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Studies concerning the local and systemic use of
ozonotherapy confirm its effectiveness compared to other
physical methods. Therapeutic ozone concentrations (in
a physiological solution from 1 mg/l to 6 mg/l, on aver-
age 3-4 mg/l with a single dose of 1.2-1.6 mg) activate
the immunomodulatory function of the body. When
administering ozone on the membranes of phagocytic
cells (leukocytes, monocytes, macrophages) hydrophilic
compounds are adsorbed. Ozonides stimulate cytokines,
which, in their turn, promote activation of cellular and
humoral immunity, and increases the rate of body’s
nonspecific protection system.

However, the effect of ozone on pyoinflammatory state
of the soft tissues, depending on the administered dose and
severity of the process [1-3,8,10], have not been adequately
evaluated in patients with diabetes mellitus.

Therefore, the need emerged to find out the cellular
mechanisms of wound healing regulation impairment,
disease course characteristics and treatment superiority
with the use of ozonotherapy during pyoinflammatory
complications of soft tissues secondary to diabetes mellitus.
Moreover, our study is significant, as from theoretical, so
from the practical view [4-7,9,10].

The aim of our study is to improve management of pyo-
inflammatory processes in patients with diabetes mellitus
with individually selected dose of ozonotherapy.

Material and methods. In total, 124 patients with
diabetes and pyoinflammatory complications were
enrolled in the study. Depending on the severity of the
diabetes course, patients were divided into two groups:
first group consisted of patients with severe stage — 76
(61.2%) and second group consisted of patients with
moderate stage — 48 (38.7%).

Enrolled patients were also divided into two groups de-
pending on treatment option. The main group - 53 (42.7%)
was treated with individually selected dose of ozone ther-
apy, while control group - 71 (57.2%) received only con-
ventional treatment. Most patients in the main group - 76
(61.2%) had severe conditions, including diabetic gangrene
in the distal regions of the foot - 17 (13.7%), phlegmone of
the foot - 25 (20.16%), phlegmone of the ankle - 5 (4.03%),
phlegmone of the perineum - 1 (0.8%), as well as isolated
cases of phlegmone of the anterior abdominal wall (0.8%)
and thigh (0.8%), purulent omphalitis (0.8%) and purulent
wounds of the forearm (0.8%).

Pyoinflammatory lesions of the right lower limb in the
study population were observed in 71 (57.2%) patients, and
lesions of the left limb — in 53 (42.7%) patients.

During the treatment period, conservative therapeu-
tic procedures and various surgical interventions were
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performed in most study participants: the primary sur-
gical treatment of the wound - in 33 (26.6%) patients;
exarticulation of the fingers of the lower extremities in 37
(29.8%) patients (including exarticulation of the I*' finger
in 11 (8.9%) cases, 1™ finger — in 10 (8.1%) cases, I1I*
finger — in 5 (4.0%) cases, IV" finger — in 4 (3.2%) cases,
Vt finger — in 7 (5.6%) cases); disclosure and drainage of
soft tissues ulcers in 30 (24.2%) patients.

Amputation of the lower extremities at the level of
the lower third of the thigh was performed in 15 (12.1%)
patients; reamputation of the lower limb at the level of
the lower third of the thigh was performed in one (0.8%)
patients; foot amputation according to the Chopart method
was performed in one (0.8%) patient; autodermoplasty
was performed in 7 (5.6%) patients after the elimination
of purulent-inflammatory processes of soft tissues on large
and sluggishly granulating wounds.

Conservative treatment included the following
medications: infusion therapy (5% glucose solution,
Ringer-Locke’s solution, 0.9% sodium chloride solu-
tion, Reosorbilact and others), vasoactive medications
(Trental, Vasaprostan), nicotinic acid and medications
containing nicotinic acid: Teonicol, Complamine, xan-
thinol nicotinate, reocorrectors (Rheopolyglukin), an-
ticoagulants and antiagregants (Heparin, Fraxiparine,
Aspirin, a wide range of antibiotics), antispasmodic
medications (No-Spa, Spasmalgon, Platyphylline),
Vitamins A, C, E, of B group, biological stimulants,
anabolic steroid medications (Retabolil, Nerobol),
antagonists of calcium ions (Verapamil, Cinnarizinum,
Corinfar), cocarboxylase, ATP, desensitizing medi-
cations (Dimedrol solution, Suprastin, Loratadine),
diuretics (Lasix, Furosemide), anti-inflammatory
medications (Nimesil, Diclofenac, Naklofen), cardio-
logical medications, medications for lipid metabolism
correction — lipoic acid, Berlithion.

All patients from the main group received individually
selected dose of ozone therapy in addition with traditional
treatment and surgical interventions. Individual doses of
ozone was determined using lymphocytotoxic test and
was delivered by catheter into the ulnar vein (Table 1) for
6 day-period.

