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Introduction

Background. Today, cryopreserved reproductive tissues are used to treat some forms of male infertility. How-
ever, after long-term preservation of fragments of seminiferous tubules of testes (FSTT) in a low-temperature
bank (~196 °C) their morphological and functional characteristics decrease reversibly. To solve this problem
after freezing-thawing, the use of rehabilitation media with special additives is promising. Due to the fact
that serum albumin and fullerene C60 have powerful protective and antioxidant properties, their use allows
to stabilize the plasma membrane, osmotic pressure, and reduce free radicals that make them promising can-
didates to use in the development of rehabilitation media for biological objects after cryopreservation.
Objective. The efficacy of fullerene C60, bovine serum albumin (BSA), and their combination as components
of rehabilitation medium of vitrified FSTT of immature rats was studied.

Methods. Vitrified-thawed samples of FSTT were incubated (22 °C) for 30 minutes in Leibovitz's medium
with addition of 15 ug/mL C60, 5g/L BSA or their combination. Control samples were incubated in the
medium without C60 or BSA addition. Metabolic activity (MTT test), histomorphological data, total anti-
oxidant status (TAS), reactive oxygen species (ROS) production, activity of y-glutamyltransferase (yGGT),
and glucose-6-phosphate dehydrogenase were determined in the samples after rehabilitation in the investi-
gated media.

Results. The use of C60 led to the increase of metabolic (by 1.26 times) and TAS (by 1.74 times) activities,
to the decrease in the number of ROS+ cells (by 1.35 times) and to the improvement of the spermatogenic
epithelium binding to the basement membrane versus control sample. Application of BSA did not signifi-
cantly affect the studied biochemical indices but decreased the number of tubules with desquamation of
spermatogenic epithelium in histological sections. The combined use of BSA and C60 had the best effect
among investigated rehabilitation media that led to the increase of metabolic activity (by 1.51 times), TAS
activity (by 1.78 times), yGGT activity (by 1.59 times), histostructure restoration and the decrease in the
number of ROS+ cells (by 1.45 times) compared to the control samples.

Conclusions. The use of C60 and BSA combination increases the metabolic and antioxidant activity of vitri-
fied FSTT and also has a positive effect on their histostructural characteristics compared to control samples.
It should be noted that the effect of C60 and BSA addition to rehabilitation medium exceeds the results of
using the investigated additives separately (by the metabolic and yGGT activity as well as architectonics of
vitrified FSTT). These data relate to reproductive medicine and can be used to develop an effective rehabili-
tation protocol for vitrified FSTT.
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storage some reversible decrease in functional cha-
racteristics of biological objects occurs [2]. To solve

The rapid development of modern nanobio-
technologies leads to their application in medicine
and, in particular, in reproductology. Understand-
ing the causes of infertility contributes to the de-
velopment of methods for its restoration [1]. One
of them, low-temperature conservation, requires
further improvement using modern biotechnologies
that will provide a high level of preservation of the
morphological and functional characteristics of tes-
ticular tissue. It is known that after long-term cryo-

this problem, rehabilitation media can be applied
with the use of special admixtures.

Serum albumin is one of such rehabilitation
media supplements, which is known for its power-
ful protective and antioxidant effects. The use of
protein components helps to stabilize the strength
properties of the plasma membrane, regulate os-
motic pressure, maintain phospholipid fractions,
buffer acid-base changes, etc. [3, 4]. Our previous
studies have also shown the effectiveness of bovine
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serum albumin (BSA) using as an impurity in a
cryoprotective medium for fragments of seminifer-
ous tubules of testes (FSTT) of immature rats [5].

