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THE INFLUENCE OF THYROID HORMONES ON PROTEIN OXIDATIVE
MODIFICATION IN CASE OF EXPERIMENTAL PERIODONTITIS

Introduction. The inflammatory-dystrophic process in periodontium is accompanied by its hypoxia, which
causes the activation of free radical oxidation processes. Tissue destruction in periodontal diseases is considered
to be the result of an altered inflammatory/immune response to microbial plaque and involves massive release of
neutrophils, reactive oxygen species and enzymes.

The aim of the study — to establish the protein oxidative modification in blood and periodontium in case of
periodontitis combined with hyper- and hypothyroidism in rats.

Research Methods. Experimental studies were carry out on 48 mature male, nonliner, white rats, which were
divided into the following groups: | — control animals; Il — animals with periodontitis; Il — animals with periodontitis
combined with hyperthyroidism; IV — animals with periodontitis combined with hypothyroidism. Protein oxidative
modification (POM) was determined in blood serum and periodontium homogenate by the method of I. F. Meschyshyn.

Results and Discussion. The results of our studies showed that the intensity of the processes of protein
oxidative modification was significantly increased in animals of all experimental groups vs control group. The content
of aldehyde- and ketone derivatives of the alkali nature changed more pronounced than the content of aldehyde
and ketone derivatives of neutral nature.

Conclusions. Thus, the experimental periodontitis is accompanied by a marked increase in the intensity of the
protein oxidative modifications both in the homogenate of periodontal tissues and in the blood serum. Imbalance of
thyroid hormones increases oxidative stress in experimental periodontitis, especially pronounced in hyperthyroidism.

KEY WORDS: periodontitis; thyroid hormones; protein oxidative modification.

INTRODUCTION. Nowadays, an increasing
number of publications are suggesting that the direct
effectors of the periodontal tissue destructions are
components of the hostimmune system [1]. Tissue
destruction in periodontal diseases is considered
to be the result of an altered inflammatory/immune
response to microbial plaque and involves massive
release of neutrophils, reactive oxygen species
(ROS) and enzymes. Gingival epithelial cells form
the first line of defence in the gingival crevice. So,
they have the key role as the protection mechanism
of host oral structures from bacterial invasion. Thus,
gingival epithelial cells produce an adaptive immune
responses and release the chemotaxis factor for
neutrophils, antimicrobial peptides and pro-inflam-
matory cytokines, such as interleukin-8 [2]. Unfor-
tunately, on the other hand, over-expression of
these pro-inflammatory cytokines causes collateral
tissue damage. ROS produced by activated neu-
trophils in response to periodonto-pathogenic
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bacteria cause serious periodontal tissue lesions,
in the context of periodontal disease [3]. Therefore,
the balance between antioxidant mechanisms and
ROS is very important in periodontal pathogenesis.
The inflammatory-dystrophic process in
periodontium is accompanied by its hypoxia, which
causes the activation of free radical oxidation
processes [4]. On the other hand, the effect of
peroxide oxidation on the development of perio-
dontitis is demonstrated through free radical de-
polymerization of mucopolysaccharides and
peroxide destruction of elastic fibers, which leads
to atherosclerosis of periodontal vessels [5].
Several authors reported a positive correlation
between periodontal tissue damage and high levels
of ROS [6, 7]. Hypoxia and inflammation induced
higher expression of ROS in primary periodontal
ligament fibroblasts [8]. Lipid and protein epitopes
generated by lipid peroxidization (adducts) show
cross-reactivities against DNA or epitopes ex-
pressed on cells undergoing apoptosis. Under
normal conditions, antibodies against DNAs or
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apoptotic cells should not exist because they are
self-reacting antibodies. Oxidative modifications of
biomolecules, however, may be able to generate
new epitopes which have molecular similarity and
may induce new antibodies which recognize self-
antigens. These revelations expanded the possibil-
ity of protein oxidative modification involvement to
chronic inflammatory diseases, such as periodon-
titis [9].

