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Introduction 

Currently, more and more attention of researchers is focused on exploring the possibilities of using nanotechnology to modify 

and develop medicines [1, 2]. Special attention in this direction is attracted by the use of metal nanoparticles (Me NPs), the 

biological activity of which increases significantly in the nanoscale range [3, 4]. 

Modification of silver using nanotechnology makes it possible to reduce the concentration of the metal hundreds of times while 

maintaining all its bactericidal properties [5, 6]. There are indications in the literature of the high antimicrobial activity of 

silver nanoparticles (Ag NPs) against a wide range of Gram-positive and Gram-negative bacteria [7, 8]. However, insufficient 

attention is paid to the study of the anti-inflammatory effects of Ag NPs, apparently associated with its antibacterial effect [9, 

10]. At the same time, the possibilities of using Ag NPs require further detailed study due to the insufficiently studied 

toxicological effect of the drug on the body [11-13]. 
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The effect of silver nanoparticles (Ag NPs) at oral administration on the gastric mucosa of intact 

animals and possible prevention of acute gastric ulcer formation has been studied. The indices of 

nonspecific proteinases and their inhibitors in blood serum and the supernatant of gastric mucosal 

homogenate were evaluated. It has been established that the use of Ag NPs solution as a drinking 

substrate in intact animals is accompanied by a minimal reaction of the components of proteinase 

inhibitory systems both at the systemic and local levels. Prophylactic use of Ag NPs solution in 

modeling acute gastric ulcers leads to inhibition of activation of nonspecific proteinases and 

preservation of inhibitory potential, which may indicate the presence of anti-inflammatory effects 

of Ag NPs. The inhibition of the activation of proteolytic enzymes and the preservation of a 

sufficiently high inhibitory potential of the Ag NPs solution as a preventive means for the formation 

of an ulcerative defect of the gastric mucosa indicates the presence of anti-inflammatory effects of 

Ag NPs, which is the basis for further research. 
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One of the experimental models that can be used to study the effects of Ag NPs is the model of ulcerative damage to the 

mucous membrane of the gastroduodenal zone of the gastrointestinal tract, which can be considered from the point of view of 

a typical inflammatory process [14, 15]. Moreover, when modeling acute gastric ulcers, activation of the components of the 

proteinase-inhibitory system plays an essential role and their study can be effectively used to study a variety of factors affecting 

the formation of inflammation [11-17]. 

Thus, the study aimed to study the effects of Ag NPs in oral administration on the gastric mucosa of intact rats and in modeling 

acute gastric ulcers based on an assessment of systemic and local reactions of nonspecific proteinases and their inhibitors. 

Materials and Methods 

An experimental study was carried out on 38 white male rats weighing 180-210 g. The study was approved by the Bioethics 

Committee of the University in compliance with the principles of the European Convention for the Protection of Vertebrates 

Used for Experimental and Other Purposes [18]. Two series of experiments were conducted. In the first series, the effect of 

Ag NPs on the tissues of the gastric mucosa of rats was studied by oral administration without modeling pathology. For this 

purpose, laboratory animals of the experimental group (n = 9) were watered with a solution of Ag NPs with a concentration of 

0.01 g/L for 21 days. As a control group (n = 9), animals that were on a free drinking regime with distilled water were used. 

At the end of the specified period, the animals were removed from the experiment under ether anesthesia, followed by the 

collection of material for research. In the second series of experiments, the preventive effect of Ag NPs solution on the 

formation of experimental ulcerative damage to the gastric mucosa was studied. For this purpose, an Ag NPs solution was 

used as a drinking substrate in a group of laboratory animals (n = 10) for 21 days. At the end of the specified period, gastric 

ulcers were simulated by subcutaneous administration of indomethacin to animals at a dosage of 35 mg/kg body weight after 

24 hours of fasting. As a control, a group of animals (n = 10) received distilled water for drinking. Euthanasia of animals was 

carried out 24 hours after modeling ulcerative damage under ether anesthesia by decapitation followed by material collection. 

Ag NPs solution was synthesized by the method of chemical reduction [19]. The composition of the test solution includes Ag 

NPs with a size of 10-20 nm (0.1%), sodium alginate (0.6%), and distilled water (99.3%). Before the start of the experimental 

study, the initial solution was diluted with distilled water in a ratio of 1:99. 

