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ABSTRACT

The aim: Is to study dynamics of resorptive potential of bone tissue by indicators of protease and antiprotease systems in the process of treatment generalized periodontitis in
patients with age-related osteoporosis and without osteoporotic changes in the skeleton.

Materials and methods: In 102 patients, before the start of treatment of generalized periodontitis and in 2, 4 and 12 weeks, the concentration of pro-resorbing matrix
metalloproteinases: stromelysin (MMP-3), collagenase (MMP-8) and gelatinase (MMP-9) were determined in blood plasma and mixed oral fluid. The antiresorbtive potential of
bone tissue was evaluated by the concentration of a tissue inhibitor of metalloproteinases (TIMP-1) in plasma. The general antiprotease activity was determined by the activity
of al-antitrypsin (a1-AT) and a2-macroglobulin (a2-MG).

Results: The most significant changes are recorded for the content of MMP-9 in blood and oral fluid, regardless of the presence of systemic disorders of bone metabolism (P < 0.05).
Concentration of MMP-8 is significantly increased in blood plasma and oral fluid in accordance with the severity of the disease and in the course of treatment (P <0.05). The observed
increase in the ratio of MMP-8 to TIMP-1and MMP-9 to TIMP-1 in patients with generalized periodontitis, complicated by systemic osteoporosis (P < 0.05), indicates an imbalance of the
protease-antiprotease system.

Conclusions: The resorptive potential of bone tissue in patients with generalized periodontitis allows us to correctly choose treatment tactics and to prevent the development
of complications.
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INTRODUCTION

Generalized periodontitis (GP), associated with a sig-
nificant prevalence among the population, is a multifac-
torial disease that develops independently or as a result
of systemic diseases [1]. The rate of progression of GP
is dependent on bone systemic condition, particularly,
degree of mineralization and metabolism [2]. The bone
resorptive potential is determined mainly by the activity
of osteoclasts and osteoblasts, but significant contribution
to the destruction of bone matrix is made by periodontal
fibroblasts, monocytes, macrophages and others. In the fo-
cus of inflammation, immune cells accumulate and secrete
cytokines and proteases, thereby causing the release and
activation of matrix metalloproteinases (MMPs), that are
the key to the resorption of bone matrix [3].

Activity MMPs in physiological conditions is regulated
with specific tissue inhibitors (TIMPs). Their concentration
characterizes the antiprotease activity of biological fluids.
Thus, TIMP-1 and TIMP-2 can inhibit the activity of all
known MMPs. TIMP-3 and TIMP-4 are responsible for cell
differentiation in extracellular matrix. TIMP-1 is a soluble
inducible inhibitor with a wide spectrum of action, prefer-
ably produced by cells of the connective tissue matrix; and
it is contained in bone tissue in a large quantity. However,
the activated proteinases can be free to go out into the
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bloodstream and other biological fluids, affecting on the
homeostasis of the organism. At this level of the regulation
of protease-antiprotease balance, hemostatic antiprotease
system is connected. Among plasma protease inhibitors,
a2- macroglobulin is the most important; it reduces the
activity of soluble MMPs [4].

However, it is still not clear what metalloproteinase is
the most of all associated with bone resorption in inflam-
matory destructive processes in periodontal tissues, what
value of TIMP-1 and protease inhibitors can be indicators
of antiprotease system, in the development of inflamma-
tory and destructive process in periodontal tissues. In our
opinion, this kind of research has to have practical output
in creating therapeutic and diagnostic methods in the
complex treatment of disease; and it prompted us to carry
out presented work.