That's why the objective of our study was to
establish the protein oxidative modification in blood
and periodontium in case of periodontitis combined
with hyper- and hypothyroidism in rats.

RESEARCH METHODS. Experimental studies
were carried out on 48 mature male, nonliner, white
rats, that were housed at (25+3) °C and humidity
of (55£2) %, under a constant 12 h light and dark
cycle. Water was available ad libitum. The experi-
mental animals were divided into the following
groups: group | — control animals administered in-
tragastrically 1 % solution of starch (n=12);
group Il —animals with periodontitis (the rats of this
group were injected into gum tissue with 40 pl of
lipopolysaccharide (LPS) E. Coli (Sigma-Aldrich,
USA)) 7 times during 2 weeks (n=12) [10];
group Il —animals with periodontitis combined with
hyperthyroidism. To model the experimental hyper-
function of the thyroid gland, animals received in-
tragastrically L-thyroxine daily in 1 % starch solution
at a rate of 10 pg/day per 100 g of body mass for
21 days (n=12) [11]. Starting from the eighth day of
experiment, rats were injected into gum tissue with
40 pl of LPS E. Coli 7 times during 2 weeks;
group IV —animals with periodontitis combined with
hypothyroidism. To model the experimental hypo-
function of the thyroid gland, animals received in-
tragastrically Merkazolil daily in 1 % starch solution
at a rate of 1 mg/day per 100 g of body mass for
21 days (n=12) [11]. Starting from the eighth day of
experiment, rats were injected into gum tissue with
40 pl of LPS E. Coli 7 times during 2 weeks. Animal
euthanasia was carried out on the 22" day of the
experiment by cardiac puncture under deep anaes-
thesia. All procedures were conducted according
to the European Convention for the Protection of
Vertebrate Animals used for Experimental and
Other Scientific Purposes [12].

Protein oxidative modification (POM) we deter-
mined by the method of I. F. Meschyshyn [13]. In
the process of protein oxidative modification
aldehyde and ketone groups are formed, which
interact with 2,4-dinitrophenylhydrazine (2,4-DNPH)
with formation of 2,4-dinitrophenylhydrazones, ha-
ving a characteristic absorption spectrum. Aldehyde
and ketone derivatives of neutral nature recorded
at 370 nm (POM,, ), and alkali nature — 430 nm

370

(POM,, ). The amount of protein in each sample
was determined by the method of O. H. Lowry and
co-authors [14]. The content of the phenylhydrazones
was calculated using a molar extinction coefficient
(2,1x10*xM*xsm™) and expressed in mmol per g
of protein.

Statistical processing of digital data was carried
out using software Excel (Microsoft, CLLUA) and
STATISTICA 6.0 (Statsoft, USA). The distribution
of data was analyzed according to assessment of
normality by Kolmogorov-Smirnov criterion. The
obtained values had a parametric distribution, so
the difference between the groups was analyzed
according to the Students t-criterion. All data were
presented as M (mean)+m (standard error). A pro-
bability level (p value) of less than 0.05 was con-
sidered to be statistically significant.

RESULTS AND DISCUSSION. The results of
our studies showed that the intensity of the
processes of protein oxidative modification was
significantly increased in animals of all experimental
groups (Table).

The content of aldehyde and ketone derivatives
of neutral nature in blood serum of rats with simu-
lated periodontitis significantly increased by 62.8 %,
in rats with periodontitis combined with hyper-
thyroidism by 2.0 times, in rats with periodontitis
combined with hypothyroidism — by 80.8 % vs
control group. At the same time, this index in blood
serum of rats with periodontitis combined with
hyperthyroidism was 22.8 % (p<0.05) higher than
that of animals with simulated periodontitis without
concomitant pathology and 10.6 % (p<0.05) higher
than that the index of animals with periodontitis
combined with hypothyroidism.

