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LIPID PEROXIDATION AND ANTIOXIDANT PROTECTION IN PERIODONTAL
TISSUES UNDER THE ACTION OF LOCAL PATHOGENIC FACTOR ON GUMS IN
RATS EXPOSED TO MODELED SYSTEMIC INFLAMMATORY RESPONSE"

A.M. Yelins’ka, V.O.Kostenko
Ukrainian Medical Stomatological Academy, Poltava

The purpose of the work was to study the state of lipid peroxidation (LPO) and antioxidant system in periodontal tissues
under the influence of the local pathogenic factor on the gums in rats against modeled systemic inflammatory response
(SIR) reproduction. The study was carried out on 40 white male rats of the Wistar line weighing 180-220 g, divided into
4 groups: the 1% included intact animals, the 2™ was made up by animals subjected to SIR modeling, the 3 included
animals, which were subjected to modeled acute gingivitis by applying 5% sodium hydroxide (NaOH) solution onto their
gums, and the 4 group involved rats with acute gingivitis induced by 5% NaOH solution against modeled SIR. SIR was
induced by intraperitoneal administration of lipopolysaccharide Salmonella typhi (pyrogenalum) in a dose that stimulated
rise in temperature by 1.5 °C. During the following seven weeks of the experiment, rats were given 4 MPD / kg of body
weight once a week. To simulate the action of local pathogenic factor affecting the gums we used the modeled acute
gingivitis. For this purpose we irrigated the rats’ gums with 5% NaOH solution through 10 s. The simulation of SIR is ac-
companied by the development of decompensated LPO in periodontal tissues, by the decrease in their antioxidant poten-
tial as well as the activity of superoxide dismutase and catalase. The application of 5% NaOH solution onto the gums is
accompanied by the development of compensated LPO in periodontal tissues with an increase in the activity of superox-
ide dismutase and catalase. The application of 5% NaOH solution onto the gums against modeled SIR causes an in-
crease in the production of by-products of LPO in periodontal tissues and reduced their antioxidant potential, as well as
the activity of superoxide dismutase and catalase compared to separate simulations of SIR and acute gingivitis.
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Metoro pobotu 6ys10 3'9CyBaHHS CTaHy NEPOKCUAHOrO OKUCHEHHS ninigiB (I10J1) 1@ aHTUOKCUAAHTHOI CUCTEMM Y TKaHU-
Hax napodoHTa LYypiB 3@ YMOB Aii MICLUEBOro naToreHHOro YHHWKAa Ha sICHa LypiB Ha T/1i BIATBOPEHHS CUCTEMHOI 3ana-
JIbHOI Bianosigi (C3B). focnimkerHs 6y riposeaeri Ha 40 6innx wypax-camysix fiHii Bictap macoro 180-220 r, po3nogi-
JIeHNX Ha 4 rpyrn: 1-1wa — iHTakTHI TBapuHm, 2-ra — nic/is siarBopeHHs C3B, 3-1a — nic/is anviikadii Ha sicHa 5% po3dnHy
rigpokcugy Hatpito (NaOH), 4-1a — nicas annikauii Ha sicHa 5% po3unHy NaOH Ha 1/i BigTBopeHoi C3B. OCTaHHIO BiAT-
BOPIOBa/IN LUJISIXOM BHYTPILLHLOOYEPEBUHHONO BBEAEHHS Jlinonosicaxapmgy Salmonella typhi (riporeHan) y aosi, sika
cripysna y wypis niagsuLeHHro Temnepatypm Ha 1,5°C. 715 BiATBOPEHHS Aii MICLUEBOro naToreHHoro YnHHuKa Ha sicHa
BUKOPUCTOBYBA/IN MOAE/Tb FOCTPOIO FIHrIBITY. LLypam Ha scHa HaHocuim 5% po3umH NaOH LLISIXOM 3pOLLEHHS rPOTAroM
10 c. BiatBopeHHs1 C3B CyrnpoBOMWKYETLCS PO3BUTKOM AeKkomrieHcoBaHoro 101y MaKux TKaHUHax napofoHTa, 3HWKEH-
HSIM Y HUX aHTUOKCUAAHTHOIO MOTEHLIasy, akTUBHOCTI CYNePOKCUMAANCMYTAa3N Ta KaTanasu. Arviikayis Ha sicHa 5% pos-
4yuHy NaOH CyrpoBOmAKYETLCS PO3BUTKOM KoMieHcoBaHoro 10J] y TKaHnHax napoaoHTa 3i 36I/IbLUEHHAM aKTUBHOCTI Cy-
NEPOKCUAANCMYTA3N Ta KaTasasu. HaHeceHHs Ha cHa 5% po3zunHy NaOH Ha 11 BiaTBOpeHoi C3B BUK/IMKAE 30i/IbLUEHHS
BTOpUHHUX 1pogyKTiB [10/1 y roMmoreHati M’aKkux TKaHuH rapofoHTa Ta 3MEHLLUEHHS Y HUX aHTUOKCUAAHTHOIO MoTeHLia-
J1y, aKTUBHOCTI CyrneEPOKCUAANCMYTAa3N Ta KaTa/siasu NMopiBHAHO 3 OKPEMUM BIATBOPEHHSIM C3B Ta rocTporo riHrisity.

