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Aim. To study the effect of microbial proteases on the activity of matrix metalloproteinases 
and oxidative stress indicators in wound tissue of rats with experimental diabetes mellitus 
(DM). Methods. Skin burns were induced in the animals without somatic pathology and with 
the background diabetes mellitus. DM was reproduced by a single injection of streptozotocin, 
50 mg/kg. The multi-enzyme proteolytic composition Pronase (Sigma-Aldrich, USA), obtained 
from the culture fluid of Streptomiceus griseus, was applied to the wound. The content of 
malonic dialdehyde (MDA), as well as the activities of catalase (CAT), superoxide dismutase 
(SOD), and glutathione (GSH) were measured on a spectrophotometer. The collagenolytic 
activity of matrix metalloproteinases (MMPs) of skin tissues was determined by enzyme-
phoresis (gelatin zymography). Results. At the physiological wound healing, an application 
of the composition increased the activity of total MMPs in homogenate on days 3–14 of the 
healing process, which enhanced the formation of free radicals and the activity of antioxidant 
system to compensate tissue damage. Thus, the CAT, GSH and SOD levels were elevated on 
days 7, 14 and 21, respectively. In case of DM, an application of the composition enhanced 
the activity of MMPs on days 14–21, which improved the proteolytic degradation of extracel-
lular matrix proteins in the state of excessive glycation and did not worsen oxidative homeo-
stasis state in the wound. Conclusion. The use of exogenous proteases is appropriate to enhance 
proteolysis in tissues with predominance of glycated proteins in case of chronic hyperglycemia 
to ensure controlled proteolysis.
K e y w o r d s: streptozotocin-induced diabetes, burn wounds, oxidative stress, proteolysis, 
healing.
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Introduction

Diabetic foot syndrome with soft tissue ulcers 
accounts for 25 % of the diabetes mellitus 
(DM) cases [1]. It is the cause of 85 % of 
extremities amputation cases in patients with 
DM. Pathogenesis of this complication is 
based on diabetic neuropathy, micro- and mac-
roangiopathy of the vessels, chronic inflam-
mation and persistent infectious process in 
chronic hyperglycemia state [2]. The composi-
tion of the extracellular matrix (ECM) is de-
termined by the production and degradation of 
its components and regulated by the balance 
of matrix metalloproteinases (MMPs) and their 
tissue inhibitors (TIMPs) [3, 4]. In DM, there 
are positive correlations between the level of 
non-enzymatically glycated proteins (AGEs) 
and increased MMPs activity [5] with simul-
taneous inhibition of TIMPs [6]. Among dif-
ferent MMPs expressed in healing tissue, col-
lagenases (MMP-1, MMP-8) and gelatinases 
(MMP-2, MMP-9) play important role because 
they eliminate degraded collagen. It contrib-
utes to the polarization of macrophages into 
anti-inflammatory M2-phenotype and activa-
tion of fibroblasts. But, on the other hand, 
excessive destruction of the extracellular ma-
trix can disrupt cell migration during neoan-
giogenesis and re-epithelialization [7].

Substances that affect proteolytic activity 
in the wound (protease-capturing matrices, 
enzyme inhibitors, antibodies) are compo-
nents of the comprehensive treatment of 
chronic wounds and ulcers [8]. Increased 
activity of MMPs in these types of wound has 
led to the development of their inhibitors 
(tetracycline antibiotics), collagen-containing 
applicators (as an alternative substrate for 

MMPs), superabsorbents (zinc chelators) [9]. 
However, the treatment of chronic ulcers with 
non-specific MMPs inhibitors significantly 
delayed wound re-epithelialization [10]. 
Therefore, in our opinion, the ability to regu-
late/control MMPs activity can be a promis-
ing pathogenetic target for treatment of dia-
betic foot syndrome. Tissue damage activates 
MMPs system via increased formation of free 
radicals and/or their insufficient inactivation, 
via direct effect of superoxide radical on the 
allosteric center of enzymes and via activa-
tion of transcription factor NF-κB and MMPs 
genes expression [11].

