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GENERAL TOXIC EFFECT OF A CHITOSAN-BASED HEMOSTATIC AGENT IMPLANTED IN RATS
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Introduction. Hemostasis of ongoing bleeding during cavitary surgical interventions is an urgent problem both in civil and military healthcare. The develop-
ment of new effective and affordable agents for hemostasis of internal bleeding and their introduction into clinical practice may contribute to increasing the
survival of injured patients.

Objective. Study of general and local toxic effects of a local hemostatic agent (LHA) for intracavitary application.

Materials and methods. The study was performed on 20 mongrel rats (10 males and 10 females) weighing 180-220 g. The experimental group of animals
was implanted with the LHA into the abdominal cavity at a dose of 512 mg/kg body weight (bw). The animals of the control group underwent surgery without
LHA implantation. Data analysis was performed using the Microsoft Excel 2013 and Statistica 10.0 software applications.

Results. The health status, body weight, food and water consumption, and mass coefficients of internal organs in the experimental animals did not differ
from those in the control group. The hematological and biochemical blood parameters showed values within the reference norm. The macro- and microscopic
examination of the internal organs revealed a local irritant effect of the agent under study.

Conclusion. The laboratory animals tolerated the intraperitoneal implantation of the tested local hemostatic agent at a dose of 512 mg/kg bw well. A further
study of its toxic properties and effectiveness is validated.
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W3YYEHUE OBLLETOKCUYECKOIO AENCTBUA Y KPbIC MPU UMMJIAHTALMN FEMOCTATUYECKOIO
CPEOCTBA HA OCHOBE XUTO3AHA
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BeepeHue. OcTaHOBKa NPOAOMKAIOLLErOCA KPOBOTEHYEHNSA NMPU BbIMOHEHNM MONOCTHbIX ONEPaTVBHbIX BMELLATENLCTB ABIAETCA akTyaslbHOM Npobnaemon
XUPYPrumn Kak rpak JaHCKOro, Tak 1 BOEHHOro 34paBooxpaHeHns. PazpaboTka 1 BHEAPEHNE B KNIMHNYECKYIO MPaKTVKY HOBOIO athEeKTUBHOMO 1 AOCTYMHO-
ro CpefcTBa A1 OCTaHOBKM BHYTPDEHHEr0 KPOBOTEYEHNS ByAeT CMOCOOCTBOBATL MOBbILLEHWIO BbPKMBAHMSA MOCTPaAaBLUMX.

Lenb. /13y4eHne oBLETOKCMHECKOrO N MECTHOIO TOKCU4ECKOrO OENCTBUA MECTHOro remoctarndeckoro cpeactea (MIC) gna BHYTPMNONOCTHOMO Mpu-
MEHEeHNs.

Matepuansl u meTopabl. lccnenosaHve nposeaeHo Ha 20 6ecnopoaHbix kKpbicax (10 camuos 1 10 camok) maccoit 180—220 r. OnbITHOW rpynne XKXMBOTHbIX
MECTHOE reMoCTaTn4eCKoe CPeACTBO MMMIAHTUPOBANM B OPIOLLHYIO NOMOCTL B A03e 512 MI/Kr Macchl Tena (M.T.). 2KMBOTHbIM KOHTPOJIbHOW FPYMMbl MPOBO-
ovnn onepauuto 6e3 nvnnadtauum MIrC. AHanmna gaHHbIX OCyLLECTBASAN ¢ NoMoLLblo Nporpamm Microsoft Excel 2013 1 Statistica 10.0.

PesynbTraTbl. Pe3ynsrarhl OLEHKN COCTOSAHMS OMbITHBIX XKUBOTHBIX, X MaCChl Tefa, KOPMO- 1 BOAONOTPEONEHNS 1 MacCOBble KOSPMULIMEHTLI BHY TPEHHNX
OPraHoB He OTNN4aNINCb OT PE3YNETAaTOB KOHTPOJIbHBIX FPyMnM. OLeHKa reMaTonormieckix n BUOXMMNHECKNX NoKasaTenen KPoBK KpbIC MoKasdana oTcyT-
CTBVE BbIXO[a 3Ha4eHNI 3a Npeesibl pePepeHTHON HOPMbI. [pK Makpo- 1 MUKPOCKOMUHECKOM U3YHEHNN BHY TDEHHNX OPraHOB XXMBOTHbIX 3addUKCMPOBAHO
Hanm4ne MecTHoOpasaparkatoLLEro AeNCTBISA n3y4aemMoro obpasua.

