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Evaluation of Mitotic Activity of Bone Marrow
Under Short-Term Hypothermia

Pedrepat: Y poboTi focnigKeHo MITOTUYHY aKTUBHICTb KICTKOBOTO MO3KY 32 YMOB Tipy[AOSIOriYHOrO Ta KOPOTKOCTPOKOBOIO FiMo-
TepMiyHOro BrnuBy. 3po6rneHo MOPIBHSIHHS MOKA3HWKIB MITOTUYHOIO iHAEKCY KICTKOBOrO MO3KY Mif 4Yac HeraHoro o6CTEXEHHS BUMyYe-
HOro 3 Tina cTerHa Ta 3a YMOB KOPOTKOCTPOKOBOIO FinoTepMiYHOro BnnvBy. B pesynbraTi NOpiBHAHHA HE BUSBNEHO CTaTUCTUYHWUX PO3-
BGiXKHOCTEN MiXX PIBHSIMW MOKA3HWKIB MITOTUYHOMO iHAEKCY Mif Yac HeraHOro OGCTEXEHHsI Ta 32 YMOB KOPOTKOCTPOKOBOIO rinoTepMiy-
HOro BMMUBY B iHTAKTHWX LUYpIB i TBapuH nicns ripygonoridyHoro Bnnmey. Lle cBigunTb nNpo rinotepmanbHy @ikcaLiio BUXIAHOrO piBHSA
[aHoro nokasHuka, 36epexeHicTb disionoriyHoro crtaHy GiomembpaH [0 TNOTOHIYHOMO LUOKY Ta MOPEOSOriYHOI CTPYKTYPU KIiTUH.
BukopuctaHuii y poboTi KOPOTKOCTPOKOBUIA FNMOTEPMIYHUIA BMAMB Ha KNiTUHW KICTKOBOTO MO3Ky MOXe OyTu aogaHui no 6aratonpo-
hinbHOro anroputMy nabopaTopHOro aHanidy nig Yac BUBYEHHS! MiTOTUYHOIO iHAEKCY B aKTMBHO NponidepyBaribHUX KNiTUHaX.

Knro4yoBi cnoBa: rinotepmis, MiTOTU4HWIA iHAEKC, KICTKOBWIA MO3OK, FipyA0noriyHuiA BNvB, akTUBHO nponicdbepyBanbHi KNiTUHW.

Abstract: In this research, we have studied the mitotic activity of bone marrow when applying medicinal leeches and short-
term hypothermia. The bone marrow mitotic indices were compared within an immediate examination of the thigh removed from the
body and during a short-term hypothermia. As a result, no statistical differences were found between the mitotic levels during imme-
diate examination and a short-term hypothermia in the intact animals and those after medicinal leech application, that evidenced
to a hypothermal fixation of initial level of this index, preservation of biomembrane physiological state prior to hypotonic stress and
cell morphology. The used here short-term hypothermia on bone marrow cells may be included in the multi-profile algorithm of labo-

ratory analysis when studying a mitotic index in actively proliferating cells.
Key words: hypothermia, mitotic index, bone marrow, medicinal leech application, actively proliferating cells.

KictkoBuit Mmo3ok (KM) € HEBiI’€MHOIO YaCTHHOIO
OpTaHi3My, IKHi BUKOHY€E HU3KY BayKIMBUX (YHKIIIH,
TOMY JOCHIDKCHHS MOTO TOKa3HUKIB TIiJI BILUTUBOM
pisHUX (akTopiB Mae BenMKe 3HadeHHs. [IpoTs-
TOM YCBOTO JXUTTS IypiB KM € 0CHOBHUM OpraHom
remoroesy [ 1,2,13]. Fioro yactka CTaHOBHTH OIIU3BKO
3% BigMacu Tiza gopociuoromypa[3, 7,9-11]. Iposi-
deparuBHi 3Minn B KM BIDIMBaloTh Ha €K30TCHHI
Y{ CHJIOTEHHI YMHHUKU Ta IMOKAa3HUKH (DOPMEHHX
eneMeHTiB nepudepuyHoi kpoBi. Kommnekcne moc-
mimxenHss KM 1 ¢opMeHuX eneMeHTIB KpoBi J03-
BOJISIE JIETANIBHO MpOaHATi3yBaTH JWHAMIKY edek-
TUBHOCTI Oy/lb-SKOTO €KCIEPUMEHTAIBHOTO BILTUBY
B Jociigax Ha mrypax [13, 14, 18, 19]. Ilix uac
BHBYCHHA MITOTHYHOTO iHAekcy KM HeoOxigHO
BpaxoByBaTH IIBHIKAK Imiepedir ¢a3 MiTosy, o
MIPUMYIIIYE 3aCTOCOBYBaTH CHEIiabHI TPHHOMH
(HanpuKiIa], BIUTMB HHU3BKUX TEMIIEPATyp) IS iX
(ikcallii Ha MOMEHT OOCTEKCHHS, a TAKOXX BUKOPHC-
TOBYBATH TIMOTOHIYHHUHN IIOK Yy JaHOMY METOJMYHO-

