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Abstract

Aim — the cytokine profile research in patients with posttraumatic
synovitis during intravenous and intra-articular ozone therapy.
Material and methods. The research involved 69 patients with
traumatic knee joint damage complicated by posttraumatic synovitis.
Patients in Group I (35 people) received a traditional treatment.
Patients in Group II (34 people) along with the traditional therapy had
intravenous injection of 200 ml of ozonated solution of sodium chloride
in ozone concentration 2 mg/1 once daily for 10 days, and intra-articular
injection of 20 ml ozone-oxygen mixture in ozone concentration of 15
mg/1 once every second day, in an amount of 5 injections.

During arthroscopy, the lavage of the joint cavity was performed with
ozonated saline solution at a concentration of 2.0 mg/I.

The cytokine profile was evaluated by the content of pro-inflammatory
cytokines (TNF-a, IL-1p, IL-6, IL-17), regulatory (IL-2), IL-1 receptor
antagonist, and anti-inflammatory (IL-4, IL-10) cytokines by solid-phase
enzyme immunoassay with peroxidase as an indicator. Statistical analysis
of the results was carried out using the Student t-test.

Results. The use of intravenous and intra-articular ozone therapy
contributed to synchronous decrease of the levels of pro-inflammatory
cytokines with simultaneous reduction of anti-inflammatory mediators
of inflammation. TNF-a. content decreased by 24.6% (p,<0.001), IL-
17 — by 17.3% (p,<0.01), IL-6 — by 20.1% (p,<0.001), IL-1p — by
19.1% (p,<0.001), IL-2 — by 25.7% (p,<0.001), IL-1RA — by 24.4%
(p,<0.001), IL-10 — by 21.3%(p,<0.001), IL-4 — by 25.7% (p,<0.001)
in comparison to traditional treatment.

Conclusion. The complex ozone therapy led to the decrease of
inflammation, which was reflected in the depression dynamics of the
studied cytokines. These results allow us to evaluate it as an effective
treatment method for post-traumatic synovitis which effectively
reduces the secondary posttraumatic alteration of tissue structures.
Keywords: joint injury, synovitis, inflammation, cytokine profile,
interleukins, ozone therapy.
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JdVWHaMunkKka UMTOKUHOBOro npodunsa
y 6051bHbIX C NOCTTPaBMaTU4€CKUM CUHOBUTOM
Ha poHe O30HOTEepanuu

A.H. 3axeatog!, T.B. Tapacosa', A.A. BuHorpagoea?, [I.A. Xarnpgap', B.O. TUMOLLKMH'
'OIMBOY BO «HaumoHaneHbIn nccnegosarensckuii MopaoBCKui roCynapCTBEHHbIV YHUBEPCUTET
nmenun H.IN. Orapesa», MegnunHckmin MHCTUTYT (CapaHck, Poccus)
20IAQY BO «Poccuircknin yHmeepeuteT apy»6bl Haponos» (Mocksa, Poccud)

AHHOTaUus

Llenb — u3yuynTh HIUTOKWMHOBBIN TPOGMUITH Y TAITUEHTOB C MTOCTTPaB-
MaTUYe€CKUM CUHOBUTOM IPU BHYTPUBEHHON U BHYTPUCYCTABHOM
030HOTEpauu.

MaTtepuan u metofbl. PaGota 0OCHOBBIBaeTCSI Ha pe3yJibTaTax uc-
CJIeOBAHUS U JiedeHUst 69 GOJIbHBIX C TPABMATHUYECKUMU [TOBPEXIIE-
HUSIMU KOJIEHHOTO CYCTaBa, OCIIOXKHEHHBIMU Pa3BUTUEM TTOCTTPAB-
MaTHYeCKOTO CHHOBHUTA.

Bosbhbie | rpymmsl (35 yenoBeK) Mojydaam KOMIUIEKCHOE TPaJaUIIv -
oHHoOe JiedeHHe. Y nanueHToB 11 rpynmel (34 GOJIBHBIX) TPATULIM-

OHHasl Tepanusi AOMONHsIAaCh 10-IHEBHBIM KypCOM BHYTPUBEHHOM
MHBEKLIMOHHOI 030HOTepanuu: 200 mu pactBopa NaCl B KOHLIEH-
Tpauuu 2,0 Mr/i 1 pa3 B CyTKM U BHYTPUCYCTaBHBIM BBeeHUEM 20
MJI 030Ha B KOHIIEHTpalMu 15 Mr/11 yepes JeHb B KOJIMYECTBE S Mpo-
Lenyp.