3akntoyeHue. Takmm 06pa3oM, N1abopaToOPHbIE XKMBOTHbBIE XOPOLLO MEPEHeCIV BHY TPUOPIOWMHHYO nMminaHTaumo MIC B gose 512 Mr/kr M.T.; COOTBET-
CTBEHHO fasibHelLlee N3yyYeHne ero TOKCUYECKNX CBONCTB U 3h(HEKTUBHOCTM ABNSETCSA NEPCNEKTUBHBIM.

Knio4yeBble cnoBa: MECTHOE reMoCTaTUHeCKOe CPeCTBO; 6€30MacHOCTb; 0BLLETOKCUYECKOE AENCTBIUE; XUTO3aH; UMMIaHTaLms

Ans yntuposaHusa: Hocos A.M., BoHpapeHko A.A., Katpeukas [T, Tonosko K.IN., LLynb A.B., Bonkosa M.B., 3onotosepxas E.A., Kybapckas J1.I, Baxa-
HoBa E.[., Mankosa O.H. M3yyeHre 06LLEeTOKCNHECKOro AeNCTBUS Y KPbIC NPV UMMNAaHTaLMmM reMOCTaTUYeCKOoro CpeacTBa Ha OCHOBe x1To3aHa. MeauumHa
SKCTpeMasibHbix cuTyaLmi. 2024;26(4):49-57. https:/doi.org/10.47183/mes.2024-26-4-49-57
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INTRODUCTION

Meticulous hemostasis during surgical interventions re-
mains a pressing surgical issue in the 21st century. This
problem is particularly significant for wounded and pol-
ytrauma patients, in whom timely hemostasis affects not
only the timing of treatment, but also determines the overall
outcome. The statistics of such injuries is contributed by
road traffic accidents, negative crime situation, terrorist at-
tacks, and military conflicts. Thus, a study by Trukhan et
al. [1] found that during terrorist attacks in St Petersburg
and Minsk, fatal injuries as the immediate cause of death
were registered only in 33.3% of cases, while irreversible
blood loss was the immediate cause of death in 66.7% of
the deceased. The most frequent (almost 87.5%) cause of
death in the victims was internal bleeding. In the structure
of deaths from injuries received during armed conflicts,
78.1% of cases accounted for ongoing hemorrhage, with
more than a half of the cases resulting from internal bleed-
ing [2—-6].

Although internal bleeding is almost impossible to stop
at the pre-hospital stage, even timely patient transport to
the operating room requires immediate control of bleeding.
In addition to traumatic shock and hemorrhage, a cascade
of pathophysiological reactions develops, including hypo-
thermia, hypocoagulation, and acidosis (lethal triad). Early
stopping of bleeding is a prerequisite for successful treat-
ment of the wounded not only in the acute period of trau-
matic shock, but also in the third period of traumatic dis-
ease (development of infectious complications) [1]. At the
same time, technical difficulties in intraoperative stopping
of bleeding arise not only in urgent surgery (trauma and
wounds), but also in elective surgery, particularly in patients
with concomitant coagulopathy or those taking antiplatelet
drugs and anticoagulants [7-10].

Various methods are currently used to stop hemor-
rhages occurring during cavitary surgeries, including
wound closure, tight tamponade, electrocoagulation of
various types, and local hemostatic agents in some cas-
es (LHA) [11]. For intracavitary application, LHAs based
on fibrinogen, cellulose, collagen, fibrin, thrombin, plant
extracts, mucopolysaccharides (starches), etc., can be
used [12].

Due to its wide availability and biocompatibility, chi-
tosan is a promising substance for the preparation of
LHAs. Materials based on chitosan and/or modified
chitosan (suspensions, sponges, bandages, etc.) were
found to be effective for stopping bleeding in vitro,
promoting coagulation by activating platelets and/or

agglutinating erythrocytes [13-17]. Previously, we dem-
onstrated the high efficacy of a chitosan-based LHA in
a model of intensive intra-abdominal bleeding in large
biological objects [18].