THE AIM

The aim of the study is examination of the dynamics of
bone resorptive capacity according the indices of prote-
ase and antiprotease systems during the treatment of GP
of the II-IIT degree of severity in patients with age-related
osteoporosis and without osteoporotic changes in bone
system.
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Table I. Indicators of protease and antiprotease systems in biological fluids in research groups before treatment (M + m)

Comparison group (CG) Basic group (BG)
Indicator Control
1 1} | I 1]
MMP-3 blood plasma  24.65+4.78 2924 +7.43 3338+964%*  4356+749%%  4280+6.61%% 4762 +7.55**
Mg/l saliva 3.65+0.57 3.85+0.74 3.93+0.86 444+118 840+ 1.38 *** 8.45 +1.88 ***
" MMP-8 blood plasma  3.29+0.59 3.68+0.99 424 +0.82 *** 2.58 +0.76 ** 4314057 *** 520+ 0,99 ***
S Mg /1 saliva 063 +0.14 1.17 +£0.25 **= 1.28+0.21 %+ 0.75+0.27 1.01+0.18 *** 1.29 +0.26 ***
g MMP-9 blood plasma  38.05+6.13  509+579%% 5279 +583 % 41.49+692 57.86+7.05%% 6097 + 809 ***
Mg /1 saliva 13344226  21.74+435%%  DAAG+ 524 %% 15.58 +4.93 2652 +4.94*% 2880+ 590 ***
TTA plasmablood 051005 0.54 +0.07 0.65 + 0.05 *** 0.50 +0.04 0.69 + 0.08 *** 0.79 +0.12 ***
UM/ min/ ml
TIMP-1 plasmablood  105.60+7.85 5822651 %% 13158+11.53%* 11249+13.71  89.70+ 1455%*  81.95+934 ***
¢ Hg /| saliva 0.79+0.14 1.54 40,30 *** 1.60+029%%  105+021%%*  123+0,18%** 0.70+0,18
(%]
k5 Q1-AT blood plasma  35.89+4.11  5822+651 %%  4698+358*%  4673+402%* 5023 +4.67**  4964+6.19 %
= AT,
g MM/ min / ml saliva 1.73+0.32 235+£045%% 2574020 % 1.71+0.50 1.02+0.15 *** 1.21 40,34 %
s a2-MG, um/ _ blood plasma  6.71+0.70 9.16+0.88*** 008+ 1.07 *** 7.03 +1.30 6.82+1.31 509 + 0,52 ***
min / ml saliva 0.77 +0.09 0.88+0.12%%* 0524008 *** 0.69+0.13* 0.69+0.14* 0.55 + 0.06 ***

Notes. 1. n = 30 for all research groups. 2. * - P < 0.05, ** - P < 0.01, *** - p < 0.001 compared with control group.

MATERIALS AND METHODS

The comprehensive study and treatment of 120 patients
with GP, equally men and women, with average age 59.2
* 5.4 years, was conducted. The diagnosis was determined
by clinical and radiological data [1].

The state of bone tissue was determined by the results of
the study of bone mineral density (BMD) by the method of
two-energy x-ray absorptiometry using the apparatus Lunar
Prodigy. The diagnosis of osteoporotic changes in the skeleton
was held by the WHO recommendation by the T-criterion.

Among selected patients with GP, 60 persons had nor-
mal bone mineral density, and the remaining 60 ones had
age osteoporotic changes in bone tissue. Additionally, the
indicators were studied for 30 persons with age-related
osteoporosis, whom are not diagnosed GP, and for 30
persons with intact periodontal tissues and without oste-
oporotic changes.

Criteria for exclusion from the study were receiving
drugs with mineral components, the presence of injuries
and inflammatory diseases of skeleton and joints. Group
of research (basic and comparison) were formed identical
in age and gender.

The I basic group (BG) consisted of 30 persons with
concomitant age osteoporosis, whom are not diagnosed
with inflammatory and destructive changes in periodontal
tissues. The II BG included 30 patients with GP of the I de-
gree of severity, chronicity. The ITI BG included 30 patients
with GP of the III degree of severity, chronicity. The cri-
teria for inclusion in the BG was presence of concomitant
age osteoporosis provided there is no history of somatic
pathology affecting the mineral density of the skeleton.

In turn, the I comparison group (CG) consisted of 30
patients with GP of the II degree of severity, chronicity. The
II CG consisted of 30 patients with III degree of severity of
disease. All patients, included CG, did not have osteoporot-

ic changes in skeleton bone. The control group included 30
relatively healthy persons without both inflammatory and
destructive changes in periodontal tissues and osteoporotic
changes in the skeleton.

Patients with GP received combined treatment according
to standard protocol [1]. The material for biochemical stud-
ies was plasma (serum) of blood and saliva before treatment
of GP, and in 2, 4 and 12 weeks after its beginning.

