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CHANGES IN HEMATOLOGICAL PARAMETERS DURING THE
TREATMENT OF EXPERIMENTAL PURULENT GENERALIZED
PERITONITIS WITH AG/CU NANOCOMPOSITES AND LOW-
FREQUENCY ULTRASOUND

Introduction. Generalized purulent peritonitis remains a serious
challenge for modern emergency abdominal surgery. Previous studies
have confirmed that the combined use of Ag/Cu nanocomposites (Ag/Cu
NCs) with low-frequency ultrasound (US) improves the treatment
outcomes of generalized purulent peritonitis; however, it is important to
examine hematological indicators that can show the possible toxic effect
of Ag/Cu NCs as well as their impact on the course of the general
infectious-inflammatory process. Aim: to investigate the dynamics of
the hematological parameters in rats during the treatment of
experimental generalized purulent peritonitis with Ag/Cu NCs and low-
frequency US.

Methods. The study was conducted using an experimental model of
generalized purulent peritonitis in 60 laboratory Wistar rats. The rats
were divided into four groups: in the 1% group planned sanitation of the
abdominal cavity was carried out with Ag/Cu NCs, in the 2™ group —
with low-frequency US, in the 3™ group — with Ag/Cu NCs and low-
frequency US, and in the 4" group, as the control — with a 0.05%
chlorhexidine solution. During the experiment, various hematological
indicators in the rats were examined, including hemoglobin and
hematocrit levels, erythrocyte sedimentation rate (ESR), erythrocyte,
leukocyte, and platelet counts, as well as the percentage of different
types of blood cells: band and segmented neutrophils, eosinophils,
monocytes, basophils, and lymphocytes. Additionally, the leukocyte
shift index (LSI), immunoreactivity index (IRI), and nuclear intoxication
index (NII) were calculated.

Results and discussion. A detailed study of the general blood test
reveals that the use of Ag/Cu NCs in combination with low-frequency

1131


https://orcid.org/0000-0002-4995-0096
https://orcid.org/0000-0003-1805-3816
https://orcid.org/0000-0001-5851-2218
https://orcid.org/0000-0002-2560-9379
https://orcid.org/0009-0005-2501-1245

Eastern Ukrainian Medical Journal. 2025;13(4):1131-1139

Municipal non-commercial enterprise
of Sumy regional council “Sumy
Regional Clinical Hospital”, Sumy,
Ukraine

Viktoriia Holubnycha
http://orcid.org/0000-0002-1241-2550
Department of Public Health, Sumy
State University, Sumy, Ukraine

US enables faster normalization of the main hematological indicators,
indicating an accelerated recovery of experimental rats with a
generalized purulent peritonitis. From the 3™ day, significant differences
were noted in the percentage of monocytes and segmented neutrophils,
as well as the indices IRI and LSI, in the “Ag/Cu NCs + US” group
compared to the control group (p < 0.05). From the 7™ day, a significant
decrease in the number of leukocytes, ESR, percentage of monocytes,
eosinophils, band and segmented neutrophils was noted in the “Ag/Cu
NCs + US” group (p < 0.05), indicating a decrease in inflammatory
phenomena. On the 7" day, a significant increase in IRI and a decrease
in LSI were observed in the “US” group, as well as a first decrease in
NII in the “Ag/Cu NCs + US” group (p < 0.05).

Conclusions. The combined use of Ag/Cu NCs and low-frequency
US accelerates the normalization of key hematological markers
associated with inflammation, enhances the body's immune response,
and reduces the manifestations of systemic endotoxicosis in the
treatment of experimental purulent generalized peritonitis. The
application of Ag/Cu NCs does not result in significant undesirable
changes in the hematological indicators of Wistar rats, indicating a lack
of acute general toxicity.