Ozone was delivered by automated ozone device “Bo-
son” produced by the Scientific and Production Enterprise
“Econika” in Odessa, Ukraine. The technological process of
manufacturing ozone-containing saline solution was carried
out in accordance with the standard method of preparation
of ozone-containing saline solution for parenteral adminis-
tration based on the methodological recommendations of
the Ministry of Health of Ukraine.
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Table 1. An individual ozone dose selection method using a lymphocytotoxic test

Cytotoxicity, %
Ultimate ozone 1 stage of severity 2 stage of severity 3 stage of severity
concentration
control main control ¢ main control ¢ main
10 mg/1 42 34 34 32 41 47
20 mg/1 42 38 34 28 41 34
40 mg/1 42 31 34 21 41 55
Table 2. Dynamics of blood glucose changes during the treatment process
. Glucose levels, mmol/l
Group of patients
34 day 6" day 14" day
Main group (n=53) 10.4+4.5 8.4+1.3 82=+1.2
Control group (n=71) 10.8 +4.2 11.6 1.5 8.8+2.2

The criteria for patient’s discharge from the clinic were
the following: cessation of the spread of purulent-necrotic
focus, the development of granulation tissue in the wound
and the onset of marginal epithelization.

Statistical processing of the material was carried
out using methods of variation statistics with standard
techniques.

Results and their discussion. In medicine ozone is used
as an ozone-oxygen mixture for local and systemic use. The
selective effect of ozone having double and triple bonds on
compounds is already determined. They include proteins,
amino acids and unsaturated fatty acids that form part of the
plasma lipoprotein complexes and the lipid biological layer of
cell membranes. Reactions with these compounds make the
basis of biological effects of ozonotherapy and have patho-
genetic significance in various diseases.

The concentrations of ozonation are proposed by various
authors: they are different and depend on many factors. [2,4,8].

It is appropriate to use an ozone-oxygen mixture with a
concentration of 0.2 to 80 mg of ozone per liter of oxygen,
since different types of metabolic reactions arise in differ-
ent pathologies.

To achieve the overall metabolic effect, a technique,
which gives good clinical results and eliminates the com-
plications, is used; the concentration of ozone at the outlet
of the ozonator is assigned at a rate of 20 pg per 1 kg body
weight of the patient.

Selecting individual dose of ozone is very important
for the patients with different types of metabolic reactions
in various pathologies.

In our study participants with diabetes mellitus pre-
dominantly had severe inflammatory complications., For
all study subjects the concentration of ozone was selected
individually by the lymphocytotoxic test [8]; the ultimate
concentration of ozone in vitro was 40 mg/1 (Table 1).

The dose of ozone in the amount of 55 mg/I led to
the destruction of lymphocytes and was ineffective for
therapeutically use. Our study showed that patients who
received ozone therapy in addition with traditional or
surgical treatment had less pain complaints than sub-
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jects from the control group. In addition to pain relief,
regression of edema, infiltration and hyperemia around
the wound were observed in these patients. Moreover,
after 2-3 procedures body temperature decreased and
sleep and appetite normalized.

Interestingly, for the subjects from the control group all
above-mentioned features normalized only on the 12-14®
day of inpatient treatment.

Difference was observed also in the appearance of
granulations between main and control groups: granula-
tion appeared on average after 3-9" day of treatment in the
main group and after 10-17" days in the control group In
44 (83%) patients from the main group the wound process
was not complicated by the formation of necrotic changes
in tissues after surgery. On the second day from surgery,
in most cases from the main group, there was no need of
narcotic anesthetic medications.

The addition of ozone therapy positively affected
the duration of the hospital stay. Patients from the main
group stayed in the hospital on average 9-12 days, while
prolonged average stay was observed in patients from the
control group -15-19 days.

Blood glucose levels were evaluated at baseline and
on 3% 6" and 14" day after surgery in both study groups.
At baseline the glucose levels did not differ between two
groups. After 6 days of treatment glucose values in the
main group was decreased and clinically significant dif-
ference was observed between the groups Although we
have to admit that after 14 days of treatment the glucose
levels decreased in both groups and reached almost similar
values (Table 2).

The value of the leukocyte index of intoxication in norm
equals to 1.04+0.5. The dynamics of the leukocyte index
of intoxication in study population was as follows: In the
main group 3.6+0.3, 2.8+0.2 and 1.8+0.1 - at the time of
admission, after 6 and 14 days of treatment, respectively.
In the control group leukocyte index of intoxication was
3.6+0.2, 3.7+£0.2 and 2.6+0.2 - at the time of admission,
after 6 and 14 days of treatment, respectively.

The baseline and after treatment results of other general
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and biochemical blood tests did not differ significantly
between the main and control groups.