My oOCTexeHHi, Mo nmoTpedye 3ade3meveHHs 30epe-
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The bone marrow (BM) as an integral part
of the body performs a number of vital functions.
Hence, studying its parameters under the impact
of various factors is crucial. The BM is the main
hematopoietic organ throughout the lifespan
of rats [5, 6, 12]. Its proportion is about 3% of
adult rat’s body weight [2—4, 7, 8]. Prolife-
rative changes in BM affect both exogenous or
endogenous factors and indices of peripheral
blood cell count. A comprehensive study of BM
and blood cell count enables a detailed analysis
of the efficiency dynamics of any experimental
exposure in rats [12, 13, 18, 19]. When studying
the mitotic index in BM, a rapid progression of
mitotic phases should be borne in mind. It requires
using the special techniques (e. g., low temperature
impact) to fix them at the moment of exami-
nation, as well as to apply a hypotonic shock in
this methodological examination to ensure the pre-
servation of functional state of cell biological

membranes.
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XKeHHS (PyHKLIOHAJIBLHOTO CTaHy Ol0JIOTriYHHUX MeMO-
paH KIIiTHH.

lpynonorivamit BruB (I'B) wacto 3actoco-
BYETHCS Y SIKOCTI MOJIEIIi IPUPOTHOTO (hapMareBTHY-
HOTO 3aco0y. BiH edeKkTuBHHI mim Yac CTHUMYIISIIT
TICTOTEHE31B TKAaHWH, 30KpeMa 1 TeMOITOCTUYHHX.
Y Memuruai ['B mmpoko BHKOPHCTOBYETHCS IS
mpo(MiJaKTUKH Ta JIKYBaHHS BEJIMKOI KiJIBKOCTI 3a-
XBOPIOBaHb: CEPIICBO-CYIMHHMX, OC3ILTIIISA, BIpycC-
HUX, BAPUKO3HHUX, XipypriyHUX paH, TyOepKyJIb03y,
paky [15, 17, 20]. Y BerepuHapii BUKOPUCTaHHS Me-
OUYHHUX I1°SIBOK MOXKE CHPUSATH aKTHBALil IMyHHOI
CHCTEMH OPraHi3My, BiTHOBICHHIO (YHKIi1 NEUiHKH,
JKYBaHHIO BipyCHHUX 3aXBOpPIOBaHb, MACTUTIB, €HO-
METPUTIB, apTpUTIB TowIO [6, 15, 16].

Merta mocmipKeHHS! — OIliHKa MITOTHYHOI aKTHB-
HOCTI KICTKOBOTO MO3KYy IIYpiB ICIIS Tipya0JIOTid-
HOTO Ta KOPOTKOCTPOKOBOTO TIITOTEPMIYHOTO BILUIMBY
MIPOTATOM TOIUHU 3a Temrieparypu (6 + 2)°C.

Marepiagau i MmeToaH

PoGota Oyna BukoHaHa Ha 7—8-MiCIYHUX HENiHIH-
HUX OiMuMX caMIpix WIypiB BUAY Rattus norvegicus
Macoto 250-270 r (n = 40). [Ana pocnimxeHHS BU-
KOPUCTOBYBAJIM TBApHH, SIKi MPOUIIUIA KapaHTUHHHUN
PEXUM 1 He Majii 30BHIIIHIX MPOSBIB 3aXBOPIOBAH-
Hs. MaHinynsgis 3 TBapuHaMH NPOBOJMIIACS 3Tif-
HO 3 pimeHHsM Komitery 3 6ioeTHKH 0i0JIOTIIHOTO
(hakynpTeTy 3armopi3pkoro HaIllOHAIBHOTO YHIBEPCH-
tety MOH Vkpaiuu (mpotokon Ne 1 Bix 22 6epesHs
2018 p.) 3 DOTpUMAaHHIM PETIIAMEHTOBAaHUX HOPM 1
MpaBHJI TIOBOKEHHSA 3 JTAOOPaTOPHUMHU TBapUHAMHU:
MIPUHITUIIB 010€THKH, 3aKOHOJABYMUX AKTIB 1 BHMOT
BIJMOBIAHO 10 TOJIOXEHb «EBPONEHCHKOI KOHBEH-
1ii mpo 3aXHCT XpeOSTHUX TBAapHH, IO BUKOPUCTO-
BYIOTBCSl Ul €KCIIEPUMEHTAJIBHUX MOCTIIKEHb Ta
IHIIMX HAyKOBHX LiJeW», a TakoX 3akoHy YKpai-
HU «[Ipo 3axWCT TBapWH BiJ >KOPCTOKOTO MOBOI-
KEHHS.

VYceix tBapuH Oyiio posaiieno Ha rpynd (n = 20y
KOKHIN): 1 — iHTaKTHI IIypH; 2 — 1rypu micis ['B.
B 0060x rpymnax ¢opmyBaiu 1o 2 HArPyHH TBAPHH,
y AKUX HeraiHo oOcTexyBcasim KM B ymMoBax TeM-
rmeparypu Tijla 1 TICHsT KOPOTKOCTPOKOBOTO TiIlo-
TEPMIYHOTO BIUIMBY MPOTSTOM TOIMHH 33 TEMIIEPATy-
pu (6 =£2)°C.

Tipyoonociunuti  enaue. KoxHOro THXHA Ha
KyIPHUKOBY IUISIHKY (BChOro 4 pas3u) TBapHHAM CTa-
BUJIM 110 ONHIA MemuuHii n’saBui Hirudo verbena
macoro 0,.9—1,1 1.

VY mypiB rpyn 1 Ta 2 BHUBYAJIM MOKa3HUKH MiTO-
THYHOI AKTHBHOCTI KJIITHH KICTKOBOTO MO3KYy Ta
nepudepuaHoi KpOoBi.