To date, the action of chitosan and its derivatives
has been extensively studied. However, before introduc-
tion into clinical practice, each newly developed polymer
should be studied not only in terms of its efficacy, but also
with regard to its safety for the potential patient due to the
wide variability of formulation components. In this context,
safety refers to both biocompatibility with the morphologi-
cal structures in the area of direct contact and general
toxicity to the organism. Such studies are also important
due to the possible residue of the material in the human
body.

In this study, we set out to investigate the general and
local toxic effects of a hemostatic agent based on 90% lac-
tic acid chitosan, 5% glycerol, and 5% calcium chloride for
intracavitary application.

MATERIALS AND METHODS

The study was carried out using the facilities of Golikov
Research Center of Toxicology (Saint Petersburg, Russia).
In total, 20 mongrel rats (10 males and 10 females) weigh-
ing 180-220 g provided by the Rappolovo Laboratory
for Animal Nursery of the National Research Center
“Kurchatov Institute” were divided into experimental and
control groups. The experimental group included male
and female animals which were implanted with the local
hemostatic agent (LHA) under study. The control group in-
cluded male and female falsely operated animals. Animals
were assigned to groups by sex and using the body weight
as the main criterion such that the individual body weight
value did not deviate from the mean value within the same
sex by more than 10%. Prior to the study, all animals were
adapted to the housing conditions for five days. During this
period, the general condition of the rats was monitored
daily by visual inspection.

The dose of LHA to be administered to animals was
calculated based on the dose used in an efficacy study,
90 mg/kg (per finished dosage form, FDF) [18]. Considering
the metabolic coefficient, the value of LHA dose for rats
was: 90x37 (metabolic coefficient for a 60 kg human)/6.5
(metabolic coefficient for a 200 g rat) = 512 mg/kg [19].
Thus, the investigated dose of the study sample admin-
istered to rats was 512 mg/kg bw. The mass of implanted
LHA and, accordingly, the drug dose for each animal was
calculated based on the value of its weight. Sterile samples
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(radiation sterilization) of LHA were used in the study. LHA
were implanted into the abdominal cavity of rats in native
form. LHA are plates of light-yellow color with a relief sur-
face and a porous structure, 4-6 mm thick. The appear-
ance of the product is presented in Fig. 1.

The animals in the control group underwent surgical in-
tervention without implantation of the test sample (falsely
operated animals).

Injectable general anesthetic tiletamine/zolazepam
(Zoletil® 100) was used as anesthesia during LHA implan-
tation. This medication has a good analgesic and sedative
effect. The medication was administered intraperitoneally
at a dose of 50 mg/kg bw; complete relaxation and ab-
sence of pain sensitivity occurred 10-15 min after drug
administration. The average duration of anesthesia was
60-90 min.

The surgical field was prepared according to the gen-
erally accepted rules of aseptic and antiseptic surgery.
Lidocaine solution for injection 20 mg/mL in the volume of
0.2 mL was injected subcutaneously into the incision area
for anesthesia. During anesthesia, the eyes of the animals
remained open and a Vidisik® eye gel was applied to pre-
vent the development of dry keratoconjunctivitis.

Surgical procedure. To perform a midline laparotomy,
the animal was in the dorsal position. The skin incision
was performed along the midline from the umbilicus in
caudal direction with the length of about 1 cm, then blunt
dissection of tissues up to visualization of the white line of
the abdomen was performed. The peritoneum was dis-
sected with a scalpel, the edges of the abdominal wall
were grasped with tweezers and lifted upwards for con-
venient visualization of the abdominal organs of the rat. It
should be noted that LHA was applied in a dry form; the
studied material was freely placed in the abdominal cavity
(Fig. 2).

Then the abdominal cavity was stitched layer by layer
(Fig. 3). The experimental animals were placed in a heated
cage with a warm floor for recovery after anesthesia. Full
awakening of the animals occurred 2-3 h after induction
of anesthesia.

During the study, we evaluated the animal survival rate,
clinical picture of intoxication, body weight dynamics, water

&

Figure prepared by the authors

Fig. 1. Appearance of the implemented local hemostatic agent (LHA)
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and feed consumption, hematological and biochemical pa-
rameters. In addition, the macro- and microscopic exami-
nation of internal organs was carried out along with calcu-
lation of the mass ratios of organs and evaluation of local
reactions after LHA implantation [20].

