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The creation of modern, safe wound-healing medicines for both first aid and further treatment is a pressing issue
today.

The aim of the study was to investigate the in vitro and in vivo biosafety of medicinal product “Coagulox_N”, a
product that combines the therapeutic effects of an antimicrobial, haemostatic and wound-healing agent in a single
product. The biosafety of “Coagulox_N” was determined in vitro based on the parameters of genotoxicity, cytotoxici-
ty, and the nature of its effect on the marker enzymatic Mg2+-ATPase activity of the membrane fraction of eukaryotic
cells. The in vivo toxicity criteria for “Coagulox_N” were determined based on the parameters of acute oral toxicity
when administered into the stomach and acute dermal toxicity when applied to the skin of white rats. The dermal
irritant effect of “Coagulox_N” was determined when applied to the skin of guinea pigs. The irritant effect of the drug
on the mucous membrane of the eyes was tested using rabbits.

It has been shown that the experimental innovative drug “Coagulox_N” is biosafe according to in vitro indicators
of genotoxicity, cytotoxicity, and biochemical marker of the effect on Mg2+-ATPase activity of the membrane fraction
of the L929 test cell culture. The assessment of the accordance of “Coagulox_N” to the criteria of acute oral toxicity
and acute dermal toxicity confirmed that the tested product belongs to hazard class 4 — substances of low hazard.
The tested product “Coagulox_N” does not irritate the skin or the mucous membrane of the eyes of laboratory ani-

mals.

Key words: “Coagulox_N", biosafety, genotoxicity, magnesium-dependent ATPase activity of membranes, cyto-

toxicity, median lethal dose, irritant effect.
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Introduction.

In today’s world, it is difficult to overestimate the im-
portance of developing the means that are essential for
creating a comprehensive chain of medical care, from
first aid to further treatment in hospital and post-trau-
matic rehabilitation. There is an urgent need in Ukraine
to develop new competitive wound healing and haemo-
static agents for use both as individual links in this chain
and in solving its complex therapeutic tasks [1-3].

The development of the complex medicinal product
“Coagulox_N" is based on combining the therapeutic ef-
fects of an antimicrobial, haemostatic and wound-heal-
ing drugs in a single product. These effects are achieved
by integrating mineral components, plant extracts, silver
and gold nanoparticles into the composition. The “Coag-
ulox_N" composition contains a combination of mineral
components: metakaolin, silica with known haemostatic
and sorption properties, plant extract (alcohol extract
of unripe walnuts) with wound-healing properties, and
silver and gold nanoparticles (anti-inflammatory, regen-
erative and antimicrobial properties) [4].

The aim of the study.

To study the in vitro and in vivo biosafety of the “Co-
agulox_N" medicinal product.

Object and research methods.

The experimental innovative medicinal product “Co-
agulox_N”", modified with gold and silver nanoparticles
version of the agent “Coagulox” [5], was studied.

“Coagulox_N" is a brown paste. Its composition (per
100 g) includes: aerosil — 8-12 g, kaolin — 1-7 g, silver
nanoparticles — 0.8 mg, gold nanoparticles — 19.3 pg,
tincture of unripe walnuts — up to 100 ml.

The in vitro biosafety of “Coagulox_N” was deter-
mined by the parameters of genotoxicity, cytotoxicity,
and the nature of its effect on the marker enzymatic
ATPase activity of the membrane fraction of eukaryotic
cells [6].

In vitro cytotoxicity and genotoxicity were assessed
using a “Coagulox_N"-conditioned DMEM/F12 eukary-
otic cell culture medium. For this purpose, a test agent
(10 grams per 100 ml) was added to the DMEM/F12 me-
dium and incubated for 18-24 hours at 37°C.

The cytotoxic effect of “Coagulox_N” was deter-
mined according to [7] using a vital dye test with trypan
blue.

The genotoxicity of the medicinal product was per-
formed using the Comet assay in alkaline conditions [8].
Cells were grown and incubated in a culture medium
conditioned with “Coagulox_N”". Untreated test cells
were used as a negative control (no genotoxic effect),
and cells treated with the mutagen N-nitrosomethyl
urea at a concentration of 1 mM were used as a positive
control.

The tests were conducted using eukaryotic cells of
mouse fibroblasts of the L929 line from the cell culture
collection of the D.K. Zabolotny Institute of Microbiolo-
gy and Virology of the National Academy of Sciences of
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Ukraine. The cells were grown in a monolayer culture in
plastic flasks with a bottom area of 75 cm? in DMEM/
F12 nutrient medium with the addition of 10% fetal calf
serum and antibiotic-antimycotic at 37°C under condi-
tions of constant CO, (5%). After 24 hours exposure of
the L929 cells’ formed monolayer with the medium con-
ditioned by the test sample, the possible cytotoxic and
genotoxic effects were determined.

The in vitro biosafety of “Coagulox_N" was assessed
based on its effect on the Mg?*-dependent ATPase ac-
tivity of the membranes of the 1929 test culture. The
obtained membrane fraction was characterised by pro-
tein content using the Lowry method [9]. The total AT-
Pase activity of the membrane fraction was assessed by
spectrophotometry [10]. The activity was evaluated in
relative units AE/AO, where A is the ATPase reaction rate
of intact membranes, and A is the same indicator for
membranes in the presence of “Coagulox_N". The neg-
ative control was the marker enzymatic activity of the
membrane fraction of native cells. As a positive control
(marker of toxic effect), the enzymatic activity of L929
cells under the influence of a laboratory sample extract
with known cytotoxic activity [11] was used.

The study evaluated the accordance of “Coagulox-
_N” with in vivo toxicity criteria, namely: acute oral tox-
icity (median lethal dose — LD, ) when administered into
the stomach and acute dermal toxicity when applied to
the skin of laboratory animals; dermal irritation caused
by “Coagulox_N” when applied to the skin; irritation
caused by “Coagulox_N" to the mucous membrane of
the eyes.

The research was conducted at the State Institution
“Kundiiev Institute of Occupational Health of the Nation-
al Academy of Medical Sciences of Ukraine”, in accor-
dance with the European Convention for the Protection
of Vertebrate Animals used for Experimental and other
Scientific Purposes and Law of Ukraine No. 3447-IV ‘On
the Protection of Animals from Cruel Treatment’ of 2006.

The assessment of acute oral and acute dermal
toxicity in vivo was carried out in accordance with [12-
15]. The acute oral and dermal toxicity of the medici-
nal product was studied using 24 white sexually mature
male Wistar rats weighing 180-200 g, which were kept
on a standard diet at the vivarium of the State Institution
“Kundiiev Institute of Occupational Health of the Nation-
al Academy of Medical Sciences of Ukraine”. The exper-
imental groups consisted of 6 animals in both the oral
and dermal acute toxicity studies. The control groups of
animals that did not receive the test drug or have it ap-
plied to their skin consisted of 6 animals. For acute oral
toxicity studies, the agent was administered to animals
intragastrically in the form of a suspension in distilled
water at a dose of 5000 mg/kg, followed by determina-
tion of the degree and nature of acute oral toxicity. Rats
in the control group were administered distilled water
in the same volume. For 14 days after administration of
the substance, the animals were observed daily to re-
cord the presence of clinical signs of toxicity and death.

When studying the acute dermal toxicity, the prod-
uct was applied to the skin in its native form at a dose
of 2500 mg/kg, followed by determination of the degree
and signs of acute toxicity. For 14 days after application
of the substance, the animals were observed daily to re-
cord the presence of clinical signs of toxicity and death.

The acute oral and dermal toxicity of “Coagulox_N"
was assessed based on the following indicators: mor-
tality (time of death of animals in the group, daily); as-
sessment of toxicity manifestations (daily), including the
external appearance of animals; changes in body weight
(after 3, 7, and 14 days). The study was conducted at a
temperature of 21°C and humidity of 36%, atmospheric
pressure — 744 mm Hg.

The skin irritation effect of “Coagulox_N” was as-
sessed on guinea pigs in accordance with [12, 16]. The
experimental group consisted of four light-coloured
guinea pigs weighing 565-675 g, while the control group
consisted of four guinea pigs kept on a standard diet and
in standard vivarium conditions. The product in its native
form was applied to a 2x2 cm area of skin at a rate of
20 mg/cm?. The substance was applied using an open
way. For 16 hours after application, the animals were
observed to record the presence of clinical signs of ir-
ritation (erythema and/or oedema). The skin irritation
index was determined by the degree of changes in the
functional state of the skin in points (0 points — no irrita-
tion (I =0); 1 point — mild irritation (0 >I_ < 1.0); 2 points
— moderate irritation (1.0 >I_ < 2.0); 3 points — severe
irritation (2.0 >|_ < 3.0); 4 points — sharply pronounced
irritant effect (I_ > 3.0).

