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ABSTRACT 

 

Background: Proteinases control all metabolic processes involved in neurotransmitter receptor 

signalling in coordinating the process of fibrinolysis, hemocoagulation, activation of the complement 

system. In critical conditions there is an infringement of dynamic equilibrium between the proteases 

and their inhibitors, which is an important link in the pathogenesis of many diseases. In literature 

there is no data on patterns of change proteases and their inhibitors in the bloodstream after esophagus 

burning injuries. These experimental data would allow to assess the nature of reparation process in 

case of esophagus burning, and accordingly develop effective methods of proteolysis targeted 

correction. 

Aim: To investigate features of proteolytic enzymes system and their inhibitors in the pathogenesis 

post burning process. 

Methods: Chemical burns in animals were experimentally modeled in the following way: alkaline 

esophageal burn was caused by 20% NaOH and acid esophageal burn was caused by 30% 

CCl3COOH. The total proteolytic activity analyzed by method of caseinolytic activity with 

modifications. The level of α1-AT and α2-MG were determined using the method Nartykova.  

Results: The result of the research it's shown that the development of alkali burn there was observed 

increased activity of MMP and serine proteases on 15
th
 and 21

st
 day against a background of increased 

levels of α2-MG. However when modelling acid burn, decrease of proteolytic enzymes on 15
th
 and 

21
st
 day and increased α1-AT level during experiment was observed.  

Conclusion: As a result of the research there were showed different dynamics of changes in alkaline 

and acid burns of the esophagus. Thus, the results may indicate inflammation at the latest experiment 

terms in modelling the esophagus alkali burns.  
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INTRODUCTION 

According to the World Health 

Organization reports, a steady increase in 

the number of chemical burns of the upper 

gastrointestinal tract is observed. It is 

associated with the increasing production of 

new chemicals, the continuing production of 

the concentrated acetic acid and a careless 

storage of chemicals in daily (domestic) life. 

According to statistics, the largest number 

of chemical poisoning (from 77.2 to 85.0%) 

occurs in children from 1 to 3 years old. 
[1, 2]

 

Proteolytic enzymes are involved in 

the functioning of various organs and 

systems in regulation of biological 

processes. Proteinases control all metabolic 

processes involved in neurotransmitter 

receptor signalling in coordinating the 

process of fibrinolysis, hemocoagulation, 

activation of the complement system. 
[3,4]

 

Proteases activity depends usually on the 
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rate of its formation from inactive 

precursors and inactivates specific inhibitors 

that are present in cells, tissues and blood 

plasma and form the so-called 

antiproteolytic potential. 
[5]

 In critical 

conditions there is an infringement of 

dynamic equilibrium between the proteases 

and their inhibitors, which is an important 

link in the pathogenesis of many diseases 

(pancreatitis, fibrosis, cancer etc.). 
[6,7]

 

However, in literature there are no data on 

the activity of proteolytic enzymes and 

inhibitory potential in the bloodstream in 

case of esophagus burning injuries. 

Research of the proteolytic enzymes system 

features of and their inhibitors is essential 

for the pathogenesis of post burning 

process. 

 

MATERIALS AND METHODS 

White wild rats (1-month, 90-110 g 

body weight) were used in experiments in 

compliance with provisions for the use of 

animals in biomedical experiments 

approved by the First Ukrainian National 

Congress on Bioethics (September 2001) 

and other international agreements and 

national legislation in this area. Studied 

animals received a standard diet. Chemical 

burns in animals were experimentally 

modeled in the following way: alkaline 

esophageal burn was caused by 20% NaOH 

and acid esophageal burn was caused by 

30% CCl3COOH. 
[8]

 Materials for research 

were collected at 1
st
, 7

th
, 15

th
 and 21

st
 day. 

The total proteolytic activity 

analyzed by method of caseinolytic activity 

with modifications. For determination 

selective activity of MMP and serine 

proteases to the reaction mixture (final 

concentration) was added 0.2 mol/l EDTA 

or PMSF, respectively. 
[9]

 The level of α1-

AT and α2-MG were determined using the 

method Nartykova. 
[10] 

The statistical analysis of the 

obtained results was performed using the 

methods of variation statistics and 

correlation analysis using the computer 

program Excel. To determine the reliability 

of the differences between the two samples 

we used the Student test (t). Whereby 

differences P <0.05 were deemed reliable. 

