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Abstract. Introduction. Between 250 and 280 thousand victims of deep thermal burns of the skin are registered annually in 
the territory of the Russian Federation; in every 6 cases the victims are underage patients. The lethality rate in case of thermal 
trauma is 7.2 %, but in case of extensive deep burns it reaches 13–14 %. Early surgical treatment of patients with severe thermal 
burns is an accepted standard and therefore the search for wound healing agents reducing the period of treatment and the risk 
of infectious complications is essential. Objective. To evaluate the efficacy of carbopol hydrogel with injected silver nanopar-
ticles and HLDF6 peptide in the treatment of thermal burns of grade III skin in vivo. Materials and methods. The structure of 
the work is represented by an experimental study. The work was performed on 50 male Wistar rats, with an average weight 
of 230–250 g. The animals were divided into 5 groups depending on the applied concentration of HLDF6 peptide in Carbopol 
2020 gel. Carbopol ETD 2020 hydrogel samples (0.5 %) containing 0,00015 % nano-silver and HLDF6 peptide with concentrations 
of 0 %, 0,01 %, 0,001 %, 0,0001 % and 0,00001 % were used to evaluate efficacy. A planimetric method was used to assess the 
dynamics of wound healing. The obtained data were subjected to statistical analysis using the Mann–Whitney U-parameter. 
Results. Application of 0,0001 and 0,00001 % doses of the peptide HLDF6 demonstrated activation of the healing processes 
on the 14th day of the experiment by 45,8 % and 31,7 % correspondingly (p < 0,01), and also reduced the incidence of purulent 
complications by 62,5 % (p < 0,05). The peptide concentration of 0,01 % shows an increase in the duration of treatment, and 
0,001 %, no significant differences in comparison with the control and experimental groups. Conclusion. The use of low doses of 
the HLDF6 peptide (volume concentration in the range of 10–4–10–5 %) in gel preparations in the treatment of deep thermal burns 
of the skin shows high efficacy. Small concentrations of HLDF6 peptide allow significant activation of wound healing processes.
Key words: skin burn; human leukemia differentiation factor-6; silver nanoparticles; combustiology; reparative 
regeneration; experimental study; traumatology-orthopedics; skin repair.

ОЦЕНКА ЭФФЕКТИВНОСТИ ЛЕЧЕНИЯ ОЖОГОВ III СТЕПЕНИ ПЕПТИДОМ HLDF6 
И НАНОЧАСТИЦАМИ СЕРЕБРА В ГЕЛЕ CARBOPOL 2020 В ЭКСПЕРИМЕНТЕ IN VIVO
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Резюме. Введе ние. На территории Российской Федерации ежегодно регистрируется от 250 до 280 тысяч по-
страдавших с глубокими термическими ожогами кожи, в каждом шестом случае травмированными являются 
несовершеннолетние пациенты. Летальность при термическом поражении составляет 7,2 %, но при обширных 
глубоких ожогах может достигать значения 13–14 %. Признанным стандартом лечения является раннее начало 
хирургического вмешательства у пациентов с глубокими термическими ожогами, что делает актуальным поиск 
ранозаживляющих средств, позволяющих сократить сроки стационарного лечения и снизить риски развития ин-
фекционных осложнений. Цель — оценить эффективность гидрогеля Карбопола с введенными наночастицами 
серебра и пептида HLDF6 в лечении термических ожогов кожи III степени in vivo. Материалы и методы. Структура 
работы представлена экспериментальным исследованием. Работа выполнена на 50 самцах крыс линии Wistar, 
средней массой 230–250 г. Животные были разделены на 5 групп в зависимости от применяемой концентрации 
пептида HLDF6 в геле Carbopol 2020. Для оценки эффективности применяли образцы гидрогеля Carbopol ETD 
2020 (0,5 %), содержащие наносеребро 0,00015 % и пептид HLDF6 с концентрациями 0 %, 0,01 %, 0,001 %, 0,0001 % и 
0,00001 %. В процессе работы применяли планиметрический метод оценки динамики заживления ран. Полученные 
данные подвергали статистическому анализу с применением U-параметра Манна–Уитни. Результаты. В ходе 
исследования установлено, что применение геля с содержанием 0,0001 и 0,00001 % доз пептида HLDF6 демон-
стрирует активизацию процессов заживления на 14-е сутки на 45,8 % и 31,7 % соответственно (p < 0,01), а также 
снижает частоту развития гнойных осложнений на 62,5 % (p < 0,05). Концентрация пептида 0,01 % демонстрирует 
увеличение сроков лечения, а 0,001 % — отсутствие достоверных различий относительно контрольной и экспери-
ментальных групп исследования. Заключение. Применение малых доз пептида HLDF6 (объемной концентрацией 
в пределах 10–4–10–5 %) в составе гелевых препаратов при лечении глубоких термических ожогов кожи показывает 
высокую эффективность. Малые концентрации пептида HLDF6 позволяют существенно активизировать процессы 
ранозаживления и снизить частоту инфекционных осложнений.