The irritant effect of “Coagulox_N” on the mucous
membrane of the eyes was assessed in accordance with
[16]. The experiment was performed on six Chinchilla
rabbits with healthy mucous membranes of the eyes,
which were kept on a standard vivarium diet. Three rab-
bits formed the experimental group and three formed
the control group. The test drug at a dose of 50 mg/ml
was diluted in saline to form a suspension. The resulting
suspension was administered once into the conjunctival
sac of the right eye of the experimental rabbits. The ani-
mals in the control group were instilled with saline. After
instilling the test agent or physiological saline solution
into the eye, the lacrimal canal was pressed against the
inner corner of the eye for one minute. The irritant ef-
fect of the agent on the mucous membrane of the eye
was assessed visually by the degree of hyperemia and
edema immediately after application and after 1 hour
and 24 hours. The irritant effect index was determined
by the degree of changes in the condition of the eye
membrane in points (0 points — no irritant effect (I = 0);
| point —weak irritant effect (0 > 1 < 1.0); 2 points —mod-
erate irritant effect (1.0 > | <2.0); 3 points — pronounced
irritant effect (I_>2.0).

The experimental data were analysed using Student’s
t-test, with statistical significance set at p<0.05. Statis-
tical calculations for the experiments were performed
using StatPlus Pro 5.9.8 and Statistica (version 10, Exper-
imental Data Analysis System, StatSoft Inc. 2011).

Research results and their discussion.

In vitro biosafety studies of “Coagulox_N" medicinal
product in terms of cytotoxicity when staining cells with
vital dye trypan blue showed 88+3% survival of eukary-
otic cells of the L929 line. Such cell survival indicates a
low cytotoxic effect of the released active pharmaceuti-
cal ingredients of the studied medicinal product.

The in vitro genotoxicity indicators of “Coagulox_N”,
studied by the Comet assay in alkaline conditions, are
presented in table 1.

The data presented in table 1 demonstrate the ab-
sence of in vitro genotoxicity of the “Coagulox_N".
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It is known that Mg?*-dependent ATP hydrolase
(Mg?*-ATPase) activity of eukaryotic cell membranes
maintains the physiological level of their energy metabo-
lism through the hydrolysis of the main energy substrate
ATP. This enzymatic activity is quite sensitive to the toxic
effects of substances, which allows it to be considered
as a biochemical marker of toxicity [6]. The results of
the effect of the “Coagulox_N" medicinal product on the
Mg?**-ATPase activity of the membrane fraction of L929
cells are shown in table 2.

As can be seen from the data presented, enzymatic
activity, which reflects the level of energy metabolism
in L929 cells, showed high sensitivity to the toxic effects
of the used positive control. So, the studied me-
dicinal product “Coagulox_N" is not toxic in vitro
based on the nature of its effect on the Mg?*-AT-
Pase activity of the total membrane fraction of

Table 1 - In vitro genotoxicity evaluation
of the “Coagulox_N"

Index “DNA Comets” | Conclusion about

lona genotoxicity

Sample

Negative control 0.166+0.001 Not genotoxic
Positive control 1.822+0.002 Genotoxic
“Coagulox_N" 0.218+0.001 Not genotoxic

medicinal product belongs to hazard class 4 (low-hazard
substances) according to [15].

With regard to in vivo acute dermal toxicity studies,
it was established that a single application of the “Coag-
ulox_N" to the skin of Wistar rats at a dose of 2500 mg/

Table 2 — Assessment of Mg**-ATPase activity

of the total membrane fraction of L929 cells under the

influence of the “Coagulox_N"

L929 eukaryotic cells.

Thus, the in vitro tested “Coagulox_N” medic-
inal product is safe in terms of the genotoxicity,
cytotoxicity and the used biochemical marker.
Considering the peculiarities of the composition

Mg?*-ATPase activity of the
total membrane fraction of

of such an in medicinal product, toxic effects in

vitro could be expected due to the presence of
metal nanoparticles in the “Coagulox_N”". It is

known that silver nanoparticles can exhibit cy-

Sample L929 cells under the influence
of the studied preparations,
A /A, %

Negative control (native membranes, A ) 100
Positive control (laboratory sample with

- 20
known cytotoxic effect)
“Coagulox_N" 100

totoxic properties because they induce a typical
cellular response of active oxygen formation [17]. Other
studies have shown that even despite the deposition
of silver nanoparticles in the dermis, no toxic effects
were observed and there were no systemic consequenc-
es [18]. Along with the data on in vitro toxicity of gold
nanoparticles, there is a lot of information on the ab-
sence of cytotoxic effects in various lines of eukaryotic
cells treated with gold nanoparticles [19]. Therefore, our
in vitro results on the safety of the tested “Coagulox_N"
medicinal product allow us to consider the gold and sil-
ver nanoparticles used in its composition to be biosafe,
and the product itself falls under the concept of modern
wound healing agents [20].

Further studies were aimed to determine the
in vivo toxicity parameters of the “Coagulox_N"

kg did not cause signs of intoxication, did not lead to
fatalities during the entire observation period, did not
cause significant changes in the body weight dynamics
of animals and any deviations from the norm in the vital
organs of rats. Thus, the LD, for white Wistar rats when
applied to the skin is more than 2500 mg/kg. Therefore,
according to the parameters of acute toxicity when ap-
plied to the skin, “Coagulox_N" belongs to hazard class 4
(low-hazard substances).

According to the results of studies on the dermal ir-
ritation effect of the “Coagulox_N" when applied to the
skin, it was established that a single application of the

Table 3 — Assessment of body weight dynamics in rats after
a single intragastric administration of the “Coagulox_N"

medicinal product.

The results of in vivo studies showed that a
single administration of “Coagulox_N" to Wistar
rats at a dose of 5000 mg/kg did not cause signs
of toxicity: the animals were clean, active, re-
sponded to light and sound stimuli, urination and
defecation processes were normal, no respirato-
ry disorders were observed, and reflex excitabil-
ity was preserved. No fatalities were observed
throughout the testing period. The dynamics of
the animals’ body weight remained within the
physiological norm (table 3).

At the end of the observation period, the ani-
mals were removed from the experiment. Patho-
logical autopsy of the experimental rats did not
reveal any abnormalities in the vital organs of
the animals (liver, kidneys, spleen, heart, lungs,
stomach).

According to the results of the studies, the
median lethal dose (LD, ) for white Wistar rats
exceeds 5000 mg/kg when administered into
the stomach. In terms of acute toxicity when ad-
ministered into the stomach, the “Coagulox_N"

Group of animals | Initial data | third day [seventh day|fourteenth day
Control 184.5+1.9 | 190.5+1.8 | 200.2+1.6 211.5+1.2
“Coagulox_N",
5000 mg/kg 187.7+2.8 | 193.5+2.6 | 198.8+2.5 209.0+3.3

Table 4 — Assessment of the dermal irritant effect of the
“Coagulox_N" when applied to the skin of guinea pigs

Group of animals

Average total score for severity of irritant

effect

(erythema and/or oedema)

Immediately |1 hour after|16 hours after
after application | application | application
“Coagulox_N”,20 mg/cm?| 0 (Absence) [0 (Absence)| O (Absence)

Table 5 — Assessment of the irritant effect of the
“Coagulox_N" on the mucous membrane of the rabbits’
eyes according to the degree of hyperemia and oedema

Group of animals

Degree of hyperemia/oedema

Immediately | 1 hour after |24 hours after
after instillation [ instillation instillation
“Coagulox_N”, 50 mg/ml | 0/0 (Absence) [0/0 (Absence)|0/0 (Absence)
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medicinal product to the skin of guinea pigs at a dose of
20 mg/cm? did not cause signs of irritation, such as ery-
thema or oedema. The data in table 4 demonstrate the
absence of irritant effects of medicinal product “Coagu-
lox_N"” when applied to the skin of guinea pigs.

The results of the studies showed that the “Coagulox-
_N” at a dose of 20 mg/cm? does not irritate the skin of
guinea pigs moles. The skin irritation index is |_, =0 (no
irritation).

A study of the irritant effect of the “Coagulox_N”"
medicinal product on the mucous membrane of rabbits’
eyes showed that a single instillation of the agent at a
dose of 50 mg/ml into the conjunctival sac of the right
eye did not cause irritation to the mucous membrane.
During 24 hours of observation, there was no hyperemia
or edema of the mucous membrane of the eyes of the
experimental rabbits (table 5).

According to the results of the assessment of the ir-
ritant effect of the “Coagulox_N” at a dose of 50 mg/
ml on the mucous membrane of the eyes of rabbits, the
tested product does not have an irritant effect. The irri-
tant effect index on the mucous membrane is | =0 (no
irritant effect).

Thus, a series of in vivo toxicity tests of the “Coagu-
lox_N" allowed the medicinal product to be classified as
a Class 4 hazardous substance in terms of acute oral and
dermal toxicity, i.e. a low-hazard substance. The studied
parameters of irritant effects on the skin and mucous
membranes of the eyes of laboratory animals indicate
that the “Coagulox_N” has no irritant effect.

