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KicTroBa mmacTika — MOMMpeHa Mponeaypa, cupsi-
MOBaHa Ha 3aMIIIEHHS KICTKOBOTO NE(EKTy, SKUH BHU-
HUK y Pe3yJbTaTi epesioMy, He3pomIeHHs a00 pe3eKIlii
MyXJUHU. Y KICTKOBIM MJIACTUI AOCTYMHI AJSL BUKO-
PHUCTaHHS Pi3HI MaTepianu: Bil ayTOJOTiUHOI KiCTKH,
aJIOTpaHCINIaHTaTa JI0 KCEHOTpaHCIUIaHTara (Oudadi
KiCTKH, KOpaJH, 3y0 akynn) [5].

AyYTOTpaHCIUIAaHTAT 3AJIAIIAETHCS 30JI0THM CTaHAap-
TOM, ajie HOTO0 BUKOPHUCTAHHS yCKJIaTHEHE Yepe3 oOMe-
JKEHY JIOCTYITHICTD 1 YPa)KEeHICTh JJOHOPCHKOT JIIJISTHKH,
TOMY YacTO 3aCTOCOBYIOThH ajoTpaHcruiaHTar. OmHak i
WOro BUKOPUCTAHHS MOXKE BHUKIUKATH TEBHI YCKIa[-
HEHHS, 30KpeMa mepenady iH(QEKIIHHUX 3aXBOPIOBAHb
Ta IMyHHY BiZOBizb [6].

OpHuM 31 €noco0iB 3HMKEHHS 1MYyHOT'€HHOCTI
QIOTPAHCIUIAHTATa € 3MCHIICHHS BMICTY JKUBHUX KJIi-
TUH y TPAHCIUIAHTATI, 3 II€I0 METOIO U 3aMOPOXKY-
BaHHS MOXKE 3aCTOCOBYBATHCS PiKkui a30T. Taka mpo-
neaypa CrpsMOBaHa Ha 30€peKeHHS CTPYKTYpH KiCT-
KOBOI TKAaHWHU 1 3HWOKEHHS 11 34aTHOCTI BUKIMKATH
iMyHHy peaknito [8]. Bimpmr Toro, HU3BKa TeMIle-
parypa TakoX BHUKOPHUCTOBYEThCS Jiisi 30epiraHHs
KICTKOBOI TKAaHWMHHM B OaHKax KICTKOBUX TKaHWH JJIs
MOJANIBIIOI TPaHCIUIaHTalil B opTonesii [2].

3a JgaHMMH aBTOPIB Ha CHOTOJHI BIJCYTHI J0C-
JMDKEHHS I[OAO0 OLIHKHU KUATTE3IATHOCTI OCTEOreH-
HUX KIITHH 1 OCTCOKJIACTIB y JIeBiTaJi30BaHId KiCT-
KOBIM TKaHWHI TICIS 3aMOPOKYBaHHS B  PITKOMY

a30TI.
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Bone grafting is a common procedure aiming to
restore a bone defect resulting from fracture, non-
union, or tumor resection. There are various materials
available to use in bone grafting, ranging from autologous
bone, allograft, or xenograft (bovine bones, corals, shark
tooth) [5].

Autograft remains the gold standard, but its use
is complicated by the limited availability and the
morbidity to the donor site; thus, the use of allograft is
often required. Allograft, however, still poses some
possible complications, including the transmission of
infectious disease and immunogenic response [6].

One way to reduce the immunogenicity of the
allograft is by lowering the content of living cells in
the graft; liquid nitrogen (LN2) freezing may be use-
ful for this purpose. The aim of this procedure is to
preserve the structural bone tissue and reduce its
capacity to induce immunogenic reaction [8]. Moreover,
low temperature is also useful to store bone tissue
for grafting purposes in the orthopaedic bone banks [2].

To the authors’ knowledge, there is currently no
study evaluating the viability of osteogenic cells
and osteoclast in the devitalized bone tissue after
LN2 freezing technique. Thus, this study aims to eva-
luate the effect of LN2 freezing on osteoblast, osteo-
cyte, and osteoclast cell count in in rat bones.

This experimental study was conducted in the Fa-
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Meta pobOTH — OIliIHKa BIUIUBY 3aMOPOXKYBaHHS
B PIAKOMY a30Ti Ha KIiJBbKICTh OCTEOONIACTIB, OCTEO-
[IUTIB 1 OCTEOKIIACTIB y KiCTKaX IIypiB.

