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Abstract. The problem of selenium deficiency on
thyroid hormones production and their influence upon the
development of osteopenia and osteoporosis is discussed in
the article. The authors examine peculiarities of reparative
osteogenesis in case of post-traumatic defects of the femo-
ral metadiaphysis under conditions of selenium deficiency
on experimental animals. The evidence presented are in-
dicative of a negative influence of selenium deficiency
upon reparative and physiological osteogenesis which is

exhibited by inhibition of these processes and is accompa-
nied by disorders of osseous regeneration formation, dete-
rioration of the structural-functional condition of the osse-
ous tissue, development of degenerative-necrotic changes
in the osseous tissue and epiphyseal cartilage. Selenium
containing agents were found to have a positive effect on
normalization of osteogenesis and osseous regeneration.
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Topicality. Numerous investigations today
have proved the influence of thyroid hormones upon
the development and metabolism of the skeletal tis-
sues [2-6, 7, 9]. Thyroid hormones in physiological
concentrations are found to stimulate proliferation
and activity of osteoblasts, and biosynthesis of ma-
trix macromolecules and its formation outside the
cells in particular, promote proliferation and matura-
tion of the epiphyseal cartilage chondrocytes stimu-
lating the growth of bones longwise. Availability of
nuclear receptors in osteoblast-like cells and os-
teoblasts themselves, stromal stem cells of the bone
marrow, osteoclasts and chondrocytes of the epiphy-
seal cartilage is a part of the mechanism of the thy-
roid hormones action [3]. Thyroid hormones defi-
ciency may cause the development of osteopenia and
0steoporosis.

Deiodinases are selenium containing enzymes
which activity depends on their amount in diet only.
For example, selenium deficiency in rats during 5-6
weeks results in decreased T; production in the
brain, liver and kidneys. T; and T, content increases
and decreases in animals due to selenium deficiency
[6, 8, 9].

Attempts to remove diseases caused by iodine
deficiency by means of iodine containing drugs only,
without preliminary elimination of selenium defi-
ciency, increases a relative amount of “goiter trans-
formations” (diffuse enlargement of the thyroid
gland, adenomatous or mixed goiter, autoimmune
thyroiditis) from 18 % to 83 % [8, 9]. This effect is
explained by a stimulating action of iodine contain-
ing agents upon the thyroid function leading to acti-
vation of oxidation-reduction processes in the tis-
sues. In case antioxidant defense connected with
selenium deficiency is disturbed in the cells activa-
tion of redox processes in the gland epithelium do
not disappear completely.

Today a number of unsolved issues are left
without proper attention of researchers, and the fol-
lowing questions need to be examined: the influence
of selenium deficiency conditions on the osseous
tissue and healing of post-traumatic bone defects
under conditions of selenium deficiency.
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Objective: to examine in the experiment peculi-
arities of reparative osteogenesis in case of post-
traumatic defects of the femoral metadiaphysis under
conditions of selenium deficiency.

Materials and methods: the experimental part
of the research was conducted on 63 selected at ran-
dom albino male rats of three months of age. Peculi-
arities of reparative osteogenesis was studied on a
single type model of traumatic injury designed in the
proximal femoral metadiaphysis irrespective of the
experimental conditions presented like a perforated
defect in the frontal section. The defect was made by
means of a drill of | mm in diameter.

The animals were kept under conditions com-
pletely meeting the international requirements con-
cerning cage housing and food allowance. The ex-
periment was conducted on the control and main
groups of animals.

The control group included 21 animals, where
the course of reparative osteogenesis was studied
without administration of medicines or physical in-
fluence upon osteogenesis.

The main groups included 42 rats divided into
two subgroups with 21 animals in each.

Selenium deficiency in the main group of ani-
mals was designed by means of giving food with low
selenium content (up to 6 mcg/100 g). 72 days later a
perforated defect was made on the region of the
proximal femoral metadiaphysis. After injury the
first group of animals was still kept under conditions
of selenium deficiency, and the second group was
helped out of selenium deficiency conditions by
means of food allowance with higher selenium con-
tent (up to 55 mcg/100 g) in combination with the
medical agent “Selenium-Active” at the rate of 55
mcg/kg/day.