 

RESULTS 

We have determined the overall 

activity of proteolytic enzymes in the blood 

plasma of rats in case of alkaline and acid 

esophagus burning (Fig. 1). It was found 

that the overall proteolytic activity increased 

by 50% in animals with alkaline esophageal 

burn and by 41% in animals with acid 

esophageal burn on the 1
st 

day. 

 
Figure 1. The total proteolytic activity in plasma (caseinolytic 

units/mg protein) after experimental burn (М±m, n=8) 

(*р<0,05 compared with control value). 

 

We observed the tendency to decreased the 

overall proteolytic activity on the 7
th

 day in 

animals with alkali esophageal burn. 

Instead, in case of acid esophagus burn 

development, overall proteolytic activity 

was increased by 185% compared with 

control values. In the later stages of the 

experiment there was no seen significant 

changes in the overall activity of proteolytic 

enzymes for alkali esophagus burn. Instead, 

there was shown decrease in overall 

proteolytic activity of acid esophagus burn 

on 21
st
 and 15

th
 day by 37% and 51% 

respectively. 

It was observed increase the activity 

of MMP by 20% on the 1
st
 day in animals 

with alkali esophageal burn (Fig.2). On the 

7
th

 day of experiment it was shown decrease 

MMP by 60%, compared with control 

values. On 15
th

 and 21
st
 day, MMP activity 

was increased by 60% and 50%, 

respectively, which may indicate an active 
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process of the wound interface 

epithelialisation. When acid esophagus burn 

development, maximal increase MMP 

activity was observed on the 7
th

 day of the 

experiment. On 15
th 

and 21
st
 day mentioned 

protease activity was reduced by 57% and 

71%, respectively, compared with control 

values.  

We have also studied the activity of 

serine proteases in case of chemical burns 

development (Fig. 3). 

 
Figure 2. Activity of MMP in plasma (caseinolytic units/mg 

protein) after experimental burn (М±m, n=8) 

(*р<0,05 compared with control value). 

 

There was shown increase the 

activity of serine proteases during 1 day in 

case of alkali and acid esophagus burn 

development by 20% and 44%, respectively, 

compared with control values. On the 7
th

 

day of the experiment there was established 

decrease in activity of these proteases when 

alkali esophagus burn development by 60% 

compared to the control values. Instead of 

this, in case of acid burn development there 

was shown sharp increase in these proteases 

by 98%. At 15
th

 and 21
st
 day of alkali 

esophagus burn development, a tendency to 

increase this indicator was shown. When 

acid burn development, serine proteins 

activity was reduced to 15
th

 and 21
st
 day. 

We have investigated the level of α2- 

macroglobulin (α2-MG) and α1- antitrypsin 

(α1-AT) in research blood plasma for 

development of esophagus burn (Fig. 4 and 

5). 

 

 
Figure 3. Activity of serine proteinase in plasma (caseinolytic 

units/mg protein) after experimental burn (М±m, n=8) 

(*р<0,05 compared with control value). 

 

 
Figure.4. The level of α1-antitrypsin (IU/ml) in the blood 

serum after experimental burn, (М±m, n=8)  

(*р<0,05 compared with control value). 

 

In experimental animals when 

modelling alkali esophagus burn, α1-AT 

level was increased on the 1
st
 and 15

th
 day 

by 43% and 38%, respectively. At 7
th

 and 

21
st
 day, significant changes in this indicator 

were not observed. Whereas in the acid burn 

development, said inhibitor level was 

increased throughout the experiment. It 

should be noted, that maximum level of α1-

AT was measured on 7
th

 day and exceeded 

the reference value by 120%, that may be 

the result of compensatory increase of 

proteolytic enzymes, mainly serine 

proteases. 

