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Abstract

The aim of the work was to study the reparative properties of the new combined
cream on the model of stencil wounds in rats.

Materials and methods. Reparative properties of a new combined preparation in the
form of a cream for the treatment of inflammatory and microbial skin diseases conditionally
named Dermalipoin, which included: a-lipoic acid, urea, olive oil, tea tree oil, PEG-400, was
investigated on the model of extruded stencil wounds in rats. The effectiveness of treatment
was assessed using planimetric indicators, which included determining: the area of wounds,
the period of epithelialization, the number of animals with wounds that healed at different
times and the coefficient of the rate of wound healing in comparison with the "Rescuer Forte"

balm. The severity of the inflammatory reaction was drawn from changes in peripheral blood
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parameters: blood clotting time, hemoglobin content, the number of erythrocytes and
leukocytes, leukocyte formula. To assess the effect of the cream on reparative processes, the
activity of enzymes-markers of cytolysis ALAT and ASAT in the blood serum of
experimental animals was determined. To assess the intensity of destruction of tissue proteins
in the blood serum of experimental animals, the urea content was determined.

Results. On the model of stencil wounds in rats, it was found that when applying the
new cream Dermalipoin, rapid wound healing occurred: the coefficient of the rate of wound
healing was 3,31 versus 2,79 and 1,45 in animals from the groups of the reference drug and
control pathology, respectively (p<0, 05).The study of the dynamics of biochemical
parameters showed that the use of Dermalipoin cream was accompanied by a significant
(compared to the control pathology) decrease in the activity of ALAT and ASAT, as well as a
decrease in the content of urea in the blood serum of experimental animals on the ninth day of
the experiment, which indicates a significant decrease in the severity of cytodestructive
processes. Changes in hematological parameters indicate a decrease in the severity of the
inflammatory process when using Dermalipoin cream and Rescuer Forte balm: at the end of
the experiment, there was a significant decrease in the total number of leukocytes and an
increase in hemoglobin levels.

Conclusions. It was found that on the model of squeezed out stencil wounds in rats,
Dermalipoin cream has a pronounced wound-healing effect and, in terms of the severity of the
effect, is not inferior to the comparison drug, the Rescuer Forte balm. Therefore, further study
of the new cream as a potential wound-healing and anti-burn drug is promising.

Key words: wounds; a-lipoic acid; urea; olive oil; tea tree oil; repair.

PEITAPATUBHI BJIACTUBOCTI HOBOI'O KOMBIHOBAHOI'O KPEMY
JEPMAUJIIIIOIH HA MOJEJII BUJABJIEHUX TPADAPETHUX PAH Y LIYPIB

H. M. Kononenko, A. M. Hleiixauni

Mertoro po6oTu Oyii0 BUBYEHHS perapaTUBHUX BIACTUBOCTEH HOBOTO KOMOIHOBAHOTO
KpeMmy Ha Mojieni TpadapeTHUX paH y HIypiB.

Marepiaan Ta Metoau. Ha Mozeni BuaaBieHHMX TpadapeTHHX paH y LIypiB
JOCII/DKEHO penapaTHBHI BJIACTUBOCTI HOBOT'O KOMOIHOBAHOTO mpemnapary y ¢opmi Kpemy
JUIL  JIIKYBaHHS 3alajJbHUX 1 MIKpOOHMX 3aXBOPIOBaHb INKIPM YMOBHO Ha3BaHUU
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«lepManinoia», 10 CKIaAy SIKOTO YBIAIUIM: O-JTIMO€BAa KHUCIOTA, CEYOBHHA, OJIBKOBA OJIis,
onmist vaiiHoro aepeBa, IIEI'-400. EdexkTuBHICTH JIKyBaHHS OIIHIOBAIM 32 JOIIOMOTOIO
IUTAHIMETPUYHUX TIOKA3HUKIB, IO Tiependadand BU3HAYCHHS: TUIOMIM paH, NEpioay
emirenizaimii, KUTBKOCTI TBapWH 3 paHaMM, L0 3apyOIfoBaJMCA B PI3HI TEPMiHH Ta
KoeiIieHTy MIBUAKOCTI 3ar0OEHHS paH y MOpPiBHIHHI 3 O6anp3amoM «Cracarens ¢opre». [Ipo
BHPA3HICTh 3amajbHOI peakilii poOMJIM BHCHOBOK 3a 3MIHAMH IIOKAa3HUKIB mepudepiifHoi
KpOBI: 4acy 3ropTaHHS KPOBI, BMICTY T€MOTJI00iHYy, KUIBKOCTI €pUTPOIHTIB Ta JICUKOIIMTIB,
neitkoruTapHoi Gopmyiu. [ OIMIHKKM BIUIMBY KpEMY Ha pemapaTUBHI MPOIECH MTPOBO N
BHU3HAUEHHS aKTUBHOCTI pepMeHTIB-MapkepiB uutomnizy — AnAT 1 AcAT y cuposariii KpoBi
MIOCTITHUX TBAPUH. JJIsT OLIHKY IHTEHCUBHOCTI AECTPYKIIii TKAHWHHUX OUTKIB y CHPOBATIIi
KpOBI MiJJOCIITHUX TBAPUH BU3HAYAIN BMICT CEYOBHHU.