Keywords: peritonitis, Ag/Cu nanocomposites, low-frequency
ultrasound, general blood test.
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JAUHAMIKA TEMATOJIOITYHUX INOKA3HHUKIB I YAC
JIKYBAHHA EKCIHEPUMEHTAJIBHOT'O IIOHIMPEHOI'O
THIMHOT'O NEPUTOHITY HAHOKOMIIO3UTAMH AG/CU
TA HU3BbKOYACTOTHHUM YJIbTPAZBYKOM

[ommpenuit  TrHIAHWIT ~ NEPUTOHIT  3aNMIIAETHCS  CEPHO3HOIO
npoOIeMor0 B CydacHid HeBigknamHid — abpoMiHanpHId — Xipyprii.
IMomepenHi MOCTIPKEHHS MiATBEPIMIN, 10 KOMOIHOBAaHE 3aCTOCYBAaHHS
Harnokomno3uTiB Ag/Cu (HK Ag/Cu) 3 HU3pKOYaCTOTHHM YIIBTPa3ByKOM
(Y3) mokpamnye pe3ympTaTH JKYBaHHS TOIIMPEHOTO THIHHOTO
MIEPUTOHITY; MPOTE BAXKJIUBO JOCIIAATH T'eMATOJIOTIUHI TTOKa3HHUKH, SKi
MOXYTh CBITUUTH 3a MOXJHBY TokcmuHy nito HK Ag/Cu, a Takox ix
BIUIMB Ha TIepeOdir 3arajibHOro iH(EKmiHHO-3amaIsHOro mporecy. Mera:
JIOCTIIUTH JTMHAMIKY T'€MaToJIOTiYHMX IOKa3HHWKIB Yy IIypiB Mix 4ac
JIKyBaHHs €KCIIEPUMEHTAJIBHOTO IMOLIMPEHOTro THilHOro neputonity HK
Ag/Cu Ta HU3bKOYACTOTHUM Y 3.

Marepianu Ta MeToau JOCTiKeHb. J[OCTIPKEeHHS IPOBOJMIOCS 3
BUKOPUCTAHHSIM EKCIEPUMEHTAIBHOT MOJENi MOIIUPEHOro THIHHOro
neputoHity Ha 60 maboparopHmx mrypax JiHii Bictap. Illypu Oynm
PO3MOIUICHI Ha YOTUPH TpyNu: y 1-i Tpymi IJIaHOBY CaHAIiI0 YepeBHOL
MOPOXXHUHM TpoBoamiu 3a pornomororo HK Ag/Cu, y 2-it rpymi — 3a
JIOTIOMOTOI0 HM3bKOYacToTHOTO Y3, y 3-if rpymi — 3a jnonomororo HK
Ag/Cu Ta HM3BpKOYACTOTHOTO Y3, a B 4-iff, KOHTPOJIBHIH Tpymi — 3a
noromororo 0,05 % pozunHy xsoprexcuauny. I1ix yac ekcnepuMeHTy y
IIypiB JOCHIIXKYBaJl HACTYIHI T€MAaTOJIOTIUHI MOKa3HUKU: TeMOTJIO0iH,
TeMaTOKpUT, MMBHUIAKICTh ocimanaa epurpouuTis (ILIOE), kingbkicTh
EPUTPOLIUTIB, JICHKOIWTIB Ta TPOMOOIWMTIB, a TAKOX BiJICOTKH PI3HUX

THUIIB KJIITHH KPOBi: MATTMYKOSACPHHUX Ta CETMEHTOSJICPHUX HEUTPOdiiB,
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JlomaTtkoBo
po3paxoByBasii iHIEKc 3cyBy JeikornurtiB kpoBi (I3JIK), immexc
imyHopeaktuBHOCTI (IIP) Ta simepHuMii iHmEKC CTYNEHIO €HIOTOKCHKO3Y
(AICE).