In view of the composition of the “Coagulox_N" me-
dicinal product, which contains low-hazard chemicals
such as aerosil and kaolin and an extract of unripe wal-
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nuts, the main toxic effect in vivo could be exerted by
the metal nanoparticles (gold and silver) present in the
product. The literature reports cases of such nanoparti-
cles oral or transdermal entering to the body of animals
and their systemic toxic effects [21-23]. From a clinical
point of view, our data indicate the absence of toxicity
of gold and silver nanoparticles in the tested medicinal
product, and therefore these nanomaterials can be safe-
ly used without creating excessive risks to human health
when introducing nanoparticles as a potential treatment
in clinical practice.

Conclusions.

1. The experimental innovative medicinal product
“Coagulox_N" is biosafe according to in vitro genotox-
icity, cytotoxicity, and biochemical marker of influence
on Mg**-ATPase activity of the membrane fraction of the
L929 cells test culture.

2. Assessment of the accordance of the “Coagulox-
_N” to the criteria for acute oral toxicity (LD, ) when
administered into the stomach and acute dermal toxic-
ity when applied to the skin of laboratory animals con-
firmed that the tested product belongs to hazard class 4
(low-hazard substances).

3. The tested medicinal product “Coagulox_N" does
not irritate the skin and eye membranes of laboratory
animals.

Prospects for further research.

The fulfilled studies open up the prospect of con-
ducting appropriate expert examinations for the intro-
duction of the medicinal product “Coagulox_N”" into
medical practice, including military medical practice, in
accordance with the requirements of current regulatory
documentation.
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CmeopeHHSA cy4yacHUx 6e3nevyHux paHo03a20H8as1bHUX AIKAPCbKUX 3ac06i8 015 HAOAHHSA AK Nepwoi HegioKnaodHoI
doriomoau, mak i 007 N00asn6Wo20 MiKYy8AHHA, € AKMYAAbHUM 3080AHHAM Cb0200€HHS.

Memotr pobomu 6yno docnioxceHHa 6iobesneku in vitro ma in vivo 3acoby «Koaaynokc_N», aKuli noedHye y
00HOMY 3acobi mepanesmuyHi epeKmu aHMUMIKPOB6HO20, KPOBOCMUHHO20 i PAHO3020t08a/16HO20 fpernapamy.

biobe3sneyHicmb 3acoby «Koaeynokc_N» in vitro eusHayanu 3a napamempamu 2eHo-, YUMmOMOKCUYHOCMI

ma 3a XapakKkmepom 8riaugy Ha mMapkepHy gepmeHmamusHy Mg2+-AT®a3zHy akmueHicme MmeMOPaHHOI hpaKyii
eyKapiomuyHux KaimuH. Kpumepii mokcuyHocmi in vivo 3acoby «Koaeynokc_N» eusHa4yanu 3a napamempamu
20Ccmpoi nepopasibHoi MOKCUYHOCMI NpuU 88€0€eHHI 8 WiATyHOK ma 20cmpoi 0epMasibHOT MOKCUYHOCMI MpuU HAHEeCEeHHI
Ha WKipy 6inum wypam,; WkipHo-noodpasHowo4oi 0ii 3acoby «Koazynokc_N» npu HaHeceHHi Ha WKipy Mypyakie ma
rnodpasHoro4oi 8ii 3acoby Ha cauzosy 06010HKY oveli Kposie.

MokasaHo, wo ekcnepumeHmansHuli iHHosayiliHull nikapcekuli 3aci6 «Koazynokc N» 30 MoKasHUKamu
in vitro 2eHomMoKcu4YHocmi, YUMOMOKcU4YHocmi ma bioximiYHUM MapKepom enausy Ha Mg2+-AT®-a3Hy
aKmueHicme MmemMbpaHHOI hpakyii mecmosoi Kynemypu KaimuH L929 € 6iobe3neyHum. OuiHKa eionosioHocmi
3acoby «Koazynokc_N» Kpumepiam 2ocmpoi nepopasnbHOi MOKCUYHOCMIi ma eocmpoi 0epmasibHOI MoKcu4Hocmi
3aceid4una HasnexHicms mecmoeaHo2o 3acoby 00 4 Kaacy Hebe3neKu - ManoHebe3ne4vHi pe4osuHu. TecmosaHuli
3acib «Koazynokc_N» He YuHUMb NOOPA3HIOYOI Oii Ha WKipy ma 06010HKY oYeli 1a60pPamMopPHUX MBAPUH.

Knwuoei cnoea: «Koazynokc_N», 6iobe3neyHicms, 2eHOMOKCUYHICMb, MazHil-3anexHa-ATd-2i0ponaszHa
aKMuBHiCMmb MeMbpPaH, YUMOMOKCUYHICMb, cepeOHbo-CMepmesnbHa 0034, Modpa3HIoYa Oisl.
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3B’A30K nyb6aikauii 3 nnaHoOBMMM HayKOBO-AOCAIg-
HUMK poboTamu.

PoboTta BMKOHaHa 3a ¢iHaHCOBOI NiaTpMMKM Hau,i-
oHanbHoro ®oHay [ocnigxeHb YKpaiHu (npoekt No
2023.04/0041) «Po3pobKa iHHOBALLIMHOIO NiKapCbKOro
3acoby «Koarynokc_N» 3 aHTUMIKPOBHUMU, KPOBOCTMH-
HMMM Ta PAHO3aroBaIbHUMU BACTUBOCTAMM Y.

Bctyn.

B cyyacHMX ymoBax BayKKO MepeoLiHUTM po3pobKy
3acobiB, BKpa HEOOXiAHUX ANA CTBOPEHHA MOBHOLLH-
HOTO /IaHLOra HaJaHHA MeAMYHOT AOMOMOrKM — Bif, nep-
LWOi HeBiAKNAAHOT AONOMOTM 40 NOAA/NbLUIONO NiKyBaHHA
B CTALLiOHAPHMX YMOBAX Ta NOCTTPaBMaTMUYHOI peabinita-
uii. B YKpaiHi € HaranbHa noTpeba B CTBOPEHHI HOBITHIX
KOHKYPEHTHO34aTHWUX NiKyBa/IbHUX PaHO3arotBaNbHUX
i KpOBOCMMHHUX 3acobiB Ana peanizauii AK OKpemux
JTAHOK LbOro NaHLtora, Tak i B pPilLeHHi MOro Komnaek-
CHUX TepaneBTUYHMX 3aBaaHb [1-3].

Y OCHOBi pO3p0O6KM KOMMIIEKCHOIO NiKapCbKoro 3a-
coby «Koarynokc_N» NnexuTb MNOEAHAHHA Y OAHOMY
3acobi TepaneBTUYHUX edeKTiB aHTUMIKPOBHOro, Kpo-
BOCMMHHOIO i paHO3arolBa/ibHOrO npenaparty. 3asHa-
yeHi ebeKTU AOCATAOTLCA WAAXOM iHTErpyBaHHA y pam-
Kax peuenTypy MiHepasibHUX KOMMOHEHTIB, POC/MHHUX
EKCTPaKTiB Ta HAHOYACTMHOK cpibna i 3on0Ta. B peuen-
Typi «Koarynokc_N» npucyTHA KombiHauia miHepanb-
HUX KOMMOHEHTIB — MeTaKao/iH, KpeMHe3em 3 BiZOMOto
KPOBOCMMHOLO i COpbYOYOLO L€, POCAMHHUX EKCTPAKTY
(cnupTOBKMIA EKCTPAKT HE3PINMX MAOAIB rOpiXy BONOCHKO-
ro) i3 paHosarotoBasbHUM ePeKToOM Ta HAHOYACTUHOK
cpibna i 30/10Ta (NpoTM3ananbHa, pereHepaTopHa i aH-
TUMiKpobHa ais) [4].

MeTa gocnigKeHHs.

JocniprkeHHa 6iobesneku in vitro Ta in vivo 3acoby
«Koarynokc_N».

O6’eKT i meTOaU AOCNiAXKEHHA.

Y poboTi gocnigrKyBanum ekcnepuMMeHTaNbHUN iHO-
BaLiHKMI 3acib6 «Koarynokc_N», AKuin € moandikoBHUM
HaHOYaCTMHKaMM 30/10Ta i cpibna 3acobom «Koarynoke»
[5].

«Koarynokc_N» € nactolo KOpn4yHeBoro Kosbopy. 1o
moro cknagy sxoanutb (Ha 100 r): aepocun — 8-12 1, Kao-
NiH — 1-7 1, HaHO4YaCTUHKM cpibna — 0,8 mMr, HAHOYACTUH-
K1 3010Ta — 19,3 MKr, HaCTOAHKA He3piANX NA0AIB ropixa
BONOCbKOro — a0 100 mn.

biobe3sneyHicTb 3acoby «Koarynokc_N» in vitro Bu-
3HaYya/IM 3a NapaMeTPaMm reHo-, LLUTOTOKCMYHOCTI Ta 3a
XapaKTepom BM/IMBY Ha MapKepHy depmeHTaTUBHY AT-
dasHy aKTUBHICTb MemMbpaHHOI ¢paKu,ii eyKapioTUYHUX
KNiTUH [6].