Ключевые слова: ожог кожи; человеческий лейкозный фактор дифференцировки-6; наночастицы серебра; 
комбустиология; репаративная регенерация; экспериментальное исследование; травматология-ортопедия; 
восстановление кожного покрова.

INTRODUCTION

Skin injuries caused by thermal and chemical burns re-
main an important and topical issue of modern medicine, and 
in particular of combustiology and traumatology [1, 2]. Be-
tween 250 and 280 thousand victims of deep thermal burns 
of the skin are registered annually in the territory of the Rus-
sian Federation; in every 6 cases the victims are underage 
patients [14]. The lethality rate in case of thermal trauma is 
7.2 %, but in case of extensive deep burns it reaches 13–14 % 
[1]. In the emerging socio-political situation, associated with 
an increase in the number and scale of armed conflicts [3], 

it is possible to assume an increase in the number of diffe-
rent wound healing agents [21], which are convenient to use 
both inside and outside the hospital [7]. Modern tactics of 
treatment of patients with burn wounds is a multidisciplinary 
task and is carried out taking into account the features of 
the pathogenesis of burn and its complications [11, 12, 
17]. Thanks to the progress of medical science, pathoge-
netically substantiated methods of antibacterial therapy [9], 
immunocorrection [8, 19, 20] and local treatment of wounds 
[18] have been introduced. The accepted standard of early 
necrectomy of deep thermal skin burns makes it necessary 
to search for new means that can activate wound healing 
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processes and reduce their overall treatment time [1, 13]. The 
most promising new methods of treating superficial and deep 
burns are biotechnological [10], including stem cell use [24], 
complex tissue-engineered constructs based on biopolymer 
matrices [23], populated with allogeneic and autologous cell 
cultures [13].

One of the promising ways to improve the effectiveness of 
treatment of patients with extensive deep skin burns involves 
the use of growth stimulants and regeneration factors [4, 
22]. In particular, this refers to epidermal, fibroblast, platelet-
derived, and vascular endothelial growth factors [15, 16]. This 
principle is also true for the development of tissue-engineered 
constructs [1, 13]. Growth factors and bioactive molecules 
are introduced into the polymer matrix and onto its surface 
in these constructs [4, 12].

One possible biologically active substance to be used may 
be a peptide — human leukemia differentiation factor (HLDF) 
[2, 4]. It was isolated from the culture medium of the HL-60 
promyelocytic leukemia cell line in 1994 [5, 6]. It was found that 
the HLDF factor induces differentiation along the granulocytic 
pathway [6]. As a result of this factor, a six-membered peptide 
fragment human leukemia differentiation factor-6 (HLDF6) was 
discovered. HLDF6 peptide provides the ability of the full-length 
factor to differentiate and inhibit cell proliferation, including 
HL-60 [4, 5]. HLDF6 is also able to interact with membrane 
lipids, enhancing the activity of cytokines, which participate in 
the cell proliferation and differentiation [2]. One study showed 
that HLDF6 also increases the activity of oxidation-reduction 
processes and enhances the metabolic activity of macro-
phages [4–6]. 

For effective delivery and control of the localization of the 
HLDF6 peptide on the wound surface, it is proposed to use a 
hydrogel of sparsely cross-linked acrylic polymers (carbopols), 
in particular, easy-to-disperse (ETD) Carbopol 2020 [2]. They 
form stable hydrogels that are thermally and chemically stable. 
The work studied the use of a gel with various concentrations 
of the target peptide [2]. High efficiency of wound healing 
was revealed, which was expressed in the improvement of 
planimetric and histological parameters. However, despite 
this, a fairly high number of purulent complications in the 
wound defect zone was also noted in all the studied groups 
[2, 4]. In the study we plan to carry out, the samples used 
were additionally modified with antibacterial agents, namely 
nanodispersed silver, in order to create antibacterial proper-
ties in them.

AIM 

The aim of the study is to evaluate the efficacy of 
carbopol hydrogel with injected silver nanoparticles and 
HLDF6 peptide in the treatment of third-degree thermal 
burns in vivo.

MATERIALS AND METHODS

The structure of the work is represented by a prospective 
experimental study. The work was performed on 50 male 
Wistar rats, with an average weight of 230–250 g. Laboratory 
animals were divided into 5 groups, 10 animals respectively 
to study samples in each group.