In chronic hyperglycemia, the tissue extra-
cellular matrix proteins undergo modification 
due to the formation of advanced glycation end 
products (AGEs). Matrix AGEs increase oxi-
dative stress through their signaling function. 
It includes the interaction with RAGE recep-
tors, activation of NADP-oxidase and xanthine 
oxidase, which are powerful sources of reac-
tive oxygen species (ROS). They contribute to 
pro-inflammatory and pro-thrombotic changes 
in the wound healing process, prolongation of 
its inflammatory stage [12].

We consider the application of exogenous 
proteases to be theoretically substantiated 
pharmacological approach to promote the 
cleavage of disintegration products in necrot-
ic wound tissue (debridement), providing a 
substantial change in the microenvironment of 
resident connective tissue macrophages, fibro-
blasts and epithelial cells. At the same time, 
additional proteolysis must not destroy all 
“necessary”components of the extracellular 
matrix. Therefore, covalent immobilization of 
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enzymes in hydrophilic nanoporous poly me ric 
carrier is considered to be the most appropriate 
way to achieve as full proteolysis of soluble 
peptides of necrotic tissues as possible and to 
prevent autolysis of enzymes [13].  

Objective: to study the effect of microbial 
proteases on the activity of matrix metallopro-
teinases and oxidative stress indicators in 
wound tissue of rats with experimental diabe-
tes mellitus (DM). 

Materials and Methods
96 male adult Wistar rats, weighing 180–220 g, 
without signs of somatic pathology were used 
for the study. All manipulations were carried 
out in compliance with bioethical standards of 
humane treatment of laboratory animals in 
accordance with international and national 
regulations, including the resolution of 
Bogomolets NMU Commission on Bioethics 
(N126, 13.11.2019).

DM modeling was reproduced by single 
intraperitoneal injection of streptozotocin 
(STZ) to animals in dosage of 50 mg/kg. 
Evidence of hyperglycemia in a month was the 
level of glucose (Me [QI÷QIII] min-max): 
12.35 [11.2÷16.68] (10.2–19.00) mmol/L com-
pared to 5.37 [4.7÷5.9] (4.2–6.6) mmol/L in 
control group of healthy rats. The level of 
glycated hemoglobin HbA1c was 7.8 [6.9÷10.2] 
(6.9–12.2) % compared to 4.4 [3.8÷4.9] (3.6–
5.2) % in control group. During further obser-
vation, glucose level range was 9.6–
15.24 mmol/L in rats with DM.

Burn modeling. The day before burn in-
jury, rectangular area of body skin was depil-
ated in rats. The next day, under ether anesthe-
sia, two hot copper plates (3.7×4.5 cm, 
0.0052 m2) were symmetrically applied to 

exposed parts of the body at the same time for 
10 s. Before that, the plates were kept in boi-
ling water (100 °C) for 10 min. The total area 
of skin burns was 18–20 % of the body surface 
and corresponds to second-degree burn (der-
mal superficial type).

Laboratory animals were divided into 
four main groups of 24 rats in each one. The 
first and second groups consisted of non-dia-
betic rats, the third and fourth groups consisted 
of rats with DM. After burn injury, neutral base 
ointment applications (talc dissolved in water) 
were used in animals of the 1st (Contr) and 3rd 
(DM) groups. In the 2nd (ImPr) and 4th 
(DM+ImPr) groups, local applications of the 
ointment containing exogenous proteases were 
daily used, from 1 to 21 day of observation.

The study of wound healing was carried out 
in dynamics on days 3, 7, 14, 21 after burn 
injury: all groups were divided into 4 sub-
groups with 6 rats in each one. On selected 
periods, rats were decapitated after intraperi-
toneal injection of lethal dose of sodium thio-
pental. The materials for the study were strips 
of injured tissue (1.5×0.5 cm), including cen-
tral part of the wound and its edge with the 
adjacent skin.