The course of reparative osteogenesis under the
influence of the above mentioned induces conditions
of rats was examined by histomorphological method
on the 7, 15 and 30 days after the injury was got.

Surgery was performed in the vivarium operat-
ing room at Bukovinian State Medical University
observing asepsis and antisepsis rules under
aminazine-ketamine narcosis.
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With the aim to prove the presence or absence
of selenium deficiency condition selenium concen-
tration in the blood plasma of the experimental ani-
mals was tested. Blood samples in the volume of 2
ml were taken by means of puncturing the posterior
vena cava with its further centrifugation. Before cen-
trifugation officinal heparin solution at the rate of
250 UN/ml was added to the blood. Centrifugation
was performed by means of the laboratory centrifuge
SM6.03 at the rotation rate of 1500 rotations per
minute. As the result of centrifugation blood plasma
was received. 1 ml samples were taken from the frac-
tions obtained for further examination, they were
frozen at the temperature of -33°C.

The samples were examined by means of selec-
tive atomic-absorptive analyzer MI'A-915. Histo-
logical specimens were obtained by means of gener-
ally accepted methods and hematoxylin and eosin
staining techniques. The square of post-traumatic
regenerated region was measured with Avtandilov’s
planimetric ruler [1].

During the whole experiment the animals were
kept under proper climatic conditions observing 12-
hour light regime and standard food allowance ac-
cording to the requirements of the international prin-
ciples of the European convention for the protection
of vertebrate animal soused for experimental and
other scientific purpose (Council of Europe 18-
.03.1986. — Strasburg. — 1986. — 52 p.), and the Law
of Ukraine Ne 3447-1V dated 21.02.2006 “On the
protection of animals against brutal treatment” and
bioethical norms.

The material was statistically processed by
means of the software Statisticav. 5.5. Regularity of
distribution was checked by means of Shapiro test.
The hypothesis concerning statistical integrity of
both samplings was tested by means of Student crite-
ria, correlation analysis — by means of Spirman crite-
rion.

Results of the investigation. In the control
group of animals on the 7" day after getting the de-
fect, active cellular proliferation in the periosteum
and endosteum was detected with the formation of
rough fibrous osseous tissue against the ground of
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slightly pronounced phenomena of plethora and
swelling. Involvement of newly formed osseous tis-
sue in filling in the defect was 31,86+1,06 % (Fig. 1
a). In the animals of the first and second subgroups
the network of irregular thickness osseous septa are
found, intertrabecular cells between them are filled
mostly with fibroreticular bone marrow with an ex-
tended lumen of plethoric capillaries, pronounced
plasmostasis and swelling (Fig. 1 6, 1 c). The phe-
nomenon of filling in the defect was 19,57+0,95 %
and 22,36+0,82 % respectively.

15 days after a perforating defect had been
made in the control group of animals a slow forma-
tion of the periosteal osseous regeneration was found
by means of the microscope, mostly edged by the
region of injury of the femoral diaphysis. Endosteal
reparative process was characterized by the forma-
tion of rough fibrous osseous tissue and its rebuild-
ing. The phenomenon of filling in the defect was
48,7142,03 %. In the animals of the first subgroup
intertrabecular cells are mostly filled with fi-
broreticular bone marrow with an extended lumen of
plethoric capillaries, pronounced plasmostasis and
swelling signs, the compact osseous tissue of the
margins of femoral defect contained extended ne-
crotic areas, and the formation of the osseous tissue
layer by the kind of closing lamina was observed on
their periphery. The phenomenon of filling in the
defect was 23,57+0,95 %. The second subgroup was
characterized by a gradual restoration of reparative
activity in the osseous tissue formation, which was
accompanied by increased activity of proliferation
and osteoblastic cellular elements, 29,00+0,82 %.