Ompumanns nepugepuunoi Kpoi ma 00cnio-
arcyeani noxasnuky. 1licns BUBOAY TBapWH 3 €KCIle-
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The medicinal leech application (MLA) is
frequently used as a model of natural pharmaceuti-
cal mean. It is efficient in stimulating the tissue
histogenesis, including the hematopoietic ones. In
medicine, the MLA is widely used to prevent and
treat a huge number of diseases such as cardiovas-
cular diseases, infertility, viral diseases, varices,
surgical wounds, tuberculosis, cancer [14, 17, 20].
In veterinary medicine, the use of medicinal leeches
may activate the body’s immune system, recovery
of liver function, successful treatment of viral diseases,
mastitis, endometritis, arthritis, efc. [14—16].

The research aim herein was to assess the mi-
totic activity of rat bone marrow after medicinal
leech application and a short-term hypothermia for
an hour at (6 £ 2)°C.

Materials and methods

The research was performed in 7—8-month-old
outbred Rattus norvegicus white male rats weighing
250-270 g (n = 40). Animals after the quarantine
regime and with no external manifestations of
the disease were used in this study. Manipulation
with animals was carried out in accordance with
the decision of the Bioethics Committee of the Fa-
culty of Biology of Zaporizhzhia National Univer-
sity of the Ministry of Education and Science of
Ukraine (protocol No. 1 of March 22, 2018) in
compliance with the regulated norms and rules
for handling laboratory animals: the principles
of bioethics, legislative norms and requirements
in accordance with the statements of European
Convention for the Protection of Vertebrate Ani-
mals Used for Experimental and Other Scientific
Purposes, as well as the Law of Ukraine ‘On
the Protection of Animals Against Cruelty’.

All animals were divided into groups (n = 20
in each): the Group 1 comprised the intact
rats; in the Group 2 were the animals after MLA.
In both groups, 2 subgroups of animals were
formed, where the bone marrow was analyzed
immediately at body temperature and after 1-hour
short-term hypothermia at (6 £+ 2)°C.

Medicinal leech application. Every week, one
medicinal leech Hirudo verbena weighing 0.9-1.1 g
was applied to the coccygeal area (4 times totally).

In Groups 1 and 2, the indices of mitotic activity
of bone marrow and peripheral blood cells were
studied.

Procurement of peripheral blood and the studied
indices. Animals were sacrificed by cervical dis-
location, and then decapitated. The harvested blood
was heparinized in a 0.2 mg/ml heparin solution
(Spofa, Czech Republic). The number of erythro-
cytes, leukocytes and the white blood cell diffe-
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PUMEHTY 3CYBOM IIMHHUX XpeOuiB, ix
JCKAIlITyBAJIM Ta OTPUMYBAJIU KpOB, SKY
noTiM remapuHizyBanud B 0,2 MIr/mi pos-
guHi Temapuny (Spofa, Uexis). B rema-

Tabnuusa 1. MiTOTUYHa aKTUMBHICTb KICTKOBOrO MO3KYy CaMmuiB LLypiB

BCix niarpyn, %o

Table 1. Mitotic activity of the bone marrow of male rats of all

subgroups, %o

PWHI30BaHMX 3pa3kax KpOBI BU3HAYAIN
KUTBKICTh €PUTPOIINTIB, JICUKOITUTIB 1 JICH-
KouTapHy (OpMyny 3a 3arabHONpPUIHS-
THMH MeTonaMmHu [8].

Ompumanis Kicmkog8ozo Mo3Ky U MaHi-
nynayii’ 3 Hum. BrmydeHi cTerHa 3BUTBHSUIN
BiJ M’s31B, pO3pi3ajy B3AOBXK i BUMHBAIN

YMOBU AOCHiAMEHHA
Experiment conditions

KICTKOBUI MO30K Tipu Temneparypi 37°C
rinotoHivauM 0,9%-M po3YyuHOM IUTpa-
TOM HaTpil0 y CTepwibHY NpoOipky. OT-

pUMaHy KJIITHHHY CYCIEH3il0 iHKyOyBajH
B TIOTOHIYHOMY cepemoBuii 10 XB 3a TeM-
neparypu 37°C. Ilicis mporo ii meHTpH-

Fpyna TBa‘_)MH (n=20) HeraiiHe obcTexeHHA
Group of animals (n=20) npu TemnepaTtypi Tina KopoTkocTpokoBsuit
TBapuH rinoTepmiyHuii BNNUB
Immediate examination Short-term
at body temperature of hypothermia
animals
| .
HTaKTHr 14,73 = 1,31 13,13 + 1,10
Intact
lipyaonoriynnii Bnnus 2113 + 2.04* 19.95 + 2 22%
Medicinal leech application T T e e

dyryBamm mporsrom S5 xB mpu 200g i
3aymman Hebarato ocamy y mpoOipiii.
Knituau dikcyBanu y OXONOMKEeHIH CyMilti
(METHIIOBHH CITUPT 13 KPIDKAHOIO OIITO-
BoIO kuciororo (3:1) 3a TemmepaTypu
(6 = 2)°C. Ilporsrom 60-xBuiamHHOI (ikcariii 3a
temmeparypu (6 £ 2)°C Tpuui 3MiHIOBaIH (ik-
carop i3 MPOMDKHHM pECYCIEHIyBaHHSIM OcCa-
oy Ta HAacTymHHM LeHTpu¢yryBaHHsM. B ocran-
HBOMY (pikcaTopi ocaa pecycleH3yBalu Ta HaHO-
CHJIM Ha CTEPWIbHE NPOXOJOAHE TMPEIMETHE CKIIO
(6 = 2)°C. Cxi10 mBHIKO NPOBOAMIN Yepe3 MOTyM s
nanbHUKa Ja 3amajieHHs Qikcaropa, aje He AOIyc-
Kany Horo meperpiBanus. [Ipenaparu 3abapBioBaiu
3a MeTogoM PomanoBchKOTO-I'iM3M. AHami3 mpoBO-
mum 1o 2000 kIiTHH, cepel SKHX BHU3HAYATH
Taki, mo mepebyBaroTh y MiTo3i [8, 5], 3a mormomo-
roro Mikpockona «Carl Zeiss Primo Star» (Carl
Zeiss, Himeaunna).

