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Po3ymiHHS BaXJIMBOCTI eTamy BIJIrpiBy Ta Hac-
TyMHOT peabuTiTaIlii Mae BHUPINIATbLHE 3HAYCHHS JUIS
MTOKPAICHHS BIDKUBAHHS TKAHUHU S€YOK ITiCIS BITPHU-
¢ikarii. ITig gac BimirpiBy KpiOKOHCEPBOBaHI TKaHH-
HU CTHKAIOTHCS 3 TAKIMHU TOKCHYHHMH Ta CTPECOBUMH
CUTYaIlIsIMH, SK KOHTAKT i3 KpiONPOTEKTOPOM Ta OC-
MOTHYHHH IIIOK, IO MPU3BOSTE 0 3HUKCHHS JKUTTE-
30aTHOCTI KJIIiTHH [2]. TakuMm 4MHOM, BH3HA4YE€HHsS pe-
XKHMMIB BifirpiBy HEOOXiHE U ONTHMI3alii MPOTOKO-
JIiB KPIOKOHCEPBYBaHHsI Ta MIATPUMKH OLITBII BUCOKOTO
BIJICOTKA JKMBUX KIIITUH. 3 1i€] TOYKU 30Py aJICKBATHHIA
gac Ta TeMIleparypa BiIirpiBy BaKIIHBi Ui MiHiMi-
3amii YKo KeHb TKaHWH. Ha choromHi BiTpuQikoBaHy
TECTUKYJISIPHY TKAaHWHY HaW9acTille BiIrpiBaloTh MPH
22 Tta 37°C [3, 7]. Bigomo, 110 IIBUAKHI BILUIUB BHUCO-
kux Temreparyp (50-70°C) cnpusmiMBHN )i OOIH-
TiB [4], O/IHAK YMOBH BIJITpIiBYy 3a TakUX TEMIIEpaTyp
HIKOJIM HE OLIHIOBAJHCSA A (PparMeHTiB 3BUTHX Ka-
HaspliB ciM’gaHuKIB (P3KC) crareBoHE3pinux mIypis,
y TOMy 4YHCIi BITpU(IKOBAHUX, 13 BUKOPUCTAHHIM
¢i0puHoBOorO Temo. IlomepeaHi Hamm AOCHTIKSHHS
MOKa3alu, L0 3acTOCyBaHHS (iOPUHOBOTO TeI0 B
SIKOCTI OCHOBH CEpE/IOBHINA KPiOKOHCEPBYBAHHI €
C(PCKTUBHUM SIK 32 YMOB IOBUJIBHOTO OXOJOIKCHHS,
tak i npu BiTpudikanii G3KC crareBone3pinux mIy-
piB [5, 6].

Meta poOOTH — BHU3HAYCHHS BIUIMBY PEXKHMIB
BiZIIrpiBYy Ha MOP(PODYHKIIIOHAIBHI XapaKTePUCTHKH
BITpU(IKOBaHUX ()PArMEHTIB 3BUTHUX KaHAJbINB CiM’s-
HUKIB CTATCBOHE3PIUITNX IIYPIB.
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of Rat’s Testes After Vitrification

Understanding the importance of the warm-up
phase and subsequent rehabilitation is critical to im-
proving testicular tissue survival after vitrification.
During warming the cryopreserved tissues face such
toxic and stressful factors as contact with the cryo-
protectant and osmotic shock, leading to a decrease
in cell viability [2]. Thus, the determination of war-
ming modes is necessary to optimize the cryopre-
servation protocols and maintain a higher percentage
of living cells. From this point of view, the adequate
warming time and temperature are crucial to minimize
a tissue injury. Today, the vitrified testicular tissue is
most often warmed at 22 and 37°C [3, 7]. The rapid
effect of high temperatures (50-70°C) is known to
be favorable for oocytes [4], but the warming condi-
tions at such temperatures have never been eva-
luated for the fragments of seminiferous tubules
of testes (FSTT) of immature rats, including vitrified,
using fibrin gel. Our previous studies have shown that
the use of fibrin gel as the basis for the cryopreser-
vation medium is effective both under slow cooling
and during vitrification of FSTT of immature rats [5,
6].