The enzyme-containing composition pro-
tected by the Ukrainian patent for utility mo del 
No 105500 was used as polyspecific immobi-
lized proteases [13]. The enzymatic component 
of the applied composition is represented by a 
multi-enzyme proteolytic complex Pronase 
(Sigma-Aldrich, USA), obtained from the cul-
ture fluid of Streptomiceus griseus [14]. 
Pronase contained at least ten proteolytic com-
ponents: five serine-type proteases, two 
Zn-endopeptidases, two Zn-leucine aminopep-
tidases, and one Zn-carboxypeptidase [15].
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Frozen tissue specimens of skin regenerates 
(1 g of wet weight) were intensively grinded 
in the mortar in liquid nitrogen and then ho-
mogenated in ice-cold 50 mM Tris-HCl buffer 
(pH 7.4), additionally containing 150 mM 
NaCl, 0.1 % SDS and 1 % Triton X-100 and 
supplemented with proteases inhibitor cocktail 
(6.5 μM aprotinin, 1.5 μM pepstatin A, 23 μM 
leupeptin, 1 mM phenylmethylsulfonyl fluo-
ride, 5 μg/ml soybean trypsin inhibitor). 
Tissue/buffer ratio was 1:5 (m/v). After ho-
mogenisation, samples were sonicated for 60 s 
by ultrasonic disintegrator Sartorius 
(Labsonic® M, Göttingen, Germany) and cen-
trifuged at 16,000 g for 45 min at 4 oC. The 
total protein concentration in each supernatant 
was determined spectrophotometrically by 
Stoscheck method measuring absorbance at 
260, 280, and 320 nm. The samples were di-
luted 1:1 in non-reducing electrophoretic 
Laemmli Sample Buffer, frozen and stored at 
-80 oC before analysis.

Levels of collagenolytic activity of matrix 
metalloproteinases (MMPs) in protein samples 
were determined by enzyme-phoresis (gelatin 
zymography) as described elsewhere [16]. 
Electrophoretic separation of proteins was 
performed under non-reducing conditions by 
gel electrophoresis in copolymer of polyacry-
la mide (PAAG) (8 %) and gelatin (5 mg/ml) 
in tris-glycine buffer (pH 8.6) containing 
0.1 % SDS, at a voltage of 70 V. After elec-
trophoresis, the gels were washed twice for 
30 min in cold 2.5 % (v/v) Triton X-100 to 
remove SDS, and then 5 times for 5 min in 
cold bidistilled water. After washing, gels 
were incubated overnight at 37 oC in devel-
oped 50 mM tris-HCl buffer (pH 7.6), contain-
ing 0.15 M NaCl, 5 mM CaCl2, 1 mM ZnCl2, 

and 0.02 % Tween-20. Zymograms were 
stained with 0.11 % Coomassie Brilliant Blue 
R-250 (Merck Millipore, Germany) solution 
in 30 % methanol and 10 % acetic acid and 
destained in the same solution lacking 
Coomassie Blue. The final gel had a uniform 
blue background except those regions to 
which MMPs had migrated and cleaved the 
substrate. The gelatinolytic activities were 
identified as transparent bands against the 
background of Coomassie Blue-stained gela-
tine. Apparent molecular weights of MMP 
bands were identified with the use of the pre-
stained broad-range standard proteins (Page 
Ruler TMPlus, Prestained Protein Ladder, cat. 
no. 26619, Lithuania). Resulting MMP bands 
were visualized and quantified densitometri-
cally applying the TL-120 software (TotalLab 
Ltd., USA). The gelatinolytic activity in each 
sample was defined as the arbitrary optical 
density value (arbitrary units) [16].

In the regenerate tissue, the levels of cata-
lase (CAT), superoxide dismutase (SOD), malo-
ndialdehyde (MDA) and glutathione (GSH) 
were measured by biochemical methods us-
ing spectrophotometer (analyzer SINNOWA 
BS-3000M) at wavelengths 410, 340, 523 and 
420 nm, respectively. The SOD activity 
was calculated by the degree of inhibition of 
adrenaline autoxidation rate. MDA was esti-
mated by its reaction with thiobarbituric 
acid. Glutathione content was determined by 
the level of thionitrophenyl anion formation 
after interaction between SH-group and nitro-
benzoic acid.

