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Abstract 
The work studied the features of changes in the content of proteases and protease inhibitors in chronic 
purulent wounds. It was concluded that in postoperative wounds, the indicators of general proteolytic 
activity and antiproteolytic activity do not differ significantly; there is a balance between proteases 
and protease inhibitors, which presumably can be regulated by local mechanisms. In chronic purulent 
wounds, the total proteolytic activity is significantly higher than that of postoperative wounds. At the 
same time, the antiproteolytic activity is significantly lower than the total proteolytic activity, and also 
lower than the antiproteolytic activity of postoperative wounds, which creates a pronounced imbalance 
between proteases and protease inhibitors and contributes to the chronicity of the inflammatory process 
in purulent wounds with the involvement of both local and systemic mechanisms of regulation. 
Keywords: proteases, protease inhibitors, postoperative wounds, chronic purulent wounds, proteolytic 
activity, antiproteolytic activity. 

抽象的 

该工作研究了慢性化脓性伤口中蛋白酶和蛋白酶抑制剂含量变化的特征。得出的结论是，在

术后伤口中，㇐般蛋白水解活性和抗蛋白水解活性的指标没有显着差异；蛋白酶和蛋白酶抑

制剂之间存在平衡，这可能受到局部机制的调节。在慢性化脓性伤口中，总蛋白水解活性明

显高于术后伤口。同时，抗蛋白水解活性显着低于总蛋白水解活性，也低于术后伤口的抗蛋

白水解活性，从而造成蛋白酶和蛋白酶抑制剂之间的明显失衡，导致化脓性伤口炎症过程的
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慢性化地方和系统监管机制的参与。 

关键词：蛋白酶，蛋白酶抑制剂，术后伤口，慢性化脓性伤口，蛋白水解活性，抗蛋白水解

活性。 

INTRODUCTION  
In addition to clinical signs of infection (eg, inflammation, pus, and pain), microbial counts have 
historically been used to determine wound infection. However, it is increasingly recognized that not 
only is high bioburden detrimental to wound healing, but that the virulence of the invading 
microorganism and the immune status of the host may influence clinical outcomes. Bacteria such as 
Pseudomonas aeruginosa, Staphylococcus aureus, and Staphylococcus epidermidis have developed a 
number of virulence factors that help them overcome host defenses and multiply in underlying soft 
tissues. More specifically, bacterial proteases are one such virulence factor that is involved in 
promoting invasion and destruction of host tissue. Due to the complexity of microorganisms, proteases 
can negatively impact the wound environment, resulting in delayed wound healing. The data obtained 
indicate that proteases can play an important role in wound infections, promote the development of an 
inflammatory response and interfere with wound healing [11]. 
Bacterial proteases contribute to the induction of an inflammatory response in the host. Proteases 
produced by bacteria have been found to activate the kinin system and degrade kininogens, which 
subsequently causes an inflammatory response in the form of edema, redness, and pain [9].Like other 
immunological factors, bacterial proteases can also interfere with phagocytosis [7], reduce leukocyte 
activity [6], inhibit neutrophil function, and prevent chemotaxis [8] . 
Bacterial proteases can degrade a number of biologically important host proteins, such as complement 
components C3 and C1q [4], and also prevent the formation of C5 by destroying C3 [10]. Due to this, 
the opsonization and phagocytosis of neutrophils is disturbed, hindered or even prevented [15]. 
The function of bacterial proteases in overcoming the host's immune system is to degrade the host's 
immunoglobulin [16]. This can be particularly detrimental to the host given the role of 
immunoglobulins in recognizing and helping to neutralize invading microorganisms. Various 
researchers have reported the effect of proteases on the degradation of immunoglobulins, including 
immunoglobulin A (IgA) and immunoglobulin G (IgG) [4]. 
Proteases and their inhibitors contribute to the balance between degradation and deposition of the 
extracellular matrix (ECM), creating a balance necessary for the timely and coordinated healing of 
skin wounds. However, when this balance is disturbed, wounds become chronic, characterized by 
abundant levels of proteases and reduced levels of protease inhibitors [13]. 
The ratios of proteases and their inhibitors have also been used as predictive markers of wound 
progression to healing. [14]. 
Many researchers emphasize the key role of proteases in wound healing. Therefore, it is necessary to 
control the expression of proteases in the wound environment and the ways in which overexpression 
and activation of proteases can lead to a delay in the healing process of skin wounds. Future research 
should aim to explore ways in which proteases can be targeted as an alternative therapeutic approach 
to wound management, and to assess the advantages and disadvantages of using wound fluids to 
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evaluate wound progression in terms of proteolytic activity [13]. 
MATERIALS AND METHODS 
In the work, 12 patients with postoperative wounds (control) were examined in the first group and 15 
patients with purulent wounds in the second group (experiment). All patients in the diagnosis were 
absent of cardiovascular diseases, diabetes and metabolic changes. The material for the study was 
obtained by collecting swabs with sterile saline from the surface of postoperative and purulent wounds. 
The total proteolytic activity in the washing composition was determined by the caseinolytic method 
by accounting for the products of casein hydrolysis in units of activity (U) for tyrosine. The inhibitory 
(anti-proteolytic) activity of the obtained swabs was determined by the caseinolytic test, according to 
the ability to decrease the activity of 0.01% trypsin and 0.01% papain, when they were incubated with 
the studied samples of swabs compared with samples of swabs with trypsin or papain without 
incubation. The inhibitory activity was expressed in inhibitory units (Iu). 
For the purpose of the severity of proteolysis in wounds, the proteolysis index was calculated - the 
ratio of proteolytic activity to antiproteolytic activity (OPA/APA). 
The data obtained were subjected to statistical processing using standard Microsoft Excel 2007 
programs with the calculation of average values (M), their errors (m), and the coefficient of 
significance of the difference between average Student-Fisher values (t). 
RESULTS AND DISCUSSION 
 The data obtained showed (Fig.) that in patients with postoperative wounds, the average PSA in the 
wash composition was 31.7±2.8 U/ml. At the same time, in patients with purulent wounds, this 
indicator was significantly higher compared with similar results of postoperative wounds, and 
amounted to 52.4±4.8 U/ml (P<0.01). At the same time, the indicator of antiproteolytic activity 
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Picture. Changes in the indicators of total proteolytic activity (TPA) and antiproteolytic activity 
(APA) of washings of postoperative and purulent wounds. 
* - Significantly different values relative to the parameters of the TPA of purulent wounds. 
O - significantly different values relative to the corresponding indicators of the OPA of postoperative 
wounds. 
 