ExcnepumenTtanbHe  AOCTIKCHHS MPOBOAMUIOCA
Ha 0a3i meau4HOro (akynpTeTy YHiBepcuteTy bpa-
Bikast (M. Mananr, [ngoHesis) 3 moTOro mo Gepe3eHn
2019 poky. B3sati y tBapun 3pasku oOpoOmsamu B Jla-
Ooparopii mapasuTonorii MeaIUYHOTo (GaKyIBTeTy YHi-
BepcuteTy bpaimkas. KilbkicTh 0CTEOIHMTIB, 0CTE00-
JIACTIB 1 OCTEOKJIACTIB BU3HaYaym B Jlabopatopii maro-
JIoTi1 MeIMYHOTO (haKynbTeTy YHIBepCUTETY bpaBimkas.

ExcriepuMeHTH T03BOJIEHI EKCIIEpPTHOI0 paloio Ha
mijcTaBl pimeHHs ETwaHOoi KoMicii 3 yHIBEpCHTETY
Bpagsimxkas (ernanuii no3ein Ne 69 / EC / KEPK-PPDS /
02/2019).

JocnikeHHsT BUKOHYBald Ha 24 IIypax-caMIsix
(Rattus norvegicus) ninii Bictap. Tpumicsunuii Bix
TBapuH 1 Maca 180-200 r Oyiu KpUTEpisIMH BKJIIOYEH-
HS IO KCIIEPUMEHTY, 3 JOCIiiB BUKIIIOUAIM TBAPHH 13
OyAb-KMUMHU MOPYLIEHHSIMHU 310pOB’s, 30KpeMa IOB’ -
3aHHUMHU 3 BaJiaMu KicTok. Kputepiem BUOYBaHHS 3 €Kc-
MIEPUMEHTY OyJia CMEpTh IIyPiB y TIEpiof] aKiliMaTh3allii.

Ulypie yTpuMyBaaum B KOHTPOJHOBAaHHX YMOBaX
3 12-roIMHHUM IUKJIOM CBITJIO/TEMpSIBa 32 TEMIIEpaTy-
pu 23,6°C Ha cTaHAAPTHINA JIE€TI 3 BUIBHUM JOCTYIIOM
no Boau. Yepes cim mi0 TBapwH BUBOAMIIM 3 EKCIIe-
PUMEHTY JCKAIliTalli€l0 1 BUTSATYBANIN CTETHOBI KiCTKH.

3pa3ku KiCTOK MOIUISUIN HA I1'SATh IPYI: KOHTPOJIb-
Ha rpyna (n = 4), rpyna F1 (1-xBunuHHE 3aMOpOXKY-
BaHHS B pigKoMy a3oTi, n = 5), rpyna F2 (2-xBuiuH-
HE 3aMOpOKYBaHHs B piakoMy a3oTi, n = 5), rpyna F3
(4-XBUIIMHHE 3aMOPOXKYBAHHS B PIKOMY a30Ti, 71 = 5)
i rpyna F4 (8-XBUJIIMHHE 3aMOpPOXXYBaHHS B PIIKOMY
asoti, n = 5). Pigkwii a30T oTpuMyBaiu B (hapMakoo-
TIYHOMY BIJUIUICHHI JIIKAPHI 3aralibHOTO TTPOQLITIO JOK-
topa Caiiyna AuBapa (M. Mananr, [Hnonesist). Onep-
JKaHi 3pa3KM KICTOK 3aHYPIOBAJIHM B PIiIKWH a30T Ha
(ikcoBanuii vac. [licis mporo ix mictaBaiu Ta po3Mo-
poxyBanu mpotsiroM 20 XB 32 KIMHATHOT TeMIEpaTypH.

CrerHoBi kicTku crioyatky o0poomsum 10%-m dop-
MaJbJIET1JIOM, a MOTIM JIeKalblIMHOBAHUM 5%-M pPO34Hu-
HOM a30THOI KHCJIOTH mpoTsiroM cemu 1i6. Ilicns mpo-
IO 3pa3ky 3HEBOAHIOBAJIM IMOCIIJOBHUM IPOBEACHHSIM
gepe3 crnupr i3 pisHuME KoHeHTtpatismu (70, 80, 90,
95, 99 i 100%) mpoTATOM TOAMHU 3 BUKOPHUCTAHHSIM
KOXKHOTO po34rHYy. [10TIM 3HEBOJHEHI 3pa3Ky OUHIIAIN
[IISIXOM TBOKPATHOTO 3aHYPEHHS B PO3YHMH KCHJIONY Ha
30 xB. Hactymaum eramoM Oyno ykialeHHs B Tapa-
¢iHOBHII OMOK 1 HapizaHHS 3a JOIOMOTOI0 MIKpO-
toMa. OTpumaHmii mpemapar 3a0apBIOBAIM T'eMaTOK-
cuIiH-e03uHOM. [loTiM JOCHiIKyBamM MiJl CBITIIOBUM
Mikpockonom (30imbmieHHss x400) 3a  10OMOTOIO
Mikpockona «Olympus BX-51» («Olympusy, Dpan-
uist). 300pakeHHS OTPUMYBajM 3a JIOTMIOMOIOI0 Ka-

90

Indonesia from February—March 2019. The animal
samples were handled in the Laboratory of Parasitology,
Faculty of Medicine, Universitas Brawijaya. The
quantitation of osteocytes, osteoblasts, and osteoclasts
was conducted in the Laboratory of Pathology, Faculty
of Medicine, Universitas Brawijaya.

