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According to data provided by the
Office of the UN High Commissioner
for Human Rights, more than 40
thousand people became victims of the
military conflict from April 2014 to
the end of 2020, more than 4 thou-
sand military personnel were killed,
more than 12 thousand were injured
[1]. There is a clear gradation in the
types of injuries: up to 60% are
mine-explosive, 20-22% are com-
bined, 10-13% are burns. These data
indicate the relevance of the problem
of wound and burn treatment for the
healthcare system, both in the civil
and military spheres, as general state
tasks [2].

In modern literature, a wound is
defined as a violation of the integrity
of the skin or mucous membranes
caused by mechanical action and usual-
ly accompanied by damage to deeper
tissues or organs [3]. During the wound
healing process, three phases are usual-
ly distinguished: Phase I is the inflam-
matory phase, characterized by the
release of the wound from necrotic tis-
sue and foreign bodies; Phase II is the
proliferation or regeneration phase;
Phase III is the maturation or remodeling
phase, characterized by wound closure
and final scar formation [4].
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At the Department of General Chem-
istry of NUPh, assistants Maslov A. Yu.
and Komisarenko N. A. under the
supervision of Professor Kolesnik S. V.
developed an anhydrous gel "Hyperi-
cum-Derm” consisting of a-arbutin
(0.05%), clotrimazole (0.005%), lido-
caine hydrochloride (2.0%), St. John's
wort extract (4.0% by dry residue) and
hawthorn leaf and flower extract (3.0%
by dry residue). The anhydrous gel was
obtained based on Levomekol technolo-
gies; polyethyleneglycol 400:1500 (8:2)
was chosen as the basis for the anhy-
drous gel. This basis was chosen
because in the first phase of the wound
it is necessary to clean the wound from
necrotic tissue and reduce the inflam-
matory reaction. This task is easily
accomplished by the PEG base due to
its high osmotic strength (336%) [5].

The next key issue is the composi-
tion of combinations of active pharma-
ceutical ingredients that will have an
antimicrobial effect against of bacteria
and fungi, as well as help suppress
inflammation and inactivate free radi-
cals. To solve this problem, we turned
to the experience of Soviet pharma-
cists; in the 60s of the 20% century,
the drug "Novoimanin” was developed
and introduced in the USSR [6]. This
drug was used in the form of a solution
for the treatment of burns, puru-
lent-inflammatory diseases of wounds
infected with gram-positive strains.
The active component of "Novoimanin”
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is an extract of St. John's wort, the
main biologically active substances of
the extract are flavonoid derivatives
(rutin, hyperoside, quercetin), and
anthracene derivatives (hypericin).
Many studies have described that St.
John's wort extract has anti-inflamma-
tory, antimicrobial, antioxidant, anti-
cancer and analgesic effects [7], there-
fore, St. John's wort extract is a
suitable component for creating anhy-
drous gel. Since we have a task to
obtain anhydrous gel that can inhibit
"superbugs”, we selected an important
component such as a-arbutin to solve
this problem. In our previous studies
[8, 9], it was shown that a-arbutin dis-
rupts biofilm formation by resistant
bacteria by affecting the Lasl quorum
sensing system.

To prevent the formation of a poly-
microbial biofilm between bacteria and
fungi, we selected an antifungal drug —
clotrimazole. Polymicrobial biofilm is
the main reason for non-healing in
chronic wounds, especially in burns.
To prevent the occurrence of symbiosis
between bacteria and fungi, an anti-
fungal agent should be used with the
prescribed therapy of broad-spectrum
antibacterial drugs.

To enhance anti-inflammatory and
antioxidant activity, we included haw-
thorn leaf and flower extract in the
composition, since the extract contains
such active compounds as vitexin and
isovitexin. In available studies, jour-
nals indexed in Scopus and Web of
Science, it was shown that these com-
pounds have high cardioprotective,
antimicrobial, wound-healing, antiin-
flammatory, antioxidant, and neuro-
protective effects [10].

The last and important component
of our anhydrous gel is lidocaine
hydrochloride. This component plays
not only the role of a local anesthetic,
but primarily as a compound that will

suppress and prevent the formation of
bacterial film [11].

