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Pancreatic Enzymes Activity under the Conditions of 

Acute Stress and Melanin Administration Depending on 

the Stress Resistance 
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1. Ukrainian Medical Stomatological Academy, Poltava 36000, Ukraine 

2. Taras Shevchenko National University of Kyiv, Kyiv 02140, Ukraine 

 

Abstract: Total proteolytic, antitrypsic, amylase and lypolytic activity was studied on animals subjected to acute stress simulation. 
Acute stress results in the development of imbalance of protease inhibitors potential as well as in the increase of amylase and lipase 
activity in the pancreas of the rats. Prior melanin administration in acute stress leads to a decrease in the activity of amylase and 
lipase, and an increase of total activity of protease inhibitors, that demonstrates stress-protective melanin effect produced on the 
pancreas. 
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1. Introduction 

Currently, society living in the “western” way has 

faced the increase in prevalence of lifestyle diseases 

which share psychological stress as common 

pathophysiological basis. Chronic adverse effects 

experienced by humans in conditions of 

anthropogenic pressing, social instability, and intense 

rhythm of life can be both the main and additional 

etiological factor for many diseases. Therefore, 

searching for adaptogens capable of providing 

protection against stress is very relevant today. 

Melanin is though as one of them. Recent studies have 

confirmed stress protective effect of melanin [1-5]. 

Manifestation of melanin protective properties in 

stress is associated with increasing level of nitric 

oxide, which plays an important role in cytoprotection 

[6]. Anti-stress effect produced by melanin upon the 

gastric mucosa in rats is completely or partially 

determined by the activation of PPARγ. It is known 

the GW9662, an antagonist of PPARγ, eliminates the 
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protective effect produced by melanin on 

stress-induced gastric mucosa lesions in rats that 

strongly suggest the cytoprotevtive properties of 

melanin are determined by the stimulation of 

peroxisome proliferation activated receptors Gamma 

[7]. There is increasing evidence for melanin produced 

by Nadsoniellanigra strain X-1 to reduce the 

corticosterone concentration in the blood of rats in 

stress syndrome [4]. 

In Ukraine, diseases of digestive system are ranked 

as the fourth most prevalent causes of death, 

especially in men. During 2006-2010 the prevalence 

of digestive diseases increased by 5.76%, in which the 

proportion of pancreatic diseases makes up 10.92% 

[8]. In Ukraine, mortality in chronic pancreatitis is 

ranged from 3 to 9 cases per 100,000 populations [9], 

and acute pancreatitis is the third most prevalent 

surgical diseases. The incidence of acute pancreatitis, 

for instance, in the USA is 49.5%, in Finland is 73.4% 

per 100,000 populations, and the mortality rate is 

about 11.9% [10].  

One of the consequences of stress factors is the 

activation of cytolysis and change of enzyme activity 
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of the pancreas. In particular, the activation of 

pancreatic proteases induces the degeneration 

(autolysis) of pancreas, acute pancreatitis as well as 

the damage of nearby organs. Previously, some 

reports demonstrated convincingly that pancreas as a 

main source of aggressive hydrolyses played an 

important role in tissue damage during the catabolic 

phase of stress syndrome [11]. Thus, our study is 

aimed to investigate differences of pancreatic enzyme 

activity depending on individual and typological 

characteristics and melanin stress-protecting 

properties in the pancreas of rats. 

2. Methods 

The study involved 84 Wistar male rats weighing 

180-220 g. All manipulations on animals were carried 

out in accordance with “European convention for the 

protection of vertebrate animals used for experimental 

and other scientific purposes” (Strasbourg, 1986). To 

simulate acute immobilization stress the animals were 

fixed lying on the back as long as 3 hrs [12]. Stress 

resistance of the animals was determined by means of 

open-field test and variable data obtained. The test 

animals, which showed rapid adaptation, low 

indicators of motor activity, exploratory behavior, and 

vegetative balance were rated as stress-resistant ones, 

while the rats with low adaptation, high parameters of 

motor activity, exploratory behavior, and vegetative 

balance were described as a stress-susceptible group 

[13]. The control group was made up of the animals of 

the respective type. The rats were sacrificed by 

phlebotomy carried out under hexenal anesthesia (50 

mg/kg).  