 The material for the research was blood serum and a supernatant of gastric mucosal homogenate, which was obtained 

according to the method described by Badran et al. [20]. The activity of the components of the proteinase inhibitory system 

was determined using enzymatic methods [21] on an SF-2 spectrophotometer (Spectophysics, Russia). The method for 

determining trypsin-like activity is based on spectrophotometric measurement of the rate of cleavage of N-benzoyl-L-arginine 

from the synthetic substrate of N-benzoyl-Larginine ethyl ether. The elastase-like activity was determined based on the study 

of the hydrolysis rate of the synthetic substrate N-tBOC-alanyl-p-nitrophinyl ether. The concentration of alpha-1 proteinase 

inhibitor was determined based on inhibition of cleavage by trypsin. Similarly, the activity of acid-stable inhibitors was 

determined after the preliminary preparation of serum by heating in an acidic environment [22]. The protein in all samples was 

determined by the Lowry method [23]. 

To assess the pathomorphological changes in the gastric tissues, serial sections with a thickness of 4-5 microns were prepared, 

which were stained with hematoxylin-eosin. Viewing and digital photographs of micro-preparations were carried out using an 

Olympus CX-41 light microscope (Olympus, USA). 

Statistical processing of the obtained data was carried out using methods of variational statistics with calculation of averages 

(M), estimation of the probability of discrepancies (m), and assessment of the reliability of changes using the Student's t-test. 

The difference of the average values at p < 0.05 was taken as reliable. 

Results and Discussion 

The results of the studies conducted in the first series of experiments showed that prolonged oral administration of Ag NPs 

solution did not lead to significant changes in the state of the components of the proteinase inhibitory system both in blood 

serum and at the local level. As can be seen from the presented results (Table 1), in blood serum, the study of nonspecific 

proteinases and their inhibitors revealed no differences in the groups treated with Ag NPs solution and distilled water. A similar 

situation was noted at the local level. In the supernatant of gastric mucosal homogenate, the use of Ag NPs solution as a drink 

was characterized by mild changes in elastase-like activity (ELA) and trypsin-like activity (TLA), as well as acid-stable 

inhibitors (ASI). However, of all the studied indicators, attention is drawn to a decrease in the level of antitryptic activity 

(ATA) by 70% compared with its level in the control group (Table 2). Nevertheless, the absence of an increase in the activity 

of both trypsin-like and elastase-like proteinases indicates the preservation of a sufficient level of antiproteinase potential in 

the gastric mucosa. 

 

Table 1. Changes in the parameters of proteinases and their inhibitors in the blood serum of rats without modeling pathology 

with oral administration of Ag NPs solution 

Index 
Control Ag NPs 

n=9 n=9 
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ELA, 

µM/mg×min 

M±m 1,57±0,48 1,66±0,25 

p1  >0,5 

TLA, 

µM/mg×min 

M±m 0,49±0,08 0,40±0,06 

p1  >0,5 

АТА 

IE/mg 

M±m 34,81±6,02 41,41±5,01 

p1  >0,5 

ASI, 

IE/mg 

M±m 7,07±0,82 5,58±0,52 

p1  >0,25 

Where: ELA is elastase-like activity, TLA is trypsin-like activity, (ATA) is antitryptic activity, ASI is acid-stable inhibitors, р is – statistically significant 

correlations. 

 

Table 2. Changes in the parameters of proteinases and their inhibitors in the supernatant of the homogenate of the gastric 

mucosa of rats without modeling pathology with oral administration of Ag NPs solution 

Index 
Control Ag NPs 

n=9 n=9 

ELA, 

µM/mg×min 

M±m 29,60±3,47 36,76±7,86 

p1  >0,5 

TLA, 

µM/mg×min 

M±m 29,09±3,32 21,94±4,15 

p1  >0,5 

АТА 

IE/mg 

M±m 78,74±4,14 23,47±1,70 

p1  <0,01 

ASI, 

IE/mg 

M±m 21,01±2,66 24,20±1,78 

p1  >0,5 

Where: ELA is elastase-like activity, TLA is trypsin-like activity, (ATA) is antitryptic activity, ASI is acid-stable inhibitors, р is – statistically significant 

correlations. 