Conclusions. Our study showed that the dose of ozone
should be selected individually for each patient according
to the lymphocytotoxic test and depending on the severity
of the course of diabetes complication.

In patients who underwent ozone therapy with individu-
ally selected dose, the proliferation of purulent necrotic focus,
development of the granulation tissue in the wound and the
onset of border epithelization occurred faster then those who
received only traditional treatment. Moreover, their period of
hospital stay was 3 days shorter compared to the control group.
In adittion, glucose levels and leukocyte index of intoxication
was markedely lower after ozone therapy.
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SUMMARY

TREATMENT OF PYOINFLAMMATORY COMPLICATIONS
WITH INDIVIDUALLY SELECTED OZONE DOSE IN PATIENTS WITH DIABETES

Karatieieva S., Makarova O., Yurkiv O., Semenenko S., Berezova M.

Higher State Educational Institution of Ukraine “Bukovinian State Medical University”, Chernivtsi, Ukraine

The severity of purulent-inflammatory process in
patients with diabetes mellitus is determined by lym-
phocytotoxic test. The test shows that application of
intravenous ozone therapy with individually selected
ozone dose significantly decreases the spread of necrotic
suppurative focus already on the third day of treatment.
Granulation tissue and marginal epithelization in the

wound develops on the 6-8" day of hospitalization;
normalization of glycemic levels shorten of the period
of the hospital stay up to 3-5 days, compared to the
control group.

Keywords: pyoinflammatory complications, diabetes
mellitus, ozonotherapy.

PE3IOME

JEYEHUE THOMHO-BOCHAJUTEJBHBIX OCJTOKHEHUI
Y BOJIbHBIX CAXAPHBIM JTUABETOM C UHAUBUJAYAJBHBIM TIOABOPOM J1O3bI O30HA

Kapareesa C.10., Makaposa O.B., IOpkus O.U., Cemenenxo C.b., bepe3zoa M.C.

Buicwee cocyoapcmeennoe yuebnoe 3agedenue Yxpaunvl
bykosunckuii eocyoapcmeenmbiil meouyunHckuil ynusepcumem, Yeprosysvt, Yepauna

[TpumeHeHue y GONBHBIX CaXapHbIM JUA0ETOM C THOHHO-BOC-
HaJUTETIBHBIMUA OCJIOKHEHUSAMH B JIGUCHUH, BHYTPUBEHHOI
030HOTEPAINH C MHMBHIYTLHBIM OJ00POM J03bI 030Ha, B
3aBHCHMOCTH OT TSDKECTH TeUEHHS THOWHO-BOCTIATUTEIEHOTO
npolecca 1o JIMM(OIUTOTOKCHYECKOMY TECTY, 3HAYUTEIbHO
CIIOCOOCTBYET CHIDKEHHIO PAaCIPOCTPAHEHHs THOWHO-He-
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KPOTHYECKOIO 04ara y>k€ Ha TpPETbU CyTKU. Pa3BuTHe B paHe
I'PaHy/IILMOHHON TKAaHU U KPacBOM SIMTENIN3ALUU IIPOUC-
XOUT Ha 6-8 CYTKH CTallMOHAPHOTO MPEeOBIBAHMS OOIbHBIX,
a TaKKe CHIDKECHUE IIOKa3aTelied ypOBHS caxapa B KPOBH,
COKPAILIEHHIO CPOKA CTALIOHAPHOTO IPeObIBaHMS OOIBHBIX
J10 3-5 CyTOK, B CPaBHEHHH C KOHTPOJILHON TPYTITION.
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POJIb HEKOTOPBIX BASOAKTUBHBIX IIEIITUJIOB B ITATOI'EHE3E
PAHHUX ®OPM PO3ALEA U COCTOAHUE CUCTEMbBI TEMOCTA3A

Huckapumsuim L. U., Kauuranse A.I., Huckapumsuau H.B., Huckapumsuian H.U.

Tounucckuu 2ocyoapcmeennviil MeOUYUHCKUL yHueepcumem, denapmamenm oepmamoseneponoauu, I pysus

Po3zarnea npeacrasisier coO0i XpOHUYECKOE KOKHOE
3a0osieBaHNEe HEM3BECTHOW 3THOJIOIMH, MOpa)karoliee
MIPEUMYIIECTBEHHO LEHTPAJIBHYIO 00JacTh KOXKH JIUIa
(meku, TOAOOPOAOK, HOC M JI00), XapaKTPU3yeTCs
NepUoOAaMH PEMHCCHH M 000CTPEHHH. AKTYalbHOCTb
po0OsieMbl po3alea OYeBUIHA B CHIIY IIUPOKOrO pac-
MIPOCTPaHEHMSI, OTCYTCTBHUS YETKOTO ITPEICTaBICHUS 00
9TUOJIOTHH, PE3UCTEHTHOCTH K TEPaluHM, a TAaKkKe HaJIU-
YHs HE TOJIBKO MEUIIUHCKUX, HO U KOCMETOJIOTHYECKUX
ACIEKTOB, KOTOPBIE YCYT'YOIISIOTCS ICUX0IMOLNOaHAIb-
HBIMU paccTpoicTBamu [1].

