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TREATMENT OF NECROTIC SUPPURATIVE LESIONS IN PATIENTS WITH DIABETES
MELLITUS USING REGIONAL PROLONGED OZONE THERAPY

NEYEHME THOWHO-HEKPOTUYECKUX MOPAXXEHWI CTOMbI Y BOJIbHbIX C CAXAP-
HbIM AUABETOM C UCNOJIb3OBAHUEM PETMOHAJIbHOM NPOJIAHTUPOBAHOW
O30HOTEPATWN.
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Abstract: In patients with ischemic-gangrenous form of diabetic foot syndrome intra-arterial injection of ozone-containing
physiological saline made according to Seldinger method promotes decrease of glycemia level and potentiates a positive
therapeutic effect of a comprehensive treatment of this category of patients. Stimulation of the macrophage functional
activity under ozone effect as well as availability of destructive changes in the cells without necrotizing lesions can be
explained by involvement of apoptosis mechanism as a positive factor in the regulation of local homeostasis on the final
inflammatory (exudative) phase of a wound process.

Key words: diabetes mellitus, ozone therapy, diabetic foot syndrome, apoptosis.

Pe3tome. Y MauueHTOB C ULLEMUYECKU-TAHTPEHO3HOW (hOPMOWN CMHOPOMAa CTomMbl AvabeTvka BHyTpuapTepuanbHoe
BBe[leHMe O030HcoAdepxallero uanonornyeckoro pactsopa no metroguke CenbauHrepa, CNocoBCTBYET CHUXEHWIO
YPOBHS MMKEMUM N OKa3blBaeT MOMOXMUTENbHbIA NevebHbIn 3ddeKkT Ha pesdynbTaTbl KOMMSIEKCHOMO feYeHns aHHOW
Kateropum 6onbHbIX. CTUMYNAUMA  (DYHKLMOHANbHOW aKTMBHOCTM MakpodaroB MNOA4 BMAMSIHUEM O030HA, a TaKke
Hanuune OeCTPYKTUBHbIX U3MEHEHUI B Takumx KneTkax 6e3 HEeKpOTU3MPYIOLMUX NMOBPEXOEHUN MOXET OblTb 06bACHEHO
BKITIOYEHUSIM MeXaHW3Ma anonTo3a, kak MonoXuTernbHOro gaktopa B perynsiuyMm MecTHOro roMmeoctasa Ha 3aBepLUeHUm
BOCNanuUTenbHON (3KCyaaTUBHOM) dhasbl paHeBOro npoecca.

KntoueBble cnoBa: CaxapHbiii AvabeT, 030HOTepanusi, CUHAPOM CTOMbI AnabeTrka, anonTos.

Topicality. One of the most typical clinical-morphological
manifestations of diabetes mellitus (DM) is microangiopathy
— a generalized lesion of all the areas of the microcirculatory
flow, capillaries and post-capillary vessels first of all [4, 58-69; 1, 19-22;
3, 1-19]. Hemocirculatory disorders of the lower limb distal parts occur-
ring under those conditions result in pathological complex of symptoms
under the common notion “diabetic foot syndrome” (DFS). The WHO
defines this term as a complicated complex of morphological and func-
tional changes in foot associated with neuropathy and circulatory disor-
ders of a various severity occurring due to diabetes mellitus [1, 19-22].
DFS develops in 30-80% of patients suffering from diabetes mellitus
complicated by necrotic suppurative lesions of the foot in 30-70% [1,
19-22]. In 45-52% of patients with diabetes mellitus this complication
causes the loss of resistibility of the lower limbs [1, 19-22].

Objective: to evaluate clinically the efficacy of application of the
systemic and local ozone therapy in patients with ischemic-gangrenous
form of DFS and to study the dynamics of blood sugar changes after
prolonged intra-arterial injection of ozone-containing physiological sa-
line with examination of ultrastructural changes of mononuclear mac-
rophages in the focus of inflammation after local application of ozonized
physiological saline.

Materials and methods. To control the blood sugar level in addi-
tion to the standard detection of blood sugar the express-method was
used: medical tester “Glucofort-1I”, PB “Norma”, Kyiv, supplied with in-
dicator strips “Hemoplan”.

Doppler examination by means of “Super Doplex” (Great Britain)
with the installed 7,5 MHz sensor was used to detect the degree of ath-
erosclerotic vascular lesion of the lower limbs. X-ray examination of the
affected foot was made to find osteomyelitis lesion and its spread. The
fragments of tissue from the wound surface were studied by means of
electronic-microscopic examination with their fixation in 2,5% solution
of glutaraldehyde on phosphate buffer (pH — 7, 2-7,4) and fixation was

finished in 1% Os0, solution. The material was dehydrated in alcohols
of increasing concentrations and placed into araldite.

