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AbSTrAcT

The effectiveness of the experimental peritonitis correction with intraperitoneal injection of 
the nanobiosilver solution was analyzed through evaluation of changes in activity of non-specific 
proteases, their inhibitors and lipid peroxidation processes in the peritoneal contents, blood 
serum, and bronchoalveolar lavage fluid. It was revealed that development of the experimental 
peritonitis led to imbalance in activity of nonspecific proteinases and their inhibitors and to ac-
tivation of the free-radical processes. The level of changes depended on the phlogogen factor 
concentration and might lead to the inflammatory process generalization and organopathology 
development. The intraperitoneal injection of nanobiosilver solution prevented proteolysis and 
lipid peroxidation activation, increased the inhibitory and antioxidant capacities. This effect 
might depend on the antibacterial properties of the nanobiosilver solution, while the nanobiosil-
ver preparations can be potentially effective for the prevention and treatment of peritonitis.
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and can lead to the development of future compli-
cations, an important role belongs to components of 
protease-inhibitor system and lipid peroxidation 
processes [Fieren M., 2012]. 

Inflammation in the abdominal cavity leads to 
the damage of lysosomal membranes, exocytosis of 
leukocytes, to increased permeability of cell mem-
branes and contributes to systemic activation of 
proteases, which is typical for the development of 
some other critical states [Fedosov M. et al., 2013]. 
In addition, the activation of free radical oxidation 
upon the inflammatory process formation not only 
increases cell and tissue destruction, but can be a 
factor decreasing the activity of protease inhibitors 
as well [Van Esch S. et al., 2012]. The important 
role of the bacterial component in development of 
peritonitis increases the interest to the possible ef-
fectiveness in its treatment using new medicinal 
agents with the antibacterial activity. 

As revealed by numerous studies, silver has 
more powerful antimicrobial effects than penicil-
lin, biomycin, and other antibiotics; furthermore, 
this element has a devastating effect on antibiotic-
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introduction 

Despite the improvement of new techniques in 
abdominal surgery, methods of the abdominal cav-
ity rehabilitation, continuous empowerment of ther-
apy and advances in resuscitation, peritonitis re-
mains a major cause of death in patients with ab-
dominal surgical pathology. The main cause of mor-
tality in peritonitis depends on the progression of 
the inflammatory process in the abdomen involving 
almost all organs and systems into the pathological 
process and development of endotoxemia, depres-
sion of the immune system, and formation of mul-
tiple organ failure or dysfunction [Bernardi M., 
2010; Wiest R. et al., 2012]. In most cases peritoni-
tis is a typical bacterial inflammation involving 
pathogenic bacteria leading to the formation of the 
inflammatory process with a massive accumulation 
of inflammatory mediators. Among the factors, 
which take part in the formation of inflammation 
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resistant strains of bacteria. Silver ions have dif-
ferent antimicrobial effects (from bactericidal to 
bacteriostatic) towards Staphylococcus aureus, 
Proteus vulgaris, Pseudomonas and E. coli; these 
effects are of particular interest for clinicians [Me-
laiye A. et al., 2005; Chen X., Schluesener H., 
2008; Rybachuk A., Chekman I., 2009; Aleksan-
drova G. et al., 2010]. 

The purpose of the study was to evaluate the 
efficacy of the nanobiosilver solution in treatment 
of experimental peritonitis through studies on re-
actions of proteolysis system components and lipid 
peroxidation.

Material and MethodS

Experiments were carried out in 42 white Wistar 
male rats (body weight: 180-210 g). The study was 
approved by the Bioethics Committee of the Crimea 
State Medical University named after S.I. Geor-
gievsky, it corresponded to the principles of the 
Guide for the Care and Use of Laboratory Animals 
published by the US NIH (№ 85-23, revised in 1985).

Animals were divided into 3 experimental 
groups. In animals of Group 1 (n = 10) peritonitis 
was modeled by the intraperitoneal injection of 10% 
filtered fecal suspension at a dose of 0.5 ml per 100 g 
animal body weight. In animals of Groups 2 (n = 10) 
and 3 (n = 10) peritonitis was modeled by 10% fil-
tered fecal suspension combined with the intraperi-
toneal administration of the nanobiosilver solution. 
Control Group made intact animals (n = 12) intra-
peritoneally injected 2 ml of saline. 

