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Abstract. This study showed that in immature rats there are
differences in lipids peroxidation intensity and antioxidant activity in
the gingival tissues between healthy intact male and female rats. In
male rats lipids peroxidation

intensity is significanly lower than in

female and the gingival antioxidant capacity in female rats is higher
than in male rats. Hypobarick intermittent hypoxia equal the altitude
4000 meters (2 hours per day for 14 days) in immature female rats
decreases lipids peroxidation intensity and increases antioxidant
capacities in gingival tissues, in immature male rats hypoxia has no
effect on lipids peroxidation and decreases antioxidant activity
compared with control (normoxia) group. In the present study, there
was detected the sex related dependence of the gingival tissues
responses (lipids peroxidation intensity and antioxidant activity) on
intermitted hipobarick hypoxia in immature rats.

Introduction

In recent years it has become apparent in dental
research that, in man free radicals, reactive oxygen
species, and anti-oxidant defense mechanisms play an
important role in physiological and pathological situ-
ations. Europian scientists started in November 2009 up
to November 2013 the second international congress in
Oulu (Finland) to highlight and discuss the latest
development in the broad field of hypoxia response [11].

Hypoxia is a condition in which the body as a
whole (generalized hypoxia) or a region of the body
(tissue hypoxia) is deprived of adequate oxygen
supply. Hypoxia creates free radicals. Hypoxia and
free radicals, such as reactive oxygen can alter
function and/or activity of the transcription factor
hypoxia-inducible factor 1(HIF1) which promote
endothelial cell and tumor cell survival [8]. Reactive
oxygen species (ROS) are involved in the cell
growth, differentiation of tissues, development of
organs and body as a whole. Low concentrations of
ROS may be beneficial in processes such as defense
against micro-organisms. Various ROS mediated
actions in fact protect cells against ROS-induced
oxidative stress and re-establish or maintain “redox
balance”. ROS plays a certain role in regulation of
normal physiological functions, as well as in
pathological implications of altered redox regulation.
A dual role of both deleterious and beneficial species
of ROS is clearly substantiated [13]. A mild and non-
demaging intermittent hypoxia is used intentionally
during altitude training to develop an athletic perfor-
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mance adaption at both the systemic and cellular
level [1, 9].

Sex hormones play an important role in perio-
dontal health and disease .1t is clear that endogenous
sex steroid hormones play significant roles in modu-
lating the periodontal tissue responses [5]. Researchers
have focused mainly on females [10]. The research of
age characteristics of periodontal disease in children
and older females is limited.

Objectives

The objective of this study was to investigate
possible differences in the dental tissues prooxidant
and antioxidant capacities between immature female
and male rats, and their dental tissue reaction on
intermittent hypoxia.

Material and methods

The experimental group under study consisted of 32
immature inbred male and female albino rats (one month
old). Rats were assigned into one of the following groups
in accordance with experimental conditions: 1) normoxia
- control, 2) hypoxia. Hypobarick hypoxia was provided
by the hypoxia chamber and was equal the altitude 4000
meters. The non-damaging intermittent hypoxia was
applied for 2 hours per day from 9 to 11 o’clock a.m.
Experiment lasted 14 days.

In a supernatant of the gingival tissues of male
and female rats lipid peroxidation processes and
antioxidant enzymes activity were studied.

Intensity of lipid peroxidation processes was
evaluated by measuring the level of malonyl aldehyde

197



Kniniuna ma excnepumenmanvna namonozis

Tom XII, Ne3 (45), 2013

(MA), TBA (Thiobarbituric acid-active substances on
Beruheim F. method (modified by Timirbulatov R.A and
Selezneva’s E.I.) [1]. Activity supperoxidedesmutase
(SOD) was measured by means of restoration reaction of
Nitrotetrazoline blue (NTB) to Nitroformazane[12]. The
catalase (Cat) activity assay was done by a well known
method [7].

There were calculated: 1) antioxidant- prooxidant
index (AO/PO), and 2) balance of COD and Cat
activity (COD/Cat). Index AO/PO= (SOD+Cat)/(TBA
products). The received results were processed
statististically: based on the Student’s criteria with the
help of software program Microsoft Excel 2003.

Results and discussion

In this study differences in the gingival area
proxidant and antioxidant capacities were significant
between male and female immature rats in the control
groups and animals with hypoxia. (Table 1 and 2).