PesynbTaTn Ta oOroBopeHHs. J[letanpHWN aHAmi3 ITOKa3HUKIB
3araJbHOTO aHaji3y KpoBi mMokasa, mo BukopuctanHi HK Ag/Cu y
MOEHAHHI 3 HU3bKOYACTOTHUM Y3 J03BOJISIE MIBHIIE HOPMaTi3yBaTh
OCHOBHI TEMaToJIOTiYHI IOKa3HWKH, IO CBIAYUTH PO IPUCKOPEHE
OJlyKaHHs MiAJOCHIAHUX IIypiB i3 HOIIUPEHUM THIHHUM MEPUTOHITOM.
[MounHaroun 3 3-0i m00M Bif3HAYaJIMCS JIOCTOBIPHI BiJMIHHOCTI Yy
BiJICOTKOBOMY  CIIiBBIJIHOIICHHI ~MOHOIIHUTIB CEerMEeHTOSICPHUX
HerTpodinis, a Takox B iHmekcax IIP Ta I3JIK y rpymi «HK Ag/Cu +
¥Y3» mopiBHAHO 3 KOHTPOIBHOIO rpymnoto (p < 0.05). [TounHaroum 3 7-0i
mobu, y rpymi «HK Ag/Cu + ¥Y3» Bim3Haganmocs ZOCTOBipHE 3HIKEHHS
nevikoumriB, IIIOE, BiZCcOTKOBOrO  CHIBBIZHOIIECHHS

€03MHOQUIIB, NAINYKOSICPHUX Ta CETMEHTOSACPHUX

Poman ITmennunnii MOHOIIUTIB,
https://orcid.org/0000-0002-2560-9379
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MOHOIIUTIB,

ueirpodinis (p < 0.05), 110 CBIAYUTH MPO 3MEHIIICHHS 3aMajbHUX SIBHIIL.
Ha 7-y no0y crnoctepiranocst moctoBipHe 30ubiieHHs [IP Ta 3HIDKEHHS
I3JIK y rpymi «¥Y3», a Takox OyJo Brepiie BiamiueHo 3umkenHs SICE
y rpymni «<HK Ag/Cu + V3» (p < 0.05).

BucHoBkmu.

M. Cymu, Ykpaina

HK  Ag/Cu
HOpMaJTi3aIio

IToennane
v3
TeMaTOJIOTIYHAX MapKepiB,
IMyHHY BIANOBINE OpraHi3My Ta 3MCHIIYE TPOSIBH CHCTEMHOTO
SHJIOTOKCHKO3y TIPH JIKyBaHHI EKCIIEPUMEHTAIBHOTO MOLINPEHOTO
rHiffHOTO TeputoHiTy. 3actocyBanHi HK Ag/Cu He mpu3BomuTh 10

3aCTOCYBaHHSI Ta

HHU3bKOYaCTOTHOI'O TIPUCKOPIOE

OB’ I3aHUX

OCHOBHHX
3 3allaJICHHAM, IIOCHIIIOE

CYTT€BUX HeOaKaHWX 3MiH B TE€MATOJIOTIYHUX I[OKAa3HUKAaX IIypiB
Bicrap, 1110 CBITYHTbH 32 BIACYTHICTH FOCTPOI 3arajibHOT TOKCHYHOT Jii.
Kaiouosi HEPHUTOHIT, Ag/Cu,

cJjioBa: HAaHOKOMIIO3UTH

HU3bKOYACTOTHHUH YIbTPAa3BYK, 3arajbHUI aHali3 KPOBI.

Aemop, eionogioanvhuii 3a nucmyeanns: Illempo Muponos, kaghedpa xipypeii, mpasmamonoeii, opmonedii ma
@dmusziampii, Cymcokui oeporcasnuii ynisepcumem, m. Cymu, Yrpaina, e-mail: petrmyronov@gmail.com

INTRODUCTION

Generalized purulent peritonitis remains a serious
challenge for modern emergency abdominal surgery.
The course of acute surgical diseases is complicated by
peritonitis in 15-25% [1]. Despite the progress of
modern surgery, postoperative mortality in peritonitis
continues to remain high, 24-35%, and with the
development of multiple organ failure syndrome, it
reaches 80-100% [2, 3]. Treatment of peritonitis is
further complicated by the presence of antibiotic-
resistant microorganisms [4].