Along with BSA, the use of fullerenes is also
of particular interest for cryobiolological purposes.
This form of carbon has been actively studied in
the last decades mainly because of the vast range
of potential use in biomedicine. Thus, fullerene
C60 found an application for the photodynamic
therapy of oncological diseases as well as an anti-
viral and antibacterial agent. Antioxidant and anti-
apoptotic effects of C60 can be used in the therapy
of neurodegenerative diseases [6]. Furthermore, ful-
lerenes and their derivatives are also used for the
creation of drugs due to the fact that carbon is the
main element of biological systems that means that
it is the most suitable for their modification. A dis-
tinctive feature of fullerenes and most of their de-
rivatives is low toxicity and the ability to be excre-
ted from the body at an acceptable rate. It should
also be noted that due to their geometry and elec-
tronic structure, fullerenes are able to form com-
pounds containing various pharmacophore groups,
can easily pass into an excited state under the influ-
ence of various physical and chemical factors and
enclose metal atoms inside their carbon sphere [7].
C60 can also penetrate through biological mem-
branes, conduct protons, and interact with free ra-
dicals; these abilities are likely responsible for its
protective effect. So, it can be considered as a cell-
targeted antioxidant worth further researching as a
prospective component of novel medications [8].

However, the fullerenes and protein compo-
nents have not been studied concerning the reha-
bilitation of FSTT of immature rats, although the
development of modern biotechnological approaches
to potentiation of the functional state of testicular
tissue after low-temperature conservation is of in-
terest.

In this work, we studied the efficacy of fulle-
rene C60, bovine serum albumin (BSA), and their
combination as components of rehabilitation me-
dium of vitrified FSTT of immature rats.

Materials and Methods

The research was performed in outbreed white
sexually immature (7-8 weeks aged) male rats
(n=30). The samples of the 2-3 mm? in size rat
testicles were obtained mechanically and exposed
at 4 °C for 5 minutes sequentially in medium 1
(fibrin gel + 5% Me,SO + 6% glycerol + 0.1M su-
crose) and medium 2 (fibrin gel + 15% Me,SO
+ 18% glycerol + 0.5M sucrose), then vitrified by
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rapid immersion into liquid nitrogen [9,10]. The
thawing was carried out in IM sucrose at 50 °C
with a successive transfer of samples to solutions of
decreasing sucrose concentration (0.5M, 0.25M, O0M)
at 22°C [11]. Vitrified-thawed samples of FSTT
were incubated (22 °C) for 30 min in Leibovitz's
medium with addition of 15 ug/mL C60, 5 g/L BSA
or combination of 15 pg/mL C60 with 5 g/L BSA
(C60+BSA). We used an aqueous suspension of un-
modified fullerene C60 (prod. no. 572500, Sigma-
Aldrich, USA). A typical colloidal solution of C60
was obtained immediately before use by the trans-
fer of these nanoparticles from toluene to water,
followed by sonication [12]. Control samples were
incubated in the medium without C60 or BSA ad-
dition. MTT test, histomorphological data, total
antioxidant status (TAS), reactive oxygen species
(ROS) production, activity of y-glutamyltransferase
(yGGT) and glucose-6-phosphate dehydrogenase
(G6PD) were determined in the samples after re-
habilitation in the investigated media. The scheme
of the experiment is shown in Fig. 1.

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide] (Fluka, Germany) at the
final concentration of 0.5 mg/mL was added to the
samples of FSTT and after three-hour incubation
at 37 °C was removed with 100% DMSO addition to
solubilize formazan. Absorbance was read at 570 nm
(CHEM 7, ERBA, Czech Republic) and calculated
per 1 mg of tissue.

The samples were homogenized, filtered, and
then centrifugated for 10 min (1000 g). In superna-
tant TAS, yGGT and G6PD activity was evaluated
quantitatively by UV spectrophotometry (CHEM 7,
ERBA, Czech Republic) using test kits (Randox,
UK) according to the instructions and calculated
per 1 mg of protein.

Enzymatic disaggregation method was used to
obtain cell suspension from FSTT: the samples
were incubated with 0.25% trypsin for 30 min at
37 °C, filtered, and then centrifugated for 10 min
(1000 g). The ROS production was studied quan-
titatively by the cytofluorimetric method (FACS
Calibur, Becton Dickinson, USA) using test kit
(Sigma-Aldrich, USA). Obtained data were proces-
sed with WinMDI v.2.8 software.