The study had been reviewed and accepted by the
Institutional Review Board of Brawijaya University,
with ethical clearance number of Ne69/EC/KEPK-
PPDS/02/2019.

The animals used in this study were 24 male Wistar
strain rats (Rattus norvegicus). The inclusion criteria
were: three months age and 180-200g weight. The
exclusion criteria were any health disorders, in particular
associated with bones. The dropout criteria were death
during the acclimatization period.

The animals were maintained in a controlled con-
dition of a 12-h light/dark cycle at the temperature of
23.6°C; they were fed a standard chow diet with water
ad libitum. The animals were sacrificed by decapitation
after seven days and their femurs were extracted.

Then the bone samples were divided into five groups:
one control group (n = 4), group F1 (1-minute freezing
in LN2, n =5), group F2 (2 minutes freezing in LN2,
n=1>5), group F3 (4 minutes freezing in LN2, n =5), and
group F4 (8 minutes freezing in LN2, n = 5). The LN2
was acquired from the Pharmacological Department
of Saiful Anwar General Hospital. The acquired bone
sample were plunged into the LN2 for the designated
period. Thereafter the samples were retrieved and
thawed for 20 minutes at room temperature.

The femurs were treated with 10% formaldehyde
then decalcified with 5% nitric acid solution for seven
days. The samples then were dehydrated with serial
treatments of alcohol with different concentrations
(70, 80, 90, 95, 99, and 100%) for one hour using each
solution. The dehydrated samples were then cleared
using the Xylol solution for 2 x 30 minutes. The next
process was embedding to the paraffin block and
slicing with a microtome. The resulting preparation
was dyed using hematoxylin & eosin (HE) dye. They
were examined under light microscopy (400% mag-
nification) using Olympus BX-51 microscope (Olym-
pus, France). The images were captured using Olympus
XC10 camera. The quantitative counting was done
within ten high power field (HPF, diameter: 0.096 mm?);
the final quantitative results were the average number
of cells/HPF.

The normality of the data was analyzed using the
Kolmogorov-Smirnoff test, and the homogeneity was
tested using Levene’s test. One-way ANOVA was
used to compare the difference of cell count means
among all groups. The posthoc test was conducted
using the Tukey test to conduct all possible pair-wise
comparisons between the groups. All statistical analysis
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mepu  «Olympus XC10» («Olym-
pus», ®panttis). KinbkicHui miapaxy-
HOK TIPOBOJMBCA B JCCATU TIOIAX

BwxunBaHHS pi3HUX TUMIB KNITUH KICTKOBOI TKAHWUHU

nicns 3aHypeHHs y piakvi asot

Survival of different types of bone cells after plunging into liquid nitrogen

30py 3 BeIuKuM 30inbimeHEsM (I13B3),
niamerp: 0,096 Mm?); OCTaTOYHI KiJlb- Kt pynn | Cepenre J—;Kzﬁ:ﬂ:%gg;)iﬂxmewﬂ
KiCHI pe3ynbTaTH MPEeNCTaBISUIH Ce- Cell Group Mean = SD (cell/HPF)
penHto KinbkicTh KmiTuH/T13B3.

Po3monin Ha HOPMAJILHICTE JTAHUX Kggmﬁﬂb 4 371413
aHaJIi3yBaJv 3a Jo1oMororo tecty Kos-
MoropoBa-CMHpPHOBA, a OMHOPIAHICTh— F1 5 32338

4 = OcTteoumnt

3a TectoM JlpoBeHi. OmpHO(aKTOPHUI Octommyte 9 5 338 4 26%
nucnepcitanii ananiz ANOVA Buko-
PUCTOBYBAIU I MIOPiBHAHHS Pi3HUII F3 5 82319
CepenmHiX 3HA4YCHb KINBKOCTI KIITHH Fa 5 3314 34%
y Bcix rpynax. PerpocnexTuBHuii aHa-
713 3MIMCHIOBAJIM 3a JOTIOMOTOIO Jlia- c 4 44+2
Na30HHOTO TeCTy Teloki U1 TIpoBe- 1 5 1940+
JCHHS YCIX MOMJIMBUX IMapHUX IO-

. . OcTteobnact i
piBHsHD MK rpynamu. CTaTHCTHYHY Osteoblast F2 5 13+1%
00poOKYy TPOBOAMIM 3 BHUKOPUCTAH- " . e