The study was aimed to determine the effect
of warming modes on morphofunctional characte-
ristics of vitrified fragments of the convoluted tubules
of the immature rats’ testes.

The experiments were performed in accordance
with the Law of Ukraine ‘On the Protection of Animals
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ExcriepyMeHTH NpOBOAMIIM BiJIOBITHO 10 3aKo-
Hy Ykpainu «IIpo 3aXuCT TBapuH BiJl KOPCTOKOTO TIO-
BopkeHHD (Ne 3447-1V Bix 21.02.2006 p.) i3 motpu-
MaHHSM BHMOT KOMiTeTy 3 OioeTwku I[HCTHTYTY, y3-
TOJDKCHUX 13 TOJOKEHHSIM «EBpOMNEchKOl KOHBEHIIIT
3 3aXUCTy XpPeOCTHUX TBApUH, SIKi BUKOPUCTOBYIOTHCS
JUISL eKCIICPUMEHTAIIPHUX Ta IHIIUX HAYKOBUX IIiNICi»
(Crpacoypr, 1986).

Y poGOTi BUKOPUCTOBYBAIM CTaTeBOHE3pimHX (7—
8 THXKHIB) IypiB-caMIliB. Y TBapHH BiJCiKaiu 0OWIBA
CIM’SIHUKH, 3 SKHX BHJQJISIIN OUTKOBY O0OJIOHKY Ta ce-
PENOCTIHHS, a 3BUTI CIM’STHI KaHAJIbI pO3pi3alid Ha
(bparmMeHTH, 3 SIKUX POOHITN HaBiCKH Macoro (25 + 3) mr
ta po3mipom 2—-3 mm®. Kpiokoncepsysants ®3KC mry-
piB IPOBOAMIIM HUISXOM BiTpHiKamii 3a METOAMKOIO
N.O. Volkova Tta cmiBaBT. [5], BimirpiBagu MmoCiifoB-
HUM iX mepeHeceHHsM (7 = 15) y po3uMH caxapo3u
3 KOHIIEHTpaIli€ro, sika 3HwkyBanacs (1; 0,5; 0,25; 0 M).
Temnepatypa pozunny 1M caxaposu Oyna 22°C (pe-
xuM 1), 50°C (pexum 2) ta 70°C (pesxxum 3). HactymHi
po3urHE caxapo3u mamu Temreparypy 22°C. Iakyoartis
TpHBaJa 10 5 XB y KOKHOMY cepemoBuili. KoHTponbHi
3pasku Bigirpisayu npu 37°C 3a THX caMHX YMOB, IIIO
i nmocmigHi. Onpasy micist BIITpiBY 3pa3Ku IEpeHo-
cwii y po3urH XeHkca (22°C, 5 xB). 3 KOKHOT rpymnu
3paskiB Opanmu 5 ¢gparMeHTiB IUIsl TICTOIOTIYHOTO JI0-
CHI/DKCHHS, 5 (parMeHTiB A BU3HAUCHHS MeETado-
nignoi aktuBHOCTI (MTT-Tect), i3 5 parmeHTiB roty-
BaJIM TOMOTEHAT, SIKUIl MPOIYCKaIN Kpi3b KAaIPOHOBUI
¢ineTp Ta nentpudyrysanu (5 xB, 840g). ¥V cynepHa-
TaHTI OLIHIOBAJM: AKTHUBHICTh JIAKTATJETiIporeHasu
(JIAT), ramma-riytarion Tpanchepasu (I'TT), cucremu
aHTHOKCUJIAHTHOTrO 3axucty (AO3), a TakoX BHU3HA-
YaJld BMICT 3arajibHoro Oinka. BuMiproBaHHS TpOBO-
i Ha OloxiMigHoMy aHamizaropi CHEM 7 («kERBA»
UYecbka PecryOmika) 3a JOMTOMOTOO BIAMIOBIIHUX TECT-
cucreM («Randox», Bennka bpuranist). AKTUBHICTB J10C-
JJPKEHUX TTOKA3HUKIB PO3paxoByBald Ha 1 Mr Oijika.
Juis  TicTonOriYHUX JOCHiKeHb mapadiHoBi 3pi3u
O3KC ToBHIMHOKW 7 MKM 320apBIOBAIM TeMaTOKCHITi-
HOM 1 €03uHOM. CBITJIIOBY MIiKPOCKOIIiIO MTPOBOIUIIN 32
JoroMororo mikpockorna «Carl Zeiss Axio Observer Z1»
(«Carl Zeiss», Himeuunna). 3HauyuiicTb BiMiHHOC-
TEH MiXk IPylaMH OILIHIOBAIIU 32 TOIOMOTOI0 KPUTEPIt0
ManHa-YiTHI 3 BUKOPUCTAaHHSIM Hporpamm «Statis-
tika 8» («StatSofty», CIIIA). Kputuunuii piBeHb 3Ha4y-
mocti npuitmasces piBauM 0,05. Pesynbratu B TaOIHIISIX
npeacTaBieHl y BUNAAl Me (min-max), ne Me — me-
JiaHa; min-max — po3mMax BUOIpKH.