The general condition of the rats was evaluated dai-
ly; deviations in the consumption of food and water by
animals in separate cages were noted. Body weight was
monitored one day before LHA implantation and then
weekly after introduction into the experiment. The body
weight of the starved animal immediately before necropsy
was taken to calculate the percentage of internal organ
weight to animal body weight. Animals were deprived of
food the night before necropsy. Access to water was not
restricted.

Blood sampling for studying hematological and bio-
chemical parameters was performed on the 29th day of
the study by exsanguination of animals after inhalation of
carbon dioxide (CO,).

Biological material was collected from animals after 14—
15 h of fasting. Blood from rats in the amount of 0.5 ml was
collected in blood collection tubes with ethylenediamine-
tetraacetic acid (EDTA). The blood sample was thoroughly
mixed and placed in a refrigerator.

The sample was analyzed 120 min after collecting the
biological material. For general clinical blood analysis, an
automatic hematological analyzer Advia 2120 by Siemens
(Germany) was used. The hematological analyzer is fully
automated for counting blood cells and erythrocyte indi-
ces [21].

To assess biochemical parameters, blood was collect-
ed in a dry vacutainer. To obtain blood serum, whole blood
samples were centrifuged at 3000 rpm at 4°C for 10 min
followed by collection of the supernatant fluid (serum).
Biochemical parameters (total protein, urea, creatinine,
glucose, cholesterol, total bilirubin, alanine aminotrans-
ferase ALT, aspartate aminotransferase AST, alkaline phos-
phatase ALP) were determined on an A-25 biochemical

Figure prepared by the authors

Fig. 2. Implantation of the local hemostatic agent (LHA) into the abdominal
cavity of a rat
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analyzer from BioSystems (Spain) using Vector-Best JSC
kits (Russia). The internal quality control of the studies was
performed using control materials from Vector-Best JSC
(Russia) [22].

Inhalation (CO,) followed by exsanguination was used
as the euthanasia method. An Open Science euthanasia
unit (Russia) was used for euthanasia [23].

On day 29 of the study, the animals were subjected to a
complete necropsy, which included an examination of the
external surface of the body, all passages, cranial, thoracic,
abdominal cavities, and their contents. During the planned
necropsy, the brain, heart, lungs (pair), liver, adrenal glands
(pair), kidneys (pair), spleen, ovaries/testes (pair), and thy-
mus were weighed in all the studied animals. Paired organs
were weighed together. In addition to the absolute weight
of the organs, the ratio of the organ weight to the body
weight of the animal was calculated, presented in percen-
tiles (%o). A histological analysis of the isolated organs and
tissues was performed in the animals with an additional
assessment of the local effect of LHA after its implanta-
tion (peritoneal histology). Tissue samples were collected,
which were dehydrated and impregnated with paraffin. The
prepared sections were stained with haematoxylin and eo-
sin. Histological preparations were examined by light mi-
croscopy using a Leica DM1000 microscope (Germany)
under x100 magnification.

A mathematical and statistical analysis of the re-
sults was performed using the Microsoft Excel 2013 and
Statistica 10.0 software packages. The Mann-Whitney test
(U-test) was used to assess the differences between the
two groups [24]. Descriptive statistics were presented as
a measure of central tendency and dispersion indicators.
The following descriptive statistics of quantitative indicators
were calculated: median (Me), upper (UQ), and lower (LQ)
quartiles. Differences in the indicators of the experimental
animals in relation to the control were considered statisti-
cally significant at p < 0.05.

4

Figure prepared by the authors

Fig. 3. Suturing of the rat peritoneum after implantation of the local hemostatic
agent

RESULTS

After intraperitoneal implantation of the studied sample of
LHA in rats at a dose of 512 mg/kg bw, no lethal outcomes
were registered. The animals did not differ from the control
group in appearance and behavior. The death of one male
in the control group of falsely operated animals due to post-
operative complications was registered. The clinical condi-
tion of the experimental animals was satisfactory during the
entire period of observation. Signs of intoxication were not
observed in any animal. Water and feed consumption in
rats from experimental and control groups did not differ.

The effect of the investigated sample on the body weight
of sexually mature animals was estimated by a comparative
assessment of the body weight of rats after LHA implan-
tation and falsely operated animals at several examination
stages: base (one day before implantation of LHA), 1 week,
2 week, 3 week, and 4 week of the experiment.