The aim of the study was to investi-
gate regenerative and analgesic effects
of a novel anhydrous gel "Hyperi-
cum-Derm” for treatment of wounds
for I and II phase.

Material and methods. The study
was performed on 30 male albino rats
(284.1 = 5.32) g and on white non-linear
male mice weighing 20-24 g. 28 mice
housed in ventilated conditions with
standard feed and free access to food
and water. The experiment was con-
ducted in compliance with the require-
ments of the "European Convention on
the protection of vertebrate animals
used in experiments and other scien-
tific purposes” [12, 13] and approved
by bioethic comisson of the National
University of Pharmacy (protocol
No. 7 01.11.2024).

The wound-healing effect of anhy-
drous gel "Hypericum-Derm" was
studied on a model of a full-layer
stencil wound. The wound plane was
recreated on a previously depilated
area of skin in anesthetized rats
(thiopental, 40 mg/kg). For this
purpose, the skin was cut using sur-
gical scissors, tweezers and a sten-
cil. In the framework of humane
treatment of animals in our experi-
ment, stencil wounds were made
with a size of 1x1 cm? (100 mm?).
The skin and instruments were
treated with 96% ethyl alcohol solu-
tion. After surgery, the wound was
treated with 3% hydrogen peroxide
solution. On the second day after
modeling stencil wounds, the ani-
mals were randomized into groups
according to the size of the wound
area and treatment began.

The main indicators of the wound
healing effect of the drugs were the
area of stencil wounds (S, mm?), the
speed of healing and the percentage of
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rats with healed wounds compared to
the control group. The effectiveness of
the drugs was studied in dynamics on
the 1st, 4th 7th 10th 13th 16th, 17th,
18th 19t 20th, 21st, 2274 23rd gnd 24
day of treatment. Observations were
carried out until the wounds were com-
pletely healed.

The area was measured according
to the method of L. N. Popova [14],
applying a transparent stencil to the
wound and calculating the wound
area (in mm?). The wound healing
coefficient (V) was calculated by the
formula:

V= (Smax - Sinvest) / Smax’

where: S = — maximum wound area
(1% day of treatment), mm? S, .
wound area on the day of investiga-
tion, mm?2.

All animals were divided into 5
groups. The first group was a control
pathology (the animals’ stencil wound
was treated with a 0.9% NaCl solu-
tion), the second group was a
polyethylene glycol base 400/1500
(8:2) without active pharmaceutical
ingredients, the third group was
"Levomekol” ointment (Pharmaceuti-
cal Factory "Viola", series number
LMK-03-250722-01-UA) at a dose of
1.0 g per 1 cm?2, the fourth group was
"Wundehil” ointment (LLC "Scientific
and Production Pharmaceutical Com-
pany "AIM", series number WUN-05-
250825-01-UA) at a dose of 1.0 g per
1 cm?2, the fifth group was anhydrous
gel "Hypericum-Derm” at a dose of
1.0 g per 1 cm?. The treatment regi-
men was as follows: "Hypericum-Derm",
"Levomekol”™ and "Wundehil” was
applied to the wound surface in the
amount of 1.0 g per 1 cm? once daily
until complete wound healing.

To measure the pain threshold, the
hot plate test was chosen, which
allows investigating the analgesic
activity of the experimental gels

under thermal stimulation of the
limbs of white mice [15]. During
thermal stimulation, a hot plate was
used, which was heated to 55 °C (Hot
plate meter, Columbus Instruments,
USA). The analgesic effect of the gels
was determined by the ability to
change the pain threshold of experi-
mental animals to the corresponding
stimuli. The analgesic activity of the
gels in the hot plate test was mea-
sured as the time (s) the mice spent
on the hot plate before the appear-
ance of a defensive reflex — with-
drawal from the surface and licking
the limbs. In the experiments were
used 4 groups of animals (7 mice
each): 1 group — control group, ani-
mals without the use of gel; 2 group —
animals, to whom polyethylene gly-
col gel 400/1500 (8 : 2) base was
applied; 3 group — animals, which
were applied the comparison
drug — 2% lidocaine hydrochloride
gel; 4 group — animals with applica-
tion "Hypericum-Derm” gel. For the
"hot plate” test gels were applied 20
min before the corresponding irrita-
tion to all limbs of the mice.