For the comprehensive assessment of the activity of pro-
teolytic processes in the bone tissue, it was studied the con-
centration of MMPs of three main subclasses, participating
in the resorption of bone matrix, namely stromelizyn
(MMP-3), collagenase (MMP-8) and gelatinase (MMP-9)
in blood plasma using R&D Diagnostics Inc. kit (USA).
Also, trypsin-like total activity (TTA) of plasma, which
is based on the these enzymes’ decomposition colorless
synthetic substrate N-benzoyl-DL-arginine-4-paranitroan-
ilinohydrochloride with the formation of p-nitroaniline
with yellow colour, were determined. The degree of color
were recorded at a wavelength of 410 nm using a photom-
eter 2000 Human (Human, Germany). Quantitative evalu-
ation TTA in plasma was performed using the calibration
graph, where the various concentrations of aniline, the
final cleavage product of trypsin-like enzymes, were used
as standard solutions. Specific trypsin-like activity in blood
plasma was determined in umol / minute of fermented
substrate in terms of 1 liter of serum (uM / minute / I).

The anti-resorptive potential of bone tissue was evaluated
by the concentration of MMPs tissue inhibitor TIMP-1 in
blood plasma using the R&D Diagnostics Inc. kit (USA).

Based on the fact that the concentration of MMPs does
not fully reflect the activity of degradation of the intercel-
lular matrix, which is mainly due to the resistance to pro-
teinase specific inhibitors, we additionally determined the
total anti-proteolytic activity of biological fluids according
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Fig.1. Concentration of MMPs in biological fluids (1- control group; 2 —the 1 (G;

the activity of al-antitrypsin (al-AT) and a2-macroglob-
ulin (a2-MG) by the Nartikova & Pashina’s method [5]. It
should also be noted that prior to the studies, samples were
normalized by the total protein concentration determined
by the method [6].

Statistical analysis was performed using the package
Statistica 8.0 (Statsoft Inc., USA).

RESULTS

Systematic content of MMPs in blood plasma and saliva
varied depending, firstly, on the stage of GP and, secondly,
on the presence of concomitant osteoporosis, increasing
according to the severity of the pathological process in
periodontal tissues and its complications under systemic
disorders of bone metabolism (Table I).

In patients of the BG, nonsignificant increase in the level
of MMP-3 in plasma was observed, while the local concen-
tration of the MMPs in saliva varied significantly (P <0.001).
At the same time, in patients of BG, significant differences
of MMP-3 concentration in plasma and saliva, compared to
each other, were not observed (P > 0.05).

In patients with GP, the MMP-8 level significantly in-
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creased in plasma (P < 0.05), most notably against back-
ground of systemic osteoporosis and the third degree of
the destructive and inflammatory process in periodontal
tissues (P < 0.001). Regarding the MMP-8 content in sa-
liva, this index showed the same, but more pronounced,
dynamics, that in plasma. Its differences with values of the
control group proved to be reliable in patients with GP in
all observation groups (Figure 1).

According to the results, the MMP-9 concentration also
increased in the blood and saliva of patients with GP, but
the differences of the indices for the saliva in GP of the II
degree of severity were less pronounced (P < 0.001).

Thus, the analysis of the study of MMPs proved represen-
tativeness of content MMP-8 and MMP-9 in both blood
plasma and saliva, regarding the description of the activity
of the destructive process in the periodontium. However,
as expected, the most significant changes were found in
MMP-8 concentrations in biological fluids studied in the
patients of the basic and comparison groups in GP of the
I1I degree of severity (P < 0.001). Changes in the index of
saliva, unlike MMP-9, were registered in all variants of GP.
The level of MMP-3 is more related to osteoporotic bone le-
sions and was not significant in assessing the severity of GP.
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Table Il. Indicators of protease and antiprotease systems in plasma in research groups during treatment (M & m)