In the control group (normoxia), in male rats
lipids peroxidation intencity was significantly lower
(TBA products in 51,7%, MA in 49,5%) than in
female rats. In contrast, the gingival antioxidant
capacity in female rats was higher than in male rats.
In female animals SOD was 2,8 times and Cat 1,5
times more active and the level of balance SOD/Cat
about 2 times higher than in male animals. As a result
antioxidant-prooxidant index in control group of
female animals was higher in 14,4% in comparison
with male animals. As it is seen in female rats lipids
peroxidation process is much more intensive and
antioxidant activity significantly higher than in male

rats at the immature age. Some studies have indicated
dependace of pariodontal and gingival antioxidant
capacities on oestroges. They can influence the
periodontium at different life times such as puberty,
menstruation, pregnancy, menopause and postmeno-
pause [5]. Akalin et all [2] found that the antioxidant
capacity in gingival crevicular fluid was lower in
pregnant than in nonpegnant periodontitis groups.
Salivery antioxidant activity during the ovulatory phase
was significantly lower than during the follicular phase
in the women with periodontities [6]. The effects of
endogenous female sex hormones on the periodontium
are studied much better than androgens. By this time it
is clear that testosterone has inhibitory effects in the
cyclooxygenase pathway of arachidonic acid
metabolism in the gingiva, modulate interleukin-6
production by gingival tissue fibroblasts in vitro [5].
However, we could not find studies on a sex peculiarity
of gingival area in immature animals where production
of sex hormones by sex glands was not started.

Our study is in a concord with the other researchers
that in the immature ages female animals are more
susceptible to oxidative stress and their gingival
antioxidant capacity is higher than in male animals.
Our experiments with intermittent hypoxia proved that
suggestion. In this study, hypoxic immature female
gingival tissues reacted more intensively than male
gingiva. Intermittent hypoxia in female rats decreased
gingival capacities of DC in 11,7 % and MA in 17,2 %
as compared with control group.

At the same time in hypoxic female rats gingival
COD activity significantly increased in 39,8 %, balance

Table 1

Capacities of pro- and antioxidant systems in the gingiva of control and hypoxic female rats (M+m)

TBA-reacting substances MA SQD Cat
Female . nmol/mg U/minxmg s .
nmol/mg protein . . pmol/min*mg protein
protein protein
Normoxia
control 0.710+0.034 0.481+0.010 44.504+0.904 10.473+0.382
n=8
Hynpz‘;’“a 0.627+0.037 0.398:0.021 | 62.229+2.839 9.45210.395
p 0.011 0.002 0.002 0.024
Table 2
Capacities of pro- and antioxidant systems in the gingiva of control and hypoxic male rats (M+m)
TBA-reacting MA SOD Cat
Male substances nmol/mg U/minxmg pmol/min*mg
nmol/mg protein protein protein protein
Normoxia
control 0.343+0,017 0.243+£0.016 15.689+0,713 7.145+£0.200
n=8
Hynpz‘;’“a 0.318+0.019 0.2020.011 10.488+0,650 43020241
p 0.003 0.001
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COD/Cat in 54,5% and index AO/PO in 52,6 % as
compared with control (normoxic) group. In immature
male rats intermittened hypoxia effects were entirely
different. The lipids peroxidation intencity was about
the same as in control group, the activity of SOD was
lower in 33,1 %, Cat in 39,8 %, index AO/PO in 27,4 %
as compared with control (normoxic) group.

One possible reason for the differences in the
reaction between male and female immature rats may
be genetic factor, because hormonogenesis in sex glands
in immature age is absent. Of course, the hormones
(estrogens and progesterone in females, androgens in
male) play significant roles in modulating the
periodontal tissues responses and directly may
contribute to periodontal disease. In the present study,
there was detected the sex related dependence of the
gingival tissues responses (lipids peroxidation intensity
and antioxidant activity) on intermittent hypobarick
hypoxia in immature rats. May be that is why the
authors in their review of literature ( Effects of
endogenous sex hormones on the periodontium) have
concluded that the influence of sex hormones on
periodontal wound healing is still largely unclear [5]

Conclusion

We find a sex dependent difference in the gingival
proxidant and antioxidant capacities in immature rats. In
male rats lipids peroxidation intensity in gingival is
significantly lower than in female rats, and the gingival
antioxidant capacity in female rats is higher than in male
rats. Intermittent hypoxia (equivalent the altitude 4000
meters, 2 hours per day for 14 days) decreases lipids
peroxidation intensity and increases antioxidant
capacities in gingival tissues in female rats; in male rats
it has no effect on lipids peroxidation and decreases
antioxidant capacity as compared with control group rats.