1
HSIM CTaQTHCTHYHOTO IMAKeTa Mporpam
«SPSS Bepcii 21.0» («IBM Statisticsy, F4 5 1£0*rEs
CLIA).
. c 4 1342
Onuodakropuuii Tect ANOVA 1o-
Ka3aB CTaTHCTUYHO 3HAYYILY BiIMiH- F1 5 9+2%
HICTH MDK yciMa rpynami (» = 0,03). OcTeonacT - - osrs
OpHak 3riHO 3 pe3yabTaTaMu PeTpoc- Osteoclast -
MIEKTUBHOTO TECTY KUIbKICTh OCTEOIIUTIB F3 5 g1
y KOHTPONBHiil Tpymi 3HavyIIe Biapi3-
. . *# &8N
Hsinacst Tineku Bif rpyn F1 (p = 0,033) F4 ° 41

i F3 (p = 0,034).

Mpumitkn: posbixHocTi 3HavyLi (p < 0,05) BIAHOCHO KOHTPOMbLHOI rpynu

(opHoakTopHMI aHania ANOVA) (*), koHTponbHOI rpynu (TecT Tbtoki) (%),

[Ticnst 3aMOpOXKyBaHHA B PiIKOMY
a30Ti CIIOCTEpIraocs 10303aJICIKHE 3HH-
JKEHHS KUTBKOCTi ocTeobmactiB. Haii-
MEHIIIy KUTBKICTh OCTeo0aacTiB (ik-
cyBaiu B TpyIi F4, y skiil BigzHavam
3HIKEHHS KIUTBKOCTI  0CTE0OnacTiB
Ha 95,9% micnd §-XBHJIMHHOTO 3aMOpPOXYBaHHS B
piAkoMy a30Ti MOPIBHSHO 3 KOHTPOJIBHOIO TPYIOIO
(Tabmuug). Bimsnayamu wmaibxke 11-xpaTHe 3HMKCHHS
KUJIBKOCTI OCTE€0ONacTiB MOpPIiBHSHO 3 rpymamu F2
ta F4. binpmr Toro, pesyabraTu BCIX MOMJIMBUX
MapHUX TMOPIBHAHB KUIBKOCTI ocTteobnacTiB Oynu cra-
TUCTUYHO 3Hauymumi (p < 0,05).

HaiimeHma KiTBKICTh OCTEOKIJIACTIB CIOCTEpira-
Jmacs TaKoK TPU  S-XBHJIMHHOMY 3aMOpPOXKYBaHHI
(Tabnurs). 3MEHIIEHHS KiJTbKOCTI OCTEOKJIACTiB OyIo
HE TakuM 3HAYHUM, SK 3MCHIICHHS OCTEOOacTiB.
Kimbkicte ocTeokiactiB 'y Tpymi F4 3HmwkyBamacs
npubaM3HO 10 26% MOPIBHSIHO 3 KOHTPOIBHOIO TPy-
noro. He Oymo 3HaYyHMX BiAMIHHOCTEH MiX KiJib-
KICTIO OCTEOKIIACTIB Yy KOHTPOJBHINM Tpymi Ta rpymnax
F2 i F3. Kinbkicth octeoknactiB y rpym F4 Oyna
3HaYHO HWKYOIO MOPIBHAHO 3 KOHTpojeM (p < 0,001)
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rpynn F1 (Tect Totoki) (%), rpynn F2 (Tect Toioki) (3), rpynun F3 (TecT Tbioki)
(n); M3B3 — none 30py 3 BENVKNM 30inbLUEHHSIM.

Notes: differences are significant (p < 0.05) compared to control (one way
ANOVA test) (*), compared to control (Tukey test) (¥), compared to the group
F1 (Tukey test) (%), compared to the group F2 (Tukey test) (3), compared
to the group F3 (Tukey test) (7); HPF — high power field.

was conducted using SPSS version 21.0 (IBM Statis-
tics, USA).

One-way ANOVA test showed there was a
statistically significant difference among all groups (p =
0.03). However, post-hoc test showed that the osteocyte
number in the control group was only significantly
different compared to the group F1 (p = 0.033) and
group F3 (p =0.034).

There was a dose-dependent decline of osteoblast
number with LN2 freezing. The lowest osteoblast
count was observed in group F4, in which there was a
95.9% reduction of osteoblast number after 8-minutes
of LN2 freezing compared to the control group (Table).
There was an almost 11-fold reduction of the osteo-
blast number when compared to groups F2 and F4.
Moreover, the results of all possible pair-wise compa-




ta Tpynamu F1 (p = 0,001), F2 (»p < 0,001) i F3
(p =0,003).