Indicator
Group MMP-3 MMP-8 MMP-9 TTA, TIMP-1 al-AT, a2-MG,

png/l pug/l ug/l HM/min/ml pug/l HM/min/ml KM/ min / ml
Control 2465+4.78 3.29+0.59 38.05+6.13 0.51+0.05 105.60 +7.85 35.89+4.11 6.71+0.70
beforetreatment  29.24+743 3.68 +0.99 50.90 +5.79 0.54 +0.07 135.91 + 10.08 58.22+6.51 9.16 +0.88
2 weeks 2782+707 3.55+.96 46.83 +5.33 0.53 £0.07 139.57 £10.35 5051+565** 7.22 £0.69

8 I 4 weeks 27.23+692 3.22+0.87 4551+5.18 0.52+0.07 127.05+9.42 3764+421%* 806+0.77 **
§ 12 weeks 2802+7.12 3.79£1.02 46.10£5.24 0.55+0.07 11825 +8.77** 3889+435%* 7.34+070*
§ beforetreatment ~ 33.38+9.64 4.24 +0.82 52.79+5.83 0.65 £ 0.05 131.58 £11.53 46.98 + 3.58 9.98+1.07***
§ | 2 weeks 2843+8.21 3.90 +0.76 50.06 +5.53 0.58+0.05* 130.59 + 11.44 3717+£283** 9.76 + 1.04
4 weeks 2629+759* 342+066** 49.73 +5.50 0.59 +0.05 128.26 + 11.24 3868+294%* 8.89+0.95**

12 weeks 2743+792 3.63+0.70 4357 £482%%* 055+005*** 11588+10.15*** 3859+294%** 802+086**
| beforetreatment ~ 43.56+7.49 2.58+0.76 41.49 +6.92 0.50 +0.04 11249 £ 13.71 46.73 +4.02 7.03+1.30
beforetreatment  42.80+6.61 431+0.57 57.86 +7.05 0.69 +0.08 89.7 £ 14.55 50.23 +4.67 6.82+1.31
2 weeks 40.15+6.20 4.03£0.53 5228+637* 0.61+£0.07 ** 92.26 + 14.97 4564 +4.24*% 6.97 £1.34
G) : 4 weeks 41.32+638 3.75+0.50 4939+602** 0.63 +0.07 10734+ 1741 % 4571+425% 7.12+1.37
_? 12 weeks 38.77 599 349+046** 4746 +£5.78 060+007** 10343 +16.78** 39.1+£364%* 7.40+1.42
a beforetreatment ~ 47.62+7.55 5.20 £0.99 60.97 + 8.09 0.79+£0.12 81.95+9.34 49.64 +6.19 5.09 £0.52
2 weeks 4573+7.25 5.11+0.97 55.98 +7.43 0.77 +0.11 965+1100** 48.70 + 6.07 529+0.54
! 4 weeks 4360+691 434+082** 4768 +£6.33 % 0.73£0.11 10821 +1234** 49.68 £6.19 5.47 £0.56
12 weeks 4147 £6.57 362+069%* 4572 £6.07 ¥** 0.71+0.11** 11453+ 1306** 48.59 + 6.06 5.89 £ 0.60

Notes. 1. n = 30 for all research groups. 2. * - P < 0.05, ** - P < 0.01, *** - p < 0.001 compared with control group.

Data on changes in the concentration of MMPs in plas-
ma and saliva during treatment are given in the Tables
IT and III. The level of MMP-3 remained unchanged in
both biological fluids. The results obtained after treatment
exceeded the control values almost twice (P < 0.01). The
concentration of MMP-9, as a result of the treatment,
decreased rather rapidly, especially in the blood plasma,
more dynamically in the groups with GP of the III degree
of severity (P < 0.05 compared to the concentration before
treatment), but did not reach plasma parameters in the con-
trol group at the end of treatment. On the contrary, MMP-8
concentration was normalized in both saliva and blood
plasma over the treatment period, and the final results
were almost consistent with the control values (P < 0.05).

The values of the protease system (TTA) of the blood
plasma also changed according to the degree of destruction
of periodontal bone under the influence of local inflam-
matory-destructive process and systemic osteoporotic
changes. Its highest values were obtained for patients with
GP of the II-III degrees of severity on the background of
age-old systemic osteoporosis (P < 0.001 when compared
with control values), the lowest — for the II degree without
systemic changes in the skeleton (P > 0.05 when compared
with control values). However, this index was not indicative
in the dynamics of treatment, the final results significantly
exceeded the control values (P < 0.01).