The nanobiosilver solution is a nanobiocompo-
sition of structured silver, which is reduced and 
stabilized with marine polysaccharides and pre-
pared according to technology developed in Taur-
ida National University named after V.I. Vernadsky 
and the A.O. Kovalevsky Institute of Biology of 
the Southern Seas of the National Academy of Sci-
ence of Ukraine (Sevastopol) [Yurkova I. et al., 
2005]. The base solution contains: 0.1% nanosil-
ver, 0.6% sodium alginate, and 99.3% distilled 
water. The nanobiosilver solution was intraperito-
neally injected in the amount of 2 ml once within 
20 minutes after peritonitis was modeled. Prior to 
injection in experimental animals of Groups 2 and 
3 the nanobiosilver solution was diluted by saline: 
1:1 and 1:9, appropriately.

In 24 hours after peritonitis development eutha-

nasia of the animals was performed by decapita-
tion using ethyl ether anesthesia. The study was 
performed on blood serum, peritoneal and bron-
choalveolar lavage fluids. Blood samples for the 
research were obtained from the jugular vein. The 
peritoneal lavage fluid was obtained by 5-time 
washing off the abdominal cavity with 10 ml of 
isotonic NaCl solution for 1 minute and subse-
quent aspiration by a syringe. Upon isolation of 
the pulmonary complex the bronchoalveolar la-
vage fluid was obtained washing off the lungs by 
10 ml of saline through the trachea.

 Determination of activity exerted by protein-
ases and their inhibitors, indicators of oxidative-
antioxidant homeostasis: The activity of protein-
ase-inhibitor system components was determined 
using enzymatic methods [Kubyshkin A. et al., 
2010] on spectrophotometer “BioMat-5” (“Ther-
moSpectronic”, USA). The trypsin-like activity 
was measured by the speed of N-benzoyl-L-argi-
nine cleavage from the ethyl ester synthetic sub-
strate N-α-Benzoyl-L-arginine ethyl ester hydro-
chloride (BAEE) (“Sigmaˮ, USA). Determination 
of the elastase-like activity was based on the per-
formed study, which was connected with the speed 
of hydrolysis of synthetic substrate Boc-L-alanine-
4-nitrophenil ester (Boc-Ala-ONp) (“Sigmaˮ, 
USA). Determination of alpha-1-proteinase inhibi-
tor was performed on the basis of inhibiting BAEE 
cleavage by trypsin.

Similarly, the activity of acid-stable inhibitors 
was determined after preparation of serum by heat-
ing in the acidic environment. In all the samples 
protein was determined by the Lowry method.

The intensity of free radical oxidation in serum 
was determined by the concentration of 2-thiobar-
bituric acid (TBA) active products (AP) in color 
reaction with TBA in the presence of Fe3+ ions 
[Stal’naya I., Gorishvili T., 1977]. Determination 
of the antioxidant capacity included peroxidase- 
and catalase-like activities, evaluation of the main 
serum antioxidant, ceruloplasmin, and the intracel-
lular antioxidant enzyme ‒ superoxide dismutase. 
Determination of the peroxidase-like activity was 
based on the measurement of the optical density 
loss of potassium indigotetrasulfonate solution 
during its oxidation at pH 4.9 in the presence of 
hydrogen peroxide and peroxidase [Levitsky A. et 
al., 1979]. The catalase-like activity was deter-
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mined recording the amount of residual hydrogen 
peroxide after the biological material incubation at 
pH 7.4 and 25°C, considering formation of a col-
ored complex with molybdenum salts [Korolyuk 
M. et al., 1988]. Ceruloplasmin levels were deter-
mined by the modified Revin method based on the 
oxidation of p-phenylenediamine and measuring 
the optical density at 540 nm [Babenko G., 1999]. 
Superoxide dismutase was determined in a model 
system of superoxide anions in the interaction of 
NADH2 and phenazine methosulfate. The activity 
of superoxide dismutase was detected by the level 
of inhibition of nitro blue tetrazolium reduction to 
hydrazine tetrazolium [Chevari S. et al., 1985].

