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Abstract

Hemostatic sponges become a valuable addition to the arsenal of tools for extemal control of
bleeding and for closing bum surfaces, especially in cases where the tourniquet cannot be applied (for
example, in case of neck injury). The aim of the work is to study the acute and sub-acute toxicity of a
hemostatic sponge based on water extract from the xenoderm with chlorhexidine digluconate (1 %).
Materials and methods. Toxicity studies were performed on white Wistar rats weighing 250-260 g,
which were injected intragastrically with the developed hemostatic sponge using a metal probe at a
dose of 10,000 mg/kg. Results and discussion. The results of the study of the toxicity of the hemostatic
sponge indicate the absence of any toxic manifestations when administered intragastrically in white
rats, which allows them to be classified as class V toxicity (practically non-toxic substances).
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Introduction

Bleeding is present in any injury, which is
one of the leading causes of death. Therefore,
research on the use of absorbent hemostatic
material is important for both civilians and the
military [1]. Therefore, it is important to develop
new drugs and medical devices based on the
material of natural origin, where the active
pharmaceutical ingredients are biologically active
substances of plant’s or animal’s origin [2-4].

Medical sponges are used in surgery,
neurosurgery, dentistry, otolaryngology, and
gynecology to stop blood loss or to close wound
surfaces (burns, trophic ulcers) [5].

Medical sponge - a tool that has absorbent
and antiseptic properties, as well as stimulates
tissue regeneration. It should also be noted that
depending on the composition of the active
pharmaceutical ingredients, sponges exhibit
bactericidal, antiseptic, antimicrobial, regenerating,
tonic, and absorbent properties and purposefully
act on the focus of pathology [6, 7, 8]

Hemostatic sponges become a valuable
addition to the arsenal of tools for extemal control
of bleeding and for closing burn surfaces, especially
in cases where the tourniquet cannot be applied
(for example, in case of neck injury) [9].

The Food and Drug Administration has
published a retrospective review and identified
resorbable collagen-based hemostatic agents as
potentially suitable and effective.

Promising today are medical sponges
developed on the basis of material of natural origin,
namely cryolyophilized xenoderm. Xenoderma is
developed by a special lyophilization technology
(patent of Ukraine 55636 A, 2003). Cryolyophilized
xenoderm is a material of natural origin, which
contains a large number of amino acids that
improve regeneration processes [1, 10, 11].

The study pharmacology of safety makes it
possible to analyze the harmful pharmacodynamic
effects of the drug on the physiological functions of
a living organism, which is an important step for
modern pharmacy [12-14]. The single-dose toxicity
study provides information on the relationship
between dose and systemic or local toxicity [15, 16,
17]. Moreover, toxicity studies play a significant role
in drug development procedure providing

information on toxic doses and therapeutic indices
of potential drugs or medical devices. In this study,
we report the acute and subacute toxicity studies of
medical sponges on the basic of water extract from
xenoderm powder with chlorhexidine digluconate in
female Wistar rats.

Methods

Technology of medical sponges

Medical sponge was prepared based on a
material of biological origin, namely xenoderm,
which is enriched with macro-and micronutrients,
amino acids and with chlorhexidine digluconate (1%) as
the active pharmaceutical ingredient (APhI) [1].

Experimental animals

The experiments was performed on white
Wistar rats weighing 250-260 g from l.Horbachevsky
Ternopil National Medical University vivarium. The
rats were fed orally with rat pelleted feed, with
access to the drinking water and also they were
housed in cages, in compliance with the Good
Laboratorial practice (GLP) guidelines for the care
and use of laboratory animals. All animals were
identified by color markings on their body. The rats
were kept under standard conditions at room
temperature in isolated cages with a 12-hour
day/night. Rats were acclimatized to above-
mentioned conditions for one week prior to the
toxicity studies. The studies were carried out in
accordance with national and international
recommendations for the protection of animals
used for experimental and other scientific purposes
(Strasbourg, 1986; Law of Ukraine N2 3447-IV, 2006).
In accordance with the requirements of the
Bioethics Commission of I.Horbachevsky Ternopil
National Medical University (Protocol, No. 56 of
January 8, 2020).