When alkali burn development, 

progressive increase of α2-MG during the 

experiment was determined. It should be 

noted, that the level of this inhibitor was 
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highest at 21
st
 days and exceeded the 

reference value by 88%. Another trend was 

observed when acid burn development, level 

of α2-MG was increased only on 7
th

 and 15
th

 

day by 34% and 54%, respectively, 

compared with control values. Among 

proteolytic enzymes, metalloproteinases and 

serine draw particular interest.  

 
Figure. 5. The level of α2-macroglobulin (IU/ml) in the blood 

serum after experimental burn (М±m, n=8) 

(*р<0,05 compared with control value). 

 

DISCUSSION 

The progress of the wound process 

after chemical burns is characterized by 

cooperation of different metabolic systems 

of the body as well as contacting tissue, and 

is controlled by different types of 

biochemical homeostasis support. A very 

important role in the wound process belongs 

to the proteolytic enzymes catalysing 

protein molecules breakdown. 
[11,12]

 Thus 

the enzymes through a nonspecific 

proteolysis take part in elimination of 

necrotized tissues of damaged proteins from 

the wound. The essential role in 

physiological balancing of synthesis and 

proteolysis belongs to the protease 

inhibitors. These specific proteins prevent 

abnormal destruction of protein compounds 

allowing to timely slow down or stop any 

biological process. 
[13,14]

 A disorder in 

protease-antiprotease system may be a 

reason as well as a consequence of a 

pathologic condition. But an abnormal 

activation of proteolysis leads to damaging 

of native (“undamaged”) tissue proteins, 

favours to the inflammation processes, the 

progress if which is connected to an 

intensive destruction of extracellular matrix 

and migration processes in cells. On the 

other hand, the insufficient activity of 

proteinases accompanied by a prolonged 

and abnormal build-up of matrix 

components leads to slowing down of 

healing of the wound and nascence of a 

coarse tissue of the scar due to abnormal 

build-up of collagen. 
[15-17]

  

The most typical of serine proteases 

are chymotrypsin, trypsin, plasmin, elastase, 

urokinase, kininogenase plasma and some 

coagulation factors. Thus, increased activity 

of serine proteases in the extracellular 

environment is considered as the main link 

for the development of many pathologies in 

which tissue infiltration by neutrophils is 

that, according accompanied by 

inflammatory reaction. 
[4]

 It is known from 

the literature that the main feature of MMP 

is degradation of ECM components. 

However, new impetus for more detailed 

research of MMP functions have become 

information that besides destructive one, the 

indicated proteases can perform a regulatory 

function, making the processing of 

biologically active substances. MMP are 

involved and control numerous processes: 

proliferation, adhesion, migration, 

differentiation and apoptosis. 
[18,19]

 

As for the results, increasing the 

proteolytic activity on the 1
st
 day probably 

is connected to the fact that during burn 

shock there is significant activation of 

proteolytic enzymes under the influence of 

catecholamine, Ca2 +, H +, and other 

factors. Also as a result of hypoxia and 

metabolic acidosis damage of cell 

membranes, including lysosomal ones is 

happening. Thus, proteases resulting in 

damage to cell membranes, enter the 

vascular bed.  

Reduced activity of proteolytic 

enzymes on 7
th

 day of alkali development 

may confirm formation of complexes with 

inhibitors and their elimination from the 

bloodstream. The opposite trend data when 

acid burn development may be due to the 

fact that during the first two weeks after 
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burning in the area of injury is a significant 

increase in activity of proteolytic enzymes, 

due to the rejection of necrotic tissue.  

Activation of proteases in serum on 21
st 

day 

of alkali burn development maybe is 

associated with inflammation, and reflects 

vascular disorders and abnormal connective 

tissue. Degranulation of neutrophils and 

transition MMP and serine proteases in the 

blood flow is a mandatory part of 

inflammation. 
[20]

 Also MMP are produced 

by phagocytes that in the interaction of 

neutrophils play a key role in inflammation. 
[21]

 Raising these proteases in the 

bloodstream may be associated with 

excessive production by activated 

monocytes of blood and formation of 

excessive MMP precursors under oxidative 

stress influence. 
[22]

  

On the one hand, in the process of 

inflammation, as fast as possible 

mobilization of biochemical and 

immunological reactions occurs. However, 

the other - a long-term process of 

inflammation is one of the causes of 

pathological changes in organs and tissues. 