Pesynpratu BIUIMBY peXHMIB BimirpiBy Ha (yHK-
[[IOHAJIbHY aKTHUBHICTh 3BUTHUX KaHAJbIIB CiM’ SHHUKIB
CTATeBOHE3PLINX IypiB Micis BiTpuikarii HaBeJEHO
B Tabx. 1. ITicns Bitpudikarii-inirpisy @3KC 3a pexu-
MoM 2 MeTaboiniyHa akTuBHICTH (1ani MTT-tecty) Oyna
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Against Cruelty’ (Ne 3447-1V of February 21, 2006)
in compliance with the requirements of the Institute’s
Bioethics Committee, consistent with the provisions
of the European Convention for the Protection of
Vertebrate Animals Used in Experimental and Other
Scientific Purposes (Strasbourg, 1986).

Immature (7-8 weeks old) male rats were under
investigation. In animals both testes were dissected,
from which the protein shell and mediastinum were
removed, and the convoluted seminal tubules were
cut into fragments, from which the samples weighing
(25 + 3) mg and of 2-3 mm? size were made. The
FSTT of rats were cryopreserved by vitrification accor-
ding to the method of N.O. Volkova et al. [5], then
they were warmed by a successive transfer (n = 15)
to sucrose solution with a decreasing concentration (1;
0.5;0.25; 0 M). The temperature of 1M sucrose solution
was 22°C (mode 1), 50°C (mode 2) and 70°C (mode 3).
Subsequent sucrose solutions had a temperature of
22°C. Incubation lasted 5 minutes in each medium.
Control samples were warmed at 37°C under the same
conditions as the experimental ones. Immediately
after warming, the samples were transferred to Hanks’
solution (22°C, 5 min). From each group of samples
5 fragments were taken for histological examina-
tion, 5 fragments were selected for determination of
metabolic activity (MTT test), from 5 fragments a
homogenate was prepared, which was passed through
a nylon filter and centrifuged (5 min, 840g). The su-
pernatant was evaluated for: lactate dehydrogenase
(LDH) activity, gamma-glutathione transferase (GGT),
total antioxidant systems (TAS), and total protein
content was determined. Measurements were perfor-
med with a biochemical analyzer CHEM 7 (ERBA ,
Czech Republic) using appropriate test systems (Ran-
dox, UK). The activity of the studied indices was
calculated per 1 mg of protein. For histological exa-
mination, paraffin sections of FSTT of 7 um thickness
were stained with hematoxylin and eosin. Light
microscopy was performed using a microscope ‘Carl
Zeiss Axio Observer Z1’° (Carl Zeiss, Germany). Sig-
nificance of differences between the groups was as-
sessed using the Mann-Whitney test by means of the
‘Statistics 8’ software (‘StatSoft’, USA). The critical
significance level was assumed to be 0.05. The results
in the Tables are presented as Me (min-max), where
Me is the median; min-max is the sample size.