Qualitative sanitation of the abdominal cavity plays
a crucial role in the comprehensive treatment of
purulent peritonitis. The use of sanitation programmed
relaparotomy remains an effective method of treating
intra-abdominal infections [5]. The quality of abdominal
cavity sanitation has a significant impact on the
progression of the disease and the patient's recovery.
However, the sanitation of the abdominal cavity in cases

of generalized peritonitis does not always allow for the
complete elimination of the focus of intra-abdominal
infection, especially when multiresistant microflora is
added. Existing antiseptic solutions do not always
produce the expected positive effect, which prompts us
to seek new methods and treatment approaches that
ensure adequate sanitation of the abdominal cavity and
effectively impact its microflora. Nanostructured silver
and copper exhibit a wide range of antibacterial

properties, including those against multi-resistant
microorganisms [6, 7]. Moreover, when used in
combination, they display enhanced synergistic

antibacterial action [8, 9]. Their high effectiveness in
treating purulent surgical diseases has been repeatedly
reported [10]. Low-frequency ultrasound (US) has
undeniable advantages in the sanitation of purulent foci,
as it helps cleanse purulent-necrotic tissues, exhibits
anti-inflammatory properties, stimulates
processes, enhances the effect of antibacterial agents,

reparative
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and facilitates the direct delivery of active substances to
the focus of inflammation [11-13].

Previous studies have confirmed that the combined
use of Ag/Cu nanocomposites (Ag/Cu NCs) with low-
frequency US improves the treatment outcomes of
generalized purulent peritonitis [14]. But a mandatory
condition for determining the pharmacological
effectiveness of a drug is the study of its safety.
Undesirable side effects of many antimicrobial agents
include their toxic effects on the blood system, which
manifest as the development of anemia,
thrombocytopenia, leukopenia, agranulocytosis, and
other conditions. In addition to studying the possible
toxic effects, it is also advisable to examine the
dynamics of hematological indicators, which reflect the
stages of the general infectious-inflammatory process.

Objective: to investigate the dynamics of the
hematological parameters in Wistar rats during the
treatment of experimental generalized purulent
peritonitis with Ag/Cu NCs and low-frequency US.

MATERIALS AND METHODS

All rat handling and experimental procedures fully
adhere to the Animal Research: Reporting of In Vivo
Experiments (ARRIVE) guidelines 2.0. and European
Directive 2010/63/EU on the Protection of Animals
Used for Scientific Purposes. The experiment was
conducted in accordance with the “General Ethical
Principles of Animal Experiments” approved by the
First National Congress on Bioethics (Kyiv, 2001) and
the World Medical Association Declaration of Helsinki
(2000). All procedures performed in the study were
approved by the Commission on Bioethics in
Experimental and Clinical Research of SumDU
(protocol No. 1/02, 18 February 2025).

Modeling of experimental purulent generalized
peritonitis was performed as described earlier [14]. All
experimental animals were divided into 4 groups.

In the 1% experimental group (20 rats), planned
sanitation of the abdominal cavity was performed using
a 0.005% solution of Ag/Cu NCs through
minilaparotomy access. Ag/Cu NCs (73.2+16.7 nm)
were synthesized via the US-assisted polyol synthesis at
the Department of Theoretical and Applied Chemistry
of SSU.

In the 2™ experimental group (20 rats), planned
sanitation of the abdominal cavity was performed
through minilaparotomy access using low-frequency US
(surgical device URSK 7N-22, frequency: 26.5 kHz,
power: 0.2 W/cm?, current strength: 10—-12 mA) with
saline solution.

In the 3™ experimental group (20 rats), planned
sanitation of the abdominal cavity was carried out
through minilaparotomy access using low-frequency US

(surgical device URSK 7N-22) with 0.005% solution of
Ag/Cu NCs.

In the 4%, control group (20 rats), routine sanitation
of the abdominal cavity was performed using a 0.05%
aqueous chlorhexidine solution through minilaparotomy
access.

During the experiment, the following hematological
parameters of rats were evaluated: hemoglobin,
erythrocytes, leukocytes, erythrocyte sedimentation rate
(ESR), platelets, hematocrit, percentages of band and
segmented  neutrophils, eosinophils, monocytes,
basophils, and lymphocytes. Hemoglobin, hematocrit,
erythrocytes, and leukocytes were determined on a
hematological analyzer "ELite 3" (ERBA, Czech
Republic). ESR was determined by the Westergren
method, and platelets were counted by the Fonio
method. The leukocyte formula was determined by the
manual method with blood smear microscopy.