The data on body weight of rats in the studied groups
are presented in Figs. 4 and 5. It is important to note that
the initial (base) body weight of both females and males
did not differ significantly between the LHA-implanted and
control groups.

The comparative assessment of body weight of male
rats after implantation of the studied sample and the weight
of animals from the control group in the observation period,
base (day before implantation), 1 week, 2 week, 3 week,
and 4 week, showed no significant differences between
the studied groups using the Mann-Whitney test. At the
same time, statistically significant differences in the body
weight of female rats from the experimental group at 2
weeks of observation (p = 0.022), 3 weeks (p = 0.034), and
4 weeks (p = 0.012) compared to the control were revealed.
An analysis of the data presented in Fig. 5, showed that the
values of body weight of female rats from the experimental
group were statistically significantly lower than those in the
control group at 2 weeks by 7.4%, at 3 weeks by 5.2%, at
4 weeks by 9.9%, although the values did not exceed the
reference values for this type of animals.

Table 1 shows the data of hematologic parameters in
animals of the control and experimental groups. An analy-
sis of the values of hematological parameters in male rats
of the experimental group revealed a statistically significant
increase in monocyte percentage by 18% and absolute
monocyte count of 42% compared to the control group
of animals. At the same time, the study and subsequent
evaluation of the values of hematologic parameters in fe-
males in the experimental group compared to the control
revealed a statistically significant decrease in hemoglobin
concentration and mean corpuscular volume by 5% and
7%, respectively [25].

Biochemical parameters were studied following 29 days
after the onset of the experiment in control animals (males
and females), as well as in animals of the experimental
group with implanted LHA (Table 2). It was found that the
group of male rats after LHA implantation showed a signifi-
cant increase in the aspartate aminotransferase activity by
18% compared to the control group.

The control group of animals showed no changes in the
peritoneal surface. In the experimental group, in one case,
a fistula formation of the anterior abdominal wall was noted,
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Figure prepared by the authors using their own data

Fig. 4. Body weight of male rats at different stages of examination

Note: data are presented as median values.

the formation of which was caused by the reaction of for-

eign body rejection.

When examining the internal organs, thymus had a
triangular shape, whitish in color and moderately dense
in consistency. The size and shape of the heart were not
changed. The surface of the lungs had a pale pink color;
the lungs were collapsed at the opening of the chest. The

317 350 9 m LHA
300 | M Control

Body mass, gram

204 201

Base
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*—p<0.05

*

212 213 225

1 week 2 week

250 * 264

3 week 4 week

Follow-up period

The figure has been prepared by the author using his own data

Fig. 5. Body weight of female rats at different stages of examination
Note: data are presented as median values.

consistency. The stomach had the usual shape and size;

the lumen was filled with dense food contents. The mucosa

spleen had a dark cherry color, smooth surface, and dense  served.

of the small and large intestine was shiny and smooth. The
pancreas had a pale pink color and a lobular structure. The
size and shape of the liver, kidneys, adrenal glands, testes,
and ovaries remained unchanged. The brain substance
had a moderate density; no ventricular dilatation was ob-

Table 1. Comparative evaluation of hematological parameters of male and female rats in experimental and control groups 29 days after the onset of the experiment

Indicator

Control (3)

LHA, 512 mg/kg bw (3)

Control (9)

LHA, 512 mg/kg bw (9)

Number of animals in the group

4

5

5

5

White blood cell count, 10%/uL

9.68 [8.17; 11.7]

10.84 [10.19; 12.71]

7.51 [7.43; 8.16]

7.99 [7.09; 8.94]

Red blood cell count, 10%/uL

7.58 [7.52; 8.2]

7.58 [7.55; 7.91]

7.36 [7.31; 7.37]

7.42 [7.31; 7.63]

Hemoglobin, g/dL

14.95 [14.2; 15.95]

14.80 [14.80; 15.00]

14.30 [14.10; 14.50]

13.60" [13.0; 13.8]

Hematocrit, %

42.25 [41.25; 46.0]

42.50 [42.40; 43.20]

41.90 [41.40; 42.20]

40.30 [39.0; 41.2]