BonbmuHCTBO HccnenoBaTesnel CyecTBEHHYO POJlb
B [IATOr€HE3€ OTBOJSAT COCYUCTHIM HapyuieHusm [2,3,5].
[TaTonorus KanmusuIsIpOB KOXH CBA3aHA C HECKOJIBKUMU
(dakTopaMH, KOTOPHIX OOBEAUHSET OJWH pE3ylbTaT
- CTOHKOE€ pACIIUPEHHE COCYIOB KOXKU U B MOCIENy-
IOIIEM CTa3 KpOBU [5], 4TO KIMHUYECKHU MPOSIBISAETCS
IPUTEMON U TeleaHru3KTa3usMu. B nmociennee Bpems
B ITaTOT'€HE3€e po3aliea Bce yalle 00cysKaaeTcs 3HauCHIE
Ba30aKTUBHBIX MENTUIOB KEIyJOYHO-KUILIEYHOTO TPAKTa
(meHTaracTpuH, Ba30aKTUBHBIH KHUIIEYHBIH MENTH] -
VIP) u MeanaTopHBIX BELIECTB, TAKUX KaK SHAOP(HUHEI,
OpaIMKUHUH, CEPOTOHNH, TUCTAMHH U CyOCTHAHIUs
P [4]. KiroueBas poip B MexaHHU3ME€ Ba3oAMIaTallUH,
YBEJINYEHUSI MPOHUIIAEMOCTH COCYAOB, PAa3BUTUS BOC-
MaJeHUsl, aHTUOT€HEe3a NPUHAIJIEKUT COCYIUCTOMY
sHI0TENNaNbHOMY (hakTopy pocTa (vascular endothelial
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growth factor - VEGF). VEGF, saBnsercst onHum u3
YJICHOB CEMEICTBa CTPYKTYPHO OJIM3KHX MEXIYy CO-
601 OenKoB - JINTAHJOB ISl CEMEICTBa pEeLenTopoB
OJIHOUMEHHOTO IUTOKHHA, KOTOPBIN CBSI3BIBAETCS C
JBYMsl OJIN3KUMH MO CTPOCHHIO MEMOpaHHBIMU THPO-
suHknHa3HeiMKu penentopamu (VEGF-1 u VGTF-2)
W aKTHUBUPYET UX, CIOCOOCTBYS IOBBIIICHNIO YPOBHS
IL-8, urparomiero 3HauUTEIbHYO POJIb B Pa3BUTUU BOC-
nanenus [7]. VEGF cunrte3upyercss akTHUBUPOBAHHBIMU
KEpPATUHOLMTAMU B PE3YJIbTATEe BO3AECHUCTBUS PA3IUUHBIX
(bakTOpOB, B 4aCTHOCTH, YIbTPa(HOIECTOBOE OOIyUeHHE
mpoBonupyeT BbIpaboTKy muTOKMHOB IL-1 u TNF-o,
KOTOpBIE CTUMYIHPYIOT KePaTUHOLUTEI kK cuHTe3y VEGF
[2,9]. [Tocnemuuit BiedeT 3a COO0I MPOAYKIUIO YH3UMOB
(MaTpUKCHBIX METAJIJIONPOTEa3), BHI3bIBAs JIETPaslalhio
BOJIOKOH JI€pPMBI, MOAJEPKUBAIOIIUX KPOBEHOCHBIE CO-
CyJlbl, IPOBOLMPYSI ATOHUIO CTEHOK COCYA0B M IOBBIIIAs
X Xpynkocth [6]. [Tomararot, 4T0 UMEHHO 3TOT (aKTOp
HMeeT 3THOJIOTMYECKOe 3HaYeHHe pu po3atea. [Iposeneno
nzydenue skcripeccunt VEGF y 6onbHBIX po3ariea, BbIsB-
neHa nosbieHHas skcrpeccus VEGF u ero penentopos
KJIETKaMHM snuaepMuca. B Onomnrarax Ko>ku oOHapyKeHbI
NIEPUBACKYIISIPHBIE U TIEpU(OTUKYIISIPHBIE TMM(OTHCTO-
LUTapHbIE MHOWIBTPATHl U PACHINPEHHbIE KPOBEHOCHBIE
cocybl. JlaHHBIE, KaCAIOIUECS COCTOSIHUS CBEPThIBAIOILEH
cucTeMbl y OOJBHBIX po3ariea, CBUACTEIbCTBYIOT O Ha-
JMYUN cJBUTra (PYHKIMOHAIBHON aKTMBHOCTH IeMocTa3a