Carbopol ETD 2020 hydrogel samples (0.5 %) containing 
0,00015 % nano-silver and HLDF6 peptide with concentra-
tions of 0 %, 0,01 %, 0,001 %, 0,0001 % and 0,00001 % were 
obtained by reducing dissolved AgNO3 in Carbopol ETD 
2020 hydrogel solution containing HLDF6 peptide at a tem-
perature of 70 °C. Glucose was used as a reducing agent. 

Description of the manipulations performed
Sevoflurane inhalation anesthesia was used in the 

study. The animal was anesthetized by putting it in a special 
induction chamber with sevoflurane vaporized at concentra-
tions of 4%. The surgical anesthesia stage developed over 
5–10 minutes. After the animal was removed from the in-
duction chamber, anesthesia was maintained by inhalation 
of concentration of 3% sevoflurane. 

The animal was fixed to the operating table with ligatures 
to simulate the defect. Surgical field preparation included: 
depilation of the back area and marking a square in this area 
measuring 4x4 cm. The area of the intervention zone was 
16 cm2. After preparation, the surgical field was treated three 
times with an alcohol-based antiseptic solutions. Then, the 
temperature of the skin and the metal plate heated through a 
resistive heating element were determined using an electro-
thermocouple sensor of the Electroline multimeter (China). 
Exposure time was 10 seconds at a skin surface temperature 
of 95–97 °C. Next, radical necrectomy to the fascia was 
performed under aseptic conditions. An abdominal surgical 
scalpel blade was used to make an incision 1.5–2 mm deep. 
Then, using surgical tweezers and curved surgical scissors, 
the dermis with a small thickness of the subcutaneous fat 
was separated from the thoracolumbar fascia adjacent to it. 
Large-diameter bleeding vessels were coagulated using a 
coagulator. The resulting defect was washed with 0.9% so-
dium chloride solution at room temperature. After that, surgical 
sutures that involve the skin and muscle were applied to fix the 
wound edges. This was done in order to preserve the lesion 
area, as well as to prevent premature closure of the wound 
due to primary intension due to the anatomical and physio-
logical features of the structure of the skin and subcutaneous 
fat of rats. Suturing was performed using atraumatic suture 
material Monocryl 3–0 (Bbraun). A needle holder and surgical 
tweezers were used for suturing. Sutures were applied at a 
distance of 1 cm from each other.

After suturing, the affected area on the back of the experi-
mental animal was treated with the target agent. 1 ml of gel 
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was applied to the wound as standard. Repeated application 
of the gel was performed on the 7th, 14th and 21st days.

Maintenance and withdrawal of animals 
from the experiment

The maintenance of experimental animals was carried 
out on the basis of the vivarium of the National Medical Re-
search Center for Pediatric Traumatology and Orthopedics 
named after G.I. Turner, and it fully complied with GOST 
33215-2014 and GOST 33216-2014.

High demands were placed on the cleanliness of the 
conditions of maintenance, caused by the presence of mas-
sive skin injuries. Cleaning, washing and treatment of the 
cages of experimental animals with disinfectant solutions 
were carried out daily.

The animals were removed from the experiment on 
the 28th day after surgery. The withdrawal procedure was 
deve loped in accordance with paragraph 6.11 of GOST 
33215-2014 and the Recommendations for euthanasia 
of experimental animals of the European Commission. It 
was an intravenous injection of 1 ml of lidocaine solution, 
carried out under deep anesthesia, which led to sudden 
cardiac arrest.

Disposal of laboratory animals and vivarium waste was 
carried out within the framework of standard procedures for 
disposal of Class B waste.

Evaluating treatment effectiveness
The effectiveness of the proposed treatment methods 

and the general appearance of wounds were assessed by 
photographing them once every 7 days. Visual examination 
of wounds was performed daily. The nature of the exudate, 
the presence and type of granulation, the time of scab re-
jection and healing of wound surfaces were recorded. The 
wound area was determined using planimetric method of 
L.N. Popov. This method involved applying a special film 
material to the wound surface, outlining the wound edges 
and then calculating the area either by transferring it to 
graph paper or using technical means. 

In addition, the wound healing index was calculated 
using the following formula (Fenchin K.I., 1979):

,

where S is the wound area at the previous measurement, 
mm2; Sn is the wound area at the current measurement, 
mm2; T is the interval between measurements, days.

This index allowed us to quantitatively assess the dy-
namics of the wound healing process based on the plani-
metric evaluation data.

The reliability of the differences in the obtained results 
was assessed using nonparametric analysis, namely the 

Mann–Whitney U-parameter. On its basis, the value of the 
reliability parameter p was determined. This method was 
used because of the impossibility of applying a normal dis-
tribution and Student’s t-distribution due to the small number 
of groups, caused by requirements of GOST ISO 10993-2014 
Part 2 and ethical standards.