Bo BpeMst BHITIOTHEHMSI apTPOCKOMUU MTPOU3BOAUICS MIPOTOYHO-
MPOMBIBHOI1 JIaBaX CycTaBa 030HUPOBaHHBIM pacTBopoM NaCl B
KOHLeHTpaiuu 2,0 Mr/i.

LMTOKMHOBBIN MPOdUIb UCCAENOBAJICS 10 COAEPKAHUIO TTPOBOC-
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nasmtenbHbIX (TNF-a, IL-18, IL-6, IL-17), perynstopHoro (1L-2),
pelienTopHoro anraronucra Mi-1u npotusoBocnanutenbHbix (IL-4,
IL-10) unTOKMHOB METOAOM TBEPAO(HA3HOTO UMMYHO(DEPMEHTHOTO
aHaJu3a ¢ MHAUKATOPHOU MeTKOi B BuIe nepokcuaasbl. Cratu-
CTUYECKUI aHaIU3 Pe3yIbTaTOB MPOBEIECH MOCPEICTBOM KPUTEPUS
CrblozieHTa.

PesynbTatbl. [IpMeHeHre BHYyTPUBEHHOU U BHYTPUCYCTAaBHOU
030HOTEPAIUU CITOCOOCTBOBAJIO CUHXPOHHOMY CHYDKEHUIO YPOBHS
MPOBOCTIAIUTENILHBIX IIUTOKWUHOB OJTHOBPEMEHHO C OTpaHUYCHUEM
pOCTa MPOTUBOBOCTIAJIMTETbHBIX MEMUATOPOB BocTiaieHust. Conepxka-
Hre TNF-o ymensimmnocs Ha 24,6% (p,<0,001), IL-17 — va 17,3%
(p,<0,01), IL-6 — Ha 20,1% (p,<0,001), IL-1Bp — Ha 19,1% (p,<0,001),
IL-2 —1a 25,7% (p,<0,001), IL-1RA — Ha 24,4% (p,<0,001), IL-10 —
Ha 21,3%(p,<0,001), IL-4 — na 25,7% (p,<0,001) 110 oTHOIIEHUIO K
JTaHHBIM, TOJIYYEHHBIM MPU TPAAULIMOHHOM JIEYEHUU.
3akntoyeHue. [IpuMeHeHre B KOMIUIEKCHOW Tepary 030HOTepa-
MUY TIPUBOAIIO K CHUKEHUIO BOCTIAIUTEIBHON PEaKIIUM, YTO OT-
pa3wioch B TMHAMUKE NETIPECCUN TOKa3aTesiell UCCIeayeMbIX 11~
TOKUHOB. JlaHHBIE Pe3yJabTaThl MO3BOJISIIOT OIICHUBATH 3TOT METOJI B
JIEYSHUH TTOCTTPAaBMAaTUIECKOTO CHHOBHTA KaK BHICOKO3((hEKTUBHBI
Y TTO3BOJISTIONIN i 3(h()DEKTUBHO YMEHBIIIUTH BTOPUYHYIO IIOCTTPaBMa-
TUYECKYIO aJIbTEPAIINIO TKAHEBBIX CTPYKTYP.

KnioyeBble crnoBa: TpaBMa cycTaBa, CHHOBUT, BOCTIaJIEHHE, IUTOKIHO-
BBl TPO®UITH, UHTEPIEUKINHBI, 030HOTEPATIHS.
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m INTRODUCTION
Mechanical trauma to the joints initiates a cascade
of catabolic reactions of inflammatory origin,
which are implemented mainly through the activation
of lipid peroxidation processes and are accompanied by
an increase in the concentration of cytokines both at the
local level and in the systemic blood circulation [1, 2].
These signaling molecules form intercellular signaling
pools that modify the reactivity of tissues and promote
the involvement of intact tissues by primary alterations
in the inflammatory process, which is achieved through
the activation of lysosomal enzymes and the stimulation
of the synthesis of inflammatory mediators that can
increase sensitivity to oxidative stress, causing an
expansion of the secondary destruction focus [3].

During the long-term pro-inflammatory potential
of the joint tissues, a significant decrease in reparative
processes is noted, which ultimately leads to the
disorganization of the extracellular matrix and
progressive disintegration of the cartilage in combination
with other degenerative-dystrophic intra-articular
changes [4].