Statistical analysis: Statistical data were pro-
cessed using the variation statistics methods with 
the calculation of the average values (M), assess-
ing the likelihood of discrepancies (m), assessing 
the reliability of changes using the Student’s t-test. 
The reliable difference was taken between the 
mean values at p<0.05.

reSultS 

Studies demonstratd that upon development of 
experimental peritonitis there were some changes 
typical for the course of inflammatory processes in 
peritoneal secretion. Development of peritonitis 
was associated with the increased proteolytic ac-
tivity due to lower inhibitory potential. In serum of 
rats with experimental peritonitis the acute phase 
reaction of proteinase inhibitory system compo-
nents was observed to be manifested by pro-
nounced increase in elastase- and trypsin-like pro-
teases, as well as decreasing levels of the antitryp-
sin activity and acid-stable inhibitors. Blood serum 
analysis showed increasing levels of TBA-AP, de-
creasing activity of intracellular antioxidant en-
zymes manifested by the decrease of catalase and 
peroxidase activity, as well as reduction in the 
main intracellular antioxidant ‒ superoxide dis-
mutase. On the background of intracellular anti-
oxidants decrease only the level of main serum 
antioxidant ‒ ceruloplasmin ‒ increased in com-
parison with the Control Group. 

In addition to activation of non-specific prote-
ases and their inhibitors in blood samples their re-
sponse was revealed at the level of the lungs, which 
are often involved in the development of pathol-
ogy in case of peritonitis. Upon formation of ex-

perimental peritonitis, in the bronchoalveolar la-
vage a slight increase in proteases levels was re-
corded due to lower levels of their inhibitors. 

The correction of detected changes with the use 
of nanobiosilver solution was characterized by a 
tendency to normalization of indicators and to some 
extent depended on the concentration (Figure). With 
the introduction of a higher concentration of nano-
biosilver in the peritoneal secretion a more pro-
nounced positive effect was observed to be mani-
fested by reduced levels of trypsin-like activity up 
to the control level. The elastase and proteinase ac-
tivity significantly ‒ by 47.4% ‒ decreased in Group 
2 and practically reached the control values. Anti-
trypsin activity increased in both groups, but in ani-
mals of Group 2 the increase was 2 times more ex-
pressed than in those of Group 3. The level of acid-
inhibitors grew to about the same values in both 
experimental groups. 

In blood serum the use of nanobiosilver was 
characterized by the decrease in proteolytic activ-
ity and increase of protease inhibitors levels; the 
changes were similar in both treatment groups 
(Figure). Trypsin-like activity levels decreased in 
Groups 2 and 3, the values became lower than 
those in Control Group. Blood serum elastase-like 
activity in both groups decreased almost up to con-
trol values. As to protease inhibitors, there was 
slightly increased level of alpha-1-proteinase in-
hibitor in both groups, thus it actually corre-
sponded to the control parameters.

In parallel, positive changes were observed in 
the processes of lipid peroxidation, and the nor-
malization level of parameters depended on the 
concentration of the administered substance 
(Table). Thus, in group with a lower concentration 
of nanobiosilver the shifts of TBA-AP levels were 
not observed, and in the group with higher concen-
tration of nanobiosilver the level of TBA-AP de-
creased by 16% in comparison with Group 1 and 
the values approached the Control Group parame-
ters. In the group with higher concentration of 
nanobiosilver the study on the antioxidant perfor-
mance showed the increase in catalase activity by 
42% and  peroxidase activity by 22.6%, respec-
tively. Levels of the main intracellular antioxidant 
‒ superoxide dismutase ‒ approached the control 
values in both experimental groups. The main 
serum antioxidant ceruloplasmin, the changes of 
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which can be considered in terms of acute-phase 
proteins, decreased from 34.2% in Group 2 to 
43.2% in Group 3. 

Changes in bronchoalveolar contents at appli-
cation of the nanobiosilver solution were charac-
terized by the absence of reactive changes and pro-
tease inhibitors in pathology development (Fig-
ure). The level of trypsin-like activity in Groups 2 
and 3 did not substantially exceed the reference 
values, and elastase-like activity levels in both 
groups decreased 1.5 times in comparison with the 
control. The described changes occurred against 
the background of increased level of acid-stable 
inhibitors and the alpha-1-proteinase inhibitor, 
which increased almost 2-fold in comparison with 
the group without treatment.

diScuSSion 

The results showed that formation of experi-
mental peritonitis activates proteolysis processes 
on both local and systemic levels [Ermola Yu. et 
al., 2012; Ermola Yu., Kubyshkin A., 2012]. The 
use of a solution containing nanobiosilver helped 
to reduce the severity of inflammatory changes in 
modeling of peritonitis. At the local level this was 
reflected by less activation of proteolysis and in-
creased level of inhibitors in peritoneal secretion. 
The use of nanobiosilver resulted in reduced acti-
vation of proteinase inhibitor, facilitated the in-
crease of capacity imbalance and normalized oxi-
dation-antioxidant homeostasis in blood serum of 
experimental animals. At the level of lungs we also 
recorded blocking of changes contributing to in-
volvement of respiratory organs to the pathologi-
cal process that resulted in the decrease of the elas-
tase- and trypsin-like proteases and increased anti-
trypsin activity and acid-stable protease inhibitors. 