LLMTOTOKCUYHICTb | FEHOTOKCUYHICTb in Vitro ouiHioBa-
/I i3 3aCTOCYBaHHAM KOHAMLIOHOBAHOro 3pa3kom «Koa-
rynokc_N» cepefioBULLLA KyNbTUBYBAHHA KyNbTyp eyKapi-
OTUYHUX KNiTUH — DMEM/F12. 3 Ui€lo MeToo BHOCUAN Y
cepeaosuuie DMEM/F12 HaBaxKy TecToBaHOro 3acoby
(10 rpam Ha 100 mn) i iHKRyByBanu npotarom 18-24 roguH
npu 37°C.

LnToTokemury gito «Koarynokc_N» in vitro Bu3Hava-
v 3rigHo [7] 3 BUKOpPUCTaHHAM TecTy 3 BiTasibHUM Haps-
HMKOM TPUNAHOBUM CUHIM.

OuiHKy in vitro 3acoby «Koarynokc_N» 3a nokasHu-
KOM FreHOTOKCMYHOCTI npoBoamnan metogom OAHK-komet
B /IY>KHUX ymoBax [8]. KniTHK BUpoLLyBanu Ta iHKybyBa-
1 B cepenoBuLLi KyNbTUBYBAHHA, KOHAMLIOHOBaHOMY
3paskom «Koarynokc_N». B AKOCTi HEraTMBHOro KOHTp-

oNto (BiACYTHA reHOTOKCUYHA Aisfl) BUKOPUCTOBYBAN He
06pobneHi TeCTOBI KAITUHKU, @ MO3UTUBHOIO — KNITUHMU,
06pobneHi mytareHom N-HITPO3OMETUN CEYOBMHOI Yy
KOHUeHTpauii 1 mM.

TecTyBaHHA NPOBOAMIM 3 BUKOPUCTAHHAM eyKapio-
TUYHUX KNITUH dibpobiacTiB muwen niHii L929 3 Konek-
Lii KynbTyp KAITUH IHCTUTYTY mikpobionorii i Bipyconorii
im. [.K. 3a6onotHoro HAH YKpaiHu. KnituHu Bupouysa-
NIV Y MOHOLLAPOBIN Ky/AbTYpi B NACTUKOBUX BaKOHaxX 3
naoweto gHa 75cm? y noxunsHomy cepegosmili DMEM/
F12 i3 popaBaHHam 10% embpioHanbHOI CMPOBATKM
TENAT Ta aHTUBIOTUKY-aHTUMIKOTUKY Npu 37°C B ymoBax
nocTifHoro pisHa CO, (5%). Yepes 24 rog exkcnosuuii
cbOpMOBAHOrO MOHOLWAPY KNiTUH L929 3 KOHAMLiOHO-
BaHUM A0CANIAXKYBAaHUM 3Pa3KOM CepefoBULLEM BU3HA-
Yasn MOXK/NBY LUTOTOKCUYHY Ta FEHOTOKCUYHY Aito.

3aiicHIOBaNK OUiHKY in vitro 6iobe3neyHocTi 3acoby
«Koarynokc_N» 3a xapakTepom BMAMBY Ha MapKepHy
Mg**-3anexHy-ATO-riaponasHy aKTUBHICTb MembpaH
TecToBOl KynbTypu L929. OTpumaHy membpaHHy dpak-
Lit0 XapaKTepusyBanu 3a BmicTom b6inKy no metogmy
Noypi [9]. Bu3HaueHHsi cymapHoi ATdPa3HOT aKTUBHOCTI
membpaHHoi dpakLii ouiHlOBanu cnekTpoboTomeTpuy-
Ho [10]. BennumnHy aKTUBHOCTI OLiHIOBaAW Y BifIHOCHUX
OAMHULAX Ae/AO, e A — wemnakictb AT®asHoi peakuii
IHTAKTHUX M1a3MaTUYHUX MeMbpaH, a A_ — Leil e no-
KasHUK ana membpaH B npucyTHocTi «Koarynokc N».
HeraTtuBHUM KoHTponem bynn mapkepHa pepmeHTaTUB-
Ha aKTUBHICTb MeMBpaHHOT ppaKLii HATUBHUX KNITUH. AK
NO3UTUBHWUI KOHTPO/Ib (MapKep TOKCUYHOTO BMN/MBY) BU-
KopucToBYyBanu GepmeHTaTUBHY aKTUBHICTb KNITUH NiHiT
L929 nig BNAMBOM EKCTPaKTy 1abopaTopHOro 3pasky 3
BCTAHOB/IEHOIO LIMTOTOKCMYHOLO Aieto [11].

Y poborTi 34ilicHI0BaNM OLiHKY BignoBigHOCTI 3acoby
«Koarynokc_N» KpuTepiam TOKCUMYHOCTI in vivo, a came:
rocTpoi nepopasibHOi TOKCUYHOCTI (cepeaHbo-cMepTesb-
HOi [03n — ﬂ,ﬂ,so) npuv BBEAEHHI B LWIIYHOK Ta rocTpoi
OEepPMasibHOT TOKCMYHOCTI NPY HaHeCeHHI Ha LWKipy nabo-
PaTOPHUM TBapUHaAM; LWKipHO-NoApa3HIoYoi Aii 3acoby
«Koarynokc_N» npu HaHeceHHi Ha LWKipy; NoapasHioto-
yoi aji 3acoby «Koarynokc_N» Ha civM30By 0BONOHKY
ouel.

[ocnigxkeHHa nposoanan y 1Y «IHCTUTYT MeaANLMHU
npaui imeHi FO.l. KyHaieBa HauioHanbHOI akagemii me-
OMNYHUX HayK YKpaiHU» 3rigHO «EBPONENCbKOi KOHBEHLT
NpPO 3aXMUCT XpebeTHMX TBAPUH, L0 BUKOPUCTOBYHOTLCA B
eKCNepMMeHTaIbHNX Ta iHLLIMX HAYKOBUX LiNAX» Ta 3aKo-
HY YKpaiHu Ne 3447-IV «[1po 3axX1cT TBapWH Big, KOpCTO-
KOro nosoaxeHHA» 2006 p.

OUiHKY rocTpoi nepopasbHOiI Ta rOCTPOi Aepmalib-
HOI TOKCWMYHOCTI in vivo 3piicHioBann 3rigHo [12-15].
focTpy nepopasnbHy Ta AepMasibHy TOKCMYHICTb 3acoby
OOCNigXKyBanu i3 3actocyBaHHAM 24 6inux cTaTeBo3pi-
nnx camuis wypis AiHii Wistar macoto 180-200 r, AKux
YTPUMYBANM Ha CTaHAAPTHOMY pauioHi BiBapito Y «IH-
CTUTYT meanumHu npaui imeHi FO.1. KyHaiesa HauioHanb-
HOI aKagemii MeauYHUX HayK YKpaiHm». JocnigHi rpynm
CKNaganuca 3 6 TBapuH AK NPy JOCAIAXKEHHI nepopanb-
HOI, TaK i AepManbHOI roCcTPOi TOKCMYHOCTI. KOHTPObHI
rpynu TBapuH, AKMM He BBOAWAM UM HE HAHOCUAM Ha
WKipy gocnigrKyBaHWA nNpenapaT cknaganvca 3 6 Tea-
pyH. na gocnigxeHb roctpoi nepopanbHOi TOKCUYHO-
CTi 3aci6b BBOAM/NM TBApMHAM BHYTPILIHbOLUIYHKOBO Y
BUMNAAI CycneHsii Ha AMCTUAbOBaHIM Boai B A03i 5000
Mr/Kr 3 NOAANbLUMM BU3HAYEHHAM CTYNEHIO | XapaKTepy
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rocTpoi NnepopanbHOi TOKCMYHOCTI. LLlypam KOHTPOAbHOI
rpynv BBOAMAWM Y TOMY K OB’€Mi AMCTUNbOBaHY BOAY.
MpoTarom 14 aHiB nicna BBeAEHHA PEYOBUHMU, WOAEHHO
cnocrepiraav 3a TBapMHaMun A4 peecTpaLii HaABHOCTI
KNiHIYHMX O3HaK TOKCUYHOCTI Ta 3armnbeni.

Lna pocnigrKeHHA rocTpoi A4epManbHOT TOKCUYHOCTI
3acib HAHOCKMAIM Ha WKipy Yy HaTMBHOMY BUMNAAI B A03i
2500 mr/Kr 3 noganbliMm BU3HAYEHHAM CTYNeHIo i Xa-
paKTepy rocTpoi TOKCU4YHoCTI. MpoTtarom 14 gHis nicna
HAHEeCEeHHSA PeYOBUHMU, LLOAEHHO CNOoCTepiraam 3a TBapu-
HaMW AN1A PEeECTPaALLi HAABHOCTI KNiHIYHMX O3HAK TOKCUY-
HocTi Ta 3arnbeni.

