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Despite some advances in the treatment of Diabetic patients 
with severe localized wound infection, surgical treatment 
results can not be considered satisfactory [2,7,10]. Resulting 
experience data in the medical practice on physical factors 
application for purpose of influence reparative processes 
stimulation associated with targeted pharmacotherapy, confirm 
the correctness of the search attempts. Ozonotherapy have 
been widely used for this purpose in recent years [1,8,11].

According to the data of the authors [2,3,6,12], local influence 
of ozone therapeutic concentrations during 3-7 days [7], and 
ozone-containing medications possess an extremely strong 
bacterial and fungicidal, immunomodulating, anti-inflammato-
ry, virolytic, cytostatic, analgesic properties and open up new 
prospects for the use of ozone for the treatment of different 
inflammatory processes of various types. But the problem 
consists in that fact that purulent inflammation of soft tissues 
in patients with diabetes is diagnosed 20 times more frequently 
than those without a history of diabetes. Purulent infection rate 
is 10-25% [2,3,6]. It is known that the indicia of the blood 
coagulation system play an essential role in the wounds 
healing in the surgical treatment [1,5-7]. Special studies 
devoted to the influence of ozone on the blood coagulation 
system, as a factor affecting the wound healing in diabetes 
mellitus with purulent-inflammatory complications, have 
not been found in the available scientific literature. Hence, 
it is important to study the ozone influence on blood clot-
ting in diabetes with pyoinflammatory processes [2-4,6].

Objective of the research is to study the effect of ozone 
therapy on the course of purulent-inflammatory processes 
in modeled diabetes.

Material and methods. Experimental studies were carried 
out on 30 white old rats, weight 300-450 gr, aged 24-30 
month. The first group contained the rats, which received fe-
cal suspension introduction (10 rats), rats of the second group 
received fecal suspension and modeled diabetes was simulated 
(10 rats), in the third group diabetes was modeled after them, 
the rats received fecal suspension and ozone was also used 
(10 rats). Diabetes was simulated by means of subcutaneous 
injection of alloxan (100 mg per kg of body weight). Animals 
of the control group (10 rats) in the same weight and age were 
subcutaneously administered 0,9% sterile sodium chloride 
solution (1,0 ml per 100g of body weight). On the 14th day 
after alloxan administration the animals were subcutaneously 
injected 10% fecal suspension (stool pool from 20 animals in 
0,9% sodium chloride solution) at a dose of 0,5 ml per 100g 
of body weight. Rats of the first studied group received a 
subcutaneous injection of fecal suspension. The animals of 

the second group (10) were subcutaneously injected a fecal 
mixture and thereafter non-ozonized 0,9% sodium chloride 
solution (1,0ml per 100g of body weight) was administered 
intraperitoneally for three days once daily.

Ozonation of sterile 0,9% sodium chloride solution was 
performed using “Boson” apparatus with ozone concen-
tration in isotonic sodium chloride solution 20 mg/ml. 10 
minutes after ozonation isotonic sodium chloride solution 
was administered intraperitoneally to rats of the third test 
group (10) once a day during three days. Three days later, 
under ether anesthesia a laparotomy was performed. Blood 
sampling was carried out with a silicone syringe from the 
abdominal aorta (stabilizer – 3,8% sodium citrate solution).
Condition of platelet-vascular hemostasis was assessed by 
the percentage of adhesive platelets (norm in human 180-
360 *109, in rats to 368) and by the index of spontaneous 
platelet aggregation. Total coagulation potential of the blood 
(plasma recalcification, prothrombin and thrombin time, ac-
tivated partial thromboplastin time), Hageman-dependent 
fibrinolysis, potential plasminogen activity, fibrinogen level 
in the blood plasma, antithrombin-III activity in blood was 
determined by reagent kits of “Simko Ltd” firm (Ukraine). 
During the study of the antithrombin activity diluted citrate 
plasma was incubated with a standard amount of thrombin 
with activity of 10 NIH/mL (part of thrombin combines 
with antithrombin). Norm condition of the regulation sys-
tem of blood aggregation state in old rats: plasma recalci-
fication time(101,5±2,38), activated partial thromboplastin 
time(42,5±2,32), prothrombin time(16,4±1,38), thrombin 
time(14,5±0,97), fibrinogen concentration in blood plas-
ma(4,48±0,179), antithrombin-III activity(98,2±3,53), factor 
XIII of blood coagulation activity(94,9±3,74), percentage of 
adhesive thrombocytes(2,69±0,362), index of spontaneous 
platelet aggregation(28,3±1,91), hageman dependent fibrino-
lysis(16,9±0,68), potential plasminogen activity(15,8±1,26).