PesynbraTn. Ha Moxeni TtpadapeTHuX paH y UIypiB BCTAHOBJIEHO, IO MpHU
3aCTOCYBaHHI HOBOTO Kpemy Jlepmaninoin BimOyBajocs MIBUJKE 3arO€HHS paH: KOEQIIEHT
IIBUJIKOCT1 3aro€HHsl paH ctaHoBuB 3,31, mpotu 2,79 Ta 1,45 y TBapuH 3 Tpyn npemnapary
MOPIBHSIHHSL Ta KOHTPOJIbHOT marojorii BignosiaHo (p<0,05). HochimxeHHS IUHAMIKA
O0lOXIMIYHMX  TOKAa3HMUKIB  TOKaszajlo, IO  3acTOCyBaHHSA  kpemy Jlepmaminoin
CYMPOBOIKYBAJIOCS JTOCTOBIpHUM (TIOPIBHSIHO 3 KOHTPOJIBHOIO TATOJIOTIE€I0) 3MEHIICHHSIM
aktuBHOCTI ANAT Ta AcAT, a TakoX 3HWIKEHHSM BMICTY CEYOBHMHH y CHPOBATIl KPOBI
JOCTIIHUX TBApUH Ha AEBSITY 100y €KCIIEPUMEHTY, 10 CBIIUUTH IPO CYTTEBE 3MEHILIEHHS
BHPA3HOCTI IIUTOCCTPYKTUBHUX MPOIECIB. 3MIHM IeMaTOJIOTIYHUX IMMOKA3HHUKIB CBIiTYATh MPO
3MEHILEHHSI BHPA3HOCTI 3aMajbHOrO MpoIlecy IMpH 3acToCyBaHHI kpemy J[lepmaninoin Ta
O0anp3amy Cracatens ¢GopTe: HANPHKIHII EKCIIEPUMEHTY CIOCTEepiragocs JIOCTOBIPHE
3MEHIIICHHS 3arabHO1 KUIBKOCTI JICHKOITUTIB Ta MIABUIICHHS PIBHS T€MOTJIO0IHY.

BucHOBKM. BCTaHOBIJICHO, II0 HAa MOJIENi BUAABICHUX TpadapeTHUX paH y IIypiB
KkpeM «JlepManinoin» BUSBISE BHUPa3HY pPaHO3arolOBAIbHY [II0 Ta HE IOCTYHAETbCA 3a
BHUpa3HICTIO e(deKkTy mpemapary mnopiBHsAHHS Oanb3amy Cmacarens ¢opre. Tomy
MEPCIIEKTUBHUM € TIOJAJIbIlIe BUBUYEHHS HOBOTO KPEMY SIK MOTEHLIHHOTO PaHO3arorBalIbHOTO
Ta MPOTHUOIIKOBOTO JTIKAPCHKOTO 3aC00Yy.

KurouoBi ciioBa: paHu; o-Jil0€Ba KHCJIO0TA; CEYOBHHA; OJIBKOBa OJIisl; OJIisl

4aHOr0 JepeBa; penapaiis.
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Introduction

According to the WHO, in the structure of the mortality rate of the population is the
third accounted for by injuries, burns, poisoning, etc. More than 100 thousand cases of wound
and burn injuries are registered in Ukraine every year.

Modern requirements for local wound-healing and anti-burn drugs include: the
possibility of using the drug in various phases of the wound process, the absence of toxic,
allergenic and local irritating effects, a wide range of antibacterial action, high antimicrobial
and anti-inflammatory activity. In addition, topical wound healing preparations should not
cause disturbances in gas exchange in the skin [1].