Mean corpuscular volume, fL

55.20 [54.5; 56.65]

55.90 [54.6; 56.4]

57.20 [57.0; 57.3]

53.40" [52.60; 55.6]

Platelet count, 10%/uL

787.00 [686; 928]

826.00 [601; 978]

983.00 [962; 1022]

970.00 [946.0; 1092.0]

Mean platelet volume, fL

6.85 [6.55; 7.75]

6.90 [6.70; 7.10]

710 [7.0; 7.20]

7.20 [7.10; 7.30]

Neutrophil %

28.20 [20.75; 38.25]

25.80 [23.20; 25.90]

21.10 [20.50; 32.40]

35.50 [28.80; 47.40]

Lymphocyte %

66.95 [56.0; 72.85]

66.60 [65.30; 68,20]

70.70 [61.40; 74.90]

59.40 [46.40; 65.10]

Monocyte %

3.45 [2.70; 3.65]

4.20* [4.10; 4.50]

2.80 [2.70; 3.00]

2.70 [2.10; 2.70]

Eosinophil %

0.85 [0.75; 1.60]

0.80 [0.80; 1.10]

1.20 [1.20; 1.50]

1.10 [0.90; 2.10]

Basophil %

0.90 [0.75; 1.20]

1.00 [0.80; 1.20]

0.70 [0.60; 1.80]

0.40 [0.40; 0.50]

Unidentified cells, %

0.75 [0.60; 1.00]

1.10 [1.00; 2.00]

0.90 [0.90; 1.10]

0.90 [0.60; 0.90]

Abs. neutrophil count, 10%/uL

3.22 [2.01; 3.86]

2.64 [2.33; 2.80]

2.06 [1.50; 2.54]

3.25 [2.30; 3.55]

Abs. lymphocyte count, 10%/uL

6.82 [5.02; 7.80]

7.08 [6.78; 7.28]

5.48 [5.01; 5.74]

4.15 [3.18; 5.35]

Abs. monocyte count, 103/uL

0.30 [0.28; 0.33]

0.52* [0.40; 0.55]

0.21 [0.20; 0.24]

0.19 [0.17; 0.25]

Abs. eosinophil count, 103/uL

0.09 [0.08; 0.15]

0.09 [0.07; 0.14]

0.09 [0.09; 0.11]

0.08 [0.08; 0.09]

Abs. basophil count, 10%/uL

0.10 [0.08; 0.11]

0.11[0.10; 0.11]

0.05 [0.05; 0.18]

0.03 [0.02; 0.05]

Unidentified cells, 10%/puL

0.07 [0.07; 0.09]

0.14[0.10; 0.19]

0.08 [0.07; 0.09]

0.06 [0.05; 0.07]

Table prepared by the authors using their own data

Note: data are presented as Me [LQ; UQ].

* — statistical significance of differences between control and experimental groups, p < 0.05.
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Table 2. Comparative evaluation of biochemical parameters of male and female rats of experimental and control groups 29 days after the onset of the experiment
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Indicator

Control (3)

LHA, 512 mg/kg bw (3)

Control ()

LHA, 512 mg/kg bw (¢)

Number of animals in the group

4

5

5

5

Total protein, g/L

81.4 [75.9; 87.5]

74.5 [71.9; 77.0]

77.8[77.6; 85.9]

80.4 [79.0; 81.0]

Urea, mmol/L

6.0[5.3; 7.3]

8.7 [7.6; 9.0]

7.5[7.0; 8.9]

10.0 [8.1; 10.8]

Creatinine, pmol/L

54.0 [50.5; 62.5]

55.0 [55.0; 55.0]

50.0 [49.0; 52.0]

64.0 [63.0; 70.0]

Glucose, mmol/L 8.8[8.2;9.9] 9.2[9.0; 9.4] 10.5[9.8; 10.7] 9.8 [9.5; 9.9]
Cholesterol, mmol/L 2.5[2.2; 3.0] 2.6[2.1;2.8] 2.8[2.4; 3.1] 2.3[2.2;2.7]
Total bilirubin, umol/L 1.7 [1.4;1.7] 1.5[1.3; 2.2] 1.2[0.9; 1.4] 0.6 [0.2; 1.1]

Aspartate aminotransferase (AST), U/L

166.0 [148.6; 171.3]

196.5% [195.9; 200.6]

73.7 [54.4; 74.6]

102.0 [73.3; 114.4]

Alanine aminotransferase (ALT), U/L

76.0 [66.5; 86.0]

81.0 [79.0; 90.0]

70.0 [69.0; 77.0]

69.0 [65.0; 71.0]

Alkaline Phosphatase, U/L

349.0 [265.5; 428.5]

297.0 [275.0; 315.0]

188.0 [182.0;224.0]

236.0 [210.0;283.0]

Table prepared by the authors using their own data
Note: data are presented as Me [LQ; UQ)].