The pancreas of the animals was the object of 

research to investigate the total proteolytic [14], 

antitrypsic [15], amylase (EC: 3.2.1.1) (kit 

“α-amylase”, “Fylyzyt-Diagnosis”, Ukraine) and 

lypolytic activity (EC: 3.1.1.3) [16]. Thirty minutes 

prior modeling acute stress the rats were administered 

synthetic melanin (Sigma) in a dose of 5 mg/kg 

intragastrically. The obtained data were processed 

with generally accepted method of variation statistics. 

3. Results and Discussion.  

This study has shown that under acute stress the 

total proteolytic activity in the pancreas probably 

increases in 1.9 times compared with the animals of 

control group of the respective type of response (Table 

1). In these conditions, the activation of proteolytic 

processes in the pancreas of stress-resistant animals is 

not observed compared with the control group (Table 

1). It is necessary to emphasize the analysis of enzyme 

proteolytic activity as well as the investigation of total 

antiproteolytic activity is important in the assessment 

of protease inhibitors potential. We have revealed that 

under acute stress simulation the stress-susceptible 

animals are observed to demonstrate likely decrease in 

total antiproteolytic activity in 1.1 times compared 

with the control group of the respective type (Table 2). 

No significant changes of these indicators in the 

stress-resistant animals are observed (Table 2). 

Thus, the stress-susceptible animals while being 

exposed to acute stress show the activation of 

proteolytic  processes  against the  declined  activity  of 
 

Table 1  The total proteolytic activity in pancreas of the rats with different resistance to stress, μmol/g* (M ± m). 

Groups of animals Stress-resistant Stress-susceptible 

1. Control 1.16 ± 0.26 (n = 11) 0.98 ± 0.16 (n = 11) 

2. Acute stress 1.43 ± 0.40 (n = 11) 1.87 ± 0.14 (n = 11) 

3. Melanin 1.07 ± 0.04 (n = 7) 0.85 ± 0.02 (n = 6) 

4. Melanin + acute stress 1.02 ± 0.08 (n = 8) 1.01 ± 0.05 (n = 7) 

5. Placebo + acute stress 1.68 ± 0.20 (n = 5) 1.93 ± 0.14 (n = 7) 

Statistical index 

Р1-2 > 0.05; Р2-3 > 0.05; 
Р1-3 > 0.05; Р2-4 > 0.05; 
Р1-4 > 0.05; Р2-5 > 0.05; 
Р1-5 > 0.05; Р4-5 < 0.05. 

Р1-2 < 0.05; Р2-3 < 0.05; 
Р1-3 > 0.05; Р2-4 < 0.05; 
Р1-4 > 0.05; Р2-5 > 0.05; 
Р1-5 < 0.05; Р4-5 < 0.05. 

n—number of animals.  
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Table 2  Anti-proteolytic activity in pancreas of rats with different resistance to stress, g/kg, (M ± m). 

Groups of animals Stress-resistant Stress-susceptible 

1. Control 56.07 ± 1.47 (n = 11) 55.24 ± 0.79 (n = 11) 

2. Acute stress 53.65 ± 1.62 (n = 11) 51.61 ± 1.23 (n = 11) 

3. Melanin 59.38 ± 0.90 (n = 7) 57.50 ± 0.66 (n = 6) 

4. Melanin + acute stress 55.46 ± 1.12 (n = 8) 52.76 ± 0.90 (n = 7) 

5. Placebo + acute stress 50.90 ± 1.47 (n = 5) 49.14 ± 0.53 (n = 7) 

Statistical index 

Р1-2 > 0.05; Р2-3 < 0.05; 
Р1-3 > 0.05; Р2-4 > 0.05; 
Р1-4 > 0.05; Р2-5 > 0.05; 
Р1-5 < 0.05; Р4-5 < 0.05. 