Histomorphology study was performed by a
person who did not know the details of the expe-
riment. The slices (7 um thickness) were prepared
from paraffin blocks and stained with hematoxylin
and eosin. Sections were studied using Axio Obser-
ver Z1 inverted microscope (Carl Zeiss, Germany);
obtained images were processed using the ZEISS
ZEN 2 (Carl Zeiss). The following parameters were
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Fresh fragments of seminiferous tubules of immature rat testes

A

Vitrification
The samples of the rat testicles in size 2-3 mm?® were incubated in cryomedium
(Me,SO-glycerol+sucrose based on fibrin gel) of increasing concentration and then were vetrified

Thawing
The samples were warmed in 1 M sucrose at temperature of 50 °C with successive transfer to solutions
of decreasing concentration (0.5 M, 0.25 M, 0 M) at 22 °C

!
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Figure 1: Experimental scheme. TAS — total antioxidant status, ROS — reactive oxygen species production, yGGT — activity of
y-glutamyltransferase, G6PD — activity of glucose-6-phosphate dehydrogenase, BSA — bovine serum albumin, H&E — hematoxylin

and eosin staining

evaluated: retraction of cells, condensation of nuc-
lei, formation of cracks in the spermatogenic layer,
desquamation of the epithelium, condition of a la-
mina propria. The total cell density of spermato-
genic epithelium was also evaluated by counting a
nuclei number per 1 mm?.

The results were statistically processed with
the Kruskal—-Wallis ANOVA test with multiple
comparisons.

All the manipulations with animals were car-
ried out in accordance with international bioethical
norms, legislative documents of Ukraine, state-
ments of the IV European Convention for the Pro-
tection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes as well as the
protocol of the Committee in Bioethics of the
Institute for Problems of Cryobiology and Cryo-
medicine of the National Academy of Sciences of
Ukraine (No. 2014-02).

Results

The obtained results of metabolic activity and
total cell density in vitrified FSTT samples after
incubation in the studied media are graphically
represented in Fig. 2.

The BSA use did not lead to significant
changes in metabolic activity (Fig. 2a). The 1.26-

fold increase of metabolic activity (p < 0.05) was
indicated in the samples rehabilitated in the me-
dium with C60 relative to the control. This index
was higher by 1.51 and 1.2 times (p < 0.05) for
samples rehabilitated with the combination of C60
with BSA relative to the control and C60 group re-
spectively. Increasing MTT test result for C60 and
its combination with BSA indicates a good protec-
tive activity of these substances for preservation of
cells in vitrified testicular tissue. However, the most
pronounced effect on metabolic activity was obser-
ved after incubation with combination C60 and BSA.

According to the results of total cell density
measuring in the spermatogenic epithelium, it can
be concluded that the addition of C60, BSA and
C60+BSA combination to the incubation medium
was effective for vitrified FSTT, significantly incre-
asing this parameter relative to the control by 1.6,
1.3 and 1.7 times respectively (p < 0.05) (Fig. 2b). It
can be concluded that despite the absence of statis-
tically significant difference in cell density between
the groups C60 and C60+BSA, their metabolic ac-
tivity was higher under the use of investigated
combination (C60+BSA).

The next stage of our work was the investi-
gation of fullerene C60 and BSA effects on histo-
morphological parameters of vitrified FSTT of im-
mature rats. The obtained results are shown in Fig. 3.
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Figure 2: Effect of incubation in the media with C60 and bovine serum albumin (BSA) on (a) metabolic activity (MTT test) and
(b) total cell density of spermatogenic epithelium in vitrified fragments of seminiferous tubules of testes; * — the difference is statisti-
cally significant relative to the control (p < 0.05), * — the difference is statistically significant relative to the group C60 (p < 0.05)

Figure 3: Morphological characteristics of vitrified fragments of seminiferous tubules of testes incubated in media: (a) control group;
(b) C60; (c) bovine serum albumin; (d) C60 + bovine serum albumin. Hematoxylin and eosin staining
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The most extensive histological damage was
observed in the control group including moderate
alterations of the epithelial layer with the forma-
tion of cracks resulted in disruption of cell-cell
contacts and cell detachment from the basement
membrane. The latter looked thickened and ede-
matous. The use of C60 led to improvement in the
epithelium binding to the basement membrane and
its condition compared to the control; BSA decre-
ased the number of tubules with desquamation of
germ cells in histological sections. Also, C60+BSA
combination improved maintenance of tubule ar-
chitecture with minimal epithelial detachment after
the 30-min incubation. It should be noted that the
presence of cracks inside the wall of the seminifer-
ous tubules in this group did not lead to disruption
of intercellular contacts. Intimate contact between
the basement membrane and the cells of the sper-
matogenic epithelium is important for intercellular
interactions and delivery of nutrients for germ cell
growth and differentiation into the tubules [13]. In
sum, it can be concluded that combined use of C60
and BSA maintained morphology of vitrified FSTT
better compared to their application separately.