Pesynprar 1mporo mocmifKeHHS TMOKas3aB, IO IIPO-
Leaypa 3aMOPOKYBaHHS BUKJIMKAIa 3MEHIICHHS KiJlb-
KOCTI KJIITHH OCTEOLMTIB, 0CTEO0JIACTIB 1 OCTEOKIIac-
TiB y BCiX rpynax. OfHaK pi3HUI B KIJIBKOCTI OCTEO-
uuTiB Oyfa MiHIMANbHOIO, 1 PETPOCHEKTHBHUN TECT
[OKa3aB 3Ha4yHl BIAMIHHOCTI TUILKM B KUIBKOCTI OCTE-
OILIMTIB MK KOHTPOJBHOK Tpymnow i rpymoro F1 Ta
MiXK KOHTPOJIBHOIO TPYIIOK0 1 rpymoro F3.

K. Suto Ta cmiBaBt. [10] moka3ajiu, 110 OCTEOLUTH
CTIMKI JI0 TOINKOKEHb, IOB’SI3aHUX 13 YTBOPEHHIM
KPHUCTAIIIB JIBOMY IICIsI JEKITBKOX IHKIIIB 3aMOPOXKY-
BaHHS-BiTaBaHHS. Byno BHCIIOBIGHO TNPUIYIICHHS,
IO KICTKOBHH MAaTpUKC 3a0e3ledye IEBHY CTYIMiHb
3aXMCTY BiJl BHCOKOKOHLIEHTPOBAaHMX ()i310JI0TIUHIX
PO3YMHIB 1 KPUCTANIB JbOMY, IKi YyTBOPIOIOTHCS B MPO-
neci 3aMOpOXXyBaHHSA-BigTaBaHHsA. Lleit omip Moxke
MOSICHUTH, YOMY 3aMOPOXKYBAaHHS MEHILE BIUIMBAE Ha
KUIBKICTh OCTEOLUTIB HE3aJE€KHO BiJ] BHUKOPUCTOBY-
BaHOTO Yacy. ABTOPH TaKOX IMPOIEMOHCTPYBAJH, IO
OUKITIYHEe 3aMOPOKYBAHHS-BINTaBaHHSI MPU3BOIHUTH
JI0 PyHHYBaHHS K IUTOIUIA3MATHYHOI, TaK 1 SIEPHOI
MeMOpaH KIiTHH octeobmactiB [10]. ¥V naHoMmy ekc-
MEPUMEHT] KIJIBKICTh OCTEOOJACTIB 3MEHIIUIIACS JI0
1 xn/T13B3 micnst § XB 3aMOPOKYBaHHS B P1IKOMY a30Ti.
3a Yy TIMBICTIO OCTEOONACTIB 10 BIUTUBY HU3BKHX TEM-
nepaTyp MOXKHA 3pO3yMiTH, YOMY KUIBKICTh ocTeo0ac-
TIiB MOCTYNOBO 3MEHINyBajacs MiCIasl TPUBAJIOrO Te-
piony 3amopoxyBaHHsI. KiIbKiCTh OCTEOKIIACTIB TAKOXK
Oyna mTpomopIiiHO oOepHEeHa JI0 TPHBAJIOCTI 3aMO-
poxxyBaHHs. OHAK 3HIKCHHS KITBKOCTI OCTEOKIIACTIB
OyJI0 HE TAKUM ICTOTHHM IIOPiBHSHO 3 OCTEO0IaCTaMH.
S.J. Yu Ta cmiBagt. [11] BUSBMIH, 110 OCTEOKIACT MOXKE
30epiraTd I KHTTE3NATHICTH 1 CBOT XapaKTEePHCTUKH
TTICJIsI 3aMOPOKYBaHHSI-BiITABAHHSI.

D.W. Han Ta cmiBaBT. [7] BCTAaHOBHJIM aHAJIOTidHE
pi3ke 3HIKCHHS KUTBKOCTI OCTEOONACTIB Micis Mpo-
HeIypyu 3aMOpOXKyBaHHS-BinTaBaHHs. [lOIIKOMKEHHS
KITHH Oylo MoB’s3aHE 31 301NBIIEHHSIM BMICTY aK-
TUBHUX (popMm kucHIO (ADK) y BiATanux KIiTHHAaX.
KinpkicTe ocTeoksacTiB Oyfa HMXYE, HIX Y HAllo-
My JOCIIJDKeHHI, IO CBIAYWTH PO OLIBII BHCOKY
CTIMKICTh OCTEOKIACTIB JO HH3BKOI TeMIlepaTypu
MOPIBHSHO 3 ocTteobnactamu. Y pobori T.S. Agidigbi
ta C. Kim [1] noka3zano, mo A®K € BakIuBUMHU CHUT-
HAJIBHIMH MOJIEKYTaMH OCTEOKIacTiB. Mwu mpuiry-
CKaeMO, IO BHACIIJIOK IOTO MOXE CIIOCTEepIraThucs
pi3Ha YyTJIMBICTH OCTEOONACTIB 1 OCTEOKIACTIB [0
yrBOopeHHs1 ADK, BUKIMKaHUX 3aMOPOXKYyBaHHAM-PO3-
MOpOXKyBaHHsSIM. [IpoTe dUiTKHI MONEKyIIpHHN Me-
XaHI3M, SIKHH € 0CHOBOIO CIIPUHHSTIMBOCTI Ta CTIHKOCTI
WX KITITHH JI0 3aMOPOYKYBaHHS, BUMara€ yTOYHEHHSI.