OLiHKY rocTpoi NnepopanbHOi Ta 4ePMANbHOT TOKCUY-
HocTi 3acoby «Koarynokc_N» 34ilicHIOBaNM 3@ MOKa3HU-
Kamu: NeTanbHicTb (TepmiHK 3armbeni TBapuH y rpyni,
LLOAHA); OUiHKA NPOABIB TOKCUYHOCTI (LWOAHSA), BKAtOYa-
HOUM 30BHIWWHIM BUFAL TBAPUH; AMHAMIKY 3MiHM MacK
Tina (yepes 3, 7, 14 ni6). JocnigxeHHa NpoBOAMIM NpU
TemnepaTypi 21°C ta Bonorocti 36%, aTmochepHomy
TUCKY — 744 MmM. pT. CT.

OujiHKY WKipHO-NoapasHtooyoi gii 3acoby «Koary-
nokc_N» 3aiicHIOBaNM Ha Mypuakax 3rigHo [12, 16].
EKcnepvmeHTanbHa rpyna TBapuH byna npeacrasnieHa
4 Mmyp4YakamMu CBIT/I0TO KOMbOpy mMacoto 565-675 r, KOH-
TponbHa — 4 Mapyakamu, AKUX YTPUMYBaA/IM Ha CTaH-
[apTHOMY paLioHi Ta peXuMmi BiBapito. 3acib y HaTUBHO-
My BUMNAAI HAHOCUIM HA AINAHKY LWKipK 2*2 cm 3rigHo
3 Hopmoto 20 mr/ cm? HaHeceHHs peyoBuHW Biabysa-
nocb BigKputMMm cnocobom. MpoTtarom 16 roguH nicns
HaHeCceHHA 3acoby crnocTepiranun 3a TBAPUHAMMK ANs pe-
€CTpaLil HAABHOCTI K/NiHIYHMX O3HAK NOAPA3HIOKYOI Aii
(epuTtema Ta/um HabpsK). BUsHavanm iHAEKC WKipHO-Mo-
Opa3HIoYoi Ail 33 CcTyneHem 3MiH QYHKLIOHaNbHOTO
CTaHy Wkipn y 6anax (0 6aniB — BiACYTHICTb NoApa3sHiIOLO-
yoi gji (I_,=0); 1 6an — cnabka nogpasHiotoya gia (0 >1 <
1.0); 2 6am — nomipHa noapasHiotoya aja (1.0 >l < 2.0);
3 6a1 — BupaxkeHa nogpasHiotoya gia (2.0 > <3.0); 4
6anu - pisko BUpaxeHa nogpasHiotoya aia (1 wt 3.0)

OujiHKy NnoapasHiooYyoi aii 3acoby «Koarynokc_N» Ha
cnnsoBy 060NOHKY oyelt 34jilicHoBaau 3rigHo [16]. Ekc-
NepMMeHT BUKOHAHO Ha LWecTu Kponax nopogu LnHwu-
Nna 3i 340PpOBOIO C/IM30BOID 0OONOHKOK OYel, AKi yTpu-
MYBa/IMCb HA CTAaHAAPTHOMY PaLioHi BiBapito. Tpu Kponi
CKNaJanu ekcnepmmeHTabHy rpyny i TPU — KOHTPO/ILHY.
[JocnigskysaHuii npenapart 8 403i 50 mr/ma po3sogunn y
¢disionoriyHOMy po34YmHi A0 YyTBOPEHHSA cycneHsii. OTpu-
MaHy CyCrneH3it0 04HOPa30BO BHOC/IN B KOH'IOKTMBA/b-
HMWA MILLOK NPaBOro oKa AO0CNigHMUX Kponis. TBapuHam
KOHTPO/IbHOT Fpynu 3akanysanun $isioNoriyHnin posymH.
Micnsa 3akanyBaHHA TecToBaHOro 3acoby uu disionoriy-
HOrO PO34YMHY B OKO KPOASIM C/lbO30-HOCOBMUI KaHan
NPUTUCKANN 40 BHYTPILHBbOIO KyTa OKa Ha OA4HY XBUAK-
Hy. OUuiHKY noapasHiotoYyoi Aii 3acoby Ha cansosy 06o0-
JIOHKY OKa MPOBOAUN Bi3yasbHO 3a CTyNeHeM rinepemii
Ta HabpAKy oapasy nicaa HaHeceHHa Ta yepes 1 rognHy
i 24 roguHwn. BusHavanu iHoeKc noapasHioyoi Aii 3a
CTyNeHem 3MiH cTaHy 0060/10HKK oyelt y 6anax (0 banis
— BiACyTHicTb noapasHiotoyoi aii (I =0); | 6an — cnabka
noapasHtotoya gia (0 > < 1.0); 2 6an — nomipHa noapas-
Hiotoua gia (1.0 > | < 2.0); 3 6ann — BupaxeHa noapas-
Hiotoua gis (1. >2.0)

EKcnepumeHTanbHi gaHi 6ynm npoaHanisoBaHi 3a Ao-
nomoroto t-kputepito CTblo4eHTa, NPUYOMY CTAaTUCTUYHA
3HauyLLicTb byna BcTaHOB/EHA Ha piBHi p < 0,05. CtaTtuc-
TUYHI PO3PaxyHKM AN1A eKCrepuMeHTiB By BUKOHaHI 3a

nonomoroto StatPlus Pro 5.9.8 Ta Statistica (Bepcia 10,
Experimental Data Analysis System, StatSoft Inc. 2011).

Pe3ynbTatv AOCniaKeHHA Ta ix 06roBopeHHs.

JocnigrkeHHa 6biobesneyHocTi 3acoby «Koary-
NoKc_N» in vitro 3a napameTpom LLUTOTOKCUMYHOCTI Npu
¢dapbyBaHHiI KNiTUH BiTaNIbHUM 6AaPBHMKOM TPUNAHOBUM
CUHIM npogeMoHcTpyBann 88+3% BUMKMBAHOCTI eyKa-
PIOTUYHMX KNITUH NiHiT L929. TaKa BMKMBAHICTb KNITUH
CBiAYMTb MPO HM3bKY LIUTOTOKCUMYHY Ait0 BUBIIbHEHUX
aKTMBHUX dapMaLeBTUYHUX IHIPeAieHTIB AOCNiAXKYyBa-
Horo 3acoby.

MoKa3HMKM reHOTOKCMYHOCTI 3acoby «Koarynokc_N»
in vitro, pocnigxeHi metogom [HK-komeT B NyXKHUX
yMoOBax, npeacTasaeHi y Tabauui 1.

[JaHi, npeactasneHi y tabauui 1, gemoHCTpytOTb
BiZICYTHICTb TEHOTOKCUYHOCTI in vitro 3acoby «Koary-
Nokc_N».

Tabauua 1 — OuiHKa reHOTOKCUYHOCTI in vitro
3acoby «Koarynokc_N»

Inaekc « JHK-komeT»| BMCHOBOK npo

ELLECT | reHOTOKCUYHICTb
[OHK
HeraTuBHMI1 KOHTPOb 0.166+0.001 Not genotoxic
MO3NTUBHWUIN KOHTPO/Ib 1.822+0.002 Genotoxic
«Koarynokc_N» 0.218+0.001 Not genotoxic

Bimomo, wo Mg*-3anexHa-ATd-rigponasHa (Mg
ATd-a3Ha) aKTUBHICTb MeMbpaH eyKapioTUYHUX KAiTUH
niaTpumye isioNoriyHniA piBeHb ix eHepreTMyHoro me-
Taboniamy 4yepes riaposis OCHOBHONO EHepPreTMYHoro
cybcTpaty ATO. Lia depmeHTaTUBHA aKTUBHICTb € OCUTb
YYT/IMBOIO 10 TOKCMYHOTO BM/IMBY PEYOBMH, LLO [03BO-
NAE po3rnafaTh ii AK BiOXiMIYHMIA MapKep TOKCUYHOCTI
[6]. Pe3ynbTatn BRAMBY Nikapcbkoro 3acoby «Koary-
Nokc_N» Ha BeanyuHy Mg?*-ATda3Hoi akTUBHOCTI Memb-
paHHoOI dppakLii KNiTnH L929 npuseaeHi y Tabnuui 2.

AIK BMOHO 3 HaBegeHUX JAaHux, depmMeHTaTUBHA
aKTUBHICTb, AKa BigoOOparkae piBeHb EHepreTMYHoro
06MiHY KAniTUH L929, BUSABMANA BUCOKY YYTAMBICTb A0
TOKCUYHOI Aii BUKOPUCTAHOTO MO3UTUBHOFO KOHTPOIO.
3a xapaKTepom BMN/MBY Ha BenndnHy Mg?*-ATdasHoi ak-
TMBHOCTI CyMmapHOi MeMbpaHHOI GppaKLii eyKapioTUUHMX
KNiTMH L929 pocnigyKyBaHuii 3aci6 «Koarynokc_N» € He
TOKCUYHWM in Vitro.