In the process of dehydration the morphological structures were
contrasted with a concentrated solution of uranyl acetate, and with lead
citrate — on the sections.

The sections 40-60 nanometers thick were obtained on the ultra-
tome YMTII-3 and examined under the electron microscope TECJIIA
BC-500.

Results and discussion. 105 patients with DFS were observed
during the period from 2012 to 2015 in the clinical hospital including
62 men (59,04%) and 43 (40,95%) women. The patients were divided
into two groups. The main group included 53 (50,47%) patients, and
the control group 52 (49,52 %) patients with diabetic foot syndrome.
The treatment of the control group of patients consisted of a standard
common complex used in case of DFS. Mixed clinical form of diabetes
mellitus (DM) prevailed among the patients.

The majority of the patients (84 individuals) were at the age of 65-
74 (80 %). Distribution of the patients according to a quantitative and
age content was identical and did not differ reliably >0,05 ( Table Ne1).

Table Ne1. Distribution of patients in the main and control groups

Group of patients n Age (Mt+m)
Main 53 69+1,2
Control 52 68+ 1,5
P >0,05
Note:

n — number of patients.

By the degree of ischemia of the afflicted limb the main and control
groups did not differ much (p>0,05). The indices of ischemic definite-
ness of the lower limbs were similar.
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IV degree of definiteness of this complication prevailed among
all the hospitalized patients included in the main and control groups.
Thus, the main group contained 28 (26,66 %) patients with this pathol-
ogy, and in the control group there were 26 (24,76 %) of them respec-
tively. General number of the observed patients in both groups was
54 (51,42 %). 1l degree of ischemia was found in the main group in
15 (14,28 %) patients, and in the control group —in 12 (11,43 %), with
the total number of 27 patients (25,71%). Il degree of ischemia was
detected in 24 patients (22,85 %) without considerable differences in
its quantitative content in the main (13 patients — 12,38%) and control
groups (11 patients 10,47 %). All the patients of the main group (53
patients — 50,47 %) in addition to the standard therapy similar to that
from the control group received prolonged intra-arterial injection of the
ozone physiological saline (OPS) by Seldinger method with catheter-
ization of the femoral artery.

At the same time, the above mentioned complex of therapeutic
measures in the main group of patients was added by the local ac-
tion of ozone due to the application of “ozone boot” method (Fig. 1).
Clothes were removed from the leg with the signs of locally detected
trophic changes on the foot or necrotic suppurative process. After pre-
liminary sanitization of the leg with antiseptic means (3% hydrogen
peroxide solution and 0,02 % decasan solution) it is placed in the
ozone-containing boot.

The gas concentration in a formed closed space was 15 — 40 mcg/
ml. Duration of ozone therapy was 45 minutes, it was performed every
day in combination with intra-arterial injection of ozone physiological
saline (OPS) in the dose of 200 ml. Infusion was given by means of an
infusomat or specially designed for this procedure rack.

Fig. Ne1. Application of “ozone boot” in patients
with ischemic-gangrenous form of DFS

Ozone concentration in the solution infused was 2,5-3,0 mg/L and
it was injected at the rate of 40-60 drops per minute. The total amount
of procedures given to patients was from 6 to 15 depending on the
dynamics of the disease and local changes in the place of foot lesion
in ischemic-gangrenous form of DFS.

To control the blood sugar level dynamically in addition to the
standard detection of blood sugar the express-method was used:
medical tester “Glucofort-1I”, PB “Norma”, Kyiv, supplied with indicator
strips “Hemoplan”.

The efficacy of a comprehensive treatment was evaluated clini-
cally, cytologically and by the results of surgical treatment directed to
maximally economical variants of surgery in order to preserve support
function of the limb.

With the purpose to make the study more objective the dynam-
ics of blood sugar level in the main group of patients was measured
before and after intra-arterial injection of OPS. Similar examinations
were made in the control group without prolonged intra-arterial injec-

tion of the ozone physiological saline.

After admission to the hospital all the patients underwent gener-
al blood count, urine analysis, urine test on acetone. The following
day bilirubin, ALT, AST, urea, creatinine and coagulogram tests were
made. The examinations were made according to the common meth-
ods. Blood sugar test was detected on the apparatus «Glucofort».
On the 7" day after a comprehensive treatment was performed the
following dynamics of blood sugar changes was detected in the main
and control groups in the following time periods: at 8 a.m., 2 p.m., and
6 p.m. of a daily examination of blood sugar.

Table Ne2. Dynamics of changes of the blood sugar level after a
prolonged intra-arterial injection of OPS made on the 7" day of in-
patient treatment of patients with DFS (till 6 p.m.)