When using wound-healing drugs in surgical practice, a number of problems can be
distinguished: an increase in the resistance of causative agents of wound infection to existing
drugs, especially staphylococci, which dominate among the association of microorganisms;
insufficient effectiveness of many drugs associated with a monocomponent composition; the
absence of drugs that have moderate osmotic activity and can be used in both phases | and 11
of the wound process [2].

Despite a significant number of drugs for the treatment of wound healing on the
Ukrainian pharmaceutical market, today the problem of pharmacological correction of
wounds and their complications remains relevant and unresolved. The main source of skin
and soft tissue infection is microorganisms that contaminate and colonize the skin surface.
Coca S. aureus and S. pyogenes, capable of penetrating the epidermis in the presence of
damage, undoubtedly play a leading role in the etiology of purulent skin infections. Moreover,
S. aureus is the most common pathogen; infections caused by S. pyogenes, as well as a mixed
infection with the participation of both microorganisms, are not so common.

a-Lipoic acid is a powerful antioxidant and effective anti-inflammatory agent; when
applied topically, it has keratolytic, keratoplastic, bacteriostatic and fungistatic effects [3].
Olive oil has analgesic and anti-inflammatory effects, promotes healing of wounds, ulcers and
burns. Tea tree oil is an adaptogen. It has a strong bactericidal, anti-inflammatory, anti-
edematous and reparative effect. It has been successfully used in the fight against such
pathogenic microorganisms as: Staphylococcus (aureus, epidermidis, pneumoniae, faecalis
pyogenes), Propionibacterium acnes, Betahaemolytic streptococcus, Citrobacter spp., Shigella
sonnei, Proteus mirabolis, Legioneila spp., Pseudomonas aeruginosa, Candida albicans etc.
PEG-400 is a solvent with a pronounced osmotic activity, which determines its widespread
use in the production of creams for the treatment of infected wounds, where it provides an

osmotic and dehydration effect, which in turn accelerates the wound healing period.
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That is why the National University of Pharmacy has developed a new combined
preparation in the form of a cream for the treatment of inflammatory and microbial skin
diseases, conventionally named Dermalipoin, which includes: a-lipoic acid, urea, olive oil, tea
tree oil, PEG-400.

Aim. To study the reparative properties of the combined cream on the model of stencil
wounds in rats.

Materials and methods

The experiments were carried out on 32 nonlinear sexually mature white male rats
weighing 200-220 g. Animals, under barbamil anesthesia, on a previously depilated and
treated with 5% alcohol solution of iodine on the skin on the back bilaterally from the spine,
inflicted a wound using a metal scarifier-punch with a diameter of 0,8 cm [4].

The animals were divided into five groups: intact control; control pathology; animals
treated with the cream and animals that were treated with the reference drug - the "Rescuer-
Forte™ balm.

The test cream and the reference drug were applied to the wound surface one day after
wounding at a dose of 0,1 ml/cm?,

The conclusion about the effect of the new cream and the reference drug on the course
of the wound process was made, first of all, according to the rate of decrease in the area of
wounds. The area of the wounds was measured every four days from the moment of
reproduction of the pathology using a transparent stencil.

The coefficient of the rate of wound healing was calculated by the formula: V = (Smax-
Sexp)/Sexp, Where Smax IS the maximum area of the wound, mm2; Sexp - wound area on the day
of measurement, mm?;

In addition, the number of animals (%) with healed wounds was also determined.

The conclusion about the severity of the inflammatory reaction was made on the basis
of changes in peripheral blood parameters: blood coagulation time, hemoglobin content, the
number of erythrocytes and leukocytes, leukocyte formula. Peripheral blood parameters were
determined at the beginning of the experiment (initial data), on the 5th and 13th days. To
assess the effect of the cream on reparative processes, the activity of enzymes markers of
cytolysis ALT and AST in the blood serum of animals was determined. Violation of the
integrity of cell membranes and the destruction of cellular structures leads to the release of
enzymes into the blood that have intracellular localization, as a result of which their activity

in blood serum increases significantly.
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To determine the activity of transaminases, a unified dinitrophenylhydrazine method
was used. This method was proposed to determine the activity of ALT and AST in kits from
Lachema (Czech Republic).

To assess the intensity of destruction of tissue proteins in the blood serum of animals,
the content of urea was determined.

The content of urea was determined by the color reaction with diacetyl monooxime
[5]. The calculation of the concentration of urea was made according to the formula: C =
(Ed/Est)*x16.65, where C is the content of urea in the blood serum (mmol/l); Eq is the
extinction of the test solution; Es is the extinction of a standard solution; 16,65 -
concentration of urea in a standard sample (mmol/l).