As a result, the identification of the aspects of the
dynamics disorders of the cytokine profile and their
pathogenetic correction at the early stages enables
to limit the area of secondary alteration and activate
reparative mechanisms in the lesion focus, which
improves the results of rehabilitation treatment, limiting
the progression of post-traumatic osteoarthritis [5, 6].

m AIM

The study aimed to investigate the cytokine profile
in patients with post-traumatic synovitis undergoing
intravenous and intra-articular ozone therapy.

m MATERIAL AND METHODS
The study is based on the results of the examination
and treatment of 69 patients with traumatic injuries of
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the knee joint, complicated by the development of post-
traumatic synovitis. The patients studied were informed
about the treatment and diagnostic measures and gave
written consent.

Inclusion criteria were duration of trauma from one
to ten days, age from 20 to 40 years, and absence of
concomitant injuries and diseases.

Exclusion criteria were somatic and endocrine
disorders, trauma duration > 10 days, and age < 20 and
> 40 years old.

The ratio of men to women was 23:12 in group I and
22:12 in group II, respectively. Most of the patients were
athletes, as well as people of working specialties. Based
on the nature of the damage, patients with isolated
injury of the medial meniscus, lateral meniscus, and
integumentary cartilage of the articulation surface
prevailed. All patients underwent medical and diagnostic
arthroscopy of the injured joint. The surgical approach
depended on the nature and extent of the injury.

Two study groups of patients were formed, which
were similar in the volume and nature of joint injury.
In the group 1 (35 patients), the traditional treatment
was performed. A mandatory measure included the
removal of the synovial-hemorrhagic punctate from
the articular cavity of the damaged joint. In order to
reduce inflammation and achieve an analgesic effect,
non-steroidal anti-inflammatory drugs (ketorol,
nimesulide, diclofenac) were used. Also, in order to
increase the reparative potential of the tissues, drugs that
improve peripheral blood circulation (trental, nicotinic
acid, curantyl) were used, as well as physiotherapeutic
treatment methods (magnetotherapy, ultrahigh
frequency therapy, and laser therapy) [7].

In the group II patients (34 patients), a traditional
complex therapy was supplemented with a 10-day
course of intravenous ozone therapy, namely 200 ml
of NaCl solution at a concentration of 2.0 mg/I once
a day and intra-articular injection of 20 ml of ozone
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f‘lt a concentration of 15 mg/ 1 cvery Oth_er day’ Indicators, Control treBaeth%fnt Group |, days Group |, days
in the amount of five procedures. During the pg/ml (n=20) (n = 35) 7-8(n=35) | 15-17 (n=35)
arthr os;;opy, tge f_kl’lw‘r nsing lazllal%le gth‘; Jomnt TNF-a 1,20£0,02 4,51£0,19* 4,9820,19" 4,39+0,31*
was performed with an ozonized NaClsolution IL-1p 3,22+0,08 9,870,25* 10,240,311 4,39:0,31%
at an ozone concentration of 2.0 mg/1.

An ozonator AON-01-Arz was used in the IL-6 487:027  16241027*  17,93:0,34" 15,190,368
study. The study results were monitored on days =17 196005 5812013 7,030,341 5,450,158
7—8 and 15—17 from the start of treatment. IL-2 249:003  11,09:031*  12,35:0,41" 11,7240,18*

The cytokine status indicators were studied, IL-4 2,18+0,05 8,47+0,21 9,970,33" 10,36+0,19""
namely pro-inflammatory (TNF-a, IL-1p, IL- IL-1RA 468,23+18,94 1123,09+39,91* 1234,74+36,291 1298,84+49,82*1
17, IL-6), regulatory (IL-2), anti-inflammatory IL-10 7345021  2378:037*  24,86+0,43 25,79+0,41"

(IL-4, IL-10) cytokines, as well as IL-1 receptor
antagonist (IL-1RA). Blood serum was used as
the test sample. The cytokines were measured
by the enzyme-linked immunosorbent assay
method using the Multiscan analyzer with the use
of a set of reagents by Vector-Best (Novosibirsk).
Peroxidase was used as an enzymatic indicator
label. The mean biochemical data obtained
from 20 healthy volunteers were taken as control values.
The control group was comparable with the groups
under study in terms of sex and age distribution. The
studies were approved by the local ethical committee
of the Medical Institute of the N. P. Ogarev Moscow
State University (protocol No. 44 of 11/18/2012).
The computational stage and statistical analysis were
performed using the licensed programs SPSS-115 for
Windows and Statistica 6.0.