The levels of al-AT and a2-MG in the blood plasma,
as indicators of the state of the antiproteinase system, are
slightly increased in the CG (P < 0.05), and in the main
group these indicators tend to decrease and do not differ

significantly from the control group (P > 0.05). However,
with GP of the III degree of severity in both groups, the
activity of a2-MG in saliva decreased, which indicates a
decrease in the local antiproteinase protection of periodon-
tal tissues. Changes in these parameters during treatment
occured, but without significant dynamics in patients with
osteoporosis (P > 0.05), which limits their diagnostic value.

In addition, the release of MMPs in the presence of destruc-
tive phenomena in the bone system of general or only local
origin, as discussed above, was offset by an increase in the
concentration of TIMP-1, both in blood plasma and saliva
(TableI), which was most noticeable in patients with GP of the
II-I1I severity without osteoporotic changes. Regarding stud-
ied dynamics of TIMP-1 indices in the biological fluids, it was
proved to be quite indicative of the inhibition of pathological
processes in periodontium due to the treatment.

The ratio of MMPs concentration to the TIMP-1 in blood
plasma and saliva was changing in different directions (Ta-
ble IV). The most revealing was increased MMPs to TIMP-1
in saliva in patients with GP, complicated system osteopo-
rosis (P < 0.001). This demonstrated a local imbalance of
protease-antiprotease system. These indices grown most
notably in GP of the IIT degree, in both the basic and the
comparison group. The ratio MMP-3 to TIMP-1 in saliva
increased only in BG, i.e.in patients with GP, occurring
against the background of systemic osteoporosis. In blood
plasma the ratio of MMP-3 to TIMP-1 was increased only
in the BG and the ratio of MMP-8 and MMP-9 to TIMP-
1 increased more than twice in groups with GP on the
background of osteoporosis (P < 0.001).
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Table lll. Indicators protease and antiprotease systems in saliva in research groups during treatment (M £ m)

Indicator

Group MMP-3 MMP-8 MMP-9 TIMP-1 al-AT, a2-MG,
g/l ug/l ug/l pg/l pHM/min/ml pM/min/ml
Control 3.65+0.57 0.63+0.14 13.34+£2.26 0.79+0.14 1.73+0.32 0.77 £0.09
before treatment 3.85+0.74 1.17+0.25 21.74+£4.35 1.54+0.30 2.35+045 0.88 £0.12
2 weeks 3.80+0.73 0.78 £ 0.17 *** 20.33 £4.06 1.20 +£ 0.23 *** 2.16 £0.42 0.86 £0.12
8 ! 4 weeks 3.90+0.75 0.71 £0.16 *** 19.47 +3.89 1.13 £0.22 *** 2.21+043 0.81+0.11
§ 12 weeks 3.66 +£0.70 0.68 = 0.15 *** 17.12+3.42 1.05 +£0.27 *** 2.04+£039* 0.79+£0.11
é before treatment 3.93+£0.86 1.28£0.21 2446 £5.24 1.60+£0.29 2.57 £0.29 0.52+£0.08
§ I 2 weeks 536+ 1.17* 0.88 = 0.14 *** 20.47 £4.39 1.22 £0.22 *** 2.50+0.29 0.51+0.08
4 weeks 4.46 +0.97 0.79 £ 0.13 *** 19.61+£4.20* 1.19 £ 0.27 *** 2.08 £0.24 *** 0.59 £ 0.09
12 weeks 4.07 £0.89 0.68 +0.11 *** 19.09 £ 4.09 *** 1.03 £ 0.19 *** 1.98 + 0.23 *** 064+0.10**
| before treatment 444+1.18 0.75+0.27 1558 +4.93 1.05+0.21 1.71+£0.50 0.69+0.13
before treatment 84+1.38 1.01+0.18 26.52 £4.94 1.23+0.18 1.02+£0.15 0.69+0.13
2 weeks 793 +£1.30 0.95+0.17 22.51+4.20 1.12+0.16 0.98 £0.15 0.71+£0.13
g ' 4 weeks 8.49+1.40 0.92+0.16 18.91 £3.52 *** 1.03+0.15* 1.17+0.17 0.71+0.13
v 12 weeks 840+ 1.38 0.84+0.15 17.65 £3.29 *** 1.02+0.15* 1.30+£0.19 0.74+£0.14
§ before treatment 8.45+1.88 1.29+0.26 28.80 £5.90 0.70+£0.18 1.21+£0.34 0.55 +£0.06
" 2 weeks 8.52+1.90 1.23+0.25 28.13+5.77 0.69+0.17 1.25+0.35 0.56 = 0.06
4 weeks 8.56 + 1.91 1.08 £ 0.22 ** 27.62 +£5.66 0.83 £0.21 1.33+£0.38 0.58 +£0.06
12 weeks 7.14 £1.59 ** 0.97 +£0.19 *** 23.28 +4.77 *** 0.86 £0.21 1.40 £0.40 0.62 £0.07