Results and their discussion. Assessment of the blood 
aggregation system in terms of purulent processes of the 
skin and subcutaneous tissue in aged rats detected a growth 
of percentage of adhesive platelets, Hageman dependent 
fibrinolysis and antiplasmin concentration (Table 1).
It has been found that diabetes in human causes mosaic 
disorders of the hemostatic system in the presence of puru-
lent processes. An increase in plasma recalcification time, 
activated partial thromboplastin time, adhesive platelets, 
index of spontaneous platelet aggregation, potential plas-
minogen activity, reducing of prothrombin time, fibrinogen 
concentration in the blood plasma, activity of clotting factor 
XIII, Hageman dependent fibrinolysis have been noted.
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Ozone administration in the presence of ulcers of soft 
tissues against the background of diabetes in old rats was 
not accompanied by a significant improvement of regula-
tion indices of blood aggregation state. An increase in 
manifestations of hypercoagulation have been noted: 
decrease in plasma recalcification time, activated partial 
thromboplastin time, prothrombin time, thrombin time, 
Hageman dependent fibrinolysis, potential plasminogen 
activity. In addition, fibrinogen concentration in plasma 
and the activity of coagulation factor XIII were increas-
ing. At the same time, ozone therapy improved the 
condition of the vascular-platelet hemostasis, growth 
of antithrombin (Table 1).

The introduction of ozonated sodium chloride solu-
tion in purulent processes of soft tissues against the 
background of diabetes in old rats did not contribute 
to the protective properties; that was indicated by 
the growth of azoalbumin lysis, azocasein, total fi-

Table 1. Blood aggregation state under pyoinflammatory processes of soft tissues in alloxan-modeled diabetes against 
the background of ozone therapy in 24-30 month rats, weight 300-450 gr

Factors FS introduction 
І group (n=10)

FS introduction + 
simulated diabetes

ІІ group (n=10)

FS introduction + 
simulated diabetes + 

ozone
ІІІ group (n=10)

Plasma recalcification time, sec 77,5±4,12 103,8±4,26
d 1-2 <0,05

70,9±4,31
d 2-3 <0,05

Activated partial thromboplastin time, sec 37,1±2,62 51,3±4,41
d 1-2 <0,05

25,8±1,37
d 2-3 <0,05
d 1-3 <0,05

Prothrombin time, sec 23,5±1,74 16,5±0,91
d 1-2 <0,05

10,5±0,63
d 2-3 <0,05
d 1-3 <0,05

Thrombin time, sec 13,4±0,89 15,8±1,02
9,74±0,64

d 2-3 <0,05
d 1-3 <0,05

Fibrinogen concentration in blood plasma, 
g/L

3,79±0,19 2,04±0,07
d 1-2 <0,05

3,40±0,17
d 2-3 <0,05

Antithrombin-III activity, % 91,8±3,51 68,6±3,51
d 1-2 <0,05

102,6±5,60
d 2-3 <0,05
d 1-3 <0,05

Factor XIII of blood coagulation activity, % 88,1±3,03 71,6±5,29
d 1-2 <0,05

99,5±6,37
d 2-3 <0,05
d 1-3 <0,05

Percentage of adhesive thrombocytes 23,6±1,68 51,7±2,78
d 1-2 <0,05

14,8±0,78
d 2-3 <0,05
d 1-3 <0,05

Index of spontaneous platelet aggregation 31,7±3,38 59,7±1,69
d 1-2 <0,05

51,9±3,25
d 1-3 <0,05

Hageman dependent fibrinolysis, m 15,6±0,72 10,0±0,89
d 1-2 <0,05

7,11±0,79
d 2-3 <0,05
d 1-3 <0,05

Potential plasminogen activity, m 15,7±1,19
22,0±1,52

d 1-2 <0,05
7,94±0,55

d 2-3 <0,05
d 1-3 <0,05

note: FS – fecal suspension; d 1-2 – difference between the first and the second experimental groups; 
d 2-3 – difference between the second and the third experimental groups; 

d 1-3 – difference between the first and the third experimental groups
brinolytic activity and proteinase activity by Kunitz 
in blood plasma. Ozone therapy led to an increase in 
the degree of intoxication provided there were ulcers 
in diabetic old rats, it was indicated by the growth 
of the concentration of molecules of average weight 
(Table 2).

Thus, the application of ozone therapy under conditions 
of presence of soft tissue ulcers in diabetic old rats did not 
show any significant protective properties with reduced 
azoalbumin lysis, total non-enzymatic fibrinolytic activity 
and proteinase activity by Kunitz in blood plasma.

Such changes in the aged rats can be estimated as an 
exacerbation of purulent- inflammatory process, an 
increase in toxicity, reduced protective properties, an 
increase in hypercoagulation manifestations against the 
background of chronic diabetes caused by age-related 
changes.
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Conclusions 1. The use of ozone therapy in conditions 
of chronic inflammatory processes diabetic old rats with 
alloxan-modeled diabetes did not manifest protective 
properties on the hemostasis system and proteolysis of 
blood plasma. 
2. Ozone therapy enhances intoxication manifestations 
against the background of diabetes mellitus with purulent-
inflammatory processes in old rats, causing the need for 
cautious use of this method of treatment.
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SUMMARY

EVALUATION OF THE USE OF OZONE THERAPY 
IN TREATMENT OF INFLAMMATORY PROCESS-
ES IN DIABETES MELLITUS IN AN EXPERIMENT

Karatieieva S., Yurkiv O., Semenenko S., 
Kozlovskaya I., Yakobchuk S.