The content of aldehyde- and ketone derivatives
of the alkali nature in blood serum of rats with
simulated periodontitis significantly increased by
74.1 %, in rats with periodontitis combined with
hyperthyroidism — by 2.4 times, in rats with perio-
dontitis combined with hypothyroidism — by 2.2
times vs control group. At the same time, this index
in blood serum of rats with periodontitis combined
with hyperthyroidism was 40.4 % (p<0.05) higher
than that of animals with simulated periodontitis
without concomitant pathology and 10.9 % (p<0.05)
higher than that the index of animals with periodontitis
combined with hypothyroidism.

In the periodontal homogenate, the processes
of protein oxidative modification were even more
intense: the content of aldehyde and ketone
derivatives of neutral nature in rats with simulated
periodontitis significantly increased by 2.0 times, in
rats with periodontitis combined with hyperthyroidism
by 2.6 times, in rats with periodontitis combined with
hypothyroidism — by 2.5 times vs control group. At
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Table — The indices of protein oxidative modification in rats with periodontitis without concomitant
pathology and combined with hyper- and hypothyroidism (M+m, n=12)

Experimental groups
Index _ N Periqdontiti_s Peric_)dontiti_s
Control group Periodontitis combined with combined with
hyperthyroidism hypothyroidism
Blood serum
POM_,,, mmol/g 0.78+0.05 1.27+0.03* 1.56+0.05* 1.41+0.03*
of protein p,<0.05 p,:<0.05
POM,,,, mmol/g 0.54+0.02 0.94+0.05* 1.32+0.04* 1.1940.04*
of protein p,<0.05 p,5<0.05
Periodontium homogenate
POM_,,, mmol/g 0.51+0.03 1.01+0.04* 1.35+0.04* 1.25+0.05*
of protein p,<0.05 p,<0.05
p,>0.05
POM,,,, mmol/g 0.27+0.02 0.59+0.05* 0.89+0,04* 0.75+0.03*
of protein p,<0.05 p,;<0.05

Note. * — significant differences compared to control animals, p<0.05; p, — significant differences between the group of
periodontitis with the group of periodontitis combined with hyperthyroidism; p, — significant differences between the group of
periodontitis with the group of periodontitis combined with hypothyroidism; p, — significant differences between the group of
periodontitis combined with hyperthyroidism with the group of periodontitis combined with hypothyroidism.

the same time, this index in periodontal homogenate
of rats with periodontitis combined with hyperthy-
roidism was 33.7 % (p<0.05) higher than that of
animals with simulated periodontitis without conco-
mitant pathology and did not differ significantly from
the index of animals with periodontitis combined
with hypothyroidism.

The content of aldehyde- and ketone derivatives
of the alkali nature in periodontal homogenate of
rats with simulated periodontitis significantly in-
creased by 2.2 times, in rats with periodontitis
combined with hyperthyroidism — by 3.3 times, in
rats with periodontitis combined with hypothyroidism —
by 2.8 times vs control group. At the same time, this
index in periodontal homogenate of rats with
periodontitis combined with hyperthyroidism was
50.8 % (p<0.05) higher than that of animals with
simulated periodontitis without concomitant pa-
thology and 18.7 % (p<0.05) higher than that the
index of animals with periodontitis combined with
hypothyroidism.

Protein oxidative modifications, also known as
protein oxidation, are a major class of protein
posttranslational modifications. They are caused
by reactions between protein amino acid residues
and reactive oxygen species (ROS) or reactive
nitrogen species (RNS) and can be classified into
two categories: irreversible modifications and re-
versible modifications [15]. It has been established
that under the conditions of oxidative stress and
excessive generation of ROS, processes of uncon-
trolled modification of proteins that cause protein
fragmentation, their denaturation, as well as the
formation of primary amino acid radicals, which then
enter the secondary interaction with adjacent ami-
no acid residues, develop. Protein oxidation was

often associated with functional decline of the target
proteins [16].