Notes. 1. n = 30 for all research groups. 2. * — P < 0.05, ** — P < 0.01, *** — P < 0.001 compared with control group.

According to the analysis of results for the basic and com-
parison groups for the purpose of evaluation of the total
antiproteinase activity of blood plasma, in patients with
GP of the II-III degrees of severity without osteoporotic
changes, the antiproteinase activity was increased. On the
contrary, under GP of the II-III degrees of severity with
osteoporotic changes, the antiproteinase system was over-
loaded due to the significant activation of the proteinases,
so the TTA in the BG tended to decrease.

DISCUSSION

The study of MMP-3, MMP-8, MMP-9 and TIMP-1 content
in patients with GP of the II-III degree of severity, including
cases, complicated systemic osteoporosis, revealed their
multiple changes depending on the severity of the disease
and its treatment. In our opinion, that indicates the key
role of disorders of the balance of protease and antiprotease
systems of bone matrix in the development of periodontal
pathology.

MMP-8 plays leading role in the destruction of periodon-
tal tissues: it is a major destructive factor in the progression
of GP, unburdened by disorders of bone metabolism.

In patients with GP in both research groups, the concen-
tration of MMP-9 was significantly higher than normal.
We consider that this is due to the high content of the
cellular elements of the periodontal enzyme in the inactive
form; the MMP-9 is activated by both cytokines and other
proteinases. On the one hand, this indicates the greatest
contribution to the destruction of periodontal tissues
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MMP-9, on the other hand - this MMP is a nonspecific
indicator of inflammatory periodontal diseases and their
complications.

Atleast, MMP-3 characterizes the destruction of periodon-
tal tissues, in particular its bone component. Its activity is the
greatest under the GP on the background of osteoporosis.
While, if the process becomes more active, other proteinases
are activated, which have a greater contribution to the de-
struction of the periodontal tissues. This is due to the lower
content of MMP-3 in bone tissue and the activation of this
MMP under the action of hormones and internal regulatory
factors. However, it should be noted that the determination
of MMP-3 is valuable in the diagnosis of systemic osteopo-
rosis and the assessment of systemic activity of its course, as
confirmed by the results of studies of precursors [7].

Despite the level of MMP-3, which is within the normal
range of control and comparison individuals, the concen-
tration of this MMP in the I BG is higher than normal, and
in the IT and III BG s it is significantly higher than normal
(P <0.01). This is indirectly indicative of the background
course of osteoporotic changes in bone tissue and coincides
with data from previous studies [8-9], which show the high
value of MMP-3 in the processes of non-inflammatory
destruction of the bone matrix. In this regard, the level
of MMP-3 remains high enough in the IT and III BG, de-
spite the comprehensive treatment and elimination of the
inflammatory component of osteodestruction. Also, these
results indicate a latent course of osteodestruction and the
achievement of temporary remission in the treatment of
GP on the background of osteoporosis.
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Table IV. Ratio of matrix metalloproteinases concentration to the TIMP-1 in biological fluids (M + m)

Comparison group

Biological

Basic group (BG)