Statistical data processing was performed 
using program IBM SPSS Statistics 23. 
Shapiro-Wilk’s test, ANOVA analysis, Sheffe’s 
and Dunnett’s criteria were used.
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Results
Visual assessment of wounds did not reveal 
any significant difference between the animals 
without somatic pathology and in case of the 
composition applications (Fig. 1). Burn in-
jury causes inflammation, which is manifest-
ed by hyperemia, swelling 
and infiltration, followed by 
scab formation on the wound 
surface. Signs of coagulation 
necrosis were detected on day 
3 of observation. By the 14th 
day, the wound was devoid of 
epithelial lining and covered 
with a scab and areas of fibri-
noid tissue necrosis. On day 
21, the epithelialization of the 
damaged surface was ob-
served, but the central zone 
remained without epithelial 
lining and was covered with 
a scab.

MMP_total is the activity 
of all collagenolytic proteases 
identified in the sample. The 
changes for MMP_2 are de-
scribed separately, because 
this protease plays a major 
role in the processes of tissue 
regeneration during skin heal-
ing. An example of gelatin-
ases migration of Contr group 
is given, where the track 
numbers correspond to each 
sample (Fig. 2). A certain dis-
persal of results is a conse-
quence of individual differ-
ences between animals in 
each group.

The content of MMP_total significantly in-
creased on day 14, but then reduced by the 
21st day (Fig. 2, 3). The Enzyme-containing 
composition additionally increased the content 
of MMP_total during first 14 days compared to 
Contr group the detected level was 12 times 

Fig. 1. Rats’ burn wound appearance of the studied groups in the dynamics of 
healing (days 3,7,14,21 ) 
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higher on day 3 (p<0.01), and 4 times and 
1.5 times higher on days 7 and 14 (p<0.01), 
respectively. The content of MMP_2 in Contr 
group increased up to 10 times on day 14 and 
reduced on day 21. There was a 10-fold increase 
of this indicator by the 21st day in ImPr group. 
Application of the composition reduced the 
content of MMP_2 compared to Contr group, 
except for day 7, where the MMP_2 activity in 
ImPr group was higher than that in Contr group.

The effect of the enzyme-containing com-
position on the indicators of oxidative homeo-
stasis (Fig. 4) showed that, according to the 
MDA level, the oxidative load was minimal 
on day 7 and maximal on day 14 of observa-
tion. At the same time, the application of com-

position caused an MDA increase only on 
day 3 compared to the Contr group, but this 
indicator was lower in the ImPr group during 
other periods of observation. 

The indicators of oxidative protection also 
increased on day 14 both during physiological 
healing and in case of applying the composi-
tion. In physiological wound healing, the acti-
vi ty of SOD decreased 6 times on day 7 and 
remained stable during other periods. 
Application of the composition decreased SOD 
level on days [3–7], but then increased it up 
to 2 times on day 21, compared to Contr group 
(p<0.01), which reflects the role of SOD in 
prevention of oxidative stress with increasing 
biomass [17].

Fig. 2. The example zymogram - concentration-dependent MMP`s gelatinase activity in skin tissue of rats  on the 14-th 
and 21-th days of burn wound healing – at physiological healing process (Contr) and under the influence of exogenous 
immobilized proteases (ImPr), where the track numbers correspond to the animals markings.
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The activity of catalase was progressively 
increasing up to 10 times from 3 to 21 day 
during wound healing in Contr group. The 
composition application contributed to a grea-
ter increase in the level of catalase during all 

periods of observation. Thus, on day 7, the 
indicator was 2 times higher in ImPr group, 
than in Contr group (p<0.01). The content 
of glutathione in Contr group was increasing 
from 3 to 14 day (up to 4 times), but with 

A

 

B

C

 

D

Fig. 3. The level of matrix metalloproteinases in regenerating skin tissue of rats in the dynamics of burn wound hea-
ling. (A, B) MMP total and MMP-2 — at physiological healing process (Contr) and under the influence of exogenous 
immobilized proteases (ImPr). (C, D) MMP total and MMP-2 in animals with experimental diabetes mellitus (DM) and 
under the influence of exogenous immobilized enzymes at physiological healing process in animals with diabetes mel-
litus (DM+ImPr). * p ≤ 0.05, if compare DM to Control group, # p ≤ 0.05, if compare DM+ImPr to Control group
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further decrease on day 21. The application of 
the composition did not significantly affect the 
indicator.