Р1-2 < 0.05; Р2-3 < 0.05; 
Р1-3 < 0.05; Р2-4 > 0.05; 
Р1-4 < 0.05; Р2-5 > 0.05; 
Р1-5 < 0.05; Р4-5 < 0.05. 

n—number of animals.  
 

protease inhibitors. This implies that the protease 

inhibitors imbalance develops by decompensated type 

[17]. 

Protease activity determined following the 

administration of melanin 30 min. before acute stress 

simulation is in 1.14 times lower compared with this 

in the intact animals of the stress-resistant type and is 

in 1.03 times lower than in the respective control rats 

of the stress-susceptible type. Melanin administration 

30 min. prior acute stress significantly reduces the 

total proteolytic activity in 1.40 times in the 

stress-resistant animals and significantly reduces, in 

1.85 times, in the stress-susceptible animals compared 

with the stressed rats of the respective type. Under the 

same conditions the previous administration of 

placebo results in the increase of proteolytic activity in 

1.17 times in the stress-resistant rats and in 1.03 times 

in the stress-susceptible animals compared with the 

control groups of respective types. It has been found 

out the total proteolytic activity during the prior 

introduction of melanin to stressed rats significantly 

increases in 1.65 times in the stress-resistant rats and 

in 1.91 times in the stress-susceptible rats compared 

with the rats of the respective types of stress resistance 

which received placebo prior the experiment (Table 

1). 

Introduction of melanin 30 min. before the acute 

stress modeling increases total anti-proteolytic activity 

in 1.03 times in the stress-resistant animals and in 1.02 

times in the stress-susceptible animals compared with 

the stressed rats of the respective types of stress 

resistance. We have revealed that under the same 

conditions the introduction of placebo results in the 

reduced activity of inhibitors of proteolytic enzymes 

in 1.05 times in the rats of stress-nonresistant type and 

in 1.05 times in the stress-susceptible animals 

compared with the animals of respective type (Table 

2). 

Lipase and amylase are indicator enzymes that 

reflect the development of pancreatic cytolytic 

syndrome in different conditions [18]. 

We have ascertained that under the conditions of 

the developing stress syndrome against the increasing 

activation of proteolytic processes leading to 

accelerated catabolism of biomolecules and 

labilization of lysosomes, there is a significant 

increase, in 1.09 times, of amylase activity in the 

pancreas of the stress-susceptible animals compared 

with the control animals of the respective type (Table 

3). The analysis of pancreatic amylase activity in the 

stress-resistant animals shows no significant changes 

(Table 3). Melanin administration prior the acute 

stress modeling significantly reduces amylase activity 

compared with the control animals of the 

stress-resistant type and is in 1.02 times lower than in 

the respective control rats of the stress-susceptible 

type. Introduction of placebo 30 minutes before the 

animals were subjected to acute stress leads to 

increased amylase activity in 1.01 times in 

stress-resistant animals and likely increase in 1.09 

times in the stress-susceptible rats compared with  

the corresponding control animals. Administration of  
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Table 3  The activity of α-amylase in pancreas of rats with different resistance to stress, g/g*h (M ± m). 

Groups of animals Stress-resistant Stress-susceptible 

1. Control 21.44 ± 0.09 (n = 8) 20.57 ± 0.2 (n = 8) 

2. Acute stress 21.79 ± 0.21 (n = 8) 22.38 ± 0.34 (n = 8) 

3. Melanin 19.98 ± 0.31 (n = 7) 19.00 ± 0.28 (n = 6) 

4. Melanin + acute stress 20.35 ± 0.20 (n = 8) 20.18 ± 0.19 (n = 7) 

5. Placebo + acute stress 21.62 ± 0.19 (n = 5) 22.38 ± 0.75 (n = 7) 

Statistical index 

Р1-2 > 0.05; Р2-3 < 0.05; 
Р1-3 < 0.05; Р2-4 < 0.05; 
Р1-4 < 0.05; Р2-5 > 0.05; 
Р1-5 > 0.05; Р4-5 < 0.05. 