KnroyoBi cnoBa: cucreMHa 3anarnbHa BignoBiab, FOCTPUN TiHriBIT, NEPOKCUAHE OKUCHEHHS MiniaiB, aHTMOKCMAaHTHa CUC-
Tema, NapOAOHT.

Introduction

Numerous literary reports have convincingly demon-
strated the role of derangements of oxidative metabolism
in the pathogenesis of stress, toxic, infectious and
neurodystrophic affection of periodontal lesions [2, 3].

We have shown an increase in the production of su-
peroxide anion radicals in periodontium tissues by mito-
chondrial and NADPH-dependent electron transport
chains of microsomes and nitric oxide synthase (NOS) as
well as by leukocyte NADPH oxidase in systemic inflam-
matory response (SIR). There has been revealed interfer-
ing the mechanism of autoregulation of the physiological
nitric oxide concentration in the periodontium that leads
to simultaneous increase in nitric oxide formation through
the NOS and nitrate / nitrite reductase mechanisms, re-
sulting in the development of oxidative-nitrosative stress
with rising peroxynitrite concentration [16].

Reactive oxygen and nitrogen species (ROS / RNS)
are known to initiate lipid peroxidation (LPO), which re-
sults in the disintegration in the connective tissues of
periodontium and the inhibition of collagen synthesis [12].

Thus, free radical processes are a pathogenetic chain
that provides the connection between systemic somatic
pathology and the state of the oral organs and tissues.
Most of manifestations relating to the complex of meta-
bolic disorders caused by systemic inflammation are
closely interwoven with the leading pathogenetic links in
the development and progression of chronic periodontitis
[4, 10, 15].

However, the state of metabolic processes in
periodontium under the conditions of combined action of
general (systemic inflammation) and local pathogenic
factors still remains unexplored.

The purpose of the work was to study the state of
LPO and antioxidant system in periodontal tissues of rats
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under the influence of the local pathogenic factor (5%
sodium hydroxide solution) on the gums in rats against
modeled SIR reproduction.

Materials and methods

The study was carried out on 40 white male rats of
the Wistar line weighing 180-220 g, d|V|ded into 4 groups:
the 1% included intact animals, the 2™ was made up by
animals subjected to SIR modeling, the 3" included ani-
mals, which were subjected to modeled acute gingivitis
by applying 5% sodlum hydroxide (NaOH) solution onto
their gums, and the 4" group involved rats with acute
gingivitis induced by 5% NaOH solution against modeled
SIR.

SIR was induced by intraperitoneal administration of
lipopolysaccharide (LPS) Salmonella typhi (pyrogenalum)
in a dose that stimulated rise in temperature by 1.5°C ac-
cording to the scheme [16]: during the first week, 4 mini-
mum pyrogenic doses (MPD) of 0.4 ug/kg of rat mass
were administered 3 times a week. During the following
seven weeks of the experiment, rats were given 4
MPD/kg of body weight once a week.

To simulate the action of local pathogenic factor af-
fecting the gums we used the modeled acute gingivitis
[6]. For this purpose we irrigated the rats’ gums with 5%
NaOH solution through 10 s.

The research was guided by the principles of biomed-
ical ethics. The animals were decapitated with ethereal
anesthesia in three days after the simulation of the exper-
imental models had been stopped. Soft tissues of
periodontium were the objects of the study.

The level of LPO in the tissues was evaluated by the
formation of a stained trimethine complex during the re-

action of tiobarbituric acid (TBA) and TBA-active products
before and after 1.5-hour incubation of homogenate in
the prooxidant iron-ascorbate buffer solution [13]. The
activity of the antioxidant system was assessed by in-
creasing in the concentration of TBA active products dur-
ing 1.5 hour incubation in iron-ascorbate buffer solution,
as well as by the activity of antioxidant enzymes — super-
oxide dismutase (SOD) and catalase [13].

The findings obtained were statistically processed. To
verify the normality distribution, the calculation of the
Shapiro-Wilk criterion was applied. If they corresponded
to the normal distribution, then the Student’s t-test was
used to compare independent samples. When the results
ranges were not subject to normal distribution, statistical
processing was performed using a nonparametric meth-
od, the Mann-Whitney test. Statistical calculations were
performed using the "StatisticSoft 6.0" program.

Results and discussion

SIR modeling led to significant increasing of concen-
tration of compounds reacting with TBA before and after
incubation of homogenate in the prooxidant iron-
ascorbate buffer solution — by 93.8% (p<0.01) and 97.4%
(p<0.001) respectively (See table). The increment in the-
se compounds for incubation time nearly doubled (in 2.04
times, p<0.01) that is the evidence of considerable de-
crease in antioxidant potential and the development of
decompensated LPO reduction in the periodontal soft tis-
sues. This is also confirmed by a decrease in the activity
of SOD and catalase — by 34.8% (p<0.01) and 46.4%
(p<0.001) respectively.