When hypoxia and microcirculatory 

disorders inflammatory process becomes 

pathological, cells actively synthesize 

collagen. As a result, formation of collagen 

predominates over its collapse, resulting 

powerful fibrosis tissue in the form of scars 

can develop. 
[16] 

From the literature it is known that 

increasing the activity of α2-MG occurs in 

some liver diseases, diabetes, cancers, 

subacute and chronic inflammatory 

diseases, inflammation in the stage after 

burns. 
[23]

 Increasing the total proteolytic 

activity in blood plasma of rats during the 

experiment leads to a compensatory 

increase in activity of serum inhibitors. 

Increased α2-MG level can also indicate 

inflammation process.  

Thus, as a result of the research it's 

shown that the development of alkali burn 

there was observed increased activity of 

MMP and serine proteases on 15
th

 and 21
st
 

day against a background of increased levels 

of α2-MG. However when modelling acid 

burn, decrease of proteolytic enzymes on 

15
th

 and 21
st
 day and increased α1-AT level 

during experiment was observed.  

 

CONCLUSION 

So, multidirectional change and 

proteases and their inhibitors on 

development of alkaline and acid burns was 

shown. Thus, when the affected esophageal 

by alkali there was increased activity of 

melato- and serine proteases, increased α2-

MG level in the last term of research. 

Instead, when acid burn development, 

maximum increase of proteolytic enzymes 

on 7
th

 day of the experiment on the 

background of elevated α1-AT level during 

experiment was observed. 

 
REFERENCES 

1. Contini S., Swarray-Deen A., 

Scarpignato C. Oesophageal corrosive 

injuries in children: a forgotten social 

and health challenge in developing 

countries. Bull. World Health Organ. 

2009; 87:950-954. 

2. Kalkan Y., Tumkaya L., Akdogan R. A. 

et al. A novel model approach for 

esophageal burns in rats: A comparison 

of three methods. Toxicol. Ind. Health. 

2013; 31(7): 1-7. 

3. Barrett A., Woessner F., Rawling N. 

Handbook of Proteolytic Enzymes. 

London:Academic Press; 2012.  

4. Sara M. McCarty, Steven L. Percival. 

Proteases and Delayed Wound Healing. 

Adv Wound Care (New Rochelle). 

2013; 2(8): 438–447. 

5. Hibbetts K., Hines B., Williams D. An 

overview of proteinase inhibitors. J Vet 

Intern Med. 1999; 13(4):302-308. 

6. Deborah L, Clarke, Alan M Carruthers, 

Tomas Mustelin et al. Matrix regulation 

of idiopathic pulmonary fibrosis: the 

role of enzymes. Fibrogenesis Tissue 

Repair. 2013; 6(1): 20. 

7. DeClerck Y.A., Imren S. Protease 

inhibitors: role and potential therapeutic 

use in human cancer. Eur J Cancer. 

1994; 30(14): 2170-80. 

8. Raetska Ya. B., Ischuk T. V., Dzhus O. 

I. et al. Experimental modeling of 1
st 

and 2
nd

 degrees alkali esophageal burn 



Ishchuk T.V. et. al. Dynamics Changes of Proteolytic Balance in Blood Plasma under Experimental Chemical 

Burns of Esophageal Development in Rats 

                   International Journal of Health Sciences & Research (www.ijhsr.org)  264 
Vol.6; Issue: 12; December 2016 

in immature rats. Biol. Syst. 2014; 

6(1):3944. 

9. Hummel B.C. Amodified 

spectrophotometric determination of 

chymotrypsin, trypsin and thrombin. 

Can J Biochem and Physiol. 1959; 37: 

1393-99. 

10. Nartykova V.F., Paskhina T.S. Unified 

method for determining the activity of 

α1-antitrypsin and α2- macroglobulin in 

serum (plasma) of human blood. 

Questions of medical chemistry. 1979; 

25(4) :494–499. 