Acute toxicity

In the study of acute toxicity of drugs, an
integral indicator is the survival/mortality of animals,
which allows you to calculate the average lethal dose
(LD50) of the drug. The State Expert Center of the
Ministry of Health of Ukraine recommends the use of
the maximum dose of class IV toxicity in accordance
with the route of administration for the study of acute
toxicity. Due to bioethical prindples, the route of
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administration to be used in clinical practice
has not been studied. However, it was decided to
conduct a study of the drug by oral administration,
according to the recommendations of safety
pharmacology. The sponge was administered orally on
an empty stomach as an aqueous suspension ata dose
of 10,000 mg/kg in two doses, which allows for
systemic action. A total of 12 female rats were used
for the study of acute toxicity. Their weights were
recorded and randomly divided into 2 groups
(Control group of animal (group A) and Acute
toxicity (group B)), each containing 6 rats. The group
A were given tap water (10 ml/kg/body weight) [18].
For medicinal products and medical devices of
biological origin, which in structure and
pharmacological properties can be equated to drugs
for which there is extensive experience in clinical
practice, toxicological studies may not be
conducted in full, but only in females that are more
sensitive to toxic effect than males [19]. Toxicity was
monitored 1, 2 and 4 hours after treatment and
periodically for the first 24 hours, then daily for two
weeks after treatment twice daily (moming and
evening). Clinical observations included control of
motor activity, skin condition, changes in respiration,
food and water intake, changes in weight, and any
changes in animal behavior. To control body weight,
theindividual weighing was performed at o, 3, 7and 14
days (Table 1). At the end of the observation, the
number of animals remained unchanged (n =6), both in
the control group (group A) and in the study group (B).

Sub-aaute toxicity

The subacute toxicity study was conducted for
28 days to examine the toxicity of the medical
sponges. 12 rats were randomly distributed into two
groups (Control group of animal (group C) and sub-
acute toxicity (group D)) each consisting of six rats
per group. The control group of animals were given
tap water (10 mikg/body weight), whereas group D
daily by oral administration were given of an aqueous
suspension at a dose of 10,000 mg / kg in two doses
for 28 days[20].

Clinical follow-up was performed for 28 days,
weight was measured weekly during four weeks. On
day 28, the final weight of the rats was measured and
then anesthetized. The signs of toxicity were observed
in the same way as in the case of the study of acute
toxicity. To control body weight, the individual

weighing was performed every week (Table 2). At the
end of the observation, the number of animals
remained unchanged (n = 6), both in the control group
and in the study group.

Relative organ and body weights study

The changes in body weights were recorded
on a weekly basis, while the organs were weighed
using standard weighing balance to calalate
relative organ weight for the different sets on the
sacrifice day [21].

Relative organ weight (%) = (Absolute
weight of organ (g) / weight of rat on sacrifice day

(g)) x100

Statistical analysis

The obtained results were subjected to
statistical analysis by methods of variation statistics.
For all studies, the arithmetic means, as well as the
standard error, were calculated. For statistical
analysis of the obtained results, a one-way analysis
of variance ANOVA was performed using the
Student's t-test. Statistical analyzes were performed
using GraphPad Prism, version 5.0 (GraphPad
Software, Inc.). To assess the probability of the
obtained results, the significance level p<0.05 was
taken.

Results and Discussion

Establishing the effect of the test sample on
vital functions and body weight

Observations of the animals' behavior,
appearance, coat condition, activity and appetite
revealed no signs of clinical intoxication or death.
Reflex excitability, urination, defecation were within
the physiological norm. All animals showed weight
gain without significant differences between
groups. The body weight alterations of rats given
medical sponges are indicated in Table 3. Daily
administration of medical sponges at doses 10000
mg/kg did not result in significant changes in the
body weight of rats when compared with the
control [22].

Acute toxicity
No visible pathological changes in the
appearance and behavior of experimental animals
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on the 1st, 7th and 14th day after the start of
application of the developed tool was registered.

In the process of studying the acute toxicity
of the sponge, it was found that the introduction of
intragastric suspension of the sponge at a dose of
10,000 mg/kg death of animals was not observed.