m RESULTS

Analysis of the blood serum cytokine profiles
upon admission of the patients showed high levels of
cytokinemia. Among pro-inflammatory cytokines,
TNF-a increased by 275.8% (p < 0.001), IL-1B
increased by 206.5% (p < 0.001), IL-17 increased by
196.4% (p < 0.001); moreover, the regulatory cytokine
IL-2 increased significantly by 345.4% (p < 0.001) (Table

Ta6nuua 1. BrivsHve TpaguumoHHOV Tepanu Ha AMHaMUKY UATOKUHOB
rpu NOCTTpaBMaTn4eCcKkoM CUHOBUTE

lpumedaHune. * — JOCTOBEPHOCTL OT/INYMSI K HOPMasbHbIM BesindnHam rnpuv p<0,05;
! — JIOCTOBEPHOCTb OT/INYMA K AaHHbIM My nocTyrneHmm p,<0,05.

Table 1. The effect of traditional therapy on the cytokines dynamics

in post-traumatic synovitis

Note. * - significant difference to normal values at p<0.05; ' — significant difference to
admission data at p,< 0.05.

The continued increase in cytokines is apparently
associated with the additional alteration of the joint
tissues during surgery and, as a consequence, with an
increase in the secretion of pro-inflammatory agents.

At the final stages of the traditional treatment, by days
15—17, the concentrations of TNF-a, IL-13, IL-17,
IL-6, and IL-2 decreased below the values recorded
on admission, but did not differ significantly from
them (p, > 0.05), thus signifying the emerging trend
toward limiting the inflammatory process. The anti-
inflammatory cytokines 1L.-4 and IL-1RA, in contrast
to the pro-inflammatory ones, continued to increase by
22.3% (p,<0.001) and 15.6% (p, < 0.01), respectively
(Table 1).

The inclusion of intravenous and intra-articular ozone
therapy in the treatment complex on days 7—8 did not
significantly change the cytokinemia level in the blood
serum relative to the results obtained with the traditional

1.

Anti-inflammatory cytokines also responded to

treatment (p, > 0.05), with the exception of IL-2, which
decreased by 19.5% (p, > 0.01) (Table 2).

trauma with an increase in all pools; IL-1RA increased

by 139.9% (p < 0.001), IL-4 increased by 288.5%
(p < 0.001), and IL-10 increased by 224.0%
(p <0.001) (Table 1). The anti-inflammatory
link increased in response to an increase in the
pro-inflammatory link, being a mechanism
for controlling and restraining the excessive
production of inflammatory mediators.

By day 7—8 of the traditional therapy, the
serum cytokine content continued to increase.
At the time of monitoring, when compared with
the data obtained upon admission, an increase
in pro-inflammatory cytokines was determined,
namely TNF-a increased by 10.4% (p, < 0.05)
and IL-6 increased by 10.4% (p, < 0.05), as
well as the growth of IL-17 reached 21.0% (p,
< 0.01) (Table 1). There was a further increase
in anti-inflammatory and regulatory mediators,
namely IL-2 increased by 11.4% (p, < 0.05), IL-
1RA increased by 9.9% (p, < 0.05), and 1L-4
increased by 17.7% (p1 < 0.001).

TNF-a 1,20+0,02 4,48+0,28" 5,18+0,17 3,31+0,24*
IL-1B 3,22+0,08 9,82+0,29* 9,41+0,19 7,65+0,16*
IL-6 4,87+0,27 16,19+0,17* 16,71+0,32 12,14+0,26*
IL-17 1,96+0,05 5,91+0,19* 6,48+0,24 4,51+0,23*
IL-2 2,49+0,03 11,12+0,25* 9,94+0,34 8,71x0,17*
IL-4 2,18+0,05 8,54+0,13" 9,41+0,27" 7,72+0,18*
IL-1RA 468,23+18,94  1118,72+36,71*  1279,63+38,59 981,35+42,16*
IL-10 7,34+0,21 23,75+0,33* 24,92+0,43 20,29+0,52*

Ta6bnuuya 2. BriusiHne KOMIMIEKCHOIO NMPUMEHEHWUST 030HOTepanny Ha AUHaAMUKY
LUTOKMHOB rpu NocTTpaBMaTN4ecKkoOM CUHOBUTE

lMpumedaHve. * — JOCTOBEPHOCTL OTIINYMSI K HOPMasbHbIM BesindnHam rpu p<0,05;

! — JOCTOBEPHOCTL OTNNYMA K AaHHbIM rpy nocTyrneHun p,<0,05; XUPpHbIA LpUEPT —
JOCTOBEPHOCTb M0 OTHOLLEHMIO K AaHHbIM | rpyrinbi nedeHuns npu p,<0,05.