Protein oxidative modification is considered as
one of the earliest and reliable markers of oxidative
stress [17]. It is believed that the destruction of
proteins is an early marker of oxidative tissue
damage, as compared to lipid peroxidation, since
POM products are more stable than lipid peroxides,
which are rapidly metabolized by peroxidases and
low molecular weight antioxidants.

Turunen et al. demonstrated that natural anti-
body IgM that is specific to one of the protein
oxidative modification adducts, [18] malondialde-
hyde-oxidated molecule on oxidated LDL has cross-
reactivity against gingipain on P. gingivalis which is
a major causative microbial agent of periodontal
diseases.

The changes in the protein oxidative modification
in our study are consistent with the data of scientists
who observed an increase in the intensity of free
radical oxidation in plasma of patients with acute
periodontitis compared to healthy individuals
[19, 20].

Chudinova T. N. notes that the activation of free
radical oxidation plays an important role in the
development of inflammatory diseases of the
periodontal diseases as a direct effect on the
periodontal tissue with the subsequent development
of the atrophy of the alveolar branch of the jaw as
well as a result of changes in the quality of the oral
fluid due to the violation of the enzyme-excretory
function of the salivary glands. The lipid peroxidation
products damage the cells of the endothelium and
intima of blood vessels, suppressively affecting the
production of prostaglandin 12, thereby contributing
to the development of vascular spastic reactions.
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Lipid peroxides promote platelet aggregation and
plagque formation due to release from the endothe-
lium of the platelet activating factor, which results
in the accumulation of adhesion determinants on
blood cells and their mass adherence on vascular
endothelium. This worsens the microcirculatory and
rheological disorders in the tissues, closing the "vi-
cious cycle" of activation of free radical oxidation
[21].

The results of our studies showed an increase
in the intensity of peroxide oxidation of proteins
under condition of thyroid dysfunction compare to
animals with periodontitis without concomitant pa-
thology, more pronounced in rats with periodontitis
combined with hyperthyroidism.

Joanta A. and co-authors [22] also showed an
increase in the content of carbonyl groups of
proteins in the blood, liver, thyroid gland, cardiac
and skeletal muscles in experimental hyper-
thyroidism. However, data of M. Petrulea and co-
authors [23] did not establish an increase in the
concentration of lipid peroxidation products in the
plasma of hyperthyroid rats vs euthyroid group.

There are data that oxidative stress is associated
with both hypothyroidism and hyperthyroidism.
However, the mechanisms by which oxidative stress
is generated under these two clinical conditions are
different: an increase in the production of reactive
oxygen species under conditions of hyperthyroidism
and the low availability of antioxidants in case of
hypothyroidism [24].

Thyroid hormones themselves can act as
oxidants and cause DNA damage, probably due to
the presence of a phenol group [25]. In addition,
other mechanisms may be involved [26], in
particular, increased expression of the nitric oxide
synthase gene with NO hyperproduction and
activation of the hepatic nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB with
subsequentincrease in the level of cytokines, which
causes hyperproduction of ROS. On the other hand,
the mechanisms regulated by thyroid hormones
carry out fine regulation of the oxidative status by
feedback. Among them — the so-called uncoupling
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B. B. LLlep6a’, T. 4. ApoweHko?, P. M. Ky6aut?, M. M. Kopga!
TEPHOIMI/IbCbKUN AEPXKABHUV MEAVNYHWN YHIBEPCUTET IMEHI I. 5. TOPBEAYEBCbHKOIO*

YHIBEPCUTET TOPOHTCO?