; Indicator Control (Ca)
fluids
| I | Il 1]
5 © MMP-3 / TIMP-1 0.24 £ 0.05 0.22 £0.06 0.25 +0.07 0.39 +£0.09 0.49 +0.11 0.59+0.12
5 % MMP-8 / TIMP-1 0.03 +£0.01 0.03+£0.01 0.03+£0.01 0.02 £0.01 0.05 +£0.01 0.06 +£0.01
2
e MMP-9 / TIMP-1 0.36 £0.07 0.38 £0.04 0.40 £ 0.06 0.37 £0.08 0.66 +£0.10 0.75+0.13
+
o MMP-3 / TIMP-1 483+ 1.30 2.60+0.75 2.55+0.76 443 +1.52 6.96 + 1.60 151757*_
= -
‘_J’, MMP-8 / TIMP-1 0.82 +£0.21 0.78 £0.23 0.83 +£0.22 0.74 +£0.30 0.84 +0.19 1.92+0.31*
MMP-9 / TIMP-1 1757 £461 1467 £4.39 15.71+£440 1549+6.76 22.05+567* 432+1266*

Notes. 1. n = 30 for all research groups. 2. * — P < 0.001 compared with control group.

Describing the role of expression and activation of MMPs
by signs that have been determined, it should be emphasized
that normally the tissues do not contain active MMPs and the
concentration of their precursors is at a minimal level. Thus,
both stages of regulation are necessary for the accumulation
in the bone tissue of the active form of the matrix.

TIMP-1 inhibits the activity of MMP-3, MMP-8, and
MMP-9 in a 1:1 ratio, directly interacting with the active
center of MMPs [10]. In the comparison group, the ratio of
MMP-8 to TIMP-1 in the blood plasma increased in com-
parison with the control in 2.3 and 2.6 times, depending on
the severity of the disease (P < 0.01). This was confirmed
by the fact that with the activation of inflammation there is
an increase in the concentration of MMP-8, “responsible”
for the destruction of tissues of the periodontal complex,
and the compensatory increase in the level of TIMP-1 was
insufficient, which led to a violation of the balance of pro-
teolytic activity. In addition, TIMP-1 can be inactivated by
proteolytic enzymes - trypsin, chemotrypsin and neutrophil
elastase - thus significantly increasing the activity of MMPs.

According to our observations, the ratios of MMPs to
TIMP-1 in the blood plasma of the subjects were unin-
formative. In the BG, the ratio of MMPs to TIMP-1 in
saliva increased significantly, indicating a pronounced
local imbalance of the protease and antiprotease system,
which causes the severity of periodontitis in patients with
age-related osteoporosis and confirms the role of MMPs in
the pathogenesis of disorders of the extracellular matrix.

Indicators of the antiproteinase system state were not
indicative of the course as inflammatory-destructive phe-
nomena in periodontal tissues. Although, we observed
some changes that caused the activation of pathological
phenomena. While the study of qualitative and quantitative
characteristics of MMPs and their inhibitors represents a
promising area of basic research that will allow the devel-
opment of new approaches to the diagnosis and treatment
of inflammatory-destructive periodontal diseases.

CONCLUSIONS
In patients with GP, indicators of MMP-9 content in blood
and saliva characterize the severity of inflammatory-de-

structive processes in bone tissue during generalization of
the process. They are not indicative for evaluation of treat-
ment effectiveness. The concentration of MMP-8 in patients
with GP increases in plasma and saliva according to the
severity of the disease; it changes also during the treatment.
The increase in the ratio of MMPs to TIMP-1 in saliva in
patients with GP, complicated by systemic osteoporosis,
indicates a local imbalance of the protease-antiprotease
system. The concentration of MMP-3 in saliva and blood
plasma characterizes general changes in bone tissue, but is
not representative of the activity of GP. In patients with GP,
in saliva the level of al-AT and a2-MG decreases, which
indicates a decrease in local antiproteinase protection of
periodontal tissue. In patients with GP, assessment of bone
resorptive potential is to identify the leading pathogenetic
mechanism of bone resorption at the current stage of disease
and allows choosing the tactics of treatment: to prescribe the
correct pharmacotherapy and to prevent the development of
complications. Wherein, MMP-8 and TIMP-1 are the most
significant markers of the inflammatory-destructive process
in the periodontal tissues.
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