The results of TAS activity and ROS+ cell
content in vitrified FSTT after the incubation in
the studied media are presented in Table 1.

The C60 use increased TAS activity (by 1.74
times) and decreased the number of ROS+ cells
(by 1.35 times) compared to the control (p < 0.05).
The application of BSA did not change significant-
ly these parameters versus control. And C60+BSA
combination use led to a 1.78-fold increase of TAS
activity, a 1.45-fold decrease in the number of
ROS+ cells compared to the control (p < 0.05) and
did not differ from group C60.

The data of yGGT and G6PD activities in
vitrified FSTT after the incubation in the studied
media are represented in Table 2.

Table 1: TAS activity and content of ROS+ cells in vitrified
fragments of seminiferous tubules of testes after the incubation
in the media with C60 and BSA
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The analysis of the results showed an increase
of yGGT activity by 1.32 (C60) and 1.59 times
(C60+BSA) in vitrified FSTT compared to the
control. The use of BSA did not affect investigated
parameter. The activity of yGGT was increased by
1.2 times (C60+BSA) in vitrified FSTT compared
to the group C60. Incubation of vitrified FSTT in
all investigated media did not affect G6PD activity
compared to the control.

Discussion

The fields of application of fullerenes are very
diverse. This is due to the fact that the structure of
fullerene, which looks like a soccer ball, absorbs
everything that is desirable to be placed there, from
a part of the genetic code, vitamins, medicines to
various gases. Fullerenes have an amazing ability to
integrate into the surfaces of cell membranes. They
are not only unique antioxidants, but also unique
transports of various substances, which allow them
to be used in a wide variety of scientific and prac-
tical fields. Physicians and biologists use fullerenes
as a way to deliver various drugs, antibiotics, hor-
mones, and even genes into cells. Also, chemical
experiments with fullerenes working as catalysts as
well as adsorbents of a new type show excellent re-
sults. Among the antioxidants known to date, fulle-
renes, or rather, their aqueous solutions are the
most powerful, although their mechanisms of action
are fundamentally different from those of conven-
tional antioxidants. They act even in ultra-low doses
and their effect even after a single dose lasts for
months. Fullerenes are qualitatively superior to all
other antioxidants in terms of strength and duration
of action. They have different mechanisms of action.
Whereas classical antioxidants are reducing agents
that are consumed during the reaction, fullerenes are
catalysts for recombination and the mutual destruc-
tion of free radicals and are not consumed at all [7, §].

Table 2: yGGT and G6PD activities in vitrified fragments of
seminiferous tubules of testes after the incubation in the media
with C60 and BSA

TAS, yGGT, G6PD,
Sample mM/mL/mg ROS+, % Sample units/L/mg units/L/mg
protein protein protein
Control 15.62 + 1.54 442 £0.25 Control 3.92 £ 0.52 47.12 = 1.93
C60 27.14 + 1.78! 3.24 + 0.31! C60 5.19 £ 0.61" 49.24 + 2.07
BSA 16.05 + 2.16? 4.05 + 0.29? BSA 4.07 + 0.37? 45.05 £ 2.35
C60+BSA 27.92 + 1.82! 3.05 £ 0.37! C60+BSA 6.25 + 0.49'2 46.05 + 1.85

Notes. TAS — total antioxidant status, ROS — reactive oxygen
species, BSA — bovine serum albumin; ' — the difference is
statistically significant relative to the control (p<0.05), > —

the difference is statistically significant relative to the group
C60 (p <0.05).