Biochemical parameters were recorded three times: on the 5th, 9th and 13th days of
the experiment.

All interventions and euthanasia of animals were carried out in accordance with the
"General moral principles of experiments on animals™ adopted by the First National Congress
on Bioethics (Kiev, 2001) and the Law of Ukraine "On the Protection of Animals from
Cruelty™ Ne 3477-1V (02.21.2006). Statistical processing of the obtained results was carried
out on a personal computer Pentium 111 using the Statistica 6 program, using the Student's t-
test for comparing independent samples at a probability level of p < 0.05 [5].

Results

The results of the experimental studies are presented in table 1-3. On the second day of
the experiment, all experimental animals developed dry wounds. The inflammatory response
was not clear: there was slight swelling and redness of the wound edges. The experimental
data (table 2) show an increase in the activity of ALAT and ASAT (markers of cytolysis), as
well as an increase in the content of urea in the blood serum on the fifth day of the experiment
in animals of all experimental groups.

The nature of changes in hematological characteristics that occurred in animals of the
control pathology group reflects the development of the inflammatory process. When
determining the hematological parameters, a significant increase in the total number of
leukocytes was observed compared to intact control, as well as a decrease in the level of
hemoglobin, the number of erythrocytes and a decrease in the time of blood coagulation on
the 5th and 13th days. Changes in the leukocyte formula were also recorded, which were
manifested by neutropenia on the 5th day and an increase in the number of monocytes on the
5th and 13th days of the experiment (table 2).
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Table 1
Study of the reparative effect of Dermalipoin cream on a model of stencil wounds in rats

(n=28)
Experimental conditions Research terms, days
2 5 9 13 17
Control S, cm? 1,03 + 0,02 (0,91 + 0,01 0,42 0,17 0,1
pathology +0,02 +0,04 +0,01
V, 0,13 1,45 5,05 9,3
conv. units
% — — — 16,7 33,3
Dermalipoin S, cm? 1,12+0,01/0,80+0,05| 0,26+ 0,07 -
cream 0,03* +0,01*
V, 0,4 3,31 15,0 -
conv. units
% — — — 66,6 100
Balsam S, cm? 1,10+£0,05/0,84+0,06| 0,29 0,08 -
"Rescuer 0,03* +0,01*
forte" V, 0,31 2,79 12,75 -
conv. units
% 66,6 100

Notes:

S - is the average area of the wound,

V - coefficient of the rate of wound healing, conv. units;

% - the number of animals with healed wounds;

* - the discrepancy is significant in relation to the control pathology (p <0,05).

Table 2
Influence of Dermalipoin cream on the dynamics of some biochemical blood parameters
in rats (model of squeezed stencil wounds, n = 8)

Experimental Indicators

conditions ALAT, mmol/gel ASAT, mmol/gel Urea, mmol/I

Intact control 0,61 + 0,06 0,68 + 0,06 5,80 + 0,56
5th day of research

Control pathology 1,04 + 0,10* 1,08 + 0,15* 9,67 £1,02*

Dermalipoin cream 0,92 £0,07* 0,93 £0,13* 8,21 £ 0,35*/**

Balsam "Rescuer forte" 0,93+0,11* 0,95 +0,11* 8,10 + 0,51*/**
9th day of research

Control pathology 0,88 + 0,09* 0,98 + 0,09* 9,28 + 0,86*

Dermalipoin cream 0,73 £ 0,10*/** 0,80 £ 0,05*/** 7,48 £ 0,54*/**

Balsam "Rescuer forte" 0,75 + 0,09*/** 0,82 + 0,05*/** 7,43 + 0,65%/**

13 research day

Control pathology 0,83 +0,11* 0,77 £ 0,08 7,82 £ 0,56*

Dermalipoin cream 0,67 £ 0,08 0,75+ 0,06 6,33 £ 0,69**

Balsam "Rescuer forte" 0,65 + 0,09 0,75+0,10 6,62 + 0,57**

Notes:

* - the discrepancy is significant relative to the intact control (p<0,05);
** - the discrepancy is significant in relation to the control pathology (p<0,05).
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Table 3

Effect of Dermalipoin cream on the dynamics of some hematological parameters in rats

(models of squeezed stencil wounds, n = 8)