Craructnyny oOpoOKy OTpUMaHUX JaHUX 3Iii-
CHIOBAJI 3a JOMOMOIOI0 MapaMeTPUYHHUX METOIIB
(t-kputepiii CrblofeHTa), MOMEPEAHBO MNEPEBIPsIH
BUOIPKY Ha HOPMAaJIbHICTh PO3MOALTY 31 3HAYEHHSIMH
B Tabnmuusax, noganux y ¢opmi X = SE, ne X — ce-
penHe 3HAYCHHS MOKa3HUKa 3 BuOipku, SE — cran-
JTapTHA TIOMUJIKA cepeaaboro. CTaTUCTHYHUN aHaIIi3
MPOBOAMIM 3 BUKOpUCTaHHSAM TmporpaM «Excel»
(Microsoft, CIIIA) Ta «PAST» (Palaecontological
Association, Hopseris). BimMiHHOCTI BBaXKaiau Ha-
TIHHAMY Ha piBHI 3HaUyIoCTi p < 0,05.

Pe3yabTaTi T2 00rOBOpEHHS

[NopiBHsMBEHMIA aHaANI3 MOKA3HUKIB MIiTOTHYHOTO
1H/IEKCY KiCTKOBOTO MO3KY LIypiB B rpynax 1 Ta 2 Oymo
MpOBEJIEHO B Pi3HUX yMoBax (Tabim. 1). B ymoBax Tem-
repatypy Tijia T Yac HEraifHOro OOCTEXKEHHS MITO-
TUYHUH 1HIEKC KITITHH KICTKOBOTO MO3KY Y IHTAKTHHX
TBapuH OyB y Mexax (14,73 £+ 1,31)%o, mo cmiBma-
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MpumMiTKa: * — noKasHWKM, SKi 3Ha4YyLLEe BiApI3HAIOTLCA Big TBAPUH
iHTakTHOI rpynu (p < 0,05).

Note: *— indices, significantly different from those in intact group
animals (p < 0.05).

rential were counted in heparinized blood samples
according to the most common technique [1].

Bone marrow procurement and manipulation.
The removed thighs were released from muscles,
cut lengthwise, and the bone marrow was washed
out at 37°C with hypotonic 0.9% sodium citrate
solution into a sterile test tube. The obtained
cell suspension was incubated in hypotonic medium
for 10 min at 37°C. Then it was centrifuged for 5
min at 200 g and a small amount of pellet was left in
the test tube. Cells were fixed in a cooled mix-
ture (methyl alcohol with glacial acetic acid (3:1)
at (6 = 2)°C. During a 60-min fixation at (6 = 2)°C,
the fixative was thrice changed with an interme-
diate pellet resuspension and subsequent centri-
fugation. In the last fixative, the pellet was resuspen-
ded and applied to a sterile cool glass slide (6 =+
2)°C. The glass was rapidly passed through the
burner flame so that the fixative ignited, but preven-
ting it from overheating. Preparations were stained
by Romanowsky-Giemsa. The analysis was carried
out in 2,000 cells, and those in mitosis [1, 11]
were determined with ‘Carl Zeiss Primo Star’ mic-
roscope (Carl Zeiss, Germany).

The data obtained were statistically processed using
parametric methods (Student’s t-test), the sample
was preliminary tested for normality of distribution,
with the values in Tables presented as X + SE, where
X was the sample mean, SE was the standard error
of the mean. Statistical analysis was performed using
Excel (Microsoft, USA) and PAST (Palacontological
Association, Norway) software packages. Differences we-
re considered reliable at a significance level of p <0.05.
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nae 3 JaHuMH iHmMX astopis [3, 10, 11]. Pe3ynb-
TaTH aHAJIi3y MITOTUYHOTO 1HIEKCY KiCTKOBOTO MO3KY
JpYroro CTErHa 3a YMOB KOPOTKOCTPOKOBOTO TiIO-
TEPMIYHOTO BIUIMBY MPOTSITOM TOIMHH OYITH CXOXKHMH
3 MITOTUYHUM I1HIEKCOM KICTKOBOTO MO3KY ITEPIIIOTO

- ' '_:A"

.\‘}*o':

10 um

%
*« A8 s

Results and discussion

The values of bone marrow mitotic index were
comparatively analyzed in Groups 1 and 2 under
different conditions (Table 1). Under body temperature
conditions during immediate examination, a mitotic

B .
r I
4 I
’2

|

A,

10 pm

-
« -

Puc. 1. IHTepdasHa cTagis miTody: A — HeranmHe OOCTEXEHHS Npu TemnepaTtypi Tina iHTakTHUX TBapuH, B — HeraiiHe
oOCTexXeHHs Npu Temneparypi Tina TBapuH nicnsa ripygonoriyHoro Bnnuney, C — KOPOTKOCTPOKOBWIA FNOTEPMIYHUIA BB
Ha KICTKOBUIM MO30K iHTaKTHMUX TBapuH, D — KOPOTKOCTPOKOBUI FiNOTEPMIYHUI BNNNB Ha KiICTKOBUIN MO30K iHTaKTHUX TBa-
pVH nicna ripyaonoriyHoro BNAvBY (YOPHUMU CTPINKamMmn No3Ha4YeHo KNiTUHY Ha cTagii MiTo3y); 3a6apBreHHsi 38 METOLOM
PomaHoBcbkoro-imMau.