The results of the influence of warming modes
on functional activity of the convoluted tubules of im-
mature rats’ testes after vitrification are presented in
Table 1. After vitrification-rewarming of FSTT with
mode 2 the metabolic activity (MTT test data) was
1.56 times higher than the control. The use of modes 1
and 3 did not significantly change the studied index
compared to the control samples.
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Tabnuusa 1. Bnnve pexumiB BigirpiBy Ha yHKUiOHaNbHY akTUBHICTb AekoHcepBoBaHux P3KC

CTaTeBOHE3PINuX LWypiB (n = 5)

Table 1. Influence of warming modes on functional activity of cryopresrved FSTT of immature rats (n = 5)

3pa3sok MTT, ym.o4./Mr TKaHWHU NAr, MOa/wmr 6inka ITT, MOga/mr 6inka AO3, mMonb/Mr 6inka
Sample MTT, units/mg tissue LDH, units/mg proetin GGT, units/ mg protein TAS, mM/mg protein
KoHTtponb (37°C)
Control (37°C) 0,34(0,19-0,45) 33,8(29,1-35,6) 2,4(2,0-2,9) 11,7(10,9-12,8)
Pexum 1 (22°C)
Mode (22°C) 0,27(0,15-0,4) 18,3%(15,2-21,1) 2,4(1,9-2,9) 4,0%(2,8-5,3)
Pexum 2 (50°C) » % *
Mode (50°C) 0,53%(0,49-0,68) 37,5(30,3-44,2) 3,9%(3,2-4,5) 17,4%(15,5-18,3)
Pexum 3 (70°C) *
Mode (70°C) 0,32(0,21-0,51) 23,6*(18,2-27,7) 2,7(2,0-3,3) 9,7(9,2-10,7)
MpumiTka: *— BiAMIHHOCTI 3HauYyLLi NOPIBHSAHO 3 KOHTponeM, p < 0,05.

Note: *— differences are significant if compared with the control, p < 0.05.

B 1,56 pa3a Bullle BiJHOCHO KOHTPOIIO. BukopucranHs
pexumiB 1 Ta 3 3HaYyIIe HE 3MIHIOBAJIO OCHIIPKSHUN
MOKa3HUK IMOPIBHIHO 3 KOHTPOJIHHUMH 3pa3KaMH.

3aranbHa aktuBHICTH JIAI' y cynepnaranti ®3KC
micys BITpUQIKaIii-BiirpiBy 3a pexxumamu 1 Ta 3
Oyna BimnosinHO B 1,85 Ta 1,43 pa3a HWKYE BiTHOCHO
KOHTPOJBHUX TTOKa3HHKIB. Pe3yipTaTin BU3HAYCHHS ak-
tuBHOCTI ['T'T y ®3KC mypiB cBimuuiIv, M0 Bigirpis
3a pexxumamu | Ta 3 HEe BUKIMKaB CTAaTHCTHYHO 3Ha-
qyIIUX 3MiH, a MIiCJISl 3aCTOCYBAHHS PeXHUMY 2 TaHUH
MOKa3HHK 30inbIuBes B 1,63 pa3a BiTHOCHO KOHTpO-
mo. AxtuBHicTh cuctemMu AO3 y O3KC mypiB mic-
7 BUKOpHUCTaHHsS pexkumy 2 Oyna Buie B 1,49 paza
BIIHOCHO KOHTpomto. B 3paskax, sxi Bifi-
rpiBajy 3a PEKUMOM |, TMOKa3HUK CTaHY
AQO3 06yB B 2,93 pa3za HMXYe 3a KOHTPOJIb-
HUH, a Miciss BUKOPHCTAHHS PEXHMY 3 BiH
BIJIMOB1JIaB KOHTPOJTIO.