Notes. yGGT — activity of y-glutamyltransferase, G6PD —
activity of glucose-6-phosphate dehydrogenase; BSA — bovine
serum albumin; ' — the difference is statistically significant rela-
tive to the control (p<0.05), 2 — the difference is statistically
significant relative to the group C60 (p < 0.05).
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The over ROS formation occurs during cryo-
preservation, leading to decrease antioxidant sys-
tems activity [14]. The results of our work showed
that incubation of vitrified FSTT with C60 and
C60+BSA led to a decrease in the relative number
of ROS+ cells. Increasing TAS activity is probably
related to the pronounced antioxidant action of
fullerene C60 that is a powerful free radical sca-
venger. In the work of authors [15], this antioxi-
dant property is based on the fact that C60 has a
large content of conjugated double bonds and low-
lying lowest unoccupied molecular orbital that can
freely take up an electron that makes interaction of
radicals possible. Thus, the fullerene can react with
many superoxides without being consumed.

It is known that the main enzymes involved
in the antioxidant defense system are: superoxide
dismutase, catalase and glutathione peroxidase. How-
ever, many others, so-called "indirect" antioxidant
enzymes, also participate in the processes of ROS
neutralization due to the involvment in biosynthe-
sis/recycling of thiols or excretion of oxidized sec-
ondary metabolites. So GGT is responsible for main-
taining the constant level of the most abundant re-
dox scavenging molecule — glutathione, uptaking it
from the extracellular fluid into the cells [16, 17].
In the seminal tubules this enzyme is localized in
Sertoli cells. GGT is considered a marker of Sertoli
cell function and is stimulated by appropriate hor-
mones. In the study [16], GGT was shown to be
present in epididymal epithelial cells and fluid lu-
men. It has been suggested that epididymal GGT
may play a role in oxidant protection of sperm in
the epididymal duct and/or in restoring extracellu-
lar cysteine for the synthesis of epididymal pro-
teins. G6PD is the NADPH-producing enzyme in
nucleated cells. The overexpression of G6PDH in-
creased resistance to ROS-induced cell death [18]
and maintained intracellular glutathione stores in-
creasing the activity of glutathione reductase [19].
Thus, some authors indicated G6PD and GGT as
important enzymes involved in the antioxidant de-
fense of the cell.

To assess the metabolic activity of cells we
used a colorimetric MTT test based on the ability
of NADPH-dependent oxidoreductase enzymes to
display the number of viable cells. Increasing MTT
test result for C60 fullerene groups indicates good
preservation of cells in rehabilitated FSTT that is
also consistent with the results of the histomorpho-
logical study. Thus, the histological examination
showed a decrease in detachment of spermatoge-
nic epithelium from basement membrane and an
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increase of average cell density. It is necessary to
emphasize the importance of relationship preserva-
tion between spermatogenic epithelium and base-
ment membrane because the basement membrane in
the testis serves as a reservoir of uniquely important
cytokines for maintenance of tight junctions [13].
The use of BSA did not affect the metabolic and
antioxidant activity but decreased the number of
tubules with desquamation of spermatogenic epi-
thelium in histological sections. The combined use
of BSA and C60 had the best effect among investi-
gated rehabilitation media leading to an increase in
the functional activity and to histological structure
preservation of vitrified FSTT.

Cryopreservation by vitrification is increasing-
ly used at the freezing of reproductive cells and tis-
sue. During slow cooling, the elements of the testi-
cular tissue are damaged by intracellular ice crys-
tals and the ones formed in extracellular space. Vi-
trification is an effective method to preclusion the
formation of ice crystals due to the use of high
concentrations of cryoprotectants and ultra-fast
cooling that minimizes cell damage [20]. Thus, for
the rehabilitation of seminiferous tubule fragments
of the immature rats, it is possible to use multi-
component media in which the solution is enri-
ched by biopolymer and nanoparticles.

Conclusions

The use of combination of C60 and BSA
promotes the increase of metabolic activity of vitri-
fied FSTT by 1.51 times (p <0.05), TAS activity
by 1.78 times (p <0.05), yGGT by 1.59 times
(p <0.05), histostructure restoration and the de-
crease in the number of ROS+ cells by 1.45 times
(p <0.05) compared to the control samples. It
should be noted that the effect of C60 and BSA
addition to rehabilitation medium exceeds the re-
sults of using the investigated additives separately
(by the metabolic and yGGT activity as well as
architectonics of vitrified FSTT). These results can
be used for justification and elaboration of effective
rehabilitation methods for vitrified fragments of
seminiferous tubules of testes using the combina-
tion of biopolymers and nanoparticles.
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H.O. BonkoBa, M.C. KOxta, J1.B. Cokin, J1.I'. YepHuweHko, /1.B. CtenaHtok, A.M. lNonbLes
IHcTUTYT Npobnem kpiobionorii i kpiomeaMuMHN HauioHanbHOT akagemii Hayk Ykpainu, Xapkis, YkpaiHa