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

Studying the effect of ozone therapy on the course of 
pyoinflammatory processes with diabetes mellitus in 
the experiment, conducted on 30 white 24-30 month 
rats, weight 300-450 gr with purulent-inflammatory 
processes, it was found out that diabetes, which was 
simulated by subcutaneous injection of alloxan, causes 
mosaic disturbances of hemostasis system in the pres-
ence of pyoinflammatory processes. Complicated 
changes in blood condition were also detected against 
the background of diabetes mellitus: chronometric 
hypocoagulation on the intrinsic pathway of blood 
coagulation in association with chronometric hyperco-
agulation by the external thrombinogenesis mechanism 
and fibrinogenesis depression against the background of 
hypofibrinogenaemia. Thus, the use of ozone therapy in 
the presence of soft tissues abscesses in old rats with 
diabetes does not demonstrate significant protective 
properties with reduced azoalbumin lysis, total non-
enzymatic fibrinolytic activity and proteinase activity 
by Kunitz in blood plasma.
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Such changes in old rats can be considered as an exacerba-
tion of purulent inflammation, increase in toxicity, reduced 
protective properties, increase in manifestations of hyper-
coagulation against the background of chronic course of 
diabetes, caused by age-related changes.

Keywords: diabetes mellitus, pyo-inflammatory complica-
tions, fibrinolysis, ozone therapy.
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Изучено влияние озонотерапии на течение гнойно-вос-
палительных процессов при экспериментальном диабе-
те (аллоксановая модель) на 30 белых 24-30-месячных 
крысах весом 300-450 гр. Обнаружены мозаичные на-
рушения в системе гемостаза. На фоне аллоксанового 
диабета обнаружены сложные изменения в крови: 1) 
хронометрическая гипокоагуляция по внутреннему 
пути свертывания крови сочетается с хронометри-
ческой гиперкоагуляцией за внешним механизмом 
тромбиногенеза, 2) угнетение фибриногенеза на фоне 
гипофибриногенемии. Применение озонотерапии при 
наличии гнойников мягких тканей при эксперименталь-
ном диабете у крыс старческого возраста не оказывает 
существенного защитного свойства; отмечается сни-
жение лизиса азоальбумина, уменьшение суммарной, 
неферментативной фибринолитической активности и 
активности протеиназ в плазме крови (по Кунитцу).

Изменения, происходящие в организме крыс, очевидно, 
следует объяснить обострением гнойно-воспалитель-
ного процесса, нарастанием интоксикации, снижением 
протекторных свойств, увеличением проявлений гипер-
коагуляции на фоне хронического течения сахарного 
диабета.
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kvlevis mizans warmoadgenda ozonoTerapiis 
gavlenis Seswavla Cirqovan anTebiT proce-
sebze eqsperimentuli diabetis pirobebSi. 

kvleva Catarda 300-450 gr wonis 30 TeTr 
24-30 Tvis virTagvaze Cirqovani anTebiTi 
procesiT. Saqriani diabetis modelireba 
ganxorcielda aloqsanis kanqveS SeyvaniT. 
gamovlinda, rom Saqriani diabeti Cirqovani 
anTebiTi procesebis arsebobis pirobebSi 
iwvevs hemostazis sistemaSi mozaikuri ti-
pis cvlilebebs. eqsperimentuli diabetis 
fonze aseve gamovlinda rTuli cvlile-
bebi sisxlSi: sisxlis Sida gziT Sededebis 
qronometruli hiperkoagulacia mimdinareob-
da paralelurad hipofibrinogenezis fonze 
ganviTarebul qronometrul hiperkoagula-
ciasTan. amgvarad, ozonoTerapiis gamoyeneba 
rbili qsovilebis Cirqovani procesebis 
arsebobis pirobebSi eqsperimentuli daibe-
tis dros xandazmul virTagvebSi ar avlens 
arsebiT proteqtorul Tvisebebs sisxlis 
plazmaSi azoalbuminemiis lizisis, jamuri 
arafermentuli fibrinoliTuri aqtivobis 
da kunicis proteinazis aqtivobis daqveiTe-
bis TvalsazrisiT. xandazmul virTagvebSi 
ganviTarebuli zemoaRniSnuli cvlilebebi 
SeiZleba aixsnas Cirqovan-anTebiT procesebis 
gamwvavebiT, intoqsikaciis movlenebis zrdiT, 
proteqtoruli Tvisebebis daqveiTebiT da 
hiperkoagulaciis gamovlinebaTa matebiT 
qronikuli Saqriani diabetis fonze.