The experimental data were pro-
cessed using the Statistica 8 software
package using the values of the arith-
metic mean (M) and the standard devi-
ation of the arithmetic mean (m). Each
value is presented as M = m. The
results were analyzed using Mann-Whit-
ney test and differences were considered
significant at p < 0.05.

The research was carried out within
the framework of the topic "Develop-
ment of anhydrous gel based on pheno-
lic compounds for the treatment of
purulent wounds caused by antibiotic-re-
sistant Pseudomonas aeruginosa” of
the list of scientific studies of the
Ministry of Health of Ukraine, carried
out at the expense of the state budget
of Ukraine No. 0124U002080.
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Results and discussion. Wound
healing of anhydrous gel "Hyperi-
cum-Derm"” in rats was assessed visu-
ally and by planimetric indicators.
On the 5% day, the formation of a
zone of necrosis was observed at the
edges and in the subcutaneous layer
of the wound. The wounds were
covered with necrotic exudate, which
during further processes dried up
and formed scabs. The wound edges
in the control group were more
hyperemic than in the experimental
groups. The control group also had
more pronounced inflammation and
large exudate. Analysis of planimet-
ric indicators in Table 1 shows that
on the 5% day of treatment, the
wound area decreased in the group
with anhydrous gel “Hyperi-
cum-Derm” by 21%, in the compari-
son groups ointment "Levomekol”
and "Wundehil” by 16%, and oint-
ment with a polyethylene glycol base
by 24%. The healing rate of the
studied anhydrous gel was 1.27, 1.62
and 2.0 times higher than that of the
ointments "Levomekol”, "Wundehil”
and the control pathology group,
respectively.

The characteristic active pathological
granulation process began on the 8t
day in the group with the polyethylene
glycol-based gel, "Levomekol™ and the
anhydrous gel "Hypericum-Derm".
The healing rate in the group with the
anhydrous gel "Hypericum-Derm”™ was
50, 14, 2 and 46% higher than in the
control pathology group, the polyethy-
lene glycol-based gel, ointment
"Levomekol” and ointment "Wunde-
hil™ respectively.

Complete wound healing with anhy-
drous "Hypericum-Derm" gel occurred
on day 12, with "Levomekol™ oint-
ment — on day 15, with polyethylene
glycol-based gel and "Wundehil”
ointment — on day 15, and in the

group with control pathology on day
18. Therefore, based on the above
facts, it can be concluded that the
developed composition of the anhy-
drous gel provides wound healing
activity and has a positive effect on
the speed of healing of the stencil
wound.

To determine the analgesic activi-
ty, a model of pain reactions was
used, which is connected with the
activation of TRP receptors. Accord-
ing to the results shown in Table 2,
it was established that the investi-
gated anhydrous gel “Hyperi-
cum-Derm”™ reliably increases the
latent period of the manifestation of
pain on a hot surface by 3 times rela-
tive to the control values. The dif-
ference in the latent period was sig-
nificant in the group of the investi-
gated anhydrous gel “"Hyperi-
cum-Derm” and 2% lidocaine hydro-
chloride. In the experimental group
with polyethylene glycol base, a
2-fold increase in the latent period
was observed compared to the con-
trol group.

Analgesic effect of “"Hyperi-
cum-Derm” anhydrous gel is justi-
fied by the presence of lidocaine
hydrochloride and its effect on pain
receptors. Also, during the research,
it was established that the
polyethylene glycol base itself has a
local anesthetic effect. In our opinion,
this is related to the fact that the
melting temperature of the polyethy-
lene glycol base is 250 °C, and the
temperature of the plate itself was
50 °C, so the polyethylene glycol base
contributed to slowing down the
action of the thermal stimulus on the
pain receptors of the skin. Also, we
did not observe the summation of the
effect of polyethylene glycol base and
lidocaine hydrochloride according to
the results of the study.
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Table 2

Analgesic activity of the gels according to the "hot plate” test, M + m

Experimental group

Latent period of pain reaction, s

1. Control 49+0.3

2. Polyethyler]e glycol gel 8.7 £0.4*
400/1500 (8 : 2) base

3. 2% Lidocaine hydrochloride gel 13.3£0.7%, **
4. Anhydrous gel "Hypericum-Derm” 12.0 £ 0.6*, **

Ipumimra. “Values are significant relative to the control pathology group, p < 0.05, “values are sig-
nificant relative to the comparison drug polyethylene glycol gel base, # values are significant relative
to the comparison drug 2% Lidocaine hydrochloride gel.
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cum-Derm” anhydrous gel promotes

the 12% day, compared to the con-
trol group only on the 215t day.