The wound healing in diabetic animals had 
some macroscopic features (Fig. 1) [18]. 
On day 7 of the experiment, the burn area was 

covered with a scab of uneven thickness. The 
areas with scab rejection and purulent exudate 
were observed on day 14. Under the scab, a 
wide layer of immature connective tissue with 
signs of delayed epithelialization was ob-
served. On day 21, destructive changes in 

A

 

B

C

 

D

Fig. 4. Level of oxidative stress indicators and antioxidant system: MDA (A), catalase (B), SOD (C), GSH (D) in re-
generating skin tissue of rats in the dynamics of burn wound healing – at physiological healing process (Contr) and un-
der the influence of exogenous immobilized proteases (ImPr). * p ≤ 0.05, compared to Control group.
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epidermis and underlying tissues were de-
tected. The affected zone was almost com-
pletely devoid of epidermal lining, except for 
peripheral regions.

The use of enzyme-containing composi-
tion in diabetic animals showed a visual im-
provement of wound healing. Zones of puru-
lent exudate and destruction of epidermis were 

A

 

B

C

 

D

Fig. 5. Level of oxidative stress indicators and antioxidant system: MDA (A), catalase (B), SOD (C), GSH (D) in re-
generating skin tissue of rats in the dynamic[s] of burn wound healing — at physiological healing process (Contr), in 
animals with experimental diabetes mellitus (DM) and under the influence of exogenous immobilized enzymes in 
animals with diabetes mellitus (DM+ImPr). * p ≤ 0.05, if compare DM to Control group, # p≤0.05, if compare 
DM+ImPr to Control group.
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practically absent by the 14th day. The epithe-
lialization islands were observed in DM+ImPr 
group on day 21. 

In DM, MMP_total content remained low 
throughout the healing period, which is a re-
flection of general hyporeactivity of tissues in 
case of DM. The use of the composition in-
creased total MMPs level during the 14-21 
days period, which corresponded to the phys-
iological scenario of healing process (Fig. 2). 
It also completely coincided with an increase 
of SOD activity in this period of time (Fig. 5). 
Activation of MMPs by free radicals is a direct 
effect of superoxide on allosteric center of 
enzymes and a result of the transcription factor 
NF-кB activation that increases the MMPs 
genes expression [11].

MMP _2 level did not show any connection 
with the application of the composition. The 
difference between DM+ImPr and DM groups 
was observed only on day 3: it was 5-fold 
increase in DM+ImPr group (p<0.01). The in-
dicators did not significantly differ between 
DM and Contr group.

Under the influence of the composition, the 
indicators of oxidative homeostasis (Fig.4) 
varied in different directions in diabetic ani-
mals. In DM group, there were 5-fold decrease 
of MDA level on day 3 and 5-fold increase on 
day 7 of observation (p<0.01), compared 
to Contr group. The application of the compo-
sition contributed to the reduction of MDA in 
DM+ImPr group, but only in period of 7-14 
days. On day 21, MDA level in DM+ImPr 
group was 1.5-2 times higher (p<0.01) com-
pared to Contr and DM groups. 

The level of catalase in diabetic wound 
healing was not significantly changing during 
all periods of observation. The application of 

the composition increased the catalase activ-
ity up to 10-12 times (p<0.01), but this effect 
was observed only on days 7 and 14 with a 
sharp decrease on day 21.

The SOD level in DM sharply decreased up 
to 8 times (p<0.01) on day 3 and increased up 
to 5 times (p<0.01) on day 7, compared 
to Contr group. The application of the compo-
sition contributed to gradual increase of SOD 
level from day 3 to 14 with further decrease on 
day 21. The level of glutathione in DM group 
was the lowest on day 14 (p<0.01). Application 
of the composition increased the level of glu-
tathione on days 3 and 21 up to 3.8 and 2 times, 
respectively (p<0.01), and decreased up to 
2 times on days 7 and 14 (p<0.01), compared 
to Contr group.