Fig. 1. Interphase: A — immediate examination at body temperature of intact animals, B — immediate examination at body
temperature of animals after medicinal leech application; C — short-term hypothermia on bone marrow of intact animals,
D - short-term hypothermia on bone marrow of intact animals after medicinal leech application (black arrows mark a cell

in mitotic stage); bar length is 10 ym; Romanowski—Giemsa stain.

crerta i gopisHroBam (13,13 £ 1,10)%0 (p > 0,05).
OnepkaHi JaHi CBig4arh, IO BiJICTPOYCHHS MITO-
TUYHOI aKTUBHOCTI B CTErHax, W0 30epiranucs
32 YMOB KOPOTKOCTPOKOBOTO TIMOTEPMIYHOTO BILIH-
By TPOTITOM ToAWHHU 3a Temmeparypu (6 + 2)°C,
HE BIUIMBAE€ HA BUXiAHI HOTO DiBHI, SKi OTPUMAaHO
T 9ac HeraifHoro OOCTEXEHHS CTETHa B yMOBax
TeMIiepaTypy Tijla TBapuHU. Taka CTaOUIBHICTH
MTOKa3HHUKIB MITOTUYHOTO 1HACKCY KiCTKOBOTO MO3-
Ky JIa€ TIJICTaBy BBa)KaTH, IO 3aCTOCOBAHUHU KO-
POTKOCTPOKOBUH TilMOTEPMIYHUI BIUTUB J03BOJISIE
30epiraTd BUXiJHI MMOKAa3HUKH MITOTHYHOTO iHJICK-
Cy, a TakoX (Di310JIOTi4HI BIACTHBOCTI O10JIOT1YHHX
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index of bone marrow cells in the intact animals
was within (14.73 £ 1.31)%o, that coincided with
the reported data of other authors [3, 4, 7]. The
results of analysis of the bone marrow, derived
from the second thigh under 1-hour short-
term hypothermia were similar with the mitotic
index of the bone marrow derived from the first
thigh and made (13.13 = 1.10)% (»p > 0.05).
These data testified to the fact that a delayed
analysis of mitotic activity in the thighs, stored
under 1-hour short-term hypothermia at (6 + 2)°C
caused no effect on its initial levels obtained during
immediate examination of the thigh at animal’s
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MeMOpaH KIiTHH, sIKi OJHAKOBO pearyBajii Ha Ti-
MOTOHIYHUI LIOK IiJ Yac PO3BENEHHS AJIsl KOH Iora-
uii xpoMocoM i Bigyamizauii ¢a3 mitogy (puc. 1-5;
Tabn. 1). be3 BIMBY TINOTOHIYHOTO MIOKYy Ha

. /Q‘

10 pm

body temperature. This stability of bone marrow
mitotic index values suggested the applied short-
term hypothermia to enable preserving the initial
values of mitotic index, as well as the physiolo-

.

/

Puc. 2. MNpodpasHa cTagis MiTody: A — HeramHe OGCTEXEHHS Npu TemnepaTtypi Tina iHTakTHUX TBapuH, B — HeraiiHe
oOCTexXeHHs Npu TemnepaTypi Tina TBapuH nicnsa ripygonoriyHoro Bnnuney, C — KOPOTKOCTPOKOBWI FNOTEPMIYHUIA BB
Ha KiCTKOBMI MO30K iHTaKTHUX TBapuH, D — KOPOTKOCTPOKOBWUI riNOTEPMIYHUIA BNIMB HA KiICTKOBUIM MO3OK IHTAKTHUX TBa-
pVH nicna ripyAonoriyHoro BNfMBY (YOPHUMM CTpinkamMu nomideHa KniTuHa y cTagii mMiTo3y); 3abapBrneHHsl 3a MEeToLoM

PomaHoBcbkoro-Iimau.

Fig. 2. Prophase: A — immediate examination at body temperature of intact animals, B — immediate examination at body
temperature of animals after medicinal leech application, C — short-term hypothermia on bone marrow of intact animals,
D - short-term hypothermia on bone marrow of intact animals after medicinal leech application (black arrows mark a cell
in mitotic stage); bar length is 10 pm; Romanowski—Giemsa stain.

aKTHBHO TmpoidepyBajbHi KIITHHU (HAPHUKIAM,
KM) Baxko BHOKpeMHTH IHTepdasHUi CTaH
simep KJITHH Big THX, SIKI 3HAXOMATHCS B I1HIIHX
¢dazax wmito3y (Hampukian, mpodaza Ta Mera-
daza).