.On the "hot plate” model, it was

established that "Hypericum-Derm”
anhydrous gel has a local anesthetic
effect, which is due to the effect on
TRP receptors of the skin.

complete healing of the wound on

. Hodgetts T. J., Naumann D., Bowley D. Transferable military medical lessons from the Russo-Ukraine

war. BMJ Military Health. 2023. P. e002435. https://doi.org/10.1136/military-2023-002435.

. Gunshot injury to the colon by expanding bullets in combat patients wounded in hybrid period of the

Russian-Ukrainian war during 2014-2020. K. Gumeniuk et al. BMC Surgery. 2023. V. 23, No. 1. P. 1-15.
https://doi.org/10.1186/s12893-023-01919-6.

. Wound healing. P.-H. Wang et al. Journal of the Chinese Medical Association. 2018. V. 81, No. 2.

P. 94-101. https://doi.org/10.1016/j.jcma.2017.11.002.

. Sorg H., Sorg C. G. Skin wound healing: of players, patterns and processes. European Surgical

Research. 2022. V. 64, No. 2. P. 141-157. https://doi.org/10.1159/000528271.

. 3HAYEHHS OCMOTUYHMUX BNACTUBOCTEN Ma3ei Nif 4ac iX BUKOPUCTAHHA Yy MEAUYHI npakTuui.

I. M. Mepues 1a iH. BicHuk ¢papmadii. 2002. T. 2, N2 30. C. 7-10.

. Mpenapat HoBommaHuH: nat. 179424 CCCP: A61K 35/78. N2 721945; 3aasn. 15.03.1961; ony6n.

08.02.1966, Bron. N2 5.

. Hypericum perforatum: traditional uses, clinical trials, and drug interactions. S. Z. Nobakht et

al. Iranian Journal of Basic Medical Sciences. 2022. V. 25, No. 9. P. 1045-1058. https://doi.
org/10.22038/ijbms.2022.65112.14338.

. The application Arbutin in elimination resistance of antibiotics against gramm-negative multi-drug

resistance bacteria of Acinetobacter baumanni and Klebsiella pneumoniae. O. Maslov et al. Indonesian
Journal of Pharmacy. 2025. V. 36, No. 2. P. 236-245. https://doi.org/10.22146/ijp.13966.

. The application of arbutin in elimination resistance gramm-negative multidrug resistance bacteria of

Pseudomonas aeruginosa and Enterobacter cloacea. O. Maslov et al. ScienceRise: Pharmaceutical
Science. 2024. No. 5 (51). P. 38-46. https://doi.org/10.15587/2519-4852.2024.305965.

A review on the pharmacological effects of vitexin and isovitexin. M. He et al. Fitoterapia. 2016. V. 115.
P. 74-85. https://doi.org/10.1016/j.fitote.2016.09.011.

®apmakonoris Ta nikapcbka rokcukonoris, Tom 19, N 4/2025

359

ISSN 2227-7943. Pharmacology and Drug Toxicology, 2025, 19 (4), 354—361



11. Razavi B. M., Fazly Bazzaz B. S. A review and new insights to antimicrobial action of local anesthe-
tics. European Journal of Clinical Microbiology & Infectious Diseases. 2019. V. 38, No. 6. P. 991-
1002. https://doi.org/10.1007/s10096-018-03460-4.

12. Directive 2010/63/EU of the European Parliament and of the Council on the protection of animals used
for scientific purposes. Official Journal of the European Communities. 2010. L. 256. P. 33-79.

13. Guide for the care and use of laboratory animals: eighth edition. Washington, D. C. : National
Academies Press, 2011. https://doi.org/10.17226/1291.