Bimomo, o OKUCITIOBAIBHII CTPEC MPHUT-

Total activity of LDH in the FSTT supernatant
after vitrification-warming with the modes 1 and 3
was respectively 1.85 and 1.43 times lower than the
control values. The results of determining the activity
of GGT in rats’ FSTT showed that the warm-up with
the modes 1 and 3 did not cause statistically significant
changes, and after the application of mode 2, this figure
increased 1.63 times relative to the control. The activity
of the TAS in rats” FSTT after the use of mode 2 was
1.49 times higher relative to the control. In the samples,
which were warmed with mode 1, the rate of TAS
was 2.93 times lower than the control, and after using
mode 3, it corresponded to the control.

Tabnuus 2. Bnnue pexxumis Bigirpisy Ha ctaH saep KniTuH
criepMaToreHHoro enitenito gekoHcepsoaHux ®3KC

cTaTeBoOHE3pinux LWypis (n = 5)

Table 2. Influence of warming modes on spermatogenic epithelium
sperm cells of cryopreserved FSTT of immature rats (n = 5)

HiYy€e MeTabONIYHy aKTHBHICTh, TOPYIIYE Cran naep, %
., o
CTEepOiloreHe3, aKTHBI3y€ MPOIECH aIloITO- State of nuclei
. . . 3
3y B KJIITHHaX CIEPMATOTEHHOTO ETTENiro Shmple
o HeywikopxeHi KapionikHo3 Kapiopekcic Kapionisuc
[1] HpO/aHTHOKCHI[aHTHHH HHCGaHaHC MOXKC Non-damaged | Karyopicnosis | Karyorrehexis Karyolysis
MPU3BECTH [0 [TOIKO/PKEHHS CTPYKTYPH CIIep-
Misl, KOMIIOHEHTIB LMTOILIA3MaTHYHOI MEM- KonTpons (37°C)
’ SO i Comral (37°C) 50(46-59) 30(27-36) 10(8-11) 7(6-8)
Opanu, 0i1kiB, pepmentis ta JJHK [8]. Came
ToMy i1 yac kpiokoHcepByBaHHSI O3KC mrypis b 1 (220G
- ewum 1 (22°C) | 59(27-38)* | 40(38-50)* 7(5-8) 17(15-22)*
BaXJIUBUM € 30epeKeHHsS (epMEHTATHBHOT Mode (22°C)
Ta MeTa0O0JIYHOI aKTMBHOCTI, 8 TAKO)K CHUCTE-
mu AO3, O B HAIIOMY AOCIIIKEHHI Haii- Pe“}l“g‘(';’éz(s‘goog)c) 59(54-66) | 25(20-30)* 9(8-11) 7(5-9)
Kpalie TOCATAIOCS BiIIrPIBOM 32 PEXKHMOM 2.
PesynpraT CBITIIOBOT MIKPOCKOIIT TiCTO-
Fe3Y. . P ) P?G‘:(’;’;%‘g?gf) 45(40-47)* | 37(31-39) 8(7-10) 13(8-15)*
JIOTIYHUX TIpernapariB MoKasajid, M0 B IpyIi
KOHTPOJIKO HE3MIHCHNUMHU 3aJIMLIaocs Olibie MpumiTtka: *— BiAMIHHOCTI 3HauyLLIi NOPIBHSIHO 3 KOHTporneMm, p < 0,05.