Leukocyte shift index (LSI), immunoreactivity index
(IRI), and nuclear intoxication index (NII) were
calculated using the formulas:

LSI=(E+B+XZN)/(M+L);

IRI=(L+E)/M;

NII=(M + BNs) / SNs;

where: E — eosinophils (%), B — basophils (%), N —
neutrophils (%), M — monocytes (%), L — lymphocytes
(%), BNs — band neutrophils (%), SNs — segmented
neutrophils (%).

One-way ANOVA with multiple comparisons was
used to assess the difference between groups using
GraphPad Prism 9.0 software, where a p-value < 0.05
was considered statistically significant.

RESULTS AND DISCUSSION

No differences were observed in the hematological
parameters of the experimental rats on the 1% day of the

experiment.  Leukocytosis with a  percentage
predominance of band neutrophils, segmented
neutrophils, and monocytes was observed in all groups.
(Table 1).

On the 3" day of the experiment, a decrease in the
level of leukocytes, platelets, ESR, monocytes, band
and segmented neutrophils was noted in all groups, but
without a statistically significant difference (Table 2, p
> 0.05). The percentage of monocytes was significantly
lower in the “Ag/Cu + US” group compared to the
control group (p < 0.05). In the “Ag/Cu + US” group, an
increase in IRI was noticeable on the 3 day due to an
increase in the percentage of lymphocytes (Table 2, p <
0.05), which indicates the activation of the immune
response to inflammation (Fig. 1, p < 0.05).
Additionally, a decrease in LSI was observed in the
same group, indicating the onset of a decline in
inflammatory process activity (Fig. 1, p <0.05).
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Table 1 — Hematological parameters in rats on the 1*' day of the experiment

. Groups
Indicators
Ag/Cu NCs UsS Ag/Cu NCs + US Chlorhexidine
Hemoglobin (g/1) 103,2+6,4 105.3£7.5 106.6+£7.7 104.4+10.1
Erythrocytes (10'%/1) 5.1+1.3 5.2+1.4 4.9+1.1 5.4+1.3
Leukocytes (10°/1) 13.4£2.3 12.5+2.5 14.1£2.7 13.6+£2.4
ESR (mm/h) 3.3+1.5 3.8+1.6 3.4+1.5 3.5+1.7
Platelets (10%/1) 725.5£102.9 762.3+113.2 733.6+£93.5 751.3+106.4
Hematocrit (%) 38.1+4.5 36.8+6.1 37.7+7.1 37.2+5.0
Band neutrophils (%) 11.6+£2.7 11.7+£3.3 10.8+£3.4 12.1+4.1
Segmented neutrophils (%) 48.9+6.7 46.3+£7.2 45.7+£7.8 46.9+5.2
Eosinophils (%) 0.5+0.3 0.440.2 0.440.2 0.5+0.3
Monocytes (%) 15.243.5 16.54£3.2 15.84£2.6 16.0£2.4
Basophils (%) 0.7+0.3 0.8+0.4 0.9+0.4 0.6+0.2
Lymphocytes (%) 23.143.8 24.3+4.2 26.4+4.3 23.9£3.9
Table 2 — Hematological parameters in rats on the 3™ day of the experiment
. Groups
Indicators
Ag/Cu NCs US Ag/Cu NCs + US Chlorhexidine
Hemoglobin (g/1) 105.4+7.5 101.5+8.7 102.6+6.9 103.3+6.2
Erythrocytes (10'%/1) 4.9+1.2 5.0+1.4 5.1+1.2 52+1.3
Leukocytes (10°/1) 12.7+2.4 12.0+£2.3 11.4+£2.6 12.9+2.8
ESR (mm/h) 3.2+1.1 3.5£1.6 3.0£1.5 3.2+1.2
Platelets (10%/1) 658.6+98.6 675.4+101.7 632.9+£95.0 644.3£112.6
Hematocrit (%) 36.4+5.3 34.2+5.1 32.1+4.0 35.6x4.6
Band neutrophils (%) 10.7£2.5 10.1£2.6 9.6£1.9 10.942.4
Segmented neutrophils (%) 45.6+5.6 40.7+6.1 38.5+5.7 44.7+4.3
Eosinophils (%) 0.8+0.4 0.9+0.3 1.2+0.5 0.7+0.4
Monocytes (%) 13.6+2.9 12.742.8 10.1£1.9 * 15.7£3.2
Basophils (%) 1.0£0.4 0.7+0.3 0.8+0.5 1.1£0.6
Lymphocytes (%) 23.3+4.1% 34.945.0 39.845.2 * 26.9+£3.3