E®EKTUBHICTb KOMBIHOBAHOIO 3ACTOCYBAHHA ®YJNEPEHY C60 | BUMAYOIO CUPOBATKOBOI'O AJlIbBYMIHY
Ons PEABINITAUIN BITPUGIKOBAHUX ®PATMEHTIB HE3PIITUX KAHANBLIB CIM’AAHUKIB

Mpo6nemartuka. Ha cborogHi kpiokoHCepBOBaHi PeNPOAYKTUBHI TKAHWHU BUKOPUCTOBYHOTLCA A1 NiKyBaHHA Aeskux opm 6e3nnigas y
yonogikis. OgHak nicns A4OBroTpuBanoro 36epexeHHs parMeHTiB 3BUTUX KaHanbLiB ciM’sHukiB (P3KC) B ymoBax HU3bkoTeMnepaTyp-
Horo 6aHKy (—196 °C) BiAbyBa€eTbCA 3BOPOTHE 3HWMKEHHS X MOPMOMOriYHMX Ta (PyHKLiOHaNbHUX XapakTepucTuk. [nsa BupilleHHs uiel
npobnemu nicna 3aMopoXyBaHHSA-BIGIrpiBy NEPCNEKTUBHUM € BUKOPUCTaHHS peabiniTauiiHix cepefoBuLy i3 3acTOCyBaHHAM crieuianb-
HUX 06aBOK. 3aBASKU MOTYXXHUM 3aXUCHUM | aHTUOKCUAAHTHMM BNAcTMBOCTSIM CMPOBATKOBOrO anbbymiHy Ta dpynepeHy C60 ix 3acTo-
CyBaHHS gae 3mory ctabinisyBaTv nnasmatnyiHy MembpaHy, OCMOTUYHUI TUCK, 3HU3UTK BMICT BiNMbHUX pagukanis, WO pobuTb ix nepc-
NEeKTUBHMMW KaHAWAaTamy ANst BUKOPUCTaHHSA B po3pobLi cepepoBuLy, peabinitauii 6ionoriyHmx o6’ ekTiB nicns kpiokoHCepBYBaHHS.
MeTa. Y po6oTi BuB4anu edeKkTnBHiCTb BUKopucTaHHsi dynepeHy C60, Guyavoro cupoaTkoBoro anbbymiHy (BCA) Ta ix koMbiHauii sik
CKkrnapoBux cepeposua peabinitauii BitpudikoBannx ®3KC crateBOHe3pinux Lypis.

MeTopuka peanisauii. 3pasku ®3KC nicns BiTpudikauii-sigirpisy iHky6ysanu (22 °C) npotarom 30 xB y cepegosuLi flenbosiua 3 go-
naeaHHsAM 15 mkr/mn C60, 5 r/n BCA abo ix kombiHauii. KoHTponbHi 3pasku iHkyGyBanu B cepenoBuLli 6e3 goaasaHHsa C60 abo BECA.
MeTaboniyHy aktuBHicTb (MTT-TecT), ricTomopdponoriyHi gaHi, 3aranbHWn aHTUokcuaaHTHUIA ctatyc (TAS), npoayKLito akTUBHUX chopm
kucHio (ROS), akTuBHiCTb y-rnyTaminTpaHcdepasu (yITT) Ta rmoko3o-6-dpoccataeriaporeHasmn BusHayanm y 3paskax nicns peabinitauii
B AOCHiAXYBaHWNX cepeaoBuLLax.