PesynbraTil 1bOTO 1OCIHIHKEHHS IOKa3yIOTh, 110 3a-
MOPOXKYBaHHS B PIAKOMY a30Ti HE PU3BEJIO JI0 [IOBHOTO

risons of osteoblast count were statistically signifi-
cant (p <0.05).

The lowest osteoclast count was was also observed
in the case of 8-minute-long freezing (see the Table).
The reduction of the osteoclast number was not as much
as the reduction of osteoblast. There was about a 26%
reduction in the number of osteoclasts in the group
with 8 minutes of freezing compared to the control
group. There were no significant differences between
the osteoclast number of the control group and the
groups F2 and F3. The osteoclast number after 8-
minutes freezing was significantly lower compared
to control (p < 0.001), groups F1 (p = 0.001), F2
(» <0.001), and F3 (p = 0.003).

The result of this study showed that the freezing
procedure caused a reduction of the osteocyte, osteo-
blast, and osteoclast cell counts in all groups. Howe-
ver, the difference in the osteocyte number was mini-
mal, and the posthoc test only showed a significant
osteocyte count difference between control group
and the group F1; and between control group and
the group F3.

K. Suto et al. [10] demonstrated that osteocytes
are resistant to the damages associated to ice crystal
formation after several freeze-thaw cycles. It was
suggested that the bone matrix provides a certain
degree of protection against high concentrated salines
and ice crystal formed during the freeze-thaw pro-
cess. This resistance may explain why the number of
osteocytes is less affected by the freezing irrespecti-
vely of the times used. The authors also demonst-
rated that the cycled freeze-thawing resulted in
disruption of both cytoplasmic and nuclear membranes
of osteoblast cells [10]. In the present experiment, the
osteoblast count was reduced down to 1 cell/HPF after
8 minutes of LN2 freezing. Osteoblast’s sensitivity
to low temperature exposure may explain why the
number of osteoblasts progressively decreased after
applying longer period of freezing. The number of
osteoclasts observed in this study was also inversely
proportionate to the freezing duration. However, the
reduction of osteoclast number was not so drastic
as compared to osteoblasts. S.J. Yu et al. [11] found
that osteoclast can retain viability and its characte-
ristics after freeze-thawing.

D.W. Han et al. [7] found similar dramatic decline
in osteoblast number following the freeze-thawing
procedure. The cell injury was associated with in-
creasing of reactive oxygen species (ROS) content in
thawed cells. The reduction in the osteoclast number
was lower like in our study, suggesting the higher
resistance of osteoclast to the low temperature com-
pared to osteoblast. T.S. Agidigbi and C. Kim [1] sho-
wed that ROS are essential signalling molecules in the
osteoclast. We suppose this may explain the different
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pYWHYBaHHS KICTKOBUX KIIITHH, OCOOJMBO OCTEOIIMTIB.
Le#t dakt Moke OyTH MPOOIEMOIO TIiJT Yac 3HWKECHHS
IMyHOTEHHOCTI TpaHcmantata. OTpuMaHi pe3yiabraTH
y3ro/ukytoThes 3 BucHoBkamu L.F. Coutinho Ta criBaBT.
[4], sixi BKa3yBajJM Ha Te, IO KiCTKOBI TpaHCILIAHTATH,
mo 30epiraloTbcsi B TPbOX OpasUIbChbKUX KiCTKOBHX
OaHkax, Bce me mictats kiaiTuau, JJTHK 1 Heymkomkeni
KPOBOHOCHI CyauHHM. HaBmaku, TEOpPEeTHYHO MPUCYT-
HICTP WX KITITHH MOXKe OyTH Oa)KaHOIO, SIKIIIO MOBa e
PO PEMOJCITIOBAHHS KiCTKH, OCKUTBKH ayTOJOTTYHHI
OCTEOIIUT MOKE BiJHOBIIOBATH IIOIIKOMKCHI KaHAIb-
Il Ta YTBOPIOBATH 3B 30K 13 OCTCOIUTAMH Ha THIIIOMY
(parMeHTi KicTKH. BijbIll TOTO, CHTHAIIBHI MOJICKYIH
aIIONTOTHYHOTO OCTCOIUTY BHUKIHUKAIOTH PEKPYTHHT
OCTEOKJIACTIB, IIO CIPHUSE PEMOJCIIOBAHHIO KICTKH.
T.G. Baboolal ta cniast. [3] mpuifim 10 BUCHOBKY,
0 KpiOKOHCEPBOBAaHMW aJOTPAHCIUIAHTAT MICTUTh
OCTEOLUTH 1 CTOBOYpOBI KIITHHH MeE3€HXIMaIbHUX
KIIITHH , IPH LIbOMY HE BUKJIMKAE IMyHOT€HHY BiJIIIOBIIb
micist TpaHcivianTarii. O HaK, HACKIIBbKU HaM BiJIOMO,
Ha ChOTOJIHI BIZICYTHI pOOOTH IIIOJI0 MOPIBHSAHHS CTYIIe-
HsI OCTEOIHTErpalii Ta iIMyHHOT BiJIMOBIJII 3aJIKHO BiJl
KIITHHHOTO YTPUMAaHHS Marepialy aJoTpaHCIUIaHTa-
Ta [3, 9], Tomy 11e moTpedye MOAANBIINX TPYHTOBHHUX
JIOCHIIKEHbD.