Notes: * — statistical difference compared to the “Chlorhexidine” group, p < 0.05

On the 7% day of the experiment, a significant
decrease in the number of leukocytes, ESR, percentage
of monocytes, band and segmented neutrophils was
noted in the “Ag/Cu NCs + US” group, which indicates
a decrease in inflammatory phenomena in the
abdominal cavity (Table 3, p < 0.05). After 7 days from
the start of treatment, an increase in circulating
eosinophil count was first noted in “Ag/Cu NCs + US”
and “US” groups (Table 3, p < 0.05). In the “Ag/Cu
NCs” group, a decrease in segmented neutrophils was
noted compared to the control group, as well as higher
indicators of leukocytes, monocytes, and segmented
neutrophils compared to the “Ag/Cu NCs + US” group
(Table 3, p < 0.05), which indicates an active, ongoing
inflammatory process. A smaller shift in the leukocyte
formula (LSI) and an increase in immunoreactivity (IRI)

were observed in groups “Ag/Cu NCs + US” and “US”
in contrast to the control group; however, a decrease in
systemic endotoxicosis (NII) was noted only in group
“Ag/CuNCs + US” (Fig. 1, 2, 3, p < 0.05).

On the 14" day of the experiment, normalization of
hematological parameters continued in all studied
groups, as indicated in Table 4. However, the most
significant changes were observed in 2" and 3™ groups,
where low-frequency US was applied. It is noteworthy
that in these same groups, a significant decrease in
platelet levels was observed for the first time. The IRIs
showed significantly higher values in all studied groups
compared to the control, while a decrease in indices
LSIs and NIIs was observed only for “Ag/Cu NCs +
US” and “US” groups (Fig. 1, 2, 3, p <0.05).
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Table 3 — Hematological parameters in rats on the 7" day of the experiment

. Groups
Indicators —
Ag/Cu NCs US Ag/Cu NCs + US Chlorhexidine

Hemoglobin (g/1) 104.5+6.4 101.6+7.6 109.9+8.1 105.4+7.7
Erythrocytes (10'%/1) 5.1£1.2 5.1£1.3 5.5+0.8 5.4+0.6
Leukocytes (10°/1) 10.4+1.6 * 8.2+1.1 6.5+1.4 * 10.6+2.3
ESR (mm/h) 2.8+0.7 2.5+0.5 2.1£0.6 * 3.3+0.5
Platelets (10%/1) 624.2+80.3 587.9+79.4 540.3+£77.1 612.6+£85.6
Hematocrit (%) 34.6x4.1 36.4+5.0 34.7+4.2 35.5+£3.6
Band neutrophils (%) 6.3£1.2 " 4.8+0.8 * 3.1+0.6 * 8.7£1.5
Segmented neutrophils (%) 28.9£3.8 * # 24.6£3.4 * # 17.9£2.8 * 38.8+5.7
Eosinophils (%) 0.9+0.3 # 1.3+0.2 * 1.6+0.3 * 0.8+0.2
Monocytes (%) 10.3£2.2 # 7.6+1.0 * 5.4+1.6 * 12.7£1.8
Basophils (%) 1.0+0.2 0.94+0.2 1.3+0.3 1.2+0.2
Lymphocytes (%) 52.6+5.7 * # 60.8+4.6 * # 70.74£5.1 * 37.84£3.5

Notes:

* — statistical difference compared to the

compared to the “Ag/Cu NCs + US” group, p < 0.05

50—
| === Ag/CuNCs
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Table 4 — Hematological parameters in rats on the 14" day of the experiment