for trypsin in the composition of washings of postoperative wounds was 28.9 ± 2.5 IU/ml, which was 
not significantly lower than the TPA in the washings of postoperative wounds, and the proteolysis 
index of TPA / APA for trypsin was also not significantly higher and equal to 1.1 ± 0 ,one. In patients 
with purulent wounds, the index of antiproteolytic activity for trypsin was significantly lower 
compared to similar results in patients with postoperative wounds and amounted to 21.2±1.9 IU/ml 
(P<0.05), and also significantly lower than the TPA of purulent washings. wounds. Taking these data 
into account, the TPA /APA proteolysis index for trypsin was at the level of 2.5±0.22, which was 
significantly higher than the same indicator in the composition of postoperative wound lavages. The 
result of antiproteolytic activity for papain in the composition of washings of postoperative wounds 
was 19.1±1.5 IU/ml, this indicator was significantly less than the antiproteolytic activity for trypsin, 
due to the lower content of protease inhibitors that bind to papain. For the same reason, the papain 
proteolysis index of TPA/APA increased and was equal to 2.7±0.24.At the same time, in patients with 
purulent wounds, the antiproteolytic activity for papain was also significantly lower than the 
antiproteolytic activity for trypsin and amounted to 11.6 ± 0.9 IU / ml (P < 0.05), this also manifests 
itself with a lower content of protease-binding inhibitors. with papa. At the same time, the proteolysis 
index of TPA /APA in the study of purulent wounds by papain was equal to 4.5, which was higher 
than the proteolysis index of postoperative wounds. 
It is assumed that trypsin-like serine proteases in the wound environment bind mainly to two inhibitors 
of a1-proteinase inhibitor (a1IP) and a2-macroglobulin (a2M) in a fundamentally different way. The 
former completely inactivates the catalytic function of proteases, while the latter only limits their 
ability to cleave most high molecular weight substrates. In addition, the rate constant of the reaction 
of such proteases with a2M is 6 times higher than that with a1IP, thus forming an active complex 
capable of hydrolyzing specific substrates, which allows most of the enzymes entering the wound 
environment to bind to a2M. It should be emphasized that cysteine proteinases (papain), in contrast to 
serine proteases, bind mainly to a2M, and a1IP does not play a significant role in blocking the activity 
of proteinases. These data led to the conclusion that serine and cysteine proteinases can perform their 
function in the a2M-bound state [1].The inhibitory ability of trypsin can be manifested significantly 
due to low molecular weight inhibitors present in the composition of the wound wash and alpha-1-
antitrypsin, and the inhibitory ability of papain due to high-molecular inhibitors of alpha-1-antitrypsin 
and alpha 2-macroglobulin. Considering that the low molecular weight inhibitor present in the 
composition of the wound lavage may be a secretory leukocyte protease inhibitor, which locally 
provides protection and has a pronounced anti-inflammatory, antibacterial and antifungal activity. 
Then, the decrease in trypsin inhibitory activity in the washout with pronounced manifestations of 
inflammation can be explained as a pronounced pro-inflammatory and microbial reaction, which is 
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also manifested by an increase in TPA due to a decrease in this inhibitor. An increase in TPA in the 
composition of wound washings is also possibly associated with an increase in the functional activity 
of protease-producing cells due to a chronic inflammatory process [2, 3]. 
As for the inhibitory ability of papain due to high-molecular inhibitors in the composition of wound 
washings, the main high-molecular papain inhibitors can be alpha-1-antitrypsin and alpha-2-
macroglobulin, which are produced by the liver and have an inhibitory effect on proteases in all organs 
and tissues of the body [2, 3]. Therefore, a decrease in the inhibitory ability of papain in the 
composition of wound washings can be regarded as a systemic manifestation of inflammation or, 
possibly, the degree of chronicity of the inflammatory process. 
Based on this, our data on antiproteolytic activity for papain and trypsin can be interpreted as follows. 
In postoperative wounds, without pronounced manifestations of inflammation, there is a balance 
between proteases and protease inhibitors, which are regulated to a greater extent by local mechanisms. 
At the same time, in chronic purulent wounds with a pronounced inflammatory process, the balance 
between proteases and protease inhibitors is disturbed due to the disruption of local and systemic 
mechanisms. 
CONCLUSIONS 
In postoperative wounds, indicators of total proteolytic activity and antiproteolytic activity do not 
differ significantly, there is a balance between proteases and protease inhibitors, which presumably 
can be regulated by local mechanisms. In chronic purulent wounds, the total proteolytic activity is 
significantly higher than that of postoperative wounds. At the same time, the antiproteolytic activity is 
significantly lower than the total proteolytic activity, and also lower than the antiproteolytic activity 
of postoperative wounds, which creates a pronounced imbalance between proteases and protease 
inhibitors and contributes to the chronicity of the inflammatory process in purulent wounds with the 
involvement of both local and systemic mechanisms of regulation. 
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