YV sKoCT1 30BHIIIHLOTO BIUIMBY Ha KM TBapuHam
OyJI0 MOCTaBICHO MEAWYHY I SIBKY, IO 32 HAIIMMHU
nanumu [4, 7, 9, 12] Ta naHUMU iHIIUX aBTOPIB [6,
15-17, 20] BUKIHMKaNO CTHUMYJIOBAHHS MOKa3HHUKIB
NepeBaXHO MienoinHoi Ta NiM¢oigHol cucTeM op-
raniaMmy. B nmaHomy ekcrmepuMeHTI BHSBICHO CTH-
MymoBaJbHUHN BIUIMB ['B Ha MITOTHYHY aKTHBHICTb
KM mypiB, sSKkuii y mNOJAIBIIOMY peati3yBaBcs
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gical properties of cell biological membranes,
responded equally to hypotonic shock during dilu-
tion for chromosome conjugation and visuali-
zation of mitotic phases (Fig. 1-5; Table 1). With
no impact of hypotonic shock on actively prolifera-
ting cells (e. g., BM), it is difficult to distinguish
an interphase state of cell nuclei from those in
other mitotic phases (e. g, prophase and meta-
phase).

As an external effect on BM, the medicinal
leeches were applied to animals, that according
to our data [2, 8—10] and the reports of other authors
[14-17, 20], induced the stimulation of indices




MiABUILICHHSM TOKa3HHUKIB mnepudepuyHoi Kposi
MOPIBHSIHO 3 IHTAaKTHOIO rpymoro. KinbkicTe epu-
TPOIIUTIB 1 JEHKOIMTIB KpOBi mifgBuimiacs ua 20,9
Ta 26,3% BinmoBigHO, ane Oe3 3HAYYIIOTO 3CYBY

of mostly myeloid and lymphoid systems of the
body. This study revealed a stimulating effect of
MLA on mitotic activity of BM in rats, further
realized by an increase in peripheral blood parame-

Tabnuusa 2. 3aranbHa KifnbKiCTb NENKOUMTIB Ta epUTPOLMTIB, NerkounTapHa dopmyrna KpoBi
Table 2. Total leukocyte and erythrocyte counts, white blood cell differential

JNeikountapHa copmyna kposi, %
White blood cell differential, %
[pyna TBapuH
(n=20) Nenkountn, x 10%//n EputpounTtnn x 10'?/n Heiitpodinu
Group of Leukocytes, x 10%/L | Erythrocytes, x 10'?/L Neutrophils
animals {(n=20) Nimdouuntn MoHouuTn EosuHodinu
Lymphocytes Monocytes Eosinophils
cermeH- .
. nanu4yKkoAnepHi
TOoANEPHiI
banded
segmented
|
H;;Z::a 9,8 + 0,33 5,3 + 0,29 799 £+0,24 | 3,11 +0,13 | 88,04 + 1,4 (0,66 + 0,11 | 0,20 + 0,01
Fipynonoriyxuii
BMNNMB
- 13,3 £ 0,44*% 6,7 + 0,34* 7,76 £+ 0,23 | 2,91 + 0,13 | 88,38 + 1,3 (0,72 + 0,22 | 0,23 + 0,03
Medicinal leech
application

MpumiTka: * — NokasHWKK, SKi 3HaYyLLe BiApPi3HATLCA Bif TBapUH iHTakTHOI rpynu (p < 0,05).
Note: *— indices, significantly different from those of intact group animals (p < 0.05).

JedKoMTapHOi (HOPMYNIM KPOBI TOPIBHSIHO 3 iH-
TaKTHUMH TBAapHHAMH, IO CBITJIMIIO TIPO ii 30aan-
coBaHicTh (Tabm. 2). 3a ymoB I'B, sk mig gac He-
raifHoro OOCTEXEHHS, TaK 1 TPH KOPOTKOCTPOKO-
BOMY TiMOTEpMiYHOMY 30epiraHHi cTerHa NpOTS-
roM roauHu 3a Ttemmeparypu (6 = 2)°C, He BusB-
JICHO 3HA4YylIoi Pi3HMLI B MOKa3HUKAaX MITOTUYHOI
aktuBHOCTI KM (21,13 + 2,04) Ta (19,95 £ 2,22)%0
BiIOBiAHO (uB. TaOm. 1).

KopoTkocTpokoBuii TiMOTEpMiYHHN BIUTUB HE
Bi100pa3uBCs HEraTUBHO 1 HA MOP(OIOTIUHIH CTPYK-
Typi KITITHH KiCTKOBOTO MO3KYy TBapuH Trpymn 1 Ta 2.
MiKpOCKOTIIYHHMA aHaji3 Ma3KiB KICTKOBOTO MO3-
Ky HE BHUSIBUB B HUX MOPQOJIOTIYHOI PI3HUIN, IO
CIIOCTEPITa€ThCSA HA BCIX CTamigX MITO3Y: IHTEp-
¢a3zi (muB. puc. 1), npodasi (muB. puc. 2), meTadasi
(muB. puc. 3), anadazi (guB. puc. 4) Ta Tenodasi
(puc. 5). Pesymbratm MoOpQONOTIYHOTO —aHAMI3y
KIITHH y BCIX MiArpynax MNOKa3aldd iX HOpMallb-
Hy ¢iziomoriuny ¢opmy Ta po3mip, 0e3 MOLIKOI-
KCHHS T[HTOIIa3Mu Ta sfapa. Clijg  BigMITHTH,
mo ['B (sx crumymoBanbHuii daktop) € ¢iziorno-
TIYHAM 1 CYTTE€BO HE BIUIMBAE Ha TIMOTEPMIUHY
MIPOJIOHTAITII0 aHaJi3y KICTKOBOTO MO3KYy Ta HOTO
MONAJIBINY peajizaliio I Yac BUBYCHHS IIOKa3-
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ters as compared to the intact group. Erythrocyte
and leukocyte count increased by 20.9 and 26.3%,
respectively, but with no significant shift in white
blood cell differential vs. the intact animals,
thus testified to its balance (Table 2). Under ML A, both
during immediate examination and within 1-hour
short-term hypothermic storage of thigh at (6 + 2)°C,
no significant differences in the indices of BM mitotic
activity were found, i. e. (21.13 £2.04) and (19.95 +
2.22)%o, respectively (see Table 1).