30 days later in the control group of animals
proliferative cellular activity of the epiphyseal carti-
lage and availability of the process of endochondrial
ossification are indicative of rather high activity and
physiological regeneration (formation) of the osse-
ous tissue in the process longitudinal growth of the
bone, the phenomenon of filling in the defect was
95,42+2.,03 %. Certain peculiarities of the osseous
regeneration formation induced by selenium defi-
ciency in the body were seen. The changes found,
first of all, concerned proliferation and differentia-

Figure 1. Formation of osseous septa of the rough fibrous osseous tissue. 7 days after the injury (a — control group, 6 — first

subgroup of animals,

¢ — second subgroup). Hematoxylin-eosin. x10

63



BykoBuHCHKUH MeANYHMIT BiCHK

tion of cells into osteoblasts responsible for the for-
mation of the osseous tissue. The phenomenon of
filling in the defect was 38,14+1,50 %. In the second
subgroup reduction processes were progressing and
resulted in the formation of the osseous tissue and its
apposition on the surface of the osseous septa, inter-
trabecular cells were filled in with proliferating os-
teogenic cells, the areas of not numerous osteoclasts
were found, they produce dystrophic and necrotic
changes in the osseous tissue. The phenomenon of
filling in the defect was 51,28+1,50 %.

Therefore, the evidence presented are indicative
of a negative influence of selenium deficiency upon
reparative and physiological osteogenesis which is
exhibited by inhibition of these processes and is ac-
companied by disorders of osseous regeneration for-
mation, deterioration of the structural-functional
condition of the osseous tissue, development of de-
generative-necrotic changes in the osseous tissue and
epiphyseal cartilage.

Conclusions

In the experimental group of animals with simu-
lated selenium deficiency the formation of osseous re-
generation was slow and occurred against the ground of
marked disorders of blood supply.

The course of reparative process in the first sub-
group of animals with simulated selenium deficiency
was characterized by inhibition of the formation and
remodeling of regeneration which is reflected in
minimization of a relative square of the lamellar os-
seous tissue as compared to the control.

3. The use of food allowance with the content of
selenium up to 55 mcg/100 g in combination with
the medical preparation “Selenium-Active” at the
rate of 55 mcg/kg/day in the group of animals with
simulated selenium deficiency results in activation of
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reparative osteogenesis in the direction of its nor-
malization.

References

1. Asranmunos I'.I'. Meaununckas Mmopdomerpus. PykoBon-
crBo / I'.I'. ABranaunos. — M.: Meaununa, 1990. — 384 c.

2. bBbpycko A.T. TeopernuHi Ta Gi0JOTi4HI aCMIEKTH 3arOEHHS
nepenoMiB kictok / A.T. Bpycko // Xipypriune jikyBaHHs,
MenuuHa peabimitaiiis, ¢izioTepamis NpH mepeaoMax
KICTOK Ta 3aXBOPIOBaHHAX Cyriio0iB: MixHap. Hayk.-
npakT. KoHQ. 3 MixkHap. y4., 10-11 xBitHs, 2008 p.: Te3n
morr. — KuiB-ManbkiBka, 2008. — C. 14-17.

3. Taiiko I'.B. Teopernyeckue acreKkTbl pU3NOTOTUIECCKON U
MAaTOJIOIMYECKON pereHepanuu Kocreil ¢ mo3uuuii cucTeM-
HbIX npencrasieHuid / I'.B. Taiiko, A.T. bpycko // XK.
HAMH VYxkpaunsl. —2013. - T. 19, Ne 4. — C. 471-481.

4. TI'puroporckuii B.B. MeTtabonuueckasi peakius OpraHus-
Ma M pernapaTHBHasl pereHepanysi KOCTH MPU MHULUHPO-
BaHHOM noBpexenun / B.B. I'puroposckuii, C.M. Maro-
menoB // Opromenusi, TpaBmaroi. u nporesup. — 2000. —
Ne2.—C. 101-102.