 

Microscopic examination of the stomachs of rats of both the control and experimental groups revealed a similar histological 

pattern inherent in individuals of this age. The gastric mucosa of the control group rats was characterized by numerous folds 

covered with a single-layer prismatic epithelium. Numerous glands containing main, parietal and mucous exocrinocytes were 

located in the own plate of the mucosa, various immunocompetent cells were found diffusely located in the stroma, and single 

lymphoid follicles were found in the submucosal layer (Figure 1a). During histological examination of the gastric mucosa of 

rats, which were watered with Ag NPs solution, the picture was similar to the above, but the main feature was a more 

pronounced ability of the mucosa to follicle formation. Thus, in several sections, against the background of an intact mucosa, 

a slightly increased number of lymphoid follicles in the submucosal layer is determined, which may indicate the activation of 

local immune defense factors (Figure 1b). 

 

  

a) b) 

Figure 1. Histological examination of samples: histological structure of the stomach wall of a rat in the control group at 

×400 magnification (a), mucous membrane of the esophageal-gastric junction of a rat with oral administration of an Ag 

NPs solution at ×100 magnification (b). 

 

In the second series of experiments, more significant shifts in the proteinase inhibitory system were noted when modeling 

gastric ulcers. Thus, in blood serum 24 hours after ulcer modeling, there was a tendency to increase elastase-like and trypsin-

like proteases against the background of increased antitryptic activity (Table 3). At the local level, more pronounced shifts in 

the components of the proteinase inhibitory system were observed in the gastric mucosa, as evidenced by a significant increase 

in elastase-like activity by 160% and trypsin-like activity by 45% compared to the control. Moreover, against the background 
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of an increase in the activity of proteinases, there was a significant decrease in the level of antitryptic activity and acid-stable 

inhibitors by 40% and 33%, respectively. 

Table 3. Changes in the parameters of proteinases and their inhibitors in blood serum during the simulation of gastric ulcer 

against the background of oral administration of Ag NPs solution 

Index 
Control Stomach ulcer Stomach ulcer + Ag NPs 

n=9 n=10 n=10 

ELA, 

µM/mg×min 

M±m 1,57±0,48 2,06±0,26 1,85±0,24 

p1  >0,5 >0,5 

p2   >0,5 

TLA, 

µM/mg×min 

M±m 0,49±0,08 0,50±0,15 0,28±0,09 

p1  >0,5 >0,1 

p2   >0,25 

АТА 

IE/mg 

M±m 34,81±6,02 37,44±3,34 29,57±3,83 

p1  >0,5 >0,5 

p2   >0,5 

ASI, 

IE/mg 

M±m 7,07±0,82 6,75±1,08 6,91±0,62 

p1  >0,5 >0,5 

p2   >0,5 

Where: ELA is elastase-like activity, TLA is trypsin-like activity, (ATA) is antitryptic activity, ASI is acid-stable inhibitors, р is – statistically significant 

correlations. 

 

The preventive use of Ag NPs solution as a drinking substrate for 21 days before modeling ulcerative damage to the gastric 

mucosa led to less pronounced shifts in the parameters of the components of the proteinase inhibitory system. Moreover, if at 

the systemic level, there was only a tendency to decrease the level of non-specific proteases (Table 3), then at the local level 

in the gastric mucosa there was a significantly less pronounced activation of proteolytic enzymes with simultaneous 

stabilization of the inhibitory potential. Thus, the activation level of elastase-like and trypsin-like activities was 30% and 37% 

lower, respectively, than the average values in the group with gastric ulcer modeling, while the TPA value remained at the 

control level. Proteinase inhibitors, on the contrary, remained at a relatively high level, as evidenced by higher antitryptic 

activity, 38% higher than in the group without the use of Ag NPs, and the level of acid-stable inhibitors, which was also 21% 

higher (Figure 2). 

 

 
Figure 2. Changes in the parameters of proteinases and their inhibitors in the supernatant of gastric mucosal homogenate 

in the simulation of gastric ulcer against the background of oral administration of Ag NPs solution. The reliability of the 

differences in relation to the control was set at p<0.001. ELA is elastase-like activity, TLA is trypsin-like activity, (ATA) 

is antitryptic activity, and ASI is an acid-stable inhibitor. 

