservation are protein supplements [29].
It was shown [30] that the use of fetal bovine serum, BSA, recombinant
protein in cryoprotective media enhances cell viability after freezing-
thawing. However, the addition of xenogeneic serum to cryoprotective
media has a number of disadvantages: the variability of its composition,
the possibility of contamination by viruses and the presence of undesir-
able biologically active substances. However, in most of the existing pro-
tocols testicular tissues cryopreservation, serum albumin is applied as a
protein component [8, 16].

Fibrin gel is a biological material that can be used in the autologous sys-
tem and is a high-density fibrin network that includes a large number of bio-
logically active compounds, the main of which are PDGF (platelet-derived
growth factor), TGF (transforming growth factor), FGF (fibroblast growth
factor) and IGF (insulin-like growth factor) [31]. These growth factors can
affect the metabolic processes of cells and play a major role in regulating

CONCLUSION

the process of reparation and regeneration. For example, insulin-like growth
factor I (IGF-1) is an important regulator of reproductive function. In particu-
lar, it was reported that IGF-I stimulates mobility, viability, condensation and
sperm acrosome reaction. Adding of this factor to the cryopreservation me-
dium of sperm reduces cell apoptosis [32]. In addition, one of FG features
is a high viscosity, whose intensity is inversely dependent on temperature.
The viscosity of the cryopreservation medium influences on the dynamics
of crystallization, providing conditions for the formation of fine crystalline
ice. This enhances reducing the degree of mechanical damage to the tissue
by growing ice crystals during cryopreservation [33]. Thus, the use of FG
in the cryopreservation solution promotes the binding of free water and
stabilization of the cell membrane in the tissue, which in its turn increases
their resistance to low temperatures.

The data obtained in our work showed that cryopreservation of semi-
niferous tubule fragments using a slow controlled cooling rate and a mix-
ture of fibrin gel and 0,7 M glycerol can maintain their histological struc-
ture and metabolic activity and is more effective than the use of bovine
serum albumin. These results can be taken into account when creating
cryobank of human tissues with the possibility of their subsequent ap-
plication for the needs of biotechnology and in clinical practice in order to
preserve male fertility.

N

1. Cryopreservation of convoluted seminiferous tubules of prepubertal rats’ testis with the use of biopolymers in programmed freezing with
a controlled slow cooling rate promotes preservation of histological structure and metabolic activity of the spermatogenic epithelial cells.

2. The use of fibrin gel as the basis for the cryoprotective medium is more effective than bovine serum albumin.

3. The obtained data can be used for the substantiation and development of effective methods of cryopreservation of convoluted seminiferous
tubules with the application of biopolymers to cryobanking of immature testicular tissue.

The study was carried out with the support of the program of the National Academy of Science of Ukraine «Support
for the development of priority areas of scientific research» (code 5641230), the contract number 2.2.6.99.
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