TakKMM UYMHOM TecToBaHWI in vitro 3aci6 «Koary-
Nokc_N» 33 NOKa3HMKAMWM TeHOTOKCMYHOCTI, UUTO-
TOKCUMYHOCTI Ta BUKOPUCTAHUM BiOXiMIYHUM MapKepoMm €
6e3ne4yHnMm. BpaxoBytoun ocobanBOCTI peLenTypu Tako-
ro 3acoby MoKHa 6y/10 O4iKyBaTM TOKCUYHMX edeKTIB in
vitro BHacnigoK HaaBHOCTI y «Koarynokc_N» HaHo4YacTu-
HOK MeTaniB. Bigomo, Lo HaHOYACTUHKK cpibia MOXKYTb
NPOABNAATU LMUTOTOKCUYHI BIACTUBOCTI, OCKIZIbKM BOHMU
iHOYKYIOTb TUNOBY KNITUHHY peaKLUilo YTBOPEHHA aK-
TUBHUX GOPM KMCHIO [17]. B iHWMX AocnigxeHHAX 6yno
NMOKa3aHO, WO HaBiTb HEe3BaXKaloyM Ha BiAKNALEHHA
HAHOYACTUHOK cpibna B AepMi, MPOAB TOKCUMYHOI Aii He
dikcyBaBcs | He MaB cMcTeMHUX Hachigkis [18]. NMopsag,
i3 iHpopMmaLiEtd NPO TOKCUYHICTb in Vvitro HaHo4YacTu-
HOK 30/10Ta € BE/IMKUIA MacuB AaHUX LLOAO BiACYTHOCTI
LMTOTOKCUYHUX edeKTIB y Pi3HUX NiHIAX eyKapioTUYHUX
KNiTUH, 06pobneHnx HaHoYacTMHKamu 3os0Ta [19].
Tomy OTpUMaHi Hamu pe3ynbTaTH in Vitro wWoao 6esnexku
TecToBaHoOro 3acoby «Koarynokc_N» [03BoNiAtOTb BBA-
AT BUKOPUCTaHI y MOro peLenTypi HAHOYACTUHKMK 30-
noTa i cpibna 6iobeneuHmmu, a cam 3acib nignagae nig,
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KOHLENLil0 Cy4acHMX PaHO3arolBaibHUX
3acobis [20].
Moaanbli AocniaskeHHn by cnpamoBa-

Tabnuua 2 — OuiHka Mg*-AT®-a3HOT aKTUBHOCTI CyMapHOI
memb6paHHoi ppakuii KnitnH L929 nig, BnaMBom pocnigKyBaHo-

ro 3acoby «Koarynokc_N»

Hi Ha BU3HAYeHHA NapameTpPiB TOKCUYHOCTI in
vivo 3acoby «Koarynokc_N».

3a pesynbTaTamu MNpPOBeAEHUX AoChi-
[KeHb in vivo BCTaHOB/IEHO, LLO O4HOPA30oBe
BBEAEHHA B LWYHOK 3acoby «Koarynokc_N»

JocnigxyBaHi npenapatun

Mg?*-AT®-a3Ha aKTUBHICTb
cymapHoi membpaHHoi dpak-
Lii KNiTvH L929 nig sBnavsom
LOCNIAKYBaHUX Npenaparis,

wypam Wistar 8 g03i 5000 Mr/Kr He BUK/MKa-

N0 03HAK iIHTOKCMKaALLi: TBAPUHKU BynKn oxai-
HUMU, aKTUBHMMM, pearyBasm Ha CBITI0BI Ta
3BYKOBI NOAPA3HUKK, NPOLLECU CEYOBUANEH-

Ae/Ao, %
HeraTMBHWUI KOHTPOb (HaTUBHI MembpaHK,
100
Ao)
Mo3UTUBHMIA KOHTPOb (1abopaTopPHMIA 3pa3okK 20
3 BCTAHOBJ/IEHO LIUTOTOKCUYHOMO Ai€t0)
«Koarynokc_N» 100

HA Ta aedekauii 6yn1n B HOpMi, NOPYLIEHHA
ONXaHHA He cnocTepiranocb, pedaekTopHa
36yanuBicTb 36epiranaca. JleTanbHUX BUNAAKIB He cno-
cTepirann ynpoAoBK BCbOro nepioay TecTyBaHHA. [InHa-
MiKa Mmacw Tina TBapuH nepebyBana B mexax ¢isionoriu-
Hoi Hopmu (Tabn. 3).

Table 3 — Assessment of body weight dynamics in rats after
a single intragastric administration of the “Coagulox_N"

NoAPA3HIOYOI Aii HAa LWKipy MypuyakiB. IHAEKC LWKip-
HO-NOAPA3HIOYOI Aii cTaHoBUTL | =0 (BiacyTHicTb Mo-
ApasHiotoyoi aji).

JocnigeHHs nogpasHiotoyoil aii 3acoby «Koary-
NoKc_N» Ha cmnsoBy 0BONOHKY o4yeill KponiB MoKasa-
/10, WO OfHOpa3oBe 3aKanyBaHHA 3acoby «Koa-
rynokc_N» y go3si 50 mr/mn y KoH'lOKTUBaNbHUI
MiLLOK NPaBOro OKa He BUK/IMKAN0 NoAPa3HIoKYOi

BuxigHi o
fpyna TBapuH uaﬂi 3 poba 7 noba 14 p06a | pii Ha ioro ciim3oBy 06010HKY. Bnipoaosx 24 rog.
KoHTposib 184.5+1.9 | 190.5+1.8 | 200.241.6 | 211.5+1.2 | cnoctepexkeHHs rinepemia Ta HabpsK CaA130BOI
«Koarynokc_N», OKa y 40CNifHUX Kponis 6ynu BiacyTHI (Taba. 5).
5000 mr/Kr 187.7+2.8 | 193.5+2.6 | 198.8+2.5 | 209.0¢3.3 3a pesynbratamy OLHKWM MOAPA3HIoYOoI Aii

Y KiHUi nepiogy cnoctepeXeHHAa TBApWH BUBOAMUAU
3 eKcnepumeHTy. MNpu NaTtoNoroaHaTOMIYHOMY PO3TUHI
OOCAIAHMX WypiB He BiAmMiYeHO Oyab-SKUX BigXuUneHb
BiZL HOPMW Y KUTTEBO-BAXK/IMBUX OpraHax TBapuH (ne-
YiHKa, HUPKMK, cenesiHka, cepue, NereHi, wny-
HOK).

3a pe3y/nbTaTaMu BUKOHAHUX AOCAIAKEHD

3acoby «Koarynokc_N» y n03i 50 mr/mn Ha camso-
BY 000/IOHKY OYel KposiB TeCTOBaHMUI 3acib He YNHUTD
noapasHioYoi Aji Ha can3oBy 060MOHKY o4elt. IHAeKC
noApasHIooYoi Aii Ha cm3osy 060/10HKY | =0 (BiacyT-
HiCTb NoAapasHiooYoi Aji).

Tabnuua 4 — OuiHKa WKipHO-NoApa3HIoYOoI Aii 3acoby
«Koarynokc_N» npu HaHeCeHHi Ha WKipy MmypyakiB

cepeAHbo-cmepTenbHa aosa (/14 ) ana 6inunx
wypis Wistar npu BBeAEHHI Y LWAYHOK nepe-
BuLiye 5000 mr/kr. 3aci6 «Koarynokc_N» 3a
napameTpamm rocTpoi TOKCUYHOCTI Npu BBe-

lpyna TBapuH

CepepaHii cymapHuii 6an BUpasHoCTi nogpasto-
toyoi gii
(eputema Ta/um HabpsK)
Bigpasy nicna |Yepes 1 rog nic-|Yepes 16 rog, nic-|
HaHeCeHHs | NA HaHeceHHa | NA HaHeceHHn

[EHHi y WNYHOK HaneXuTb Ao 4 knacy Hebes-
nekn (manoHebesneyHi pevyoBUHM) 3rigHO

“Coagulox_N”, 20 mg/cm? |0 (BigcyTHicTb)

0 (BigcyTHicTb) | O (BigcyTHicTb)

[15].

LUloao pocnigreHb rocTpoi AepmasbHOI TOKCUYHO-
CTi in vivo BCTaHOBNEHO, WO O4HOPA30Be HAaHECEeHHA Ha
WKipy 3acoby «Koarynokc_N» wypam Wistar B go3i 2500
Mr/Kr He BMKIMKaNOo O3HaK iHTOKCMKaALi, He NpuU3BoAM-
IO A0 NeTanbHUX BUNAAKIB YNPOAOBK BCbOro nepiogy
CNocTepeXKeHHsA, He BUK/IMKA/IO CYTTEBUX 3MiH ANHAMIKM
Macw Tina TBapuH Ta ByAb-AKUX BiAXWNEHb Big, HOPMU Y
JKUTTEBO-BAXK/IMBUX OpraHax wypis. Takum ymHom, J11,_
ana 6invx wypis Wistar npu HaHeceHHi Ha LWKipy cTaHo-
BUTb Binblwe 2500 mr/Kkr. OTKe, 3acib «Koarynokc_N» 3a
napameTpamm rocTpoi TOKCUYHOCTI NMPW HaHECEHHi Ha
WKipy Hanexutb Ao 4 Knacy Hebesnekn (ManoHebes-
NeyHi pevyoBUHN).