* — statistical significance of differences between control and experimental groups, p < 0.05.

When evaluating the mass ratios of internal organs of
male and female rats after implantation of LHA at a dose
of 512 mg/kg bw and control animals using the Mann-
Whitney test, no statistically significant differences were
found between the studied groups.

A histological examination of the brain, heart, lungs, kid-
neys, thymus, testes, ovaries, adrenal glands, and spleen
preparations of control animals and animals with LHA im-
plantation in the abdominal cavity 29 days after the onset
of the study revealed no significant differences between the
groups. In the liver of animals of both groups, moderately
or sharply expressed fatty dystrophy of hepatocytes was
registered: in seven cases in the experimental group with
LHA implantation and in six cases in control animals. At
the same time, in one animal from the experimental group

|
-
Figure prepared by the authors

Fig. 6. Fragments of the local hemostatic agent in the abdominal cavity of the
rat
Note: fragments are indicated by arrows.

and in one animal from the control group, minor necroses
with moderately expressed lympho-macrophage infiltration
were registered. These changes could be caused by the
influence of postoperative stress [26].

A histological examination of the peritoneum surface
in the experimental group revealed fragments of LHA sur-
rounded by a layer of lymphocytes and leukocytes and
young fibrous connective tissue. Leuko-lymphocytic infil-
tration was also noted (Fig. 7), which are signs of local ir-
ritation. In the control group, an insignificant accumulation
of lymphocytes and macrophages was registered.

DISCUSSION

The conducted study found that intraperitoneal implanta-
tion of the tested sample at a dose of 512 mg/kg bw does
not lead to the death of animals or to the development of
any signs of intoxication.

The animals in the experimental group did not differ
from those in the control groups in terms of appearance
and behavior. The general condition of the experimental
animals was satisfactory throughout the entire experiment;

Figure prepared by the authors

Fig. 7. Histological section of rat peritoneum after implantation of local
hemostatic agent

Note: on the peritoneal surface, fragments of LHA surrounded by a layer of
lymphocytes and leukocytes and young fibrous connective tissue (dashed line).
Haematoxylin and eosin staining. Magn. x100.
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the indices of water and feed consumption did not differ
from the control. Body weight indices of the male rats did
not differ from the control, while those of the female rats
were statistically significantly lower compared to the con-
trol at several stages of examination. At the same time, the
body weight of female animals within their group did not
decrease throughout the study. Differences in the body
weight of females of experimental and control groups could
be related to the effect of postoperative stress.

When analyzing hematological parameters in animals
during the experiment, a statistically significant increase
in the proportion of monocytes and absolute number of
monocytes in male rats of the experimental group com-
pared to the control group was found, probably associated
with the inflammatory reaction occurring in the abdominal
cavity of rats.

In female rats with implanted LHA, a statistically sig-
nificant decrease in hemoglobin concentration and mean
corpuscular volume was observed compared to the con-
trol, apparently caused by the local irritant reaction of the
peritoneum. The established increase in the aspartate ami-
notransferase activity in the group of male rats after LHA
implantation compared to the control group is likely to be
related to the damage to the animals’ liver due to postop-
erative stress [26].

It should be noted that the fluctuations of hemato-
logic and biochemical parameters in animals did not ex-
ceed the reference intervals established for this type of
animals [25].

The evaluation of the mass ratios of internal organs of
rats after implantation of LHA at a dose of 512 mg/kg bw
showed the absence of statistically significant differences
between the studied groups. Morphologic macroscopic
studies revealed no changes in the structure of internal or-
gans in experimental animals; 29 days after the onset of
the experiment, fragments of LHA were observed in the
peritoneum and in the mesentery, which formed a dense
conglomerate. According to the results of histological
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