14. TkavoBa O. B. ®apmakonoriyHe BUBYEHHSI HOBUX NIKapCbKMX NMpenapartis, CTBOPEHMX HA OCHOBI Npu-
POAHMX cyOCTaHLIM | NpU3HaYeHMX A MiCLEBOro NikyBaHHS paHOBOMO NpoLecy: aBToped. ANC. A0K-
Topa dapmaueBTUYHMX Hayk: 14 03.05. Xapkis, 2014. 45 c.

15. Anti-inflammatory and analgesic effect of an ointment containing carotenoids of the hexane extract of
Cladophora aegagropila. O. |. Aleksandrova et al. Reports of Vinnytsia National Medical University.

2024. V. 28, No. 1. P. 17-22. https://doi.org/10.31393/reports-vnmedical-2024-28(1)-03.

O. Yu. Maslov, M. A. Komisarenko, O. V. Haltseva, S. V. Kolisnyk, L. V. Derymedvid
Investigation of the regenerative and analgesic effects of a novel anhydrous gel
"Hypericum-Derm” for wounds treatment

Purulent wound is one of the thorniest, difficult and urgent issues in clinical practice. Due to the start of
full-scale military actions in Ukraine in 2022, the number of purulent-necrotic wounds has increased sev-
eral times, almost 40% of all wounds are purulent-necrotic. Purulent-inflammatory wounds are very acute
and often lead to generalized infections, the development of sepsis and also the death of patients. Thus,
the development of new anti-inflammatory and antioxidant drugs in the form of soft dosage forms is rele-
vant today.

The aim of the study was to investigate regenerative and analgesic effects of a novel anhydrous gel
"Hypericum-Derm” for treatment of wounds for | and Il phase.

The wound-healing effect of anhydrous gel "Hypericum-Derm” was studied on a model of a full-layer
stencil wound. The first group of rats was a control pathology (the animals’ stencil wound was treated with
a hydrogen peroxide solution), the second group was a polyethylene glycol gel 400/1500 (8:2) base with-
out active pharmaceutical ingredients, the third group was "Levomekol™ ointment, the fourth group was
"Wundehil” ointment, the fifth group was anhydrous gel "Hypericum-Derm”. To measure the pain thresh-
old, the hot plate test was chosen. In the experiments were used 4 groups of animals (7 mice each):
1 group - control group, animals without the use of gel; 2 group — animals, to whom polyethylene glycol
gel 400/1500 (8 : 2) base was applied; 3 group — animals, which were applied the comparison drug —2%
lidocaine hydrochloride gel; 4 group — animals with application "Hypericum-Derm” gel. For the "hot plate™
test gels were applied 20 min before the corresponding irritation to all limbs of the mice.

The wound healing rate when using the anhydrous gel "Hypericum-Derm” was 55 and 51% higher on
days 5 and 8 compared to the control group. Complete wound healing was on day 12 when using the anhy-
drous gel "Hypericum-Derm", and in the case of control pathology on day 21. It was established that the
investigated anhydrous gel "Hypericum-Derm™ reliably increases the latent period of the manifestation of
pain on a hot surface by 3 times relative to the control values.

It was established that anhydrous gel "Hypericum-Derm™ possessed wound-healing and analgesic

effects.

Key words: anhydrous gel, wound healing, analgesic activity, regenerative properties, topical
formulation
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[ocnigxeHHs pereHepaTUBHOI Ta aHaNre3ylo4ol Ail HOBOro 6e3Bo4HOr0 resio

«Finepukym-lepm» ans nikyBaHHS rHiiHUX paH

[HiMHI paHn € O QHMMM 3 HANIOCTPILLNX, CKIAOHUX Ta aKTyallbHUX MUTaHb Y KJiHIYHIA npakTuui. Y 3B’A3ky
3 1MoYaTkoM MOBHOMACLUTAOHMX BOEHHMX Aii B YkpaiHi B 2022 poui KiNbKiCTb MHiHO-HEKPOTUYHUX paH
3pocna B Kifibka pagis, marixe 40 % yCix paH € rHiHO-HEKPOTUYHUMU. THIMHO-3anasnbHi paHu NPOTIKalTb
OyXe roCTpo Ta 4acTo NPU3BOAATb OO reHepasnizoBaHuX iHOEKLIN, PO3BUTKY CEMNCcuCy, a TakoX CMepTi
nauieHTiB. TakMm YMHOM, PO3poOKa HOBMX MNPOTM3ananbHUX Ta aHTUOKCUOAHTHUX Npenaparis y BUMsSA
M’SKMX NikapCbknx GOPM € akTyaslbHOK CbOrOAHi.