5. 3MiHH FOPMOHAIBHOTO CTaHy IIPH YCKJIAJHEHOMY Iepeoi-
Iy pernapaTMBHOIO OCTEOCHHTE3Y IIiCIs MHOXHHHHX Ta
noegHaHuX mepenomiB poerux kicrok / O.0. Koctpy0,
B.O. JIutosuenko, M.1. Bepeska [Ta in.] // [Ipo6i. octeon.
—2000. - T. 3, Ne 4. - C. 35-36.

6. Danish investigation on iodine intake and thyroid disease
Dan Thyr: status and perspectives / P. Laurberg,
T. Jorgensen, H. Perrild [et al.] // Eur. J. of Endrinology. —
2006. — Vol. 155. — P. 219-228.

7. Ren F. L. Efect of selenium and iodine deficiency on
bone, cartilage growth plate and chondrocyte differ-
entiation in two generations of rats / F.L. Ren R.X. Guo //
Osteoarthritis  Cartilage. — 2007. — Vol. 15. -
P. 1171-1177.

8. Visser T.J. The elemental impotance of ufficient iodine
intake / T.J. Visser // Endocrinology. — 2006. — Vol. 147,
Ne 5. —P. 4039-4045.

9. Selenoproteins in human thyroid tissues / P. Zagrodzki,
F. Nicol, J.R. Arthur [et al.] / Biofactors. — 2001. — Vol.
14. — P. 223-227.

MOP®OJOTMYECKOE BJUSAHUE JE®OULUTA CEJIEHA HA OCTEOT'EHE3
ILE. Kosanvuyk, M.B. I'acvko, C.B. Tyntonwok

Pesome. B cratbe oOcyxaaercs npobdiema aeuuuta ceneHa, BIUsSHUE 3TOro Npoliecca Ha MPOU3BOACTBO TOPMOHOB
IIMTOBUJTHOM JKEJIe3bl, YTO B IIOCJICICTBUU MOXKET IIPUBECTH K Pa3BUTHIO OCTEONEHUH U OCTEONOPO3a. ABTOPBI pacCMaTpu-
BalOT 0COOCHHOCTH pETapaTHBHOTO OCTEOTreHe3a MpH MOCTTpaBMaTHYeCKuX Aedexrax mMeTaguduza OeApeHHON KOCTH dKC-
MIEPUMEHTAJIbHBIX KUBOTHBIX B YCIIOBUSX ACQUIIUTA CeIIeHA.

Pe3ynprarsl HCCIeNOBaHUS CBHAETEIBCTBYIOT O HETAaTHBHOM BIMSHHU Je(UIUTA CEIeHa HA OCTEOTeHEe3, KOTOPBIH
CONPOBOXKIAETCS HAPYHMICHUSIMH PEreHepaliy, YXyIIeHHEM CTPYKTYpHO-(QYHKIIHOHAIBHOTO COCTOSIHUSI KOCTHOHM TKaHH,
Pa3BHTHEM JeTeHEePaTHBHO-HEKPOTUUECKUX M3MEHEHHH B KOCTHOW TKaHH M ANTU(HU3aPHOM XpsiLIe.

KiroueBble ci10Ba: ocTeorenes, cene, AeuIuT.

MOP®OJIOTTYHUI BILIUB JIE®IIUATY CEJEHY HA OCTEOTEHE3
11.€. Koganvuyx, M.B. I'acbko, C.B. Tynroniox