Discussion 
In case of physiological wound healing, the 
application of exogenous proteases caused an 
increase of total MMPs level in all periods of 
observation. Excessive proteolysis of ECM 
proteins leads to additional tissue damage be-
cause of TLR-receptors activation on leuko-
cytes [19] and increased production of free 
radicals (compared to control group). At the 
same time, the activity of antioxidant sys-
tem increases to compensate the tissue damage 
by ROS: catalase, glutathione and SOD levels 
were elevated on days 7, 14 and 21, respec-
tively [11, 17].

However, application of the composition 
leads to decreased MMP-2 level on days 14–
21, which, in our opinion, reduces neovascu-
larization of the wound because MMP-2 trig-
gers the release of growth factors required for 
angiogenesis and re-epithelialization in phys-
iological conditions [19]. According to our 
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previous study, the regenerate tissue undergoes 
the process of active vessel formation due to 
increasing bioavailability of vessel endothe-
lial growth factor (VEGF) during this period 
of healing process [20]. Therefore, the applica-
tion of the composition cannot be  considered 
as a positive effect for skin burns healing in 
rats without somatic pathology.

Meanwhile, the content of total MMPs in the 
wound remained low throughout the all peri-
ods of healing in rats with DM, but exceeded 
the levels in control group on days 3 and 7. 
The MMP-2 level was also significantly re-
duced on days 3–14, which corresponded to 
the previously obtained results [21]. It can be 
explained by dysfunction of fibroblasts and re-
dundant glycation of ECM proteins. It makes 
these proteins more stable to proteolytic deg-
radation and they can even induce fibroblast 
apoptosis via activation of RAGE (receptors 
for AGEs) [22]. This condition makes impos-
sible the formation of a full-fledged granula-
tion tissue. So, application of the enzyme-
containing composition can play protective 
role and improve wound healing by increas-
ing proteolysis of ECM proteins.

In our previous work, we studied cell com-
position and activity of energy processes in 
tissue during wound healing in DM, taking 
into consideration that the metabolism chan-
ges affect reprogramming of macrophages 
functional phenotype (transitiom from M1 to 
M2). Pronounced and multidirectional chang-
es in the activity of redox enzymes of macro-
phages in different phases of reparation pro-
cess were revealed. In DM, an increased acti-
vi ty of macrophages by the 21th day was re-
lated to the inappropriate and excessive activ-
ity of MMPs and other proteolytic enzymes 

as a response to the products of ECM degrada-
tion, which is one of the causes of chronic 
inflammation [18].

The composition use in diabetic animals 
increased the level of total MMPs on day 14, 
which corresponded to the physiological healing 
scenario. Furthermore, an increased level of 
total MMPs correlated with an increased activ-
ity of catalase on day 14. Catalase reduces the 
level of hydrogen peroxide and decreases tissue 
damage by ROS that serves as an additional 
signal for neoangiogenesis. According to our 
data, expression of VEGF increases in the tissue 
regenerate during this period [20]. 

When applying the composition in animals 
with DM, the MDA level shows that the oxida-
tive load decreased during the first 20 days. 
The oxidative protection indicators were in-
creasing: catalase level by the 7–14th days and 
glutathione level on days 3 and 21. It can be 
considered as a positive effect, because it en-
hances the tissue antioxidation. Thus, the ap-
plication of the composition significantly 
changed the activation of total MMPs in the 
regenerate, and did not worsen the state of 
oxidative homeostasis in the wound.