Indicators Study timing | Control pathology | Dermalipoin cream| Balsam "Rescuer
forte"
Clotting time, initial data 200,33 £ 7,45 194,3 + 36,68 196,17 + 5,15
sec 5 days 170,17 + 12,09* 202,67 £ 5,50 200,83 + 8,28
13 days 125,83 + 11,44* 164,33 + 11,43*/**| 161,83 + 7,76*/**
Hemoglobin, g/l| initial data 130,4 + 8,71 127,4 + 7,30 132,0 £ 5,43
5 days 106,6 + 3,44 108,4 £ 5,27 108,8 + 4,32
13 days 109,4 £ 2,19 118,2 £ 5,81** 118,8 + 8,35**
Erythrocytes, initial data 4,23 +0,17 4,21 +£0,23 4,35 +0,34
x10%2/1 5 days 3,73+0,36 3,72+0,37 3,59 £0,33
13 days 3,95+ 0,25 4,01 +0,41 4,04 +0,22
Leukocytes, initial data 7,48 £ 0,51 7,70 £ 0,93 7,38 £ 0,88
x10%1 5 days 16,73 + 0,94 17,04 + 1,19 16,40 + 1,06
13 days 13,40 £ 1,58 10,24 £ 1,16** 9,47 £ 1,15**
Some indicators of the leukocyte formula, %
Lymphocytes initial data 61,17 £ 2,48 60,17 + 3,06 59,83 + 2,04
5 days 64,00 + 3,16 63,50 + 2,59 61,83 + 3,13
13 days 62,83 + 2,79 61,83 + 3,49 61,00 + 2,00
Monocytes initial data 5,00 £ 0,63 533+0,51 5,67 £0,82
5 days 8,83 £0,75* 9,33 £ 0,52* 9,50 + 0,55*
13 days 6,67 £ 1,50* 8,33 £ 0,82* 817+1,17*
Stab neutrophils | initial data 1,83 +0,41 2,00 £ 0,63 1,83+£0,41
5 days 0,83+0,17* 1,00 £ 0,10* 1,17 £ 0,17
13 days 2,33+£0,21 2,50 £0,22 2,17+£0,17
Segmented initial data 31,3 +£33,33 33,00 + 2,00 30,33 £ 2,73
neutrophils 5 days 23,00 + 2,53* 22,83 + 2,48* 24,67 £ 2,42*
13 days 30,00 + 3,16 29,83 + 3,19 28,50 + 2,17
Notes:

* - the discrepancy is reliable relative to the initial data (p <0,05);
** _ the discrepancy is significant in relation to the control pathology (p <0,05).

The healing of wounds in the animals of the control pathology group was slower than

in the animals of the experimental groups treated with the test cream and the reference drug.

On the ninth day of the experiment, the coefficient of the rate of wound healing in the

experimental groups increases significantly. The average area of wounds in animals treated

with the investigated cream and balsam "Rescuer Forte" was statistically significantly less

than the values of this indicator in animals of the control pathology group; the coefficient of

the rate of wound healing was 3,31 and 2,79, respectively, versus 1,45 in animals from the

control pathology group (2,28 and 1,92 times higher, respectively).

On the 13th day, the coefficient of the rate of wound healing in animals treated with
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the investigated cream and “Rescuer Forte” balm were, respectively, 2,97 and 2,52 times
higher than in animals of the control pathology group.

Complete healing of wounds in animals treated with Dermalipoin cream and Rescuer
Forte balm was observed between the 13th and 17th days, while in animals of the control
pathology group, complete wound healing occurred between the 17th and 19th days.

The study of the dynamics of biochemical parameters showed that the use of the
cream "Dermalipoin” and the balsam "Rescuer Forte™ was accompanied by a significant
(compared with the control pathology) decrease in the activity of ALAT and ASAT, as well
as a decrease in the content of urea in the blood serum of experimental animals on the ninth
day of the experiment, which indicates about a significant decrease in the severity of
cytodestructive processes. On the 13th day of the experiment, there was a complete
normalization of the activity of marker enzymes and the level of urea in the blood serum of
experimental animals.

Changes in hematological parameters indicate a decrease in the severity of the
inflammatory process when using Dermalipoin cream and Rescuer Forte balm: at the end of
the experiment, there was a significant decrease in the total number of leukocytes and an
increase in hemoglobin levels, but no significant changes in leukocyte counts were recorded.

Thus, it was found that on the model of squeezed out stencil wounds in rats,
Dermalipoin cream has a distinct wound-healing effect and is not inferior in the severity of

the effect to the comparison drug, the Rescuer Forte balm.
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