[lig wac mpoBemeHHS JOCITIKCHHS aBTOPH 3ITKHY-
JHCA 3 NESIKUMH OOMEKeHHSAMH. Y maHiil poOoTi TpH-
BJIICTh 3aMOPOKYBAHHS CTAHOBMIJIA MAaKCUMYM 8 XB. Y
HACTYITHHX EKCIIEPUMEHTaX HEOOXiIHO IOCIiIKyBaTH
BUKOPUCTAHHS OLTBII TPUBAINX a00 OMIKUUX 0 MPaK-
TUYHOTO 3aCTOCYBaHHS MepiofiiB yacy (30xpema 20-XBU-
JIMHHY TPUBAJICTh — 4Yac, HEOOXITHUM IJIsl TATOTOBKH
MaTtepiary 10 KICTKOBOI TNIACTHKH).

TakuMm 9MHOM, MOKHA 3pOOHTH BHCHOBOK, IO 3a-
MOPOXKYBaHHSI B PIJKOMY a30Ti 3A€¢OUTBIIOTO 3HHKYE
KIJIBKICT OCTEOLMTIB, OCTEO00JACTIB 1 OCTCOKJIACTIB.
HaiiMeHma pi3HHIS CIIOCTEPIraeThCsl B KiJIBKOCTI OC-
TEOLIMTIB, a HAMO1IbIIa — B KIJILKOCTI OCTEO0IACTIB.
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sensitivity of osteoblast and osteoclast to the ROS
formation induced by the freeze-thawing procedure. The
exact molecular mechanism behind the susceptibility
and resistance of these cells to freezing is nevertheless
to be clarified.

The findings of this study suggest that the LN2
freezing procedure did not completely eradicate the
bone cells, especially the osteocytes. This could be
a problem in reducing the immunogenicity of a graft.
This result is in line with the findings by L.F. Cou-
tinho et al. [4], which reported that bone grafts stored
in three Brazilian bone banks still contain cells, DNA,
and intact blood vessels. On the contrary, the presen-
ce of these cells could theoretically be desirable if
applied in the bone remodeling procedure, because
the autologous osteocyte can repair the disrupted
canaliculi and form a connection with osteocytes on
the other bone fragment. Moreover, the apoptotic
osteocyte still has the ability to recruit osteoclast,
instigating the bone remodelling process. T.G. Baboolal
et al. [3] concluded that cryopreserved allograft retains
osteocytes and mesenchymal cell stem cell without
inducing immunogenic response. However, to our know-
ledge, there is currently no study comparing the degree
of osteointegration and immunogenic response in
relation to the cellular content of an allograft material
[3, 9]. Ensuing studies are needed to further elaborate
this.

This study still had some limitations. The freezing
duration in this study was limited to a maximum of
8 minutes. Future studies should design a more exten-
ded timeframe or one more closely resembling the
practical application, e. g. using the duration of 20 mi-
nutes like the one used in bone recycling proce-
dure.

In conclusion, LN2 freezing generally decreases
the number of osteocytes, osteoblast, and osteoclast.
The least difference was observed in osteocyte number
and the greatest difference was observed in osteoblast
number.

References
1. Agidigbi TS, Kim C. Reactive Oxygen Species in Osteoclast
Differentiation and Possible Pharmaceutical Targets of ROS-
Mediated Osteoclast Diseases. Int J Mol Sci [Internet]. 2019
Jul 22 [Cited 2019 Oct 9];20(14):3576. Available from: https://
www.mdpi.com/1422-0067/20/14/3576
2. Ang CY, Loh DST, Chaw HW, et al. Simple novel bone bank
storage: the Singapore General Hospital experience. Biopreserv
Biobank. 2012;10(6):526-8.




with fresh age-matched iliac crest bone and bone marrow
aspirate. Regen Med. 2014;9(5):593-607.

