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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: І – control animals; ІІ – animals with periodontitis; ІІІ – 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 host immune 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 

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 d e-
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 І – control animals administered in
tragastrically 1 % solution of starch (n=12); 
group ІІ – animals with periodontitis (the rats of this 
group were injected into gum tissue with 40 µl of 
lipopolysaccharide (LPS) E. Coli (Sigma-Aldrich, 
USA)) 7 times during 2 weeks (n=12) [10]; 
group ІІІ – 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 μg/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 µl 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 µl of LPS E. Coli 7 times during 2 weeks. Animal 
euthanasia was carried out on the 22nd 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 (POM370), and alkali nature – 430 nm 

(POM430). 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 
(2,1×104×М1×sm1) and expressed in mmol per g 
of protein.

Statistical processing of digital data was carried 
out using software Excel (Microsoft, США) 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 hypo thyroidism.

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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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. 

Table – the indices of protein oxidative modification in rats with periodontitis without concomitant 
pathology and combined with hyper- and hypothyroidism (M±m, n=12)

Index

Experimental groups

Control group Periodontitis
Periodontitis 

combined with
hyperthyroidism

Periodontitis 
combined with
hypothyroidism

Blood serum 
POM370, mmol/g  
of protein

0.78±0.05 1.27±0.03* 1.56±0.05*
р1<0.05

1.41±0.03*
р2,3<0.05

POM430, mmol/g  
of protein

0.54±0.02 0.94±0.05* 1.32±0.04*
р1<0.05

1.19±0.04*
р2,3<0.05

Periodontium homogenate
POM370, mmol/g  
of protein

0.51±0.03 1.01±0.04* 1.35±0.04*
р1<0.05

1.25±0.05*
р2<0.05
р3>0.05

POM430, mmol/g  
of protein

0.27±0.02 0.59±0.05* 0.89±0,04*
р1<0.05

0.75±0.03*
р2,3<0.05

Note. * – significant differences compared to control animals, р<0.05; р1 – significant differences between the group of 
periodontitis with the group of periodontitis combined with hyperthyroidism; р2 – significant differences between the group of 
periodontitis with the group of periodontitis combined with hypothyroidism; р3 – significant differences between the group of 
periodontitis combined with hyperthyroidism with the group of periodontitis combined with hypothyroidism.
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Lipid peroxides promote platelet aggre gation and 
plaque 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 
subsequent increase 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 

proteins (UCP) of the inner membrane of mitochon
dria. Scientific data suggest that these molecules 
have antioxidant activity [27]. However, only T3, 
seems to regulate UCP, while T4 does not affect 
it [28].

Data on hypothyroidism and oxidative stress 
are controversial. So, G. Baskol and co-authors in 
the group of patients with primary hypothyroidism 
[29] established an increase in concentration of lipid 
peroxidation products and NO in blood plasma, 
decrease in activity of paraoxonase-1 (PON-1). 
Interestingly, treatment with thyroid hormones 
reduced the concentration of lipid peroxidation 
products and increased the activity of PON-1, even 
though values similar to those observed in the 
control were not achieved. 

An increase in the lipid peroxidation products 
concentration was also demonstrated under the 
condition of subclinical hypothyroidism [30]. In this 
case, an increase in oxidative stress was associ
ated, not only with the decrease in the level of an
tioxidants, but also with the change in lipid me
tabolism, since significant correlations between 
active products of tiobarbituric acis and β-cholesterol, 
total cholesterol and triacylglycerols were found.

There are data that high concentrations of TSH 
directly lead to oxidative stress [31]. A. Haribabu 
and co-authors reported peroxide oxidation of pro
teins under the condition of subclinical hypothyroidism 
(an increase in the concentration of carbonyl groups 
of proteins) [32]. The research of A. Mancini and 
co-authors [24], a correlation analysis showed that 
both an increase in TSH and an increase in the 
concentration of lipid peroxidation products contri-
buted to the damage to proteins.

CONCLUSIONS. Thus, the experimental 
periodontitis is accompanied by a marked in-
crease in the intensity of the protein oxidative 
modifications both in the homogenate of perio-
dontal tissues and in the blood serum. Imbalance 
of thyroid hormones increases oxidative stress 
in experimental perio dontitis, especially pro -
nounced in hyperthyroidism. 
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В. В. Щерба1, Т. Я. Ярошенко1, Р. М. Кубант2, М. М. Корда1

ТЕРНОПІЛЬСЬКИЙ ДЕРЖАВНИЙ МЕДИЧНИЙ УНІВЕРСИТЕТ ІМЕНІ І. Я. ГОРБАЧЕВСЬКОГО1 
УНІВЕРСИТЕТ ТОРОНТО2 

ВПЛИВ ТИРЕОЇДНИХ ГОРМОНІВ НА ОКИСНюВАЛЬНУ МОДИфІКАЦІю 
ПРОТЕЇНІВ ЗА УМОВ ЕКСПЕРИМЕНТАЛЬНОГО ПАРОДОНТИТУ 

Резюме
Вступ. Запально-дистрофічний процес у пародонті супроводжується гіпоксією, що викликає актива-

цію вільнорадикальних процесів окиснення. Руйнування тканин при пародонтиті є результатом запаль-
но-імунної відповіді на мікробну інвазію і супроводжується масовим вивільненням нейтрофілів, активних 
форм оксигену та ензимів.