PesynbTaTtn. 3actocyBaHHs C60 npuseno Ao 36inbweHHs metaboniyHoi (B 1,26 pasy) Ta TAS (y 1,74 pasy) akTMBHOCTEN, AO 3MEH-
weHHs kinbkocTi ROS+ knitwH (y 1,35 pasy) Ta 40 nokpalleHHst 3B’si3yBaHHsA CriepmMaToreHHoro enitenito 3 6asanbHoi membpaHoro
nopiBHSIHO 3 KOHTporneM. 3actocyBaHHss BCA icTOTHO He BNnMBano Ha AocnigXKyBaHi GioXiMivHi MOKa3HUKK, ane 3MEHLUUMO KiMbKiCTb Ka-
HamnbLiB i3 AecKBaMaLieto cnepMaToreHHoro enitenito B rictonoriyHmx 3pisax. CninbHe 3actocyBaHHs BCA 1a C60 mano Hawkpawui
edekT cepen AOCNimKyBaHUX peabiniTayinHMx cepeoBuLL, O NPMBOAWIO A0 36inblueHHs MeTaboniyHoi akTMBHOCTI (B 1,51 pasy), ak-
TuBHocTi TAS (y 1,78 pasy) i y[TT (y 1,59 pasy), BiGHOBNEHHS FiCTOCTPYKTYpU, @ TakoX 3MeHLLEHHs KinbkocTi ROS+ knituH (y 1,45 pasy)
NOPIBHSAHO 3 KOHTPOMbHUMU 3pasKkamMu.

BucHoBku. 3actocyBaHHs kombiHaLii C60 Ta BCA nigBuiLye MeTaboniuHy # aHTUOKCUAAHTHY aKTUBHICTb BiTpudikoBaHux ®3KC, a Ta-
KOXX MO3UTUBHO BMIMBAE Ha iX MCTOCTPYKTYPY MOPIBHAHO 3 KOHTPONbHUMM 3pa3kamMu. Crig 3a3HaumnTy, Wwo edekt gogasaHHa C60 i BCA
[o peabiniTauiiHoro cepefosuLla NepeBuLLlye pe3ynbTaTh OKPeMOro BMKOPUCTaHHSA AochimxyBaHux fobaBok (3a metaboniyHowo Ta
yITT aKkTUBHICTIO, @ TakoX pe3yrbTaTamu TCTONOMYHOro aocnigxeHHs). Lli aaHi BigHOCATbCA 4O PENPOAYKTUBHOI MEAULIMHN | MOXYTb
GyTV BUKOpPUCTaHi Ans po3pobku ehekTUBHOrO NpoTokony peabinitauii BiTpudikoaHnx ©3KC.
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QOPEKTUBHOCTb KOMBUHUPOBAHHOIO NMPUMEHEHUA ®YNNEPEHA C60 U BbIYbEIO0 CbIBOPOTOYHOIO
AllbBYMUHA ANA PEABUITUTALUN BUTPUOULIMPOBAHHBLIX ®PAMEHTOB HE3PEJbIX KAHAJIbLIEB CEMEHHUKOB

MNpo6nemaTtuka. Ha cerogHsAWHWA AEHb KPUOKOHCEPBUPOBAHHbIE PENPOAYKTUBHbLIE TKAHU UCMONb3YIOTCA ANS NeYeHUsi HeKOTOPbIX
dopm 6ecnnoaus y MyxyuH. OaHako nocre ANMTENbHOro XpaHeHns hparMeHToB U3BUTbIX kaHarnbLeB cemeHHuKoB (PUKC) B ycnosu-
AX Hu3koTemnepaTtypHoro 6aHka (—196 °C) nponcxoaut obpatumoe CHUXeHMe nx Mopdornornyeckmx n yHKUMOHaNbHbIX XapakTepu-
cTuk. [Ina pelieHns ato npobnemMsl nocne 3aMopaxvBaHUA-0TOrpeBa NePCNeKTUBHbLIM SBMSETCS UCMNONb30BaHe peabunmutaumoHHbIX
cpen C NMpYMeHeHMeM cneumanbHbix Aob6aBok. bnarogapst MOLWHBIM 3aLMTHBIM U @HTUOKCMOAHTHLIM CBOMCTBAM CbIBOPOTOYHOTO arb-
bymuHa n cpynnepera C60 ux nprMeHeHue No3BonseT cTabmnmanpoBaTb NnasMaTUYeckyto MemobpaHy, OCMOTUYECKOE AaBMeHue, CHU-
3UTb cofepxaHue cBobOAHbIX pagukanoB, YTO AenaeT UX NepcrnekTUBHBIMW KaHAuAataMu Ans Ucnonb3oBaHust B pa3paboTke cpep
peabunutauyum Gruonornyecknx o6bEKTOB NOCINE KPUOKOHCEPBUPOBAHWS.