11. Alice N. Neely, Rebeccah L. Brown, 

Chris E. Clendening et al. Proteolytic 

activity in human burn wounds. Wound 

Repair Regen. 1997; 5(4): 302–309. 

12. Trengove N.J., Stacey M.C., MacAuley 

S. et al. Analysis of the acute and 

chronic wound environments: the role 

of proteases and their inhibitors. Wound 

Repair Regen. 1999; 7(6): 442–452. 

13. Sinclair R.D., Ryan T.J. Proteolytic 

enzymes in wound healing: the role of 

enzymatic debridement. Australas J 

Dermatol. 1994; 35(1):35-41. 

14. Marta Artal-Sanz, Nektarios 

Tavernarakis. Proteolytic mechanisms 

in necrotic cell death and 

neurodegeneration. FEBS Letters. 2005; 

579: 3287–3296. 

15. Meilang Xue, Christopher J. Jackson. 

Extracellular Matrix Reorganization 

During Wound Healing and Its Impact 

on Abnormal Scarring. Adv Wound 

Care (New Rochelle). 2015; 4(3): 119–

136. 

16. Gerd G Gauglitz, Hans C Korting, 

Tatiana Pavicic et al. Hypertrophic 

Scarring and Keloids: Pathomechanisms 

and Current and Emerging Treatment 

Strategies. Mol Med. 2011; 17(1-2): 

113–125. 

17. Widgerow A.D., Tussardi I.T., Banyard 

D.A. et al. Burn wound fluid: an 

important diagnostic source. Wound 

Healing Southern Africa 2014;7(1): P. 

9-12. 

18. Ana-Maria M. Iuonut, George Calin 

Dindelegan, Constantin Ciuce. 

Proteases as biomarkers in wound 

healing. TMJ. 2011; 61(2): 66-73. 

19. Fabio Sabino, Ulrich auf dem Keller. 

Matrix metalloproteinases in impaired 

wound healing 2015. Available from 

https://www.dovepress.com/matrix-

metalloproteinases-in-impaired-wound-

healing-peer-reviewed-article-MNM. 

[Accessed 5th December 2014]. 

20. Fang Bian, Flavia S. A. Pelegrino, 

Stephen C. Pflugfelder et al. 

Desiccating Stress-Induced MMP 

Production and Activity Worsens 

Wound Healing in Alkali-Burned 

Corneas. Invest Ophthalmol Vis Sci. 

2015; 56(8): 4908–4918. 

21. Motonobu Ueno, Bonnie L. Lyons, Lisa 

M. Burzenski. Accelerated Wound 

Healing of Alkali-Burned Corneas in 

MRL Mice Is Associated with a 

Reduced Inflammatory Signature. Invest 

Ophthalmol Vis Sci. 2005; 46(11): 

4097-4106. 

22. Tiago Barbalho Lima, Alexandre Pinto 

Ribeiro, Luciano Fernandes et al. 

Ketorolac eye drops reduce 

inflammation and delay re-

epithelization in response to corneal 

alkali burn in rabbits, without affecting 

iNOS or MMP-9 2014. Available from 

http://dx.doi.org/10.5935/0004-

2749.20150019. [Accessed 1th 

December 2014] 

23. Ahmed A. Rehman, Haseeb Ahsan, 

Fahim H. Khan. Alpha-2-

macroglobulin: A physiological 

guardian. J Cell Physiol. 2013; 228(8): 

1665–1675. 

  

 

 

*********** 

 

How to cite this article: Ishchuk T.V., Koval T.V., Savchuk O.M. et. al. Dynamics changes of 

proteolytic balance in blood plasma under experimental chemical burns of esophageal 

development in rats. Int J Health Sci Res. 2016; 6(12):259-264. 

 

https://www.dovepress.com/matrix-metalloproteinases-in-impaired-wound-healing-peer-reviewed-article-MNM
https://www.dovepress.com/matrix-metalloproteinases-in-impaired-wound-healing-peer-reviewed-article-MNM
https://www.dovepress.com/matrix-metalloproteinases-in-impaired-wound-healing-peer-reviewed-article-MNM