BIIVIUB TUPEOITHUX TOPMOHIB HA OKMCHIOBAJIbHY MOJU®IKAIIIFO
MPOTEIHIB 3A YMOB EKCIIEPUMEHTAJIBHOT' O ITAPOJJOHTUTY

Pesiome
Bcmyn. 3anasibHo-oucmpoivHul npoyec y napodoHMI CynpoBOOXKYEMbLCST 2iMOKCIEr0, U0 BUK/IUKAE aKkmusa-
Uito BislbHopaduKa/ibHUX MPOYECIB OKUCHEHHS. PyliHyBaHHS MKaHUH Mpu napoooHmumi € pe3y/imamom 3arnasib-
HO-IMYHHOT 8iOnosioi Ha MIKPO6GHY iHBA3It | CyrnpPOBOOXKYEMbLCS MacoBUM BUBI/IbHEHHSM Helmpodirnis, akmusHUX

hopM OKcu2eHy ma eH3UMIB.

Mema docnidxeHHs1 — BCMaHOoBUMU CMYiHb OKUCHIOBa/IbHOI MOOUikayii mpomeiHis y kposi U napodoHmi
rpu napoooHMuUMI 8 MOEOHaHHI 3 2inep- i 2ifomupeo3oM y Wypis.
Memoou 0ocnidxeHHs1. EkcriepumMeHmasibHi 00C/IIOXEeHHST MPoBooU/IU Ha 48 cmameBo3pi/iuxX HeiHIGHUX

6ifIuX Wypax-camysix, sIKux 6y/10 MooizIeHo Ha maki 2pynu: 1-wa — KOHMpPOs/IbHA, 2-2a — MBapUHU 3 MOOe/1b0BaHUM
napoooHmMumom; 3-msi — meapuHU 3 MOOe/IbOBaHUM MapodOHMUMOM Ha M/ 2inepmupeosy; 4-ma — meapuHU 3
MOO€E/Ib0BaHUM MapoooHMUMoM Ha mi ainomupeosy. OKUCHIBa/IbHY MOOUpikayito MpomeiHis susHadaiu 3a
memodom I. @. MewuweHa.

Pe3ynbmamu Ui 062080peHHs. Pe3ysibmamu rnposedeHuUx 00C/liOKeHb rnokasasu, Wo IHMeHCUBHICMb Mpo-
yecis OKUCHOBasIbHOI Modudbikayii npomeiHis 6y/1a 3Ha4YHO MiGBULEHA Y MBAPUH YCiX eKcriepuMeHmasibHUX 2pyr
BIOHOCHO KOHMPO/ILHOI. [1PU YbOMY BMICM a/1b0e2i00- | KEMOHOMOXIOHUX OCHOBHO20 Xapakmepy 3MiH0BaBCs bi/lbW
BUP&XEHO, HiXXK BMiCM a/ib0e2i0o- ma KemOoHOMOXiOHUX HelimpasibHO20 Xxapakmepy.

BucHosku. EkcriepumeHmasibHUli apodoHMUM CyrnpoBOOXKYEMbLCST MOMIMHUM 36i/1bWUEHHSIM IHMEeHCUBHOCMI
OKUCHI0Ba/IbHOI MoOubikayii npomeiHis sik y 2oMo2eHami napodoHma, mak i 8 cuposamuyi Kposi. JucbaiaHc mu-
PEOCIOHUX 20pMOHIB MidBUWYE OKcudamusHULl CMPEC NpuU eKcriepuMeHmasibHoMy napodoHmMuUmi, 0cob/1uso supa-
)KEeHO — M1pu 2inepmupeoa3i.

KMHOUOBI CNNOBA: napogoHTUT; TUPEOiAHI rOPMOHU; OKUCHIOBaJIbHa Mogucikalisi NpoTeiHiB.
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TEPHOIMO/TbCKWV FOCYAAPCTBEHHbBIN MEAVLIMHCKWIA YHUBEPCUTET UMEHU . A. TOPEAYEBCKOIO*
YHUBEPCUTET TOPOHTO?