Lenb. B paboTte nayyanu agpeKTMBHOCTb MCnonb3oBaHust dynnepeHa C60, 6blubero cbiBopoTodHoro anbbymmnHa (BCA) n nx kombu-
HaLun Kak cocTaBnsAoLWmMX cpeabl peabunutaummn BuTpudmrumpoBaHHbix PUKC Henonosospenbix KpbicC.

MeTopuka peanusauumn. O6pasubl PUKC nocne sutpudpukaummn-otorpesa nHkybuposanm (22 °C) B Tederne 30 muH B cpepe Jlenbo-
Buua ¢ gobasnerHnem 15 mkr/mn C60, 5 r/n BCA nnu nx kom6uHaumn. KoHTponbHble 06pa3ubl nHKybupoBanu B cpene 6e3 nobasneHus
C60 unu BCA. MeTtabonu4yeckyto aktuBHocTb (MTT-TecT), rucToMoponormyeckne AaHHble, oOLWMA aHTUOKCMAaHTHbIN ctaTtyc (TAS),
nNpoAyKumMio akTuBHbIX hopm kucnopoga (ROS), akTuBHOCTb y-rnyTamunTtpaHcdepasbl (YITT) u rnoko3o-6-doccdataernaporeHasbl
onpegensanu B obpasuax nocne peabunvirauum B uccreayemMbix cpeaax.

PesynbTatbl. [MpumeHeHne C60 npvBoauno kK yBenuuyeHuto metabonuyeckon (B 1,26 pasa) n TAS (B 1,74 pasa) akTuBHOCTEN, K
yMeHbLUeHuto konuyectsa ROS+ knetok (B 1,35 pasa) v K ynyyLleHnio CBA3bIBAHUA CNepMaToreHHoro anuTenus ¢ 6asanbHon Membpa-
HOM MO cpaBHEHUO C KoHTponem. [MpumeHeHne BCA cylleCTBEHHO He BMUSNO Ha vccriegyemble BMOXMMMYeEcKMe mokasaTenu, Ho
YMEHbLLANo KONMMYeCcTBO KaHasbLeB C AeckBaMalnel crnepmMaToreHHOro anuTenns B rmctonornyeckux cpesax. CoBMecTHoe npumMeHe-
Hre BCA n C60 umeno Haunny4wmin achdekT cpeam nccneayemMblix peabunutaumoHHbIX cpef, YTo NPUBOAMIO K YBENUYEHUIO MeTabonu-
yeckon aktmBHocTu (B 1,51 pasa), aktuBHocTn TAS (B 1,78 pasa) u yITT (B 1,59 pasa), BOCCTaHOBMEHMWIO TMCTOCTPYKTYPbI, @ Takke
ymeHbLueHuto konmdyectsa ROS+ kneTok (B 1,45 pa3a) no cpaBHEHMIO C KOHTPONbHbIMU Obpa3sLamu.

BbiBopbl. MprumeHeHne kombuHaumm C60 n BCA nosbilwaeT MeTabonnyeckyto 1 aHTUOKCUAAHTHYIO aKTVBHOCTU BUTPUMDULIMPOBAHHbIX
®UKC, a Takke NOMOXUTENBHO BNUSAET HA UX MMCTOCTPYKTYPY MO CPaBHEHMIO C KOHTPOMbHbIMK obpasuamun. Cnegyet oTMETUTb, YTO
apdekt gobasneHuss C60 n BCA B peabunutauuoHHylo cpedy npeBblliaeT pe3ynbTaTbl OTAENbHOIO UCMONb30BaHMSA Uccneayemblix
pobasok (no BenuumMHe metabonuyeckor n yITT akTMBHOCTEN, a Takke pe3ynbTaTam MMCTONOrNYecKoro nccneaoBaHus). T AaHHble
OTHOCATCH K PEnpoayKTUBHON MeAMLMHE U MOTyT ObiTb MCNOMb30oBaHbl AN pas3paboTkn ahdeKTMBHOro NpoTokona peabunuraumm
BUTpUdULMpoBaHHbIX PUKC.
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