Perspectives of further research

Further research is needed to improve the
understanding of the factors which cause the
difference in the proxidant and antioxidant status of
gingival tissues in male and female.

References. 1.A mild and non-damaging intermittent hypoxia
is used intentionally during altitude trainings to develop an athletic
performance adaptation at both the systemic and cellular level /
Hipoxia (medical) www.priceton.edu 2.Akalin F. A. Total
antioxidant capacity and superoxide dismutase activity levels fluid
in pregnant women with chronic periodontitis/ F. A. Akalin,
E.Batacioglu, A. Alver [et.all]/J. Periodontol.- 2009.- Vol.80, - p.
457-467 3.Beruheim F., Mary L.C. Beruhiem, Karl M. Wilbur:
The reaction between thiobarbituric acid and the oxidation product
of certain lipids// J,Biol. Chem. — 1948. — 174. — P.257-264. 4.Goth
L. A simple method for determination of serurrfcatalase activity and
revision of reference range / L. Goth // Clinica Chimica Acta.-
1991, Vol. 196, Issues 2-3,15.- P. 143-151. 5.Gence G.N. Effects
of endogenous sex hormones on the periodontium - Review of
literature / G.N. Gencs, T.F. Tuzem, F. 3aglayan // Australian
Dental Journal.-2005; 50: (3):138-145. 6. Kawamoto A.
Relationship between salivary antioxidant capacity and phases of
the menstrual cycle / A. Kawamoto, N. Sugano, M. Motohashi

= Femal

m Male

MNormoxia Hypoxia

Figure 1. Balance SOD/Cat in the gingiva of control and
hypoxic female and male rats

40

= Fermnal
30 m Male
20

10

Normoxia Hypoxia

Figure 2. Index AO/PO in the gingiva of control and
hypoxic female and male rats

[et.al] // Journal of Periodontal Research.-2013.-Vol.47, Ne47,
Issue 5.-P.593-598. 7.Korolyuk M. A. Method for determination
of catalase activity/ Korolyuk M. A., Ivanova L. I., Mayorova I. H.
[et all] Lab. Delo. — 1988.- Nel — p. 16-18 8.Mark W.Dewhirst
Cycling hypoxia and free radicals regulate angiogenesis and
radiotherapy response / Mark W.Dewhirst, Yiting Cao, Benjamin
Moeller // Nature Reviews Cancer.-2008.-P.425-437. 9.Muza S.R.
Altitude Acclimatization Guide / Muza S.R., Fulco C.S.,
Cymerman A. (2004). U.S. Army Research Inst, of Environmental
Medicine Thermal and Mountain Medicine Division Technical
Report (USARIEM-TN-04-05). Retrieved 2009-03-05.
10.Periodontitis and systemic diseases — proceedings of a
workshop jointly held by the European federation of
periodontology and American academy of periodontology. //
Journal of periodontology Online.-2013, Vol.84, Ne4-s. — S.164-
S.209 11.Regulatory aspects in cells, tissues and organism. 8-12
June 2013 at Oulu, Finland // www.hypoxia-finland.com
12.Sandstrom J., Nilsson P., Karlsson R. 10-Told increase in
human plasma extracellular superoxide dismutase content caused
by amutation in heparin- binding domain//J. Biol. Chem. — 1994.
—269, Ne29.- P. 19163-19166. 13.Valkoa Marian Free radicals and
antioxidants in normal physiological functions and human disease
/ Marian Valkoa, Dieter Leibfritzb, Jan Moncola at all// Journal of
Biochem &Cell Physioloy.-2007, Vol.39, Issues1.-P.44-84.

CTATEBO3AJIEJKHA PEAKIISI TKAHUH SICEH
CTATEBOHE3PIJIUX LTYPIB HA IIEPEPUBYACTY
I'IIMOBAPUYHY I'IlTTOKCIIO.