Conclusion 
Local application of the exogenous proteases 
composition is appropriate only to enhance and 
control proteolysis in chronic hyperglycemia 
under condition of the glycated proteins pre-
dominance in tissue. 
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Вплив мікробних протеаз на активність 
матриксних металопротеїназ та показники 
окисного стресу ранової тканини щурів 
з експериментальним цукровим діабетом

О. І. Мироненко, Л. В. Натрус, Т. І. Панова, 
С. В. Верьовка

Мета. Вивчити вплив мікробних протеаз на актив-
ність матриксних металопротеїназ та показники окис-
ного стресу ранової тканини щурів з експерименталь-
ним цукровим діабетом (ЦД). Методи. Опік шкіри 
моделювали тваринам без соматичної патології та на 
тлі ЦД, що відтворювали однократним введенням 
стрептозотоцину, 50 мг/кг. На рану наносили мульти-
ферментний протеолітичний комплекс Pronase (Sigma-
Aldrich, USA), отриманий з культуральної рідини 
Streptomiceus griseus. Вміст малонового діальдегіду 
(MDA), активність каталази (CAT), супероксид дис-
мутази (SOD), глутатіону (GSH) вимірювали на спек-
трофотометрі. Колагенолітичну активність матрик-
сних металопротеїназ (ММРs) тканин шкіри визна-
чали методом ензим-форезу (желатинова зимографія). 
Результати. При фізіологічному загоєнні рани нане-
сення досліджуваної композиції підвищувало актив-
ність загальних ММРs в гомогенаті у 3–14 добу за-
гоєння, що посилювало утворення вільних радикалів 
та активність системи антиоксидації: CAT на 7 добу, 
GSH на 14 та SOD на 21 – для компенсації ушкоджен-
ня тканини. На тлі ЦД застосування композиту збіль-
шувало активність ММРs у 14–21 добу, що поліпшу-
вало протеолітичну деградацію білків позаклітинно-
го матриксу в стані надлишкового глікозилювання і 
не погіршувало стан окисного гомеостазу в рані. 
Висновки. Застосування препаратів екзогенних про-
теаз є доцільним для підсилення протеолізу, за умов 
переважання в тканинах глікірованих протеїнів на тлі 
гіперглікемії для забезпечення контрольованого про-
теолізу.

К л юч ов і  с л ов а: Стрептозотоцин-індукований 
діабет, опіковарана, окисний стрес, протеоліз, загоєння.

Влияние микробных протеаз на активность 
матриксных металлопротеиназ и показатели 
оксидативного стресса в раневой ткани крыс 
с экспериментальным сахарным диабетом

О. И. Мироненко, Л. В. Натрус, Т. И. Панова, 
С. В. Верёвка

Цель. Влияние микробных протеаз на активность 
матриксных металлопротеиназ и показатели оксида-
тивного стресса в раневой ткани крыс с эксперимен-
тальным сахарным диабетом (СД). Методы. Ожог кожи 
моделировали у животных без соматической патологии 
и на фоне СД, который воспроизводили путём одно-
кратного введения стрептозотоцина, 50 мг/кг. На рану 
наносили мультиферментный протеолитический ком-
плекс Pronase (Sigma-Aldrich, USA), полученный из 
культуральной жидкости Streptomiceus griseus. 
Содержание малонового диальдегида (MDA), актив-
ность каталазы (CAT), супероксиддисмутазы (SOD), 
глутатиона (GSH) измеряли на спектрофотометре. 
Коллагенолитическую активность матриксных метал-
лопротеиназ (ММРs) ткани кожи определяли методом 
энзим-фореза (желатиновая зимография).Результаты. 
При физиологическом заживлении раны нанесение 
исследуемой композиции повышало активность общих 
MMPs в гомогенате на 3–14 сутки заживления, что 
усиливало образование свободных радикалов и актив-
ность системы антиоксидации: САТ на 7, GSH на 14 и 
SOD на 21 сутки — для компенсации повреждения 
тканей. На фоне СД применение композиции увеличи-
вало активность MMPs на 14–21 сутки, что улучшало 
протеолитическую деградацию белков внеклеточного 
матрикса в состоянии избыточного гликозилирования 
и не ухудшало состояние оксидативного гомеостаза в 
ране. Выводы. Применение препаратов экзогенных 
протеаз является целесообразным для усиления проте-
олиза при условии преобладания в ткани гликозилиро-
ванных протеинов на фоне гипергликемии для обеспе-
чения контролируемого протеолиза.

К л юч е в ы е  с л ов а: Стрептозотоцин-индуци ро ван-
ный диабет, ожоговая рана, оксидативный стресс, 
протеолиз, заживление.
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