A short-term hypothermia caused no negative
effect on bone marrow cell morphology of animals
from Groups 1 and 2. Microscopic examination
of bone marrow smears revealed no morpholo-
gical difference in them, which was obser-
ved throughout the all mitotic stages: interphase
(see Fig. 1), prophase (see Fig. 2), metaphase (see
Fig. 3), anaphase (see Fig. 4) and telophase
(Fig. 5). The results of analysis of cell morphology
in all the subgroups showed their normal physiolo-
gical shape and size without any damage to cyto-
plasm and nucleus. Notably, that MLA (as a sti-
mulating factor) is physiological and causes no
significant effect on hypothermic prolongation of
bone marrow analysis and its further implemen-
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HUKIB remonoesy. limotepmist 3pasKiB KiCTKOBOTO
MO3Ky HE BIUIMHYJAa Ha iX TINOTOHIYHY OOpOOKY
Ta MOp(QONOTIYHMIA CTaH KJIITHH Ha PI3HUX

CTaMiAX MITOTUYHOTO IMKIY TiJ Yac HeranHo-

tation when studying hematopoiesis parameters.
Hypothermia of bone marrow samples did not af-
fect their hypotonic treatment and cell morpho-
logy at different stages of mitotic cycle during

Puc. 3. MetadhasHa cTtagia miTo3y: A — HerariHe 0BCTeXEeHHsI MpU TeMmnepaTypi Tina iHTakTHUX TBapuH, B — HeraiiHe

obCTexxeHHs Npu TemnepaTypi Tina TBapuH nicng ripygonoriyHoro BnnvBy, C — KOPOTKOCTPOKOBMIA TNOTEPMIYHWIA BNUB
Ha KICTKOBUM MO30K iHTaKkTHMX TBapuH, D — KOPOTKOCTPOKOBWI TMNOTEPMIYHWUIA BMNSIMB Ha KICTKOBUM MO30K iHTaKTHUX
TBapPWH NicNs ripy4onoriyHoro BNAmBYy (YOPHMMU CTpifnkaMu noMivyeHa KniTuHa Ha cTagii MiTo3y); 3abapBneHHs1 3a MeTo-
nom PomaHoBcbkoro-Iimau.

Fig. 3. Metaphase: A — immediate examination at body temperature of intact animals, B — immediate examination at
body temperature of animals after medicinal leech application, C — short-term hypothermia on bone marrow of intact
animals, D — short-term hypothermia on bone marrow of intact animals after medicinal leech application (black arrows

mark a cell in mitotic stage); bar length is 10 pm; Romanowski—-Giemsa stain.

IO Ta KOPOTKOCTPOKOBOTO TiMOTEPMIYHOTO BILIHBY
MPOTSITOM TOAWHHU 3a Temmepatypu (6 + 2)°C (nuB.
puc. 1-5).

VY 3B’S3Ky 3 BHIIEBKAa3aHUM KOPOTKOCTPOKOBHI
rimoTepMiYHUN BIUIMB MOXe OyTH BKIJIIOYEHO B Oa-
raronpoQiIbHUNA anropuT™ JIaOOpaTOpHOTO aHami3y
i 4ac BUBYEHHS MITOTUYHOIO IHAEKCY B aKTHBHO
npoiidepyBaIbHUX KIITHHAX.

BucHoBKH

1. Iloka3zaHo, IO MITOTHYHHH IHOEKC KIITHH
KICTKOBOTO MO3Ky I1HTAKTHHX IypiB CTaTUCTUYHO
HE BIJIPI3HABCS MiJ] 9aCc HEralHOTO OOCTEKCHHS Iic-
ns Bumydenns 3 tina ((14,73 + 1,31)%o) Ta micns
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immediate and 1-hour short-term hypothermic
exposures at (6 = 2)°C (see Fig. 1-5).

Proceeding from the mentioned above, a short-
term hypothermia may be included into a mul-
tidisciplinary algorithm of laboratory analysis
when studying a mitotic index in actively prolifera-
ting cells.

Conclusions

1. Mitotic index of bone marrow cells in
the intact rats was shown not to statistically
differ when examined immediately after remo-
val from the body ((14.73 £ 1.31)%0) and fol-
lowed a short-term hypothermia for an hour




KOPOTKOCTPOKOBOTO TiOTEPMIYHOTO BIUIMBY MpO-
TSATOM TOOWHU 3a Temmepatypu (6 £ 2)°C ((13,13 £
1,10)%o0), mo CBiAYMIO TpPO TiHOTepMalbHY (Qik-
CaIlif0 BHXIJHOTO pIiBHS MITOTHYHOTO IHJIEKCY Ta

o A

L
e 9

10 w

at (6 £ 2)°C ((13.13 £ 1.10)%), thus testified
to a hypothermal fixation of initial level of mi-

index and maintenance of biomembrane
shock

totic
physiological

Py 2

state prior to hypotonic

l

10 pm

Puc. 4. AnacbasHa ctagis miTo3dy: A — HeranHe oB6CTEeXEHHS Npy Temneparypi Tina iHTakTHUX TBapvH, B — HeraliHe 06-
CTEXEHHs Npu TemnepaTypi Tina TBapwH nicns ripygonoriyHoro Binuey, C — KOPOTKOCTPOKOBUI FNOTEPMIYHUIA BNAMB Ha
KICTKOBUI MO3OK iHTaKTHMUX TBapuH, D — KOpPOTKOCTPOKOBWMIA FMNOTEPMIYHUIA BMMB HA KiICTKOBMI MO30OK iHTAKTHUX TBApWUH
nicns ripygonoriyHoro BNAvBy (YOPHMMK CTPINKaMu NoMiveHa KnituHa y cragii Mitosy); 3abapBneHHsi 3a metogomM Poma-
HoBCbKOro-limMau.