Statistical data processing and its visualization were 
performed using the MS Excel, OriginR 2016 and Wolfram 
Mathematica 11.0 software packages.

RESULTS

During the experimental work, the survival rate of animals 
was 100% in all groups studied. The number of purulent 
complications during the entire treatment period was 4 cases 
in the control group, 1 observation in the group of gel-carrier 
with the addition of silver nanoparticles. No significant chan-
ges in body weight in experimental animals were detected 
throughout whole period of the experiment. 

The results of the planimetric assessment of the wound 
surface area are represented in Table 1.

Based on the results obtained, a reliable difference was 
established between the groups of target gels (with the pre-
sence of the peptide in the range of 0.001 and 0.0001%) on 
the 14th day compared to the control group. In addition, the 
study revealed a reliable difference between the groups with 
the minimum peptide content (0.0001 and 0.00001%) and the 
gel group with 0.01% peptide content on the 14th day (p <0.05). 
The best treatment effect from the standpoint of planimetry was 
shown by the gel with silver particles and a peptide content of 
0.00001%, both in comparison to control group and other gels 
(p <0.05). 

It should be noted that the moment of increasing the ef-
ficiency of the gel with a decrease in the peptide concentra-
tion was identified. These changes were most pronounced 
by day 14, amounting to 84.3% of the wound area reduction 

Тable 1
Median values and interquartile ranges 

for the obtained samples

Group Value 7th 
day 

14th 
day

21th 
day 

28th 
day 

Gel + HLDF6 0,01 % Median, cm2 11,39 6,2 3,26 1,32
IQR, cm2  4,59 3,59 2,97 2,17

Gel + HLDF6 0,001 % Median, cm2 9,36 3,46 1,93 1,33
IQR, cm2 1,58 1,61 1,09 1,26

Gel +  HLDF6 0,0001 % Median, cm2 9,86 3,16 1,68 0,92
IQR, cm2 2,57 1,12 1,76 0,76

Gel +  HLDF6 Peptide 
0,00001 %

Median, cm2 8,28 2,51 1,61 1,19
IQR, cm2  1,41 1,33 1,03 0,89

Gel (without HLDF6) Median, cm2 10,5 4,63 1,9 1,985
IQR, cm2  3,075 3,12 1,48 1,49
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over 14 days in the group with the gel containing 0.00001% 
peptide. In the control group, the wound area decreased by 
58.7%, in the group with the gel containing 0.01% peptide — 
by 61.3%, and in the group with the gel containing 0.0001% 
peptide — by 78.4%, over the same period (p <0.05) (Fig. 1).

There was no significant difference between the two 
groups with the lowest peptide content. Both groups showed 
a significant improvement in the wound healing dynamics 
on the 14th day, both when compared with the control group 
without the addition of the peptide and in the group with its 
maximum content. 

At the same time, it is necessary to note the effect of 
increasing the wound surface area on 28th day in the group 
with a peptide content of 0.01% This is especially clearly 
observed in the graph of the dynamics of the wound healing 
indices (Fig. 2).

It is also possible to noted extremely high values   of this 
indicator for the period between the 7th and 14th days for 
the groups with the lowest peptide content in the graph of 
the dynamics of the wound healing indices. It should be 
emphasized that the group with the highest peptide content 
showed the worst wound healing index values among all the 
groups studied and had a peak only on the 21st day. At the 
same time, the groups with a lower peptide content demon-
strated this peak on the 14th day of the study.

FINDINGS

1. The use of low doses of the HLDF6 peptide tested 
proved to be the most effective for activating healing pro-
cesses on the 14th day. Gels containing 0.0001 and 0.00001% 
of the peptide studied had the most reliable (p <0.05 relative 
to the control gel group without the peptide) and pronounced 
differences on the 14th day of treatment. 

2. Application of a gel with the highest peptide content 
(0.01%) led to an increase in the treatment period and a 
significant deterioration in the final results of the therapy. This 
suggests a high degree of immunogenicity of such concentra-
tions of the peptide tested. The gel containing 0.001% HLDF6 
peptide did not show reliable differences relative to either the 
control group or other gels with the studied substance.

CONCLUSION 

According to the results of the study, it is possible to 
state the prospects of using low doses of the HLDF6 pep-
tide (volume concentration in the range of 10–4–10–5 %) in 
gel preparations in the treatment of full-layer wounds. Small 
concentrations of HLDF6 peptide allow significant activating 
of wound healing processes in the early period and redu-
cing the incidence of infectious complications.

Fig. 1. Diagram comparing the areas of wound surfaces in all studied groups
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Fig. 2. Graph of the dynamics of wound healing indices in experimental groups
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