. Groups
Indicators
Ag/Cu NCs usS Ag/Cu NCs + US Chlorhexidine
Hemoglobin (g/1) 105.8+6.4 103.6+6.7 111.7+6.9 104.1£7.0
Erythrocytes (10'%/1) 5.8+0.8 6.1%1.1 5.7+0.8 5.9+0.7
Leukocytes (10°/1) 7.6x£1.2 7% 4.6£0.7 * # 3.240.6 * 8.4x1.5
ESR (mm/h) 1.8+0.3 *# 1.3£0.2 * 1.1+0.2 * 2.6+0.4
Platelets (10%/1) 447.3+£73.7 383.6+£64.6 * 372.2441.8 * 521.2+64.7
Hematocrit (%) 37.5+4.2 39.2+6.3 41.0£5.6 38.8+6.5
Band neutrophils (%) 4.4x13% 34405 * # 2.1+0.4 * 5.9+1.1
Segmented neutrophils (%) 28.3+4.7 % 20.6+4.1 * 18.543.6 * 31.04£5.0
Eosinophils (%) 1.6+0.3 1.7+0.4 1.5+0.5 1.2+0.3
Monocytes (%) 54+£1.1 %% 2.5+£0.5 * 2.4+0.7 * 8.8+1.2
Basophils (%) 0.9+0.3 1.2+0.2 1.3+0.4 1.1+0.3
Lymphocytes (%) 59.4+4.9 % 71.6+6.2 * 742458 * 52.045.3

Notes: * — statistical difference compared to the “Chlorhexidine” group, p < 0.05; * — statistical difference

compared to the “Ag/Cu NCs + US” group, p < 0.05

The dynamics of hematological parameters in rats
correlate with the recovery dynamics of various treatment
methods for generalized purulent peritonitis, as
previously described [14]. The combined use of Ag/Cu
NCs and low-frequency US resulted in faster recovery
and improved key hematological markers associated with
systemic bacterial inflammation, including monocytes
and lymphocytes from day 3, and leukocytes, ESR,
eosinophils, band and segmented neutrophils from day 7.
Changes in the calculated indices indicate a significant
increase in immune reactivity and the resolution of
systemic endotoxicosis with this treatment method.

Reduced hemoglobin levels were
throughout the treatment period as a consequence of the
surgery. Over 14 days, no significant increase in
hemoglobin levels was observed in any group, a
consequence of reduced erythropoiesis against the
background of the inflammatory process, which is a
hallmark of anemia of inflammation. This phenomenon
can be explained by the following mechanisms: cytokine-
mediated suppression of erythroid progenitors (IL-6,
TNF-a, IL-1B, and IFN-y inhibit erythroid progenitor
proliferation and induce apoptosis of erythroblasts),
altered bone marrow microenvironment (the disruption of
erythroblastic islands impairs erythroid maturation and
survival), reduced responsiveness to erythropoietin
(inflammation decreases erythropoietin synthesis in the
kidneys and also reduces erythroid precursor sensitivity
to erythropoietin), and shift toward granulopoiesis

observed

PROSPECTS FOR FUTURE RESEARCH

(hematopoietic progenitors are redirected from erythroid
to myeloid lineages) [15-19]. Elevated platelet counts in
all groups are a consequence of blood loss and non-
specific inflammation following traumatic and infectious
factors [20-21]. The percentage of hematocrit and
basophils did not differ between sick and recovering
animals, and it did not depend on the method of
treatment.

Previously, we did not observe a pattern in eosinophil
dynamics during the treatment of experimental purulent
wounds [22], in contrast to the present study of
generalized peritonitis, which reports a more pronounced
systemic inflammatory response. Therefore, eosinopenia
is a marker that reflects the systemic inflammatory
burden, and the dynamics of eosinophils, along with other
blood parameters, correlate (to a lesser extent) with the
severity of generalized peritonitis and recovery during the
treatment.

CONCLUSIONS

The combined use of Ag/Cu NCs and low-frequency
US accelerates the normalization of key hematological
markers associated with inflammation, enhances the
body's immune response, and reduces the manifestations
of systemic endotoxicosis in the treatment of
experimental purulent generalized peritonitis.
Additionally, the application of Ag/Cu NCs does not
result in significant undesirable changes in the
hematological indicators of Wistar rats, indicating a lack
of acute general toxicity.

To comprehensively assess healing of the experimental generalized purulent peritonitis, a study of the biochemical
and immunological blood parameters in laboratory rats is essential.
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