Fig. 4. Anaphase: A — immediate examination at body temperature of intact animals, B — immediate examination at body
temperature of animals after medicinal leech application, C — short-term hypothermia on bone marrow of intact animals,
D - short-term hypothermia on bone marrow of intact animals after medicinal leech application (black arrows mark a cell
in mitotic stage); bar length is 10 pm; Romanowski—Giemsa stain.

with further normal cell morphology preserva-
tion.

CTIMKICTh (hi310JIOTIYHOTO CTaHy OioMeMOpaH micis
FIMOTOHIYHOTO IIOKY, 3 IMONAJBIIUM 30epEKCHHIM

HOPMaJIbHUX MOPQOIOTIYHUX CTPYKTYP KITITHH.

2. BceraHoBieHo, 10 Micis 3aCTOCYBaHHS TBapu-
HaM TipyIdoJIOTIYHOTO BIUIMBY CIIOCTEpirajiacsi CTH-
MyJALis  mponidepaTHBHOT  aKTUBHOCTI  KIIITHH
KiCTKOBOTO MO3KY IIIypiB, PO IO CBiJYUTH IIiJIBHU-
IIEeHHA 1X MITOTHYHOTO IHJEKCY, SKAW Y IIOJIalb-
momy OyB peani3oBaHMH 30UIBIICHHSIM KUTBKOCTI

2. Medicinal leech application revealed the
stimulation of proliferative activity of rat bone
marrow cells, as evidenced by an increase in
their mitotic index, further implemented by
an enhanced count of erythrocytes and leukocy-
tes (by 20.9 and 26.3%, respectively), with a ho-
meostatically balanced white blood cell diffe-
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eputpouuTiB (Ha 20,9%) Ta nefikouutiB (Ha 26,3%),
3 TOMEOCTAaTHYHO 30aJIaHCOBAHOIO JIEHMKOLUTap-

HOIO (opmynoro KpoBi. OIliHKa MITOTUYHOI aK-

pum
"l .

rential. Evaluation of bone marrow mitotic ac-
tivity in rats after applying the medicinal leeches
together with a 1-hour short-term hypothermia

" 10 pm

B I

Puc. 5. TenodasHa cragis MiTosy: A — HeraviHe 0bCTEXeHHsI Npu Temneparypi Tina iHTakTHUX TBapwH, B — HeraiiHe
oOCTexXeHHs npu Temnepatypi Tina TBapuH nicnsi ripygonoriyHoro BrnvBy, C — KOPOTKOCTPOKOBWIA TiNOTEPMIYHMN
BMNSIMB HA KICTKOBUA MO30K iHTAKTHUX TBapwuH, D — KOPOTKOCTPOKOBUW FiNOTEPMIYHMIA BMNSIMB Ha KICTKOBUA MO3OK iHTaKT-
HUX TBapWH Micns ripyaonoriyHoro BnAvBy (YOPHUMK CTpinkamu nomivyeHa KniTuHa y cTagii MiTo3y); 3abapBreHHs1 3a
meTtogomMm PomaHoBcbKoro-Iiman.

Fig. 5. Telophase: A —immediate examination at body temperature of intact animals, B — immediate examination at body
temperature of animals after medicinal leech application, C — short-term hypothermia on bone marrow of intact animals,
D - short-term hypothermia on bone marrow of intact animals after medicinal leech application (black arrows mark a cell
in mitotic stage); bar length is 10 pm; Romanowski—Giemsa stain.

TUBHOCTI KiCTKOBOTO MO3KYy IIypiB TiClII CyMic-
HOTO TipyIOJOTiYHOTO Ta KOPOTKOCTPOKOBOTO TiMo-
TEPMIYHOTO BIUIMBY TMPOTSITOM TOIWHH 33 TEM-
neparypu (6 £ 2)°C He BUsIBHIA 3MiH LBOTO IIO-
kazHuka ((21,13 + 2,04) Ta (19,95 £ 2,22)%o Biamno-
BIJTHO).

3. Buxopucrtanmii y poOOTI KOPOTKOCTPOKO-
BHI TIMOTEPMIYHWN BIUIMB HA KIITHHA KiCTKO-
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at (6 £ 2)°C showed no changes in this index
(21.13 += 2.04) and (19.95 £ 2.22)% respecti-
vely).

3. Applied here short-term hypothermia
impact on bone marrow cells may be enrolled into
multidisciplinary algorithm of laboratory analysis
for study of mitotic index in actively prolifera-
ting cells.
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BOTO MO3KY MOXe OyTH BKIIOYEHHM Yy Oararorpo-
¢GinpHUI  anropuTM J1TaOOpaTOPHOTO aHawi3y i
BUBUCHHS MITOTHYHOTO 1HJIEKCY AaKTHBHO IIpO-
JidepyBaNbHUX KITITHH.
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