Мета дослідження – встановити ступінь окиснювальної модифікації протеїнів у крові й пародонті 
при пародонтиті в поєднанні з гіпер- і гіпотиреозом у щурів. 

Методи дослідження. Експериментальні дослідження проводили на 48 статевозрілих нелінійних 
білих щурах-самцях, яких було поділено на такі групи: 1-ша – контрольна; 2-га – тварини з модельованим 
пародонтитом; 3-тя – тварини з модельованим пародонтитом на тлі гіпертиреозу; 4-та – тварини з 
модельованим пародонтитом на тлі гіпотиреозу. Окиснювальну модифікацію протеїнів визначали за 
методом І. Ф. Мещишена. 

Результати й обговорення. Результати проведених досліджень показали, що інтенсивність про-
цесів окиснювальної модифікації протеїнів була значно підвищена у тварин усіх експериментальних груп 
відносно контрольної. При цьому вміст альдегідо- і кетонопохідних основного характеру змінювався більш 
виражено, ніж вміст альдегідо- та кетонопохідних нейтрального характеру.

Висновки. Експериментальний пародонтит супроводжується помітним збільшенням інтенсивності 
окиснювальної модифікації протеїнів як у гомогенаті пародонта, так і в сироватці крові. Дисбаланс ти-
реоїдних гормонів підвищує оксидативний стрес при експериментальному пародонтиті, особливо вира-
жено – при гіпертиреозі.

КЛюЧОВІ СЛОВА: пародонтит; тиреоїдні гормони; окиснювальна модифікація протеїнів.
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В. В. Щерба1, Т. Я. Ярошенко1, Р. М. Кубант2, М. М. Корда1

ТЕРНОПОЛЬСКИЙ ГОСУДАРСТВЕННЫЙ МЕДИЦИНСКИЙ УНИВЕРСИТЕТ ИМЕНИ И. Я. ГОРБАЧЕВСКОГО1

УНИВЕРСИТЕТ ТОРОНТО2

ВЛИЯНИЕ ТИРЕОИДНЫХ ГОРМОНОВ НА ОКИСЛИТЕЛЬНУю МОДИфИКАЦИю 
ПРОТЕИНОВ В УСЛОВИЯХ ЭКСПЕРИМЕНТАЛЬНОГО ПАРОДОНТИТА

Резюме
Вступление. Воспалительно-дистрофический процесс в пародонте сопровождается гипоксией, что 

вызывает активацию свободнорадикальных процессов окисления. Разрушение тканей при пародонтите 
является результатом воспалительно-иммунного ответа на микробную инвазию и сопровождается 
массовым высвобождением нейтрофилов, активных форм кислорода и энзимов.

Цель исследования – установить степень окислительной модификации протеинов в крови и паро-
донте при пародонтите в сочетании с гипер- и гипотиреозом у крыс.

Методы исследования. Экспериментальные исследования проводили на 48 половозрелых нелиней-
ных белых крысах-самцах, которые были разделены на следующие группы: 1-я – контрольная; 2-я – жи-
вотные с моделируемым пародонтитом; 3-я – животные с моделируемым пародонтитом на фоне гипер-
тиреоза; 4-я – животные с моделируемым пародонтитом на фоне гипотиреоза. Окислительную моди-
фикацию протеинов определяли по методу И. Ф. Мещишена.

Результаты и обсуждение. Результаты проведенных исследований показали, что интенсивность 
процессов окислительной модификации протеинов была значительно повышена у животных всех экспе-
риментальных групп относительно контрольной. При этом содержание альдегидо- и кетонопроизводных 
основного характера менялось более выражено, чем содержание альдегидо- и кетонопроизводных нейт-
рального характера.

Выводы. Экспериментальный пародонтит сопровождается заметным увеличением интенсивности 
окислительной модификации протеинов как в гомогенате пародонта, так и в сыворотке крови. Дисба-
ланс тиреоидных гормонов повышает оксидативный стресс при экспериментальном пародонтите, 
особенно выражено – при гипертиреозе.

КЛюЧЕВЫЕ СЛОВА: пародонтит; тиреоидные гормоны; окислительная модификация протеинов.
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