Table

Indicators of LPO and antioxidant system in periodontal tissues of rats exposed to the action of the local pathogenic factor against

modeled SIR (M+m, n=40)

Concentration of compounds reacting with thiobarbituric acid L -
umol/kg Antioxidant enzymes activity
f th imal i
Groups of the animals studied Before After Increment for incuba- SOD, Catalase,
incubation incubation tion time act. un. pkat/g
Intact animals 20.9+3.8 34.3+2.5 13.4+1.8 0.23+0.02 0.28+0.02
Animals with SIR 40.5+3.0 * 67.7t4.4 * 27.3£t2.8 * 0.15+£0.01 * 0.15+£0.01 *
Animals after NaOH application 34.2+3.0 * 51.7+1.7* 17.5£3.4 0.32+0.02 * 0.36+0.01 *
Animals with SIR after NaOH 54.64£3.2 ***/* 8?;31;‘:;7 31;5*1;*4-1 0-9?3&91 0-13f2-02
application 1**/ / 1**/ /
Note: * — p<0.05 compared with values of intact rats,
**— p<0.05 compared with values of the 2 roup,

*kk

p<0.05 compared with values of the 3° group.

The application of 5% NaOH solution onto the gums
was accompanied with the increase in the concentration
of compounds reacting with TBA products before and
after incubation of homogenate in the prooxidant iron-
ascorbate buffer solution — by 63.6% (p<0.05) and 50.7%
(p<0.001) respectively. The increment in these com-
pounds through incubation time was unchanged. This
suggests the development of compensated LPO in the
soft periodontal tissues. Under this condition the activity
of both SOD and catalase was growing by 39.1%
(p<0.02) and 28.6% (p<0.01) respectively.

The application of 5% NaOH solution onto the gums
against SIR led to significant increasing of concentration
of compounds reacting with TBA products before incu-
bation of homogenate in the prooxidant iron- ascorbate
buffer solutlon that surpassed the results in the 2" and
the 3" groups by 34.8% (p<0.02) and 59.6% (p<0.01),
respectively. The concentration of compounds reacting
with TBA products after incubation grew too by 27.3%
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(p<0. 05) and 66.7% (p<0.001) compared with the results
in the 2" and the 3" groups. The increment of these
compounds for incubation time by 80 0% (p<0.05) sur-
passed the relevant result in the 3 group. This points
our much higher LPO level in periodontal tissues. This is
also proven by the lowering SOD activity by 46.7%
(p<0.01) and 75 0% (p<O0. 001) compared with the find-
ings in the 2" and the 3" groups, as well as by de-
creased catalase act|V|ty by 66.7% (p<0.001) compared
with the findings of the 3™ group.

In recent years, the development of SIR has been as-
sociated with the permanent activation of certain tran-
scription factors (NF-kB, AP-1) [5, 11]. NF-kB activation is
also an important causative factor of the pathogenesis of
free-radical pathology of periodontium [1, 8] and disinte-
gration of its connective tissues [7]. The consequence is
the expression of genes of inflammatory cytokines, induc-
ible nitric oxide synthase, metalloproteinases, cellular
molecules adhesion, cyclooxygenase-2, etc., capable of
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inducing ROS / RNS generation [14]. The development of
oxidative / nitrosative stress in periodontium tissues has
also been evidenced by our previous studies [16].

Thus, the preconditioning of the body by the introduc-
tion of LPS that is accompanied by the SIR development
creates the conditions for more considerable exhaustion
of the antioxidant system in the periodontal tissues under
local affection with chemical agent (5% NaOH solution).
This causes even greater activation of free radical pro-
cesses, with the formation of a significant concentration
of secondary LPO products. Under these conditions, the
antioxidant system ceases to respond adequately, result-
ing in the development of the periodontal involution, the
formation of conditions for virtually unobstructed spread
of the inflammatory process, destruction of collagen fi-
bers and resorption of the alveolar process of the jaws [7,
9, 12].

Acknowledgements

The authors would like to thank Viktoriia Kostenko
(Department of Foreign Languages, Latin Language and
Medical Terminology) for her support in translating this
article into English.

Conclusions

1. The simulation of systemic inflammatory response
is accompanied by the development of decompensated
lipid peroxidation in periodontal tissues, by the decrease
in their antioxidant potential as well as the activity of su-
peroxide dismutase and catalase.

2. The application of 5% NaOH solution onto the
gums (model of acute gingivitis) is accompanied by the
development of compensated lipid peroxidation in perio-
dontal tissues with an increase in the activity of superox-
ide dismutase and catalase.

3. The application of 5% NaOH solution onto the
gums against modeled systemic inflammatory response
causes an increase in the production of by-products of
lipid peroxidation in periodontal tissues and reduced their
antioxidant potential, as well as the activity of superoxide
dismutase and catalase compared to separate simula-
tions of SIR and acute gingivitis.
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