3a pesysnbTaTaMyn NpoBeAeHUX AOCNIAXKEHb LWKip-
HO-MoApPa3sHoYOI Aii 3acoby «Koarynokc_N» npu HaHe-
CEHHi Ha LUKipy BCTAHOBNEHO, LLIO OAHOPA30BE HaHeCEeH-
HS Ha LWKipy Mypu4akis 3acoby «Koarynokc_N» y gosi 20
Mr / cM? He BUKJ/IMKANO 03HaK NoApasHeH-

TakMM YMHOM, KOMMJIEKC TECTYBaHb in Vivo TOKCWY-
HocCTi 3acoby «Koarynokc_N» [03BO/IMB BigHECTU Ao-
cnigykeHui 3acib o 4 knacy Hebesnekun 3a napameTpa-
MM TOCTPOi NepopanbHOi Ta AepPMasbHOI TOKCUYHOCTI
— ManoHebe3neyHi pe4yoBUHU. [locniasKeHi napameTpum
noapasHoYoi Aii Ha WKipy Ta cn30Bi 06010HKM Nabo-
PaTOPHUX TBAPWMH CBiAYaTb MPO BiACYTHICTb NOAPA3HIO-
toyoi aii 3acoby «Koarynokc_N».

BpaxoBytoun ocobamsocTi cknagy «Koarynokc_N», B
AKOMY HasfiBHiI MasioHebe3neyHi XiMibyHi pe4oBMHM TaKi AK
Aepocun i KaoJiH Ta HAaCTOAHKA He3pinux Nao4iB ropixa
BOJIOCbKOI0, OCHOBHUI TOKCUYHWIA BNAWB in Vivo MoK
6 NpoABNATU HaABHI y 3ac06i HAHOYACTMHKM MeTaniB —
30/10Ta i cpibna. 3 AaHux NiTepaT BiZOMO NPo BUNALKM
NoTPanIAHHA TaKMX HAHOYACTMHOK B OPraHi3m TBapwWH
nepopanbHUM, TPaHCAEPMaAbHUM LWAAXOM Ta dikcauii
CMCTEMHOTO TOKCUYHOTO BMN/IMBY HAHOYACTUHOK MeTaniB

HA — epuUTeMM YM Habpaky. [aHi Tabauui TaGHVlU,ﬂ 5 — OuiHKa "OAPa3HIOIO'-IOT aii 3ac06y «Koarynokc_N» Ha

4 [eMOHCTPYIOTb BiACYTHICTb NposABY Mo-

cnn30BYy 060/10HKY OKa Kposs 3a cTyneHem rinepemii Ta HabpaKky

ApasHiotoyoi aii 3acoby «Koarynokc_N»
NpY HaHeCEeHHI Ha LWKipy MypyaKiB.

3a pesynbTaTaMM BMKOHAHWX [0CHI-
O)KeHb BCTaHOB/IeHO, Wo 3acib6 «Koary-

lpyna TBapuH

CTyniHb rinepemii/Habpsky

Oppasy nicns
3aKanyBaHHA

Yepes 1 rop nic- [Yepes 24 rop, nic-
1A 3aKanyBaHHA | 19 3aKanyBaHHA

nokc_N» y a03i 20 mr / cm? He YMHUTb

«Koarynokc_N», 50 mr/mn |0/0 (BiacyTHicTb)|0/0 (BiacyTHicTb)|0/0 (BiacyTHicTb)
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[21-23]. OTpuMaHi Hamu [aHi 3 KAIHIYHOT TOYKK 30pYy
CBiAYaTb MNpPO BiACYTHICTb TOKCMYHOCTI HAHOYACTUHOK
30/10Ta i cpibna B ckNadi TectoBaHOro 3acoby, a oTKe Ui
HaHOMaTepia M MOXKHa 6e3ne4YHO BMKOPUCTOBYBATU He
CTBOPIOIOYM HAAMIPHUX PU3KKIB ANA 340POB’A NIOANHU
npv BNPOBaAKeHHI HAHOYACTMHOK K NOTEHLLMHOTO 3a-
coby NiKyBaHHA B KNiHIYHY NPAKTUKY.

BucHoBKMU.

1. EKcnepuMmeHTaNbHWUIA IHHOBALIMHUIM NiKapCbKUi
3aci6 «Koarynokc_N» 3a nokasHuMKamu in vitro reHo-
TOKCUMYHOCTI, LLUTOTOKCMYHOCTI Ta BioXimiuHMM MapKe-
pom BnaAnBy Ha Mg?*-ATd-a3Hy aKTUBHICTb membpaHHOT
dpaKuii TecToBOT KyNbTYpU KNITUH L929 € Hiobe3neyHnm.

2. OuiHKa BignosiaHocTi 3acoby «Koarynokc_N»
KpUTepiam roctTpoi nepopasibHOi TOKCUYHOCTI (ﬂﬂ,so) npu

BBEAEHHI B LWIYHOK Ta rOCTPOi AepPManbHOI TOKCUYHO-
CTi MPU HaHECeHHI Ha LWKipy nabopaTopHMM TBApMHAM
3acBiAuMNa HaNeXHicTb TecToBaHOro 3acoby Ao 4 Knacy
Hebe3nekn (manoHebesneyHi peyoBuHK) 3rigHo «lirie-
HiYHMX pPernaMeHTIB 4OMNYCTUMOrO BMICTY XiMiYHUX i Bio-
JIOTiYHMX PEYOBMH Y NOBITPi PO60OYOT 30HUY.

3. TectoBaHuit 3aci6 «Koarynokc_N» He YMHUTb Mo-
Apa3Hiooyoi Aji Ha WKipy Ta 06010HKY oveit nabopaTtop-
HUX TBAPUH.

MepcneKkTUBM NoganbINX AOCNIANKEHD.

BWKOHaHI AocnigKeHHA BiAKPMBAOTb NEePCNeKTn-
BY NPOBeAEHHA HaNeXHUX eKcnepTu3 ANA BNPOBaAXKEH-
HA 3acoby «Koarynokc_N» B meguuyHy, y TOMy 4uchi
BiICbKOBO-MeAMYHY MNPaKTUKY, 3rigAHO BMMOT YMHHOI
HOPMATMBHOI-PErNaMeHTYYO0i JOKYMeHTaL,ii.
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OUIHKA BIOBE3MEYHOCTI EKCMEPUMEHTA/IbHOIMO IHHOBALLIMHOIO JIIKAPCbKOTO 3ACOBY «KOATY-
JIOKC_N»

3aroscbKuii I. B., iub6kosa C. M., UuraHosuu O. A., Amutpyxa H. M.,
lpysiHa T. I, Pe3HiueHko /1. C., MaHbKo A. B, NMpoKoneHKo B. A

Pe3stome. CTBOPEHHS Cy4YaCHMX JliIKaPCbKMX 3acobiB 30BHILLHLOrO 3aCTOCYBaHHA A/ HaAaHHA AK NepLuoi He-
BiAKNAAHOI AOMOMOrM, TaK i ANA NOAANLLUOIO NiKyBaHHA, € aKTya/lbHUM 3aBAaHHA XiMiYHOT Ta dapmaueBTUYHOI
npomucnosocTi. MeTtoto poboTu 6yno gocnigxeHHa 6iobesnekn in vitro Ta in vivo 3acoby «Koarynokc_N», akuit
NOEAHYE Y OAHOMY 3ac0b6i TepaneBTUYHI ePeKTU aHTUMIKPOOBHOro, KPOBOCMIMHHOIO i PaHO3aroBaAbHOMO Npena-
paTy. biobesneuHicTb 3acoby «Koarynokc_N» in vitro BU3Ha4yann 3a napameTpamu reHo-, LUTOTOKCMYHOCTI Ta 3a
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XapaKTepoMm BMJ/IMBY Ha MapKepHy depmeHTaTMBHY Mg?*-3aneHy-ATO-rigponasHy akTMBHICTb MmembpaH TecToBol
KynbTypu ¢ibpobnactisB muwen L929. LIUTOTOKCUYHICTb | FTEHOTOKCUYHICTb in Vitro ouiHI0BaAM i3 3aCTOCYBAHHAM KO-
HAMUioHOBaHOro 3paskom «Koarynokc_N» cepefoBuLla KyAbTUBYBAHHA Ky/bTYP €yKapioTUYHUX KAITUH NiHii L929
— DMEM/F1. LLUTOTOKCMYHY Ao TeCTOBAHOro 3acoby BM3HAYanM 3 BUKOPUCTAHHAM TeCTy 3 BiTalbHUM 6apBHUKOM
TpuNaHoBMM cUHIM. OUiHKY in vitro 3acoby «Koarynokc_N» 3a NOKa3HMKOM reHOTOKCUMYHOCTI NPOBOAMIM METOLOM
OHK-KomeT B Ny»KHMX yMmoBax. [1oKa3aHo, Wo eKcnepMmeHTaIbHUIM iIHHOBALIMHMIA NiKapcbKuUii 3acib «Koarynoke_N»
3a MNOKa3HUKaMM in Vitro reHOTOKCMYHOCTI, LUTOTOKCMYHOCTI Ta BioXiMiYHMM MapKepom BNAnBY Ha Mg*-ATd-a3Hy
aKTMBHICTb MeMbpaHHOI ppaKLii TeCTOBOI KyAbTypu KNiTUH L929 € 6iobesneuHum.