B/IMAHUE TUPEONAHBIX 'TOPMOHOB HA OKUC/IMTE/IBHYHO MOJUPUKALTUTIO
ITPOTENHOB B YCJ/IOBUAX SKCIIEPUMEHTAJIBHOI'O ITAPOJOHTUTA

Pe3lome

BcmynneHue. BocriasiumesibHO-oucmpocgbuyeckul rpoyecc 8 napodoHme cornposoxodaemcs auriokcued, 4mo
Bbi3biBaem akmusayur cB0600HopaduKasibHbIX MPOYECCOB OKUC/IEHUS. PaspyweHue mkaHel npu napodoHmume
s8/15€Mcsi pe3y/ibmamomM B80Cnaaume/IbHO-UMMYHHO20 omBema Ha MUKPOOGHYI0 UHBA3UK U COMpoBoxoaemcsi
MaccoBbIM BbICBOGOXO0eHUEeM Helimpoghusi08, akmuBHbLIX (hOPM KUC/I0POOa U SH3UMOB.

Lenb uccnedosaHusi — ycmaHOBUMb CMeNeHb OKUC/IUMesibHoU Modughukayuu rpomeuHos 8 KpOoBU U NMapo-
doHmMe rpu napoooHmMuUmMe 8 codemaHuu ¢ aurep- U 2urnomupeo3oM y KpbIC.

MemoOdbI ucciedoBaHUs1. SKcriepuMeHmMaslbHbIE UCC/1e008aHUSsI POBOOU/IU Ha 48 Nos10803pesIbIX HelUHel-
HbIX 6e/IbIX Kpbicax-camyax, Komopble 6bi/iu pasoe/ieHbl Ha criedyroujue epynnbi; 1-1 — KOHMPOsibHast; 2-9 — Xu-
BOMHbIE C MOOe/IUpyeMbIM apoooHMUMOM,; 3-1— XUBOMHbIE C MOOe/IuUpyeMbIM MapoodoHMUMOM Ha (hoHe aurep-
mupeosa; 4-19 — XXUBOMHbIe ¢ MOOe/IupyeMbIM MapoooHMUMOM Ha (hoHe auriomupeosa. OKuc/iume/ibHyr Moou-
chukayuro npomeuHos orpeodesisi/iu rno Mmemooy V. @. MewuweHa.

Pe3ysnibmamabi u 06cyxo0eHue. Pe3y/ismambi IPOBEOEHHbIX ucc/iedosaHull nokasasu, 4mo UHMEHCUBHOCMb
rpoyeccos oKuc/ume/ibHol Modughukayuu nPOMeUHoB8 6bl/1a 3Ha4UMe/IbHO MoBbILEHA Y XXUBOMHbIX BCEX IKCIIE-
PUMEHMa/IbHbIX 2Py OMHOCUMEe/IbHO KOHMPO/IbHOU. [pu 3mom cooepaHue aiboe2udo- U KeMOHOMPOU3B00HbIX
OCHOBHO20 Xapakmepa MeHs/10Cb 60/1e€ BbIPAXXEHO, YEM COOepKaHUe a/1bOe2udo- U KemMOHOMPOU3BOOHbIX HElim-
pasibHO20 xapakmepa.

Bb1800bI. SKcriepuMeHmasibHbIl NapoooHMUM CorpoBoXx0aemcsi 3aMemHbIM yBe/IU4EHUEM UHMEHCUBHOCMU
okuc/iumesibHol Mooughukayuu MPOMeUHOB8 Kak 8 20Mo2eHame rnapoodoHma, mak U 8 CbIBOPOMKe Kposu. [ucba-
JIaHC MUPEOUOHbIX 20PMOHOB MOBbILIAEM OKCUOAMUBHbLIU cmpecc Mpu 3KCrepuMeHmasibHOM napoooHmume,
0COBEHHO BbIPAXEHO — MPU 2unepmupeose.

KNHOYEBbBIE C/TOBA: napoAOHTUT; TUPEOUAHbIE TOPMOHbI; OKUCTUTENbHast MOAUIMKaLIUA NPOTENHOB.
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