Pe3tome. V crarTi 06roBoproethest podiaema nedinury ceneHy, BIUIMB LBOTO MPOLECY Ha BUPOOHHLTBO TOPMOHIB
IUTONOAIOHOT 3aJ103H, 10 Ha/ali MOXe HPU3BECTH 10 PO3BUTKY OCTEOINEHIT i 0cTeonopo3y. ABTOpH PO3riISAa0Th 0COOIH-
BOCTi pemapaTHBHOIO OCTEOreHe3y IPU MOCTTPaBMAaTHYHUX AedekTax MeTaau(ily CTErHOBOI KiCTKH €KCHEPUMEHTAIbHUX
TBapHH B yMOBaX ICQiLUTy CElICHY.
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Pe3ynpraté JOCHiKEHHS CBiqUaTh PO HETaTHBHUH BIUIMB Ae(INUTY CEJICHY Ha OCTEOTeHe3, SIKH CYIPOBOKYETHCS
TOPYLIEHHSIMH pereHepallii, HOTipIIeHHIM CTPYKTYPHO-(QyHKI[IOHATEHOTO CTaHy KiICTKOBOI TKAHMHH, PO3BUTKOM JeTeHepa-
THUBHO-HEKPOTHYHHX 3MiH y KiCTKOBIH TKaHHHI i eni(i3apHOMY XpSIL.

KurouoBi ciioBa: octeorenes, cenet, Aedinur .
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JLH. KOBaJlbllyKI, A.B. MOKié‘HKOz, K.K. llumﬁantox3

XAPAKTEPUCTUKA AHTPOIIOI'EHHOI'O 3ABPY/ITHEHHSI
IHHOBEPXHEBUX BOJAOUM YKPAIHCBKOI'O ITPUIYHAB’SA
IHOJIXJIOPOBAHUMMH BI®PEHIVIAMHM

'OntechKuit HaliOHATbHUIT MEIMUHHIT YHIBEPCHTET,
*JleprkaBHe MiIMPHEMCTBO «YKPAiHChKMil HAYKOBO-OCIIIHMH IHCTHTYT MEMIMHH TPAHCTIOPTY
MiHicTepcTBa 0XOpOHH 310poB’st YKpainm», M. Oxeca,
>TOB «IucnexTopar Ykpaina», M. Oneca

Pe3tome. Y poOOTi mpencraBieHa XapaKTEPHUCTHKA
AQHTPOIIOTEHHOTO 3a0pyAHEHHS MONIXJIOpOoBaHUMH OideHi-
namu (ITXB) moBepxHeBHx BoJoiM Ykpaincekoro IIpumy-
HaB’si. MakcumanbHi 3HaueHHs1 cymapuux [1Xb BusBieHi y
BOJIi MUTHHUX BOJI03a00PiB, IO CBIMYUTH MPO AOIIIBHICTH
nocnikeHHs npoaykrie Tpancdopmarii IIXB y mpoueci
XJIOpyBaHHsI 200 IHIINX METOXIB 3He3apakeHHs Boau. O0-

TpyHTOBaHa HEOOXimHICTh MoHiTOpuHTY BMicTy IIXB y
BOJIi Ta JOHHUX BIJKJIQJIAaHHAX TIOBEPXHEBHUX BOJIOHM YKpa-
fHcpKOTO [IpnayHaB’s Ta gociipkeHb 010JI0TIYHIX e(eKTiB
IIXB.

KiwouoBi cioBa: Boga, moBepxHeBi BOJOHMH, IMOJIi-
xJyopoBaHi Oipeninu, Ykpainceke [IpunyHas's.

Beryn. 3rigso 31 CrokromsMchkor0 KoHBeHITI-
€10 PO CTiHKi opradiyHi 3abpyaHIoBadi (TpaBEeHb
2001 p.), sy Ykpaina parucdikyBana y kBitHi 2007
p., 10 HaliHEOE3MEUHIUX JJIs JIIOJUHH 1 HABKOJIHUIII-
HBOTO CEpeOBUINA PEYOBUH HaJeXaTh 12 xjopopra-
HIYHMX CHOJIyK (TaKk 3BaHa «OpyaHa IIOXKUHAY»), Y
ToMy umcii moisixjopoBani Oipenimu (IIXB), ski
BHUKOPHCTOBYIOTBCS SIK JII€IEKTPUYHI Macia B TpaHCc-
(dbopmaTopax i KOHIEHCATOpaX.