KpuTepii ToKcMyHoCTi in vivo 3acoby «Koarynokc_N» BM3Ha4yanu 3a napameTpamm roctpoi nepopanbHOi TOKCUY-
HOCTi NpY BBEAEHHI B LNYHOK Ta rocTpoi AepMasibHOT TOKCUMYHOCTI NPU HaHECEHHI Ha WKipy 6iAMm wypam; wWkip-
HO-MOAPa3sHIoYOI Ail 3acoby «Koarynokc_N» npy HaHeCEeHHi Ha LWKipy MypyaKiB Ta NoApPa3HIoYOi Ajii 3acoby Ha
Cn30BY 060/I0HKY o4ei KponiB. NoKasaHo, WO KOMMNEKC TecTyBaHb in vivo 3acoby «Koarynokc_N» f03BOAMB Bif-
HecTn gocniarKeHui 3acib go 4 knacy Hebesnekn 3a NnapaMeTpamMm roCcTPoi NepopasibHOT Ta AePMasibHOT TOKCUYHO-
cTi. JocnigxKeHi napameTpy nogpasHIoYoi Ail Ha WKipy Ta c/IM30Bi 060/10HKK 1abOPATOPHUX TBAPWH CBiAYaTb NPO
BiZICYTHICTb MoApa3HioYOi Aji 3acoby «Koarynokc_N».

BuKOHaHi gocnigeHHA BiAKPUBaAlOTb NEPCNeKTUBY NPOBEAEHHA HANEXKHUX eKCNepTu3 A1A BNPOBaAKeHHA
3acoby «Koarynokc_N» B meamuHy, y TOMY YMCAi BiiCbKOBO-MEANYHY NPAKTUKY, 3riAHO BUMOT YNHHOI HOPMATMB-
HOI-pernameHTyUO0T JOKYMEHTAUi.

Kntouosi cnosa: «Koarynokc_N», 6iobesneyHicTb, reHOTOKCUYHICTb, MarHili-3anexHa-ATd-rigponasHa akTmB-
HiCTb MeMbpaH, LMTOTOKCUYHICTb, CEpeAHbO-CMepPTeNbHA 4033, NOAPA3HIOYaA Aif.

BIOSAFETY ASSESSMENT OF THE EXPERIMENTAL INNOVATIVE MEDICINAL PRODUCT “COAGULOX_N"
Zatovsky I. V., Dybkova S. M., Tsyganovich O. A., Dmytrukha N. M.,
Gruzina T. G., Rieznichenko L. S., Panko A. V., Prokopenko V. A.

Abstract. The creation of modern medicinal products for external use, both for first aid and further treatment, is a
pressing task for the chemical and pharmaceutical industries. The aim of the study was to investigate the in vitro and
in vivo biosafety of “Coagulox_N”", a product that combines the therapeutic effects of an antimicrobial, haemostatic
and wound-healing agent in a single product. The biosafety of “Coagulox_N”" was determined in vitro based on the
parameters of genotoxicity, cytotoxicity, and the nature of the effect on the marker enzymatic Mg2+-dependent
ATPase activity of the membranes of the test culture of L929 mouse fibroblasts. Cytotoxicity and genotoxicity in vitro
were assessed using a culture medium conditioned with the “Coagulox_N” sample of L929-DMEM/F1 eukaryotic
cell lines. The cytotoxic effect of the tested agent was determined using a test with the vital dye trypan blue. The
in vitro assessment of “Coagulox_N”" for genotoxicity was performed using the Comet assay in alkaline conditions.
It has been shown that the experimental innovative drug “Coagulox_N" is biosafe according to in vitro indicators of
genotoxicity, cytotoxicity, and biochemical markers of the effect on Mg2+-ATPase activity of the membrane fraction
of the test culture of L929 cells.

The in vivo toxicity criteria for “Coagulox_N" were determined based on the parameters of acute oral toxicity
when administered into the stomach and acute dermal toxicity when applied to the skin of white rats; the skin
irritation effect of “Coagulox_N" when applied to the skin of guinea pigs and the irritation effect of the product on
the mucous membrane of the eyes of rabbits. It has been shown that a series of in vivo tests of the “Coagulox_N"
product allowed it to be classified as a Class 4 hazard based on acute oral and dermal toxicity parameters. The
parameters of irritant effects on the skin and mucous membranes of laboratory animals studied indicate that
“Coagulox_N” has no irritant effect.

The studies conducted open up the prospect of conducting appropriate expert examinations for the introduction
of “Coagulox_N" into medical practice, including military medical practice, in accordance with the requirements of
current regulatory documentation.

Key words: “Coagulox_N”, biosafety, genotoxicity, magnesium-dependent ATPase activity of membranes,
cytotoxicity, median lethal dose, irritant effect.
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Myrnyi V. H., Moisieieva N. M.

MODULATION OF NITROGEN METABOLISM UNDER CHRONIC COLD STRESS IN GUINEA
PIGS: THE ROLE OF DALARGIN AND NALOXONE IN MEDIATING A PROTECTIVE EFFECT

Institute for Problems of Cryobiology and Cryomedicine, National Academy of Sciences of Ukraine
(Kharkiv, Ukraine)
ukrainanataliy@gmail.com

Adaptation to cold stress is a critical process for maintaining viability under extreme low-temperature conditions.
This process activates complex neurohumoral mechanisms that ensure thermogenesis, homeostasis, and functional
stability of the organism. One of the key research areas is the study of synthetic neuropeptides, such as dalargin,
which are capable of reducing cellular stress, preventing apoptosis, and promoting cell proliferation. However, the
effects of this peptide on key markers of nitrogen metabolism, such as creatinine and urea, under prolonged cool-
ing conditions remain insufficiently studied. The aim of this work was to assess the impact of dalargin on nitrogen
metabolism markers (urea and creatinine) in guinea pigs under chronic cold stress (CCS) and to investigate the
mechanisms underlying its protective effects. The experiment was conducted on guinea pigs, which were subjected
to CCS through reduced ambient temperature. The results showed that CCS caused an increase in urea levels and a
decrease in creatinine levels, indicating disturbances in nitrogen metabolism, enhanced catabolism, and impaired
kidney function. Administration of dalargin led to a reduction in urea levels, but creatinine levels remained similar
to those of the CCS group, indicating the selective nephroprotective effect of dalargin. To further explore the mech-
anisms of this action, the synthetic neuropeptide antagonist, naloxone, was used. The results demonstrated that
naloxone administration partially reduced urea levels but did not restore the parameters to control levels. The data
obtained confirm the role of opioid regulation in cold stress adaptation and indicate the potential of dalargin to cor-
rect nitrogen metabolism disturbances under CCS. These findings open prospects for the use of neuropeptides in the
treatment of metabolic disorders under extreme temperature conditions.

Key words: adaptation, cold stress, hypothermia, homeothermic animals, protein metabolism, blood biochemical
parameters, dalargin, cryobiology.

Connection of the publication with planned re-
search works.

restructuring of energy metabolism to support thermo-
genesis and maintain internal homeostasis [1, 2, 3, 4].

The study was conducted within the framework
of research project “Investigation of the protective ef-
fects of synthetic neuropeptide analogs on the body
of homeothermic animals and isolated cells exposed
to cold stress,” state registration number 2.2.6.136
(0121Vv100384).

Introduction.

Metabolic adaptation of the organism to low tem-
peratures is a highly relevant topic in contemporary
experimental and clinical physiology, as it ensures the
maintenance of homeostasis, energy balance, and vi-
ability under cold stress conditions. Investigating the
molecular mechanisms underlying this adaptation is
essential for developing effective strategies to prevent
and correct disorders caused by extreme temperature
exposure. It is well established that cold exposure acti-
vates complex neurohumoral mechanisms that induce a

In recent years, increasing attention has been directed
toward the role of neuropeptides as potential modula-
tors of these adaptive responses. Of particular interest
are dalargin, a synthetic analog of Leu-enkephalin, and
naloxone, a competitive opioid receptor antagonist [5,
6]. Contemporary research highlights the cytoprotective
and anti-inflammatory properties of opioid peptides
in various models of cellular stress. For instance, the
synthetic Leu-enkephalin analog D-Ala®-Leu®-enkeph-
alin (DADLE), which selectively activates delta-opioid
receptors, has been shown to enhance the viability of
human mesenchymal stem cells under serum depriva-
tion through activation of the delta-opioid receptor—
phosphoinositide 3-kinase—protein kinase B signaling
pathway (DOR/PI3K/AKT) [7]. Moreover, DADLE has
been demonstrated to reduce reactive oxygen species
production, increase the expression of the anti-apoptot-
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