Therefore, the lethal dose (LD50) of medical
sponges was higher than 10000 mg/kg

Sub-acute toxicity study

Administration of medical sponges for 28
days continuously did not induce morphological
changes or general behavioural changes in treated
rats compared to the control group. No deaths were
observed during the period.

Relative organ and body weights study

At the end of the observation period,
namely 14 and 28 days, the animals were euthanized
under anesthesia. During the experiment, there was
also no difference in the values of the relative mass
of animal organs; the results of the studies are
shown in table 3. All intemal organs are located
anatomically correct. The surface of the organs is
smooth, shape, color and size are characteristic and
unchanged. The liver is represented by lobes of
normal size. The spleen is full-blooded, elastic,
normal size. The kidneys of all animals are
symmetrical with a characteristic structure. The
lungs are airy; the leaves of the pleura are
unchanged. Thymus without changes. The ovaries
are normal.

According to the results of in vivo toxicity
studies of the developed medical sponge based
from xenoderm water extract with chlorhexidine
digluconate at a dose of 10000 mg/kg, no signs of
pathological changes or inflammatory reactions
were found in the intemal organs. After removing the
animals fromthe experiment, as a result of macroscopic
examination, it was noted that vital organs and systems
whose functions are acutely critical for life were
unchanged and were identical to control group of
animals (group A and C). Therefore, according to the
parameters of  toxicity, the  developed
pharmaceuticals belong to the V class of toxicity
(practically non-toxic substances) according to the
classification of O. V. Stefanov and according to the
classification of H. C. Hodge 1a L. H. Stemer[23].

Conclusions

1. Acute and subacute toxicity of medical
sponges based on water extract from xenoderm
with chlorhexidine digluconate was studied.

2. After completion of the observation, no
mass metric or visual changes were detected.

3. It is established that according to the
indicators of acute and sub-acute toxicity, medical
sponges when administered intragastrically are
practically non-toxic substances (toxicity class V).
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Table 1. Dynamics of body weight of animals in the study of the acute toxicity (M+m)

White

Weight of animals (M £ m), g

Group of animals beginning of
rats the experiment 3rd day 7th day 14th day
Control
(group A) Female | 247.17+0.70 249.00%0.68 254.17+0.65 260.0%0.37
Medical sponge 265.83£1.14
(group B) Female | 254.72+1.68 257.67%1.17 261.83+1.01 0120.05

Table 2. Dynamics of body weight of animals in the study of the subacute toxicity (M+m)

White

Weight of animals (M + m), g

Group of animals rats begmmng of Jth day 14th day 28th day
the experiment
Control
(group C) Female | 220.53%1.01 224.62+0.95 228.0%1.07 232.03+0.68
Medical sponge Female | 235.12¢0.52 240.32£0.81 241.83+1.25 248.16+0.98
(group D) P:20.05 P;20.05
Table 3. Mass coefficients of the intemal organs of female rats in the study of acute and sub-acute toxicity
(Mm)
Group of animals (M £ m), g
Internal organs Control Acute toxicity Control SUb?C,Ute
(group A) (group B) (group Q) toxicity
(group D)
White rats-female
. 3.00+0.05 2.89+0.08
Liver 2.99#0.03 D120.05 3.01+0.1 P,20.05
. 0.34+0.01 0.34+0.02
. Right 0.34%0.01 £120.05 0.31+0.05 P,50.05
Kidneys
Left 0,3340,01 0.32+0.02 0.3240.04 0.30+0.01
,33%0, P,20.05 i P,20.05
Heart 0.41£0.01 0.430.01 0.4010.01 0.420.01
P+20.05 P,20.05
0.800.01 0.73+0.04
L 0.77%0.02 0.79%0.06
ungs 77 p;20.05 9 P,20.05
0.48+0.01 0.47%0.03
Spleen 0.4610.02 P,20.05 0.47%0.01 P.50.05
Adrenal glands 0.041+0.001 0:04020.001 0.042+0.009 0.0400.007
P+20.05 P,20.05
Thvrmus 0.1540.009 0.16%0.01 0.1540.01 0.13£0.02
y R p,20.05 R P,20.05

Note: p1isthe reliability of group A, p2is the reliability of group C.
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