Table 2. The effect of comprehensive ozone therapy on the cytokines dynamics
in post-traumatic synovitis

Note. * - significant difference to normal values at p<0.05; ' — significant difference to
admission data at p,< 0.05; in bold — significant difference to data of Group I treatment at
p,<0.05.
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In the course of ozone application, by days 15—
17, in contrast to traditional treatment, there was
a synchronous decrease in all cytokine pools. The
secretion of the regulatory cytokine IL-2 was inhibited
to a greater extent by 25.7% (p, > 0.001). There was a
decrease in the level of both pro-inflammatory TNF-a
by 24.6% (p, > 0.001), IL-6 by 20.1% (p, > 0.001), IL-
17by 17.3% (p2> 0, 01), IL-18 by 19.1% (p, > 0.001),
and anti-inflammatory cytokines 1L-4 by 25.5% (p2 >
0.001), IL-1RA by 24.4% (p, > 0.001), and IL-10 by
21.3% (p, > 0.001), relative to the values obtained with
the traditional treatment (Table 2).

m DISCUSSION

The traditional treatment course did not enable to
completely arrest the systemic inflammatory process,
which was confirmed by the high cytokinemia level by
the end of the study; however, there was a tendency
toward a decrease in the concentration of the estimated
mediators, which indicates the limitation of the
inflammatory activity. In addition, in the structure of
the cytokine profile, a pronounced imbalance in the
levels of IL-1p and the receptor antagonist IL-1RA was
noted, which indicated an impairment of the regulatory
mechanisms of the cytokine system and ongoing
destruction of joint tissues. The active participation of
the immune system under conditions of a high level of
pro-inflammatory mediators and at the same time, a
significant increase in IL-4 and IL-10, can contribute to
the initiation of reactions underlying the development of
secondary inflammation, the chronicity of the process,
and the progression of destructive and degenerative
changes.

Pleiotropy of the ozone therapy determines the effect
on various links of pathogenesis, which determines
its high efficiency in the treatment of many diseases,
including those of the musculoskeletal system [8, 9].
Numerous studies describe the efficiency of medical
ozone in the treatment of osteoarthritis of various origins
by inhibiting matrix metalloproteases, normalization of
collagen catabolism, improvement of microcirculation,
and enhancing the resorption of tissue decay products,
as well as correcting the antioxidant potential, resulting
in a decrease in inflammatory reactions, a decrease in
the damaging effect on chondrocytes and synoviocytes,
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and the ability to suppress the secondary alteration of the
joint tissues is implemented. This is clinically confirmed
by the improvement of the restorative treatment results
and the reduction in the length of hospitalization [10,
11, 12].

However, when analyzing publications available
for the study, there were isolated studies that assessed
the cytokine profile during ozone therapy in patients
with post-traumatic synovitis, and the results of its
case follow-up with a combination of intravenous and
intra-articular ozone administration are of significant
scientific and practical value.

The results of the study showed that the use of ozone
therapy in combination with the standard treatment led
to a more effective correction of the cytokine profile
indicators, which are markers of the pro-inflammatory
potential of tissues. At the same time, a significant
decrease of all cytokine pools, mainly pro-inflammatory
ones, was registered, while the expression of anti-
inflammatory ones was inhibited, thereby objectively
confirming the suppression of the inflammatory, which
contributes to the restoration of the joint function.

Ozone therapy potentiates the therapeutic effect of
traditional therapy by exerting an influence on the key
links of the disease pathogenesis at the systemic and
regional level, which correlates with the results of studies
in the world literature [6].

m CONCLUSIONS

1. Knee injury initiated an imbalance of the cytokine
network, thereby increasing the concentration of
pro- and anti-inflammatory cytokines, which play a
significant role during the post-traumatic period in
the secondary alteration of the cartilage tissue and
synovium, with the progression of degenerative-
destructive changes.

2. Systemic intravenous and intra-articular ozone
therapy effectively corrected the indicators of the
cytokine profile in the post-traumatic period, thereby
reducing the activity of the inflammatory reaction and
limiting the formation of secondary destructive changes
in the joint.»==
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