MeTta fgocnigxeHHs — BUBYEHHSI pereHepaTrBHOI Ta aHanreayto4oi aii HoBoro 6e3BoaHoro rento «line-
pukym-Oepm» ons nikyBanHsa paH | 1a Il dasu.

PaHosarotoBanbHuii edekt 6e3BoaHOro rento «linepukym-epm» BUBHANM Ha MOAEN MOBHOLLAPOBOI
TpadapeTHoi paHu. MNeplua rpyna 6yna KOHTPOJILHO NaTonorieto (TpadapeTHy paHy TBapuH 06pobnsnm
PO34YMHOM MEPEKUCY BOAHIO), Apyra rpyna — nonietuneHrikonesuin renb 400/1500 (8 : 2) 6e3 akTMBHUX
dapmaueBTNYHNX IHIPEdIEHTIB, TpeTa rpyna — Madb «JIeBOMeKkonb», YeTBepTa rpyna — masb «ByHaexin»,
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n’aTa rpyna — 6e3sognHuin renb «linepukym-Aepm». Ons BUMiptoBaHHS 601b0B0ro nopora 6yno o6paHo
TECT «rapsiya nnactmHa»: 1 rpyna — KOHTPOJibHa rpyna, TBapyHu 6e3 3aCTOCYBaHHS rento; 2 rpyna — Tea-
PVHU, 9KUM HaHocunu nonietunenrnikonesun renb 400/1500 (8 : 2) ocHOBY; 3 rpyna — TBapuHU, SKUM
3aCTOCOBYBaNM npenapart MOPIiBHAHHA — 2 % renb nigokaiHy rigpoxnopuay; 4 rpyna — TBapuHU, SKUM
HaHocwunu renb «Finepukym-Aepm». Y TeCTi «rapsya naactuHa» 3a3HadvyeHi resii HAHOCWUM Ha BCi KiHLIBKM
MuLer 3a 20 X8 O NOAPASHEHHS.

LLIBuOKiCTb 3aroeHHs paH npu BUKOpUCTaHHI 6e3BoaHoro rento «linepukym-Aepm» 6yna Ha 55 i 51 %
BMLLO Ha 5 Ta 8 AHi BiANOBIAHO NMOPIBHSAHO 3 KOHTPOJILHOO Pyrnot0. MNoBHE 3aroeHHst paHu Bigbynocs Ha
12 peHb y pasi BUkopuctaHHs 6e3BoaHoro rento «linepukym-epm», a'y BUNazaKy KOHTPOJIbHOI NaTonorii —
Ha 21 aeHb. BCTaHOBNEHO, WO A0CHiaXyBaHuii 6e3BoaHuin renb «ineprkym-epm» 40CTOBIPHO 36inbLIye
NATEHTHUIA Nepio, NposiBy 600 Ha rapsyin NoBepxHi B 3 pa3u BiZHOCHO KOHTPOJIbHMX 3HAYEHb.

TakyM YMHOM, BCTAHOBIEHO, LWO 6e3B0oAHNI renb «[inepukym-epm» Mae paHo3aroBasbHy Ta aHan-

resyiou4y Aito.
Kro4oBi crioBa: 6e3B0OAHUI reflb, 3aroEHHS PaH, aHaare3yo4a akTUBHICTb, pereHepaTvBHI
B/1aCTUBOCTI, MicLieBa popma npernaparty

Hagiiwna: 21 cepnHs 2025 p.

TMpuiiHgTa fo apyky: 18 nuctonaga 2025 p.

KoHTakTHa oco6a: Macnos OnekcaHap HOpiiiosuy, gokTop ¢inocodii, acucTeHT, kadbenpa 3arasnbHoi XiMmii,
HauioHanbHuin dapmMaueBTuYHUiA yHiBepcuTeT, 6ya. 53, Byn. Mouropis Ckosopoau, M. Xapkis, 61002.
Ten.: +38 0 57 706 35 81. EnektpoHHa nowTa: alexmaslov392@gmail.com
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