Distribution of
blood sugar
by the time
in the groups 8 a.m. 2 p.m. 6 p.m.
of patients
observed
. 9,0+3,3 8,4+3,0
Main group mmol/L. mmol/L 9,2+3,0 mmol/L
8,8+4,3 9,4+3.3
Control group mmol/L mmol/L 9,5+3,3 mmol/L
P >0,05 <0,05 >0,05

Note: P- statistical probability

Changes of the blood sugar level in the patients observed are in-
dicative of the fact that among the patients from the main and control
groups this value before the beginning of the procedure remains ap-
proximately on the same level and does not show a reliable difference
in the control and main groups (>0,05). After a prolonged intra-arterial
injection of OPS the patients from the main group presented a reliable
difference between these values (<0,05) (Table 2). Hereafter, blood
sugar level in both groups observed improved with the tendency to its
more distinct decrease in the main group.

This fact is indicative of certain prospects of application of a pro-
longed intra-arterial injection of OPS in patients with diabetic foot syn-
drome and promotes further study of direct and remote consequences
of this method to treat DFS.

The results of clinical studies conducted found that patients who
underwent ozone therapy after 1-2 procedures noted pain reduction
more considerably as compared to those from the control group where
this method of treatment was not applied. The patients from the main
group noted quicker regression of swelling, infiltration and hyperemia
around the wound. After 3-4 procedures the body temperature de-
creased, the values of blood and urine tests improved, tachycardia
relieved, sleep and appetite improved.

In the control group these values became stable only on the 12-
14" days of in-patient treatment. In 10 patients, inflammatory process
regressed to the level of phalanges of the foot transforming into dry
gangrene. It enabled to perform economic amputations.

The examinations of macrophage ultrastructure with ozone ther-
apy performed are indicative of the role of oxygen allotropic form (O,)
as a stimulating factor on their functional activity. It also promotes
favourable elimination of these cells mainly due to genetically pro-
grammed cellular death (apoptosis) possessing a considerable impor-
tance in regulatory mechanisms of inflammatory processes.

Frequently under effect of ozone therapy (as compared to the
control group) certain cells were found that remained on different
stages of apoptosis. In addition to initial signs a full-scaled phase of
this process could be noted with detected condensation of the re-
mains of the nucleus and cellular organelles with initial manifestations
of the formation of body apoptosis.

The figures below demonstrate consolidation of the cytoplasm
and nuclear membrane with the areas of chromatin condensation
available and clearing of the cellular nuclear matrix, and condensa-
tion of chromatin, consolidation and homogenization of macrophage
nucleus.

140



HE UNITY OF SCIENCE” December 2016-January 2017 Direction 3: “Medical sciences”

As we did not make immunohistochemical examinations of apoptosis,
the percentage of apoptotically changed cells was not calculated.
Although these kinds of cells were often found in the specimens. Mito-
chondrial way of apoptosis activation was registered, when in spite of
availability of destructive changes in the cells mitochondria preserve
their activity.

In addition, the signs of a decreased synthesis of structural proteins
were found with ozone therapy in destructively changed macrophages:
diminution of the cellular nucleus size with absent granular component
in it, a small number of free ribosomes and polysomes, which is also
typical for a programmed death of the cell.

Stimulation of functional activity of macrophages under ozone ef-
fect as well as availability of destructive changes in the cells without
necrotizing lesions can be explained by the involvement of apoptosis
mechanism as a positive factor in the regulation of local homeostasis
on the final inflammatory (exudative) phase of a wound process.

Conclusions:

1) The patients of the main group who received OPS injections in
addition to the standard treatment were found to demonstrate quicker
normalization of the blood sugar level as compared to the patients from
the control group.

2) Application of the regional prolonged ozone therapy in a com-
prehensive treatment of DFS improves clinical signs, stabilizes indices
of carbohydrate metabolism and stimulates metabolic and bioenergetic
processes in the body of patients with DFS.

3) Stimulation of the macrophage functional activity under ozone
effect as well as availability of destructive changes in the cells with-
out necrotizing lesions can be explained by involvement of apoptosis
mechanism as a positive factor in the regulation of local homeostasis
on the final inflammatory (exudative) phase of a wound process.

Prospects of further studies. The results obtained prove rea-
sonability and determine further necessity to conduct exploratory new
research in the treatment of diabetic foot syndrome with application of
factors with physical and biological effect on activation of reparation
process in the wounds of patients with DFS. The study performed is
: - % indicative of such a possibility proving substantiated enlargement of
Fig.3. Condensation of chromatin, consolidation and homogenization  indications to perform organ-preserving surgery under these condi-

of macrophage nucleus. Electron-diffraction pattern, x 25000. tions.

Fig.2. Consolidation of the cytoplasm and nuclear membrane with
the areas of chromatin condensation available and clearing of the
cellular nuclear matrix typical for cellular apoptosis. Electron-diffraction
pattern, x 45000.
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