 

The revealed changes in the proteolysis system in the modeling of acute gastric ulcers were accompanied by characteristic 

morphological changes in the mucous membrane, which were characterized by significant inflammatory and destructive 

changes. Thus, pronounced edema, massive neutrophil infiltration, and vascular fullness were detected throughout the entire 

volume of the section. The bottom of the ulcerative defect was a muscle layer covered with leukocyte tissue detritus and 

fibrinous exudate (Figure 3a). The morphological picture of the gastric mucosa of rats in the group with oral prophylactic use 
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of Ag NPs solution for gastric ulcer was also characterized by the presence of an ulcer defect, inflammatory hyperemia, and 

edema, however, the depth of the ulcer and the severity of leukocyte infiltration were significantly less (Figure 3b). 

 

  

a) b) 

Figure 3. Histological examination of samples: the bottom of a rat gastric ulcer without the use of Ag NPs solution at 

×100 magnification. Rat gastric mucosa in the simulation of acute ulcers on the background of oral administration of Ag 

NPs solution at ×100 magnification. 

Thus, as studies have shown, the use of Ag NPs solution as a drinking substrate for intact animals for a long time did not lead 

to significant changes in the proteinase inhibitory system both at the systemic and local levels, which indicates the absence of 

proinflammatory effects in the studied solution [24]. 

The preventive use of Ag NPs solution as a prevention of the formation of gastric ulcers led to the development of less 

pronounced manifestations of ulcerative damage to the gastric mucosa than in the group of laboratory animals that drank only 

distilled water. In our experiment, it was shown that the modeling of acute gastric ulcer, in addition to morphological changes, 

is accompanied by an acute phase reaction of the components of the proteolysis system, more pronounced at the local level, 

as evidenced by a significant increase in elastase and trypsin-like activity with a simultaneous decrease in antitryptic activity 

and the level of acid-stable inhibitors. Oral use of Ag NPs before modeling gastric ulcer, on the contrary, leads to the 

development of less pronounced manifestations of ulcerative damage to the gastric mucosa. Thus, when studying the activities 

of proteinases and their inhibitors, it was found that at the local level, prophylactic oral administration of Ag NPs solution for 

21 days preceding the modeling of acute gastric ulcer is characterized by a weaker activation of nonspecific proteases by the 

end of the first day after the model was performed, and the inhibitory potential remains at a fairly high level. In addition, when 

using Ag NPs, there are less pronounced manifestations of signs of inflammatory alteration at the morphological level. 

Obviously, the possible effects of sodium alginate, which is part of the test solution, should be also taken into account. Thus, 

preparations with sodium alginate have found wide application in practical medicine as an ambulance for heartburn and 

treatment of gastroesophageal reflux disease [25-27]. However, an analysis of the literature has shown that the mechanism of 

action of sodium alginate is primarily aimed at eliminating acid aggression by forming a so-called gel that protects the mucous 

membrane of the esophagus and is also associated with the formation of a mechanical barrier-a raft that prevents the stomach 

contents from being thrown into the esophagus [28-30]. It is worth noting, that sodium alginate does not completely prevent 

the development of destructive damage and impaired gastric tropism, but only reduces the risk of developing a deep pathology 

[31]. 

Anyway, the use of Ag NPs in combination with sodium alginate contributes to the formation of less pronounced 

manifestations of ulcerative defect in the modeling of acute gastric ulcers, which justifies the possibility of its use for the 

prevention of the development of gastroduodenal ulcers. 

Conclusion 

Thus, oral administration of Ag NPs solution as a drinking substrate for a long period in intact animals is accompanied by a 

weakly expressed reaction of the components of the proteinase inhibitory system both at the systemic and local levels, which 

indicates the minimal effects of Ag NPs on the reaction of intact tissues of the gastric mucosa. Preventive oral use of Ag NPs 

leads to the development of less pronounced manifestations of ulcerative mucosal damage in the modeling of gastric ulcers, 

as evidenced by a lower level of activation of nonspecific proteinases while maintaining a high inhibitory potential than in the 

group without the use of Ag NPs. The inhibition of the activation of proteolytic enzymes and the preservation of a sufficiently 

high inhibitory potential of the Ag NPs solution as a preventive means for the formation of an ulcerative defect of the gastric 

mucosa indicates the presence of anti-inflammatory effects of Ag NPs, which is the basis for further research. 
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