. Coutinho LF, Batista J, Brito E, et al. Presence of cells in fresh-
frozen allogeneic bone grafts from different tissue banks. Braz
Dent J. 2017;28(2):152-7.

. Diaz-Rodriguez P, Lépez-Alvarez M, Serra J, et al. Current
stage of marine ceramic grafts for 3D bone tissue regeneration.
Mar Drugs [Internet]. 2019 Aug 15 [cited 2019 Oct 9];17(8):471.
Available from: https://www.mdpi.com/1660-3397/17/8/471

. Graham SM, Leonidou A, Aslam-Pervez N, et al. Biological
therapy of bone defects: the immunology of bone allo-
transplantation. Expert Opin Biol Ther. 2010;10(6):885-901.

. Han DW, Hak HK, Mi HL, et al. Protection of osteoblastic cells
from freeze/thaw cycle-induced oxidative stress by green tea
polyphenol. Biotechnol Lett. 2005;27(9):655-60.

. Rasch A, Naujokat H, Wang F, et al. Evaluation of bone
allograft processing methods: Impact on decellularization
efficacy, biocompatibility and mesenchymal stem cell
functionality. PloS ONE [Internet]. 2019 Jun 20 [cited 2019 Oct
8];14(6):e0218404. Available from: https://journals.plos.org/
plosone/article?id=10.1371/ journal.pone.0218404

. Shah FA, Palmquist A. Evidence that osteocytes in autogenous
bone fragments can repair disrupted canalicular networks
and connect with osteocytes in de novo formed bone on the
fragment surface. Calcif Tissue Int. 2017;101(3):321-7.

10.Suto K, Urabe K, Naruse K, et al. Repeated freeze-thaw cycles

reduce the survival rate of osteocytes in bone-tendon constructs
without affecting the mechanical properties of tendons. Cell
Tissue Bank. 2012;13(1):71-80.

11.Yu SJ, Wu CL, Jin HT, et al. [Subculture, cryopreservation and

recovery of osteoclasts]. Zhongguo Gu Shang. 2017;30(5):463—
9. Chinese.

. Baboolal TG, Boxall SA, EI-Sherbiny YM, et al. Multipotential

stromal cell abundance in cellular bone allograft: comparison
with fresh age-matched iliac crest bone and bone marrow
aspirate. Regen Med. 2014;9(5):593-607.

. Coutinho LF, Batista J, Brito E, et al. Presence of cells in fresh-

frozen allogeneic bone grafts from different tissue banks. Braz
Dent J. 2017;28(2):152-7.

. Diaz-Rodriguez P, Lépez-Alvarez M, Serra J, et al. Current

stage of marine ceramic grafts for 3D bone tissue regeneration.
Mar Drugs [Internet]. 2019 Aug 15 [cited 2019 Oct 9];17(8):471.
Available from: https://www.mdpi.com/1660-3397/17/8/471

. Graham SM, Leonidou A, Aslam-Pervez N, et al. Biological

therapy of bone defects: the immunology of bone allo-
transplantation. Expert Opin Biol Ther. 2010;10(6):885-901.

. Han DW, Hak HK, Mi HL, et al. Protection of osteoblastic cells

from freeze/thaw cycle-induced oxidative stress by green tea
polyphenol. Biotechnol Lett. 2005;27(9):655-60.

. Rasch A, Naujokat H, Wang F, et al. Evaluation of bone

allograft processing methods: Impact on decellularization
efficacy, biocompatibility and mesenchymal stem cell
functionality. PloS ONE [Internet]. 2019 Jun 20 [cited 2019 Oct
8];14(6):e0218404. Available from: https://journals.plos.org/
plosone/article?id=10.1371/ journal.pone.0218404

. Shah FA, Palmquist A. Evidence that osteocytes in autogenous

bone fragments can repair disrupted canalicular networks
and connect with osteocytes in de novo formed bone on the
fragment surface. Calcif Tissue Int. 2017;101(3):321-7.

10.Suto K, Urabe K, Naruse K, et al. Repeated freeze-thaw cycles

reduce the survival rate of osteocytes in bone-tendon constructs
without affecting the mechanical properties of tendons. Cell
Tissue Bank. 2012;13(1):71-80.

11.Yu SJ, Wu CL, Jin HT, et al. [Subculture, cryopreservation and

recovery of osteoclasts]. Zhongguo Gu Shang. 2017;30(5):463—
9. Chinese.

npobnemun Kpiobionorii i kpiomeaULMHN
problems of cryobiology and cryomedicine

Tom/volume 31, Ne/issue 1, 2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