I I. Xooopoecovkuii, P.P. /Imumpenko, O. I. Acincoka

Pe3rome. B excriepiMeHTi 3aCTOCOBYBaJIU TinoOapUyHy Ie-
pepuBYacTy TiHNOKCito (2 TOAMH Ha JeHb NpoTsIroM 14 1HiB) ex-
BiBasieHTHY Bucoti 4000 meTpam Haj piBHeM Mops. Beranosie-
HO, 1110 B IHTAKTHUX CTaTeBOHE3PLIMX LIypIB iCHY€ Pi3HUILI B pe-
aKIlil TKAHWH SICCH Ha TIMOKCif0. Y caMIliB iIHTCHCHBHICTh Mepe-
OKCHIaLii JIIMiIiB CyTTEBO HIKYA HIXK Y CAMHIIb, 8 aKTUBHICTb
AQHTHOKCHJAHTHUX ()EPMEHTIB BUIL[A B CAMHLb Y OPIiBHSIHHI 3
camusamu. [TepeprBuacTa rirnokcist y caMuIb 3HIXKYBaa B TKa-
HHMHAX SICEH PiBEHb MEPOKCHIALIT JIIITi/TiB Ta IMiBHIIyBaJia aHTH-
OKCHIQHTHY aKTHBHICTb; y CaMIliB HE BIIMBAJIA Ha IIEPOKCU LA~
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IO JIMIAIB 1 3HWKYBaJla PIBEHb aHTHOKCHIIAHTHOTO 3aXHUCTY B
MOPIiBHSHHI 3 IHTAKTHUMH TBapUHAMH. Y TAHOMY JOCTiKEHHI
BCTaHOBJICHA CTATEBa BIMIHHICTB y CTaHi IIEPOKCHIALIT JTiITi/TiB
1 aHTHOKCHUIAHTHOI AKTUBHOCTI B TKAHWHAX SICEH CTATeBOHE3Pi-
JMX IIyPiB, Y IKAX TOPMOHOTEHHA (PYHKI[iSI CTATEBUX 3aJI03 LIe
He aKTHBHA, a TAKOXX BIUIUB Tilo0apu4YHOl MepepuB4acToi
Trirnokcii Ha 3a3HaYEHUi CTaH.

KutrouoBi csioBa: rimobapuyHa TilmoKcis, CTaTeBOHE3PLIL
caMlIli Ta CaMUIIi Iy piB, HEPOKCHIALLIS JIIiiB, AHTHOKCUAAHTHI
(hepmeHTH.

HOJIOBASL 3ABUCHMOCTH PEAKIIAA TKAHEM
JECEH HA NITPEPBIBUCTYIO 'NIIOKCHIO ¥
IOJIOBOHE3PEJIBIX KPBIC

I. H. Xoooposckuii, P.P. /Imumpenko, E. H. Acunckan

Pe3rome. B skcriepumeHTe MOKa3aHo, YTO B TKAHSIX JIECEH
CyYmECTBYOT pa3jindusgd B HHTEHCHUBHOCTU NPOLECCOB
nepexkucHoro oxkuciaeHusd aunuaos (ITOJI) u akTuBHOCTH
AHTUOKCHUIAHTHBIX (.JpepMeHTOB HWHTAKTHBIX IMOJIOBOHE3PEIIBIX

CaMIIOB U CaMOK. Y caMI1[0B HHTeHCHBHOCTH I1OJI 3HaunTEIEHO
HIDKE Y€MY CaMOK, a aHTHOKCHaHTHAsI aKTHBHOCTb BBILIE Y
CaMOK I10 CpaBHEHHIO ¢ caMmiamu. ['mnobapudeckas mnpe-
peiBuctas runokcus 4000MeTpoB Hax ypoBHEM Mops (2 Jaca B
neHp 14 mueit) y camok cHikaeT [1OJI u moBeImiaeT aHTH-
OKCHJIAHTHYIO aKTHBHOCTb, y CAMI[OB HE OKa3bIBACT BIUSHUS Ha
ITOJI u cHMXAeT ypOBEHb aHTHOKCHIAHTHBIX (EPMEHTOB.
B naHHOM HCCIIEJOBaHHH B TKaHIX ACCCHb yCTAHOBICHBI
MOJIOBBIE Pa3JH4YHs B COCTOSHHU IMPOOKCHIAHTHOW H
AHTHOKCHAAHTHON (epMEeHTHO# cHCTEM y MHTAKTHBIX
IOJIOBOHE3PEJIBIX KPBIC, @ TAKKE 0COOCHHOCTH PearupoBaHUs
9TUX CHCTEM Ha PHIIOKCHIO.

KitoueBble ciioBa: runobapuyeckas THIIOKCHS, HEOJIO-
BO3pEJIbIE CaMIIbl U CAMKH KPbIC, JIMIHMIHAS TIEPEOKCH AL,
AHTHOKCH/IAaHTHBIC EePMEHTHI.
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