Р1-2 < 0.05; Р2-3 < 0.05; 
Р1-3 < 0.05; Р2-4 < 0.05; 
Р1-4 > 0.05; Р2-5 > 0.05; 
Р1-5 < 0.05; Р4-5 < 0.05. 

 

Table 4  The activity of lipase in pancreas of rats with different resistance to stress, μmol/g*min (M ± m). 

Groups of animals Stress-resistant Stress-susceptible 

1. Control 12.75 ± 1.18 (n = 8) 12.7 ± 0.97 (n = 8) 

2. Acute stress 13.38 ± 3.02 (n = 8) 23.2 ± 1.16 (n = 8) 

3. Melanin 9.36 ± 1.53 (n = 7) 8.11 ± 1.06 (n = 6) 

4. Melanin + acute stress 11.33 ± 0.87 (n = 8) 11.66 ± 0.46 (n = 7) 

5. Placebo + acute stress 16.24 ± 1.94 (n = 5) 24.32 ± 1.13 (n = 7) 

Statistical index 

Р1-2 > 0.05; Р2-3 > 0.05; 
Р1-3 > 0.05; Р2-4 > 0.05; 
Р1-4 > 0.05; Р2-5 > 0.05; 
Р1-5 > 0.05; Р4-5< 0.05. 

Р1-2 < 0.05; Р2-3 < 0.05; 
Р1-3 < 0.05; Р2-4 < 0.05; 
Р1-4 > 0.05; Р2-5 > 0.05; 
Р1-5 < 0.05; Р4-5< 0.05. 

 

melanin before the acute stress probably lowers 

amylolytic activity in the stress-resistant animals in 

1.07 times and decreases amylase activity in the 

stress-susceptible animals likely in 1.11 times 

compared with the rats of the respective type. 

Amylolityc activity under the prior administration of 

melanin to the stressed rats is significantly lower in 

1.06 times in the stress-resistant rats and probably 

lower in 1.11 times in the stress-susceptable rats 

compared with the rats which were administered with 

placebo before the stress simulation (Table 3). 

Thus, we observe significant increase in the 

amylolytic activity in the pancreas of the 

stress-susceptible animals in the conditions of acute 

stress.  

The study of pancreatic lipolytic activity in both 

types of animals allows us to find out the probable 

increase of this indicator in 1.8 times only in the 

animals susceptible to acute stress compared with the 

corresponding control animals (Table 4). Under these 

conditions, the activity of lipase in the pancreas of the 

stress-resistant animals does not differ from the 

controls (Table 4). 

When melanin is administered 30 minutes before 

the simulation of acute stress, lipolytic activity is in 

1.13 times lower than in the control animals of the 

stress-resistant type and in 1.09 times lower than in 

the rats of stress-susceptible type. Whereas the 

administration of placebo 30 minutes before the 

modeled acute stress leads to an increase of amylase 

activity in 1.27 times in the stress-resistant animals 

and the likely growth of this indicator is in 1.91 times 

in the stress-susceptible rats compared with the 

control animals of the respective type of stress 

resistance. 

Administration of melanin before acute stress 

reduces lipolytic activity in 1.18 times in the 

stress-resistant animals and significantly decreases 

twofold in the stress-susceptible animals compared 

with the respective stressed animals. The activity of 

pancreatic lipase under the administration of melanin 

before acute stress significantly decreases in 1.43 

times in the stress-resistant rats and significantly 

decreases in 2.09 times in the stress-susceptible rats in 

comparison with the rats of the respective type of 

stress resistance which received placebo before the 
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experiment (Table 4). 

4. Conclusions 

Thus, under the conditions of acute stress the 

development of protease inhibitors imbalance as well 

as an increase in amylase and lipase activity is evident. 

Prior administration of melanin against the acute 

stress results in a decrease in the activity of proteases, 

amylase, lipase, and the increase in the total antitryptic 

activity that vindicates stress-protective action 

produced by melanin upon the pancreas. 
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