I'onoBHUM jKEepesioM 3a0pyAHEHHS MPiCHOBOI-
HUX i Mopchkux Bopoiim [1Xb € mpommcioBi cTigHi
Boau. [IXb momanaroTh y BOZHE CEpEeIOBHIIE 31 CTO-
KaMHU TEXHOT'€HHOTO MOXOJKEHHS, 3 BUTOKAMH 1 BH-
KHJIaMHU BOJIHOTO TPAHCIIOPTY, 3 aTMOC(EepHUMH Tie-
penocamu. Heposuunni y Boai I[1Xb nepeGyBatoTs y
3BXCHOMY CTaHI 1 IOCTYNOBO OCIJalOTh Y JOHHI
BIJIKJTaJJaHHs, JI¢ BiAOyBa€eThCs iX HakomuueHHs. [lo-
nixnopOideHinn CTiliKi B HABKOJMIIHBOMY CEpesio-
BHUIN, MaJOPO3YMHHI Yy BOJi, KOHLIEHTPYIOTHCS B
JOHHHX Bi/IKJIaJaHHSAX BOJOWM, HEBEJIMKAa 4JacTHHA
ix 3a3Hae OioTpaHchopmanii MiKpoopraHisMamu i
Bogopoctsamu [1].

3arpo3a cuTyarii i3 CTaHOM BOJHHX PeCypcCiB
YkpalHu HEOZHOPA30BO OOTOBOPIOBAJIACH, 30KpeMa
CTOCOBHO HaiOLIbIIOT 3a0pyJHEHOCTI BIIKPUTHX
BOJIOWM 1 MII3EMHHX JKEPEN Y CXiHUX 1 MiBICHHUX
00acTaX, a TaKOXX THUPIOBUX 30H MOPCHKOTO y30e-
pexoks. OgHak 1 BOAHI 00’€KTH € BOJHOYAC Haii-
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MEHIII JOCIIHKEHUMH SIK CTOCOBHO KIJIBKICHOTO Ta
SKICHOTO BUBYEHHS TAaKOrO 3a0pyAHEHHs, Tak 1 3
TOYKH 30py HOTO BIUIMBY Ha 37I0POB’SI IIOAWHHU.

Ile MOBHOIO MIPOIO CTOCYETHCSI THPIIOBOI 30HH
p. HyHait Ta mpunyHnaiicekux o3zep (Karyn, Snmyr,
KatnaOyx, Kuraii, Cacuk), siki OCTaHHIMH pPOKaMH
3a3HAIOTh IHTEHCHBHOIO aHTPOIIOI€HHOrO 3a0pya-
HeHHs [2]. He3Baxkaroun Ha OYEBHAHY aKTYyalbHICTbh
i€l mpoOIIeMu, TOCTIKCHHS 3a0pyIHCHHS [UX BO-
moiim CO3, 30kpema [1XDB, Bkpaii oOMexeHi, a s
03ep, 3a JaHUMH JOCTYIHOI HAyKOBOI JiTeparypw,
B3araii BiZICyTHI.

Merta pocaimkenHsi. OxapakTepu3yBaTd aH-
TponoreHe 3abpynuenHs [IXB moBepxHeBHX BO-
oM Ykpaincekoro IlpuayHas’s.

Martepian i MmeTomn. Y poOOTi 3acTOCOBYBaIU
XIMIYHI Ta aHAJTITHYHI METOIU TOCIIIKCHB.

3pa3ku BOAM MOBEPXHEBHX BOJONWM YKpaiHCh-
koro Ilpunynas’s BinOupamu 23, 24 numast 2014 p.

Micus Binbopy npo0 Boau IpeacTasiieHi B Ta0-
i 1.

VY mpobax Boau BuzHavanu 16 [IXb — koHrine-
piB (cIIOpiIHEHUX CHOMYK, SKi HAJIEKATh IO OJHOTO
kimacy) 3 Homepamu 1o HoMmeHkmarypi I[UPAC
(International Union of Pure and Applied Chemis-
try): 8, 18, 28, 31,44, 49, 52, 66, 101, 110, 118, 138,
149, 153, 174, 183.
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