The changes shown after nanobiosilver solution 
application for the treatment of experimental peri-
tonitis can be explained from the point of view of 
antibacterial effects produced by the applied agent. 
Nanobiosilver solution has a broad antibacterial 
spectrum of the action that might reduce cellular 
infiltration and, accordingly, credit certain biologi-
cally active substances responsible for the devel-
opment of inflammation and lipid peroxidation.

The mechanism of action produced by silver to-
wards the microbial cell is that silver ions are ab-
sorbed by cell membrane, which performs a pro-

Serum                PLF                  BLF

Figure. Dynamics of changes in blood serum, peritoneal 
lavage fluids (PLF) and bronchoalveolar lavage flu-
ids (BLF):A. trypsin-like activity; B. elastase-like 
activity; C. alpha-1-proteinase inhibitor activity; 
D. acid-stable inhibitors activity

Note: Groups of animals:    Control,      Group 1,    
Group 2,     Group 3; asterisks in all cases show the 
significant difference (p<0.05) relative to control. 
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tective function. Cells remain viable, but some of 
functions are disturbed. Once silver is absorbed on 
the surface of microbial cells, it penetrates into the 
cell and inhibits the enzymes of the respiratory 
chain, as well as disrupts oxidation and uncouples 
oxidative phosphorylation in microbial cells, 
whereby the cell dies [Melaiye A. et al., 2005; Ry-
bachuk A., Chekman I., 2009]. Moreover, it is be-
lieved that silver has virtually no effect on mam-
malian cells because of the radically different 
structure of cell membranes [Soni I., Salopek-
Bondi B., 2004; Braydish-Stolle L. et al., 2005; 
Chekman I. et al., 2010]. It is also found that the 
transition from the ionic silver form to metal nano-
clusters can reduce the toxicity of silver towards 
the cells of higher organisms without inhibiting 
and, in some cases, even increasing the antimicro-

TAble.
Blood lipid peroxidation changes in rats with experimental peritonitis and administration 

of nanobiosilver solution

Groups TBA-АP
nМ MDА/ml

CA
mМ/g Hb. sec

PA
mcМ/g Hb. sec

SOD
U/ml

CP
mg/L

Control group (n=12) 30.9±0.5 0.59±0.8 5.3±0.1 4.6±0.2 424.7± 13.3
Group 1 (n=10) 35.3±0.2* 0.46±0.1 4.0±0.9* 4.1±0.4 525.2 ±15.2*
Group 2 (n=10) 29.7±1.0*** 0.84±0.2*, *** 6.5±0.5*, *** 4.5±0.2 281.0±12.0*, ***
Group 3 (n=10) 38.7±1.2*, *** 0.57±0.1** 5.5±0.3** 4.4±1.3 240.9±18.4*, **
noteS: аsterisks show significant difference (p <0.05); * shows the significant difference in relation to Control 
Group; ** shows the significant difference of Group 3 with respect to Group 1; *** shows the significant differ-
ence of Group 2 with respect to Group 1. Abbreviations: TBA-AP – 2-thiobarbituric acid active products; CA – 
catalase-like activity; PA – peroxidase-like activity; SOD – superoxide dismutase; CP – ceruloplasmin. 

bial activity against pathogenic microorganisms 
[Ul’berg Z. et al., 2010].

Thus, as a result of peritonitis treatment with 
nanobiosilver solution, the suppression of micro-
bial factor happens on the local and system levels. 
The effect is manifested in decreased segregation 
of proteases from microbial cells, decreased pro-
teinases isolation from phagocytic cells, and a de-
crease in the activation of proteolytic systems at 
the organism level. The suppression of inflamma-
tory responses in the peritoneal cavity contributes 
to reduction of systemic peritonitis-related changes 
and, consequently, increases the effectiveness of 
its treatment. Proceeding from the results obtained, 
we can conclude that nanobiosilver solution might 
be a potentially promising medicinal agent for the 
prevention and treatment of peritonitis. 
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