TIOJIOBUHHU ;Iz[ep KJ'IiTI/IH CHepMaTOFeHHOFO
enitenito (Tabum. 2), a cepes] yIIKOIKEeHb repe-
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Ba)kaB KapioIMiKHO3 (YIIUTbHEHHS, 3MOpINEHHS, 0a30-
¢binis). B 3paskax, BimirpiTux 3a pexumom 1, dac-
TOTa JECTPYKLii smep 30iMbIIyBasacsi MOPIBHSIHO 3
KOHTposieM. IIpu npoMy, KpiM MIKHOTHYHHMX 3MiH,
BUSBIISUIACS OCEPENKH KIIITHH 13 KapiomizucoM. Y pasi
Bigirpisy ®3KC 3a pexuMoM 2 sBUIA MIKHO3Y CIOC-
Tepirajucs MEHLIOK MIpOro, a KUIBKICTh KIITHH 13
JI30BaHUMHU SApaMu He 30UIblIyBasiacs MOPIBHSHO
3 TPYIOI0 KOHTpONo. B mamiil mocmimHifl rpymi Mop-
(hOJIOTIYHO HEYNIKOPKCHUMH 3ajiuinajiacs HaiOlibiia
KUTBKICTh SiZIep TEPMIHOTCHHHUX KIITHH. Mopdomoriy-
HE JIOCJIJDKCHHS TI0Ka3ajio, 10 BIIIIPIB 32 PEIKUMOM
3 mocTynaBscsl pe3yisTaTaM, OTPAMAHUM Y TPYIIi KOHT-
pomto. Yacrora 3armbeni KIITHH, 10 Oyina acomiio-
BaHa 3 KapiopekcicoM, Oyia OJHAKOBOIO Yy BCIX JOCHII-
JKYBaHHX IpyIax.

OTxe, Ha OCHOBI aHaNi3y MOKa3HUKIB ricTOMOPQO-
noriyHoro nociimpkenHs, MTT-recty, aktuBHocti ['TT,
JIIAT, cuctemu AO3 BCTaHOBIEHO, IO JUISI BiJIICPIBY
O3KC crareBoHE3pUIMX LIypiB Micis KpiOKOHCEp-
BYBaHHS IIJISIXOM BITpUQIKAIT ONTUMAIbHUM € IIBHJI-
KHH PEeXUM THEPEHOCY 3pasKiB Oe3rmocepeqHbo B ce-
penoruine 3 Temreparyporo 50°C. Onrumizaliis yMOB
Binirpiy ®3KC crareBoHE3pUIHX HIypIB MOXKE CIPHS-
TH TIOKPAIICHHIO IMPOTOKOJIB KpPIOKOHCEPBYBaHHS Ta
peabimiTarii TKaHWH.
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It is known that oxidative stress inhibits metabolic
activity, disrupts steroidogenesis, activates an apoptosis
in spermatogenic epithelial cells [1]. Pro- /antioxidant
imbalance can damage the structure of sperm, cyto-
plasmic membrane components, proteins, enzymes and
DNA [8]. That is why during the cryopreservation of
rats” FSTT it is important to preserve the enzymatic
and metabolic activity, as well as the TAS, which in
our study was best achieved by warming with mode 2.

The results of light microscopy of histological pre-
parations showed that in the control group more than
half of the nuclei of spermatogenic epithelial cells have
remained unchanged (Table 2), and karyopyknosis
(compaction, wrinkling, basophilia) dominated among
the lesions. In the samples warmed using the mode 1,
the frequency of the nuclei destruction increased
compared with the control. In this case, in addition
to pyknotic changes, the cells with karyolysis were
detected. When the FSTT were warmed with mode 2,
the phenomena of pyknosis were observed to a lesser
extent, and the number of cells with lysed nuclei did
not increase if compared with the control group. In this
experimental group, the largest number of nuclei of
germinogenic cells remained morphologically intact.
Morphological study showed that the warm-up mode 3
was inferior to the results obtained in the control group.
The frequency of cell death associated with karyo-
rrhexis was the same for all the groups studied.

Therefore, based on the analysis of histomorpholo-
gical examination, MTT test, GGT activity, LDH,
TAS, it was found that for warming FSTT of im-
mature rats after cryopreservation by vitrification,
the optimal mode of transfer of samples directly into
the medium with a temperature of 50°C. Optimi-
zing the warming conditions for the FSTT of immature
rats can help to improve the cryopreservation and
tissue rehabilitation protocols.
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