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The efficiency assessment of nanosized zinc oxide (ZnO) as a component of a high-potency wound-healing ointment
composition was performed. The ointment consisted of a hydrophilic methylcellulose base and 5 wt. % ZnO nanoparticles as
an active substance. Nanosized ZnO was obtained by the sol-gel method. Commercial zinc ointment was used as a comparison
sample. Planimetric studies were conducted on the effectiveness of burn-wound healing in white Wistar rats. Three cases
were considered: wounds were treated using a pharmaceutical zinc ointment or the ointment with ZnO nanoparticles, or
received no treatment. Histological studies of the effectiveness of wound healing on treatment with the ointment containing
ZnO nanoparticles were also performed. The ointment with the nanosized ZnO-based composition based had a pronounced
regenerative effect on burn wounds. Its effect was greater than that of the existing analog – pharmaceutical zinc ointment.
Keywords: zinc oxide nanoparticles, ointment, wound healing, burn injuries, regenerative effect
Проведена оценка эффективности наноразмерного оксида цинка в качестве компонента высокоэффективной
ранозаживляющей мази. Мазь состояла из гидрофильной метилцеллюлозной основы и наночастиц ZnO в качестве
активного вещества. Наноразмерный ZnO был получен золь-гель методом. В качестве образца сравнения была использована фармацевтическая цинковая мазь. Проведены планиметрические исследования эффективности заживления ожоговых ран у лабораторных белых крыс. Рассмотрены три вида обработки ран: обработка фармацевтической
цинковой мазью, разработанной мазью с наночастицами ZnO и без какой-либо обработки. Кроме того, было проведено гистологическое исследование, показавшее эффективность заживления ран при лечении мазью с наночастицами
оксида цинка. На основании проведенного исследования было установлено, что мазевая композиция на основе наноразмерного оксида цинка оказывает выраженное регенерирующее действие на ожоговую рану, включая сравнение с
существующими мазевыми аналогами оксида цинка.
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MMPs – matrix metalloproteinases
NaCl – sodium chloride
S 	 – wound area

C

urrently, biologically active nanosized materials
are finding new applications and use in medicine
because of their unique physicochemical properties and biofunctionality [1–4]. An example is nanoscale zinc oxide, which is an active component of
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SEM – scanning electron microscopy
ZnO – zinc oxide

many external-use treatment agents applied in both
monotherapy and in combination with antibiotics in
the treatment of dermatoses [5–8]. In addition to
the fact that zinc is an essential trace element, and
plays an extremely important role in the functioning
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of the skin, zinc oxide meets several of the prerequisites for the treatment of burn wounds: zinc has
anti-inflammatory properties [9–12]; zinc has a proven epithelizing ability and plays an important role in
the healing process of wounds [13, 14]. This effect
is mediated by several mechanisms. First, zinc-containing enzymes, matrix metalloproteinases (MMPs)
and alkaline phosphatase, are required for the normal healing process. The activity of MMPs is significantly increased in the wound-healing process [15,
16], and these enzymes clean the wound of tissue
detritus and modulate cell migration and extracellular matrix reconstitution [17]. Alkaline phosphatase
is a marker of early-stage angiogenesis and is intrinsic to post-traumatic inflammation and connective
tissue proliferation [18]; zinc also exhibits moderate
antibacterial properties [19]. Although this element
is a necessary micronutrient for prokaryote growth,
at higher concentrations, it inhibits the growth of a
number of bacteria; Gram-positive microorganisms
are more sensitive to the inhibitory effect of zinc than
Gram-negative [20].
With respect to the above, the purpose of this study is
to investigate the biological activity of nanoscale zinc oxide
(ZnO) and the possibilities of its practical application in the
composition of wound healing ointment for burn wound
therapy.
Material and methods. Preparation of nanosized
ZnO. Reagent grade chemicals, grade A glassware and
distilled water with 1.5–5 µS/cm conductivity were used.
Nanosized ZnO was obtained by the sol–gel method.
Zinc acetate was used as a precursor because smaller
ZnO particles are obtained using this compound [21],
and because the acetic acid residue completely
evaporates at lower gel drying temperatures (125–225 °C)
[21] in comparison with sulfate and nitrate anions, which
decompose at significantly higher temperatures (700–
900 °C).
The process of nanosized ZnO synthesis included
the following series of successive stages: 1) Preparation
of 0.2 mol/l zinc acetate solution in distilled water;
2) Dropwise addition of 25% ammonia solution to the zinc
acetate solution under vigorous stirring with a constant
pH. The process was performed at approximately
pH 8, because the formation of zinc oxide gel from its
hydroxide was observed at this pH value (Zn(OH)2 →
ZnO + H2O); 3) Aging of the gel for 1 hour; 4) Centrifugation
of the gel and washing with distilled water to eliminate
ionic impurities; 5) Drying of the gel at 100 °C for 24 h;
6) Calcination of zinc oxide powder at 175 °C for 12 h.
Preparation of nano-ZnO-based ointment. The ointment composition included hydrophilic methylcellulose
(MC-100) base and ZnO nanoparticles as an active substance. A hydrophilic ointment composition for the treatment of burns was prepared as follows: 1) The methylcellulose powder of 0.03 wt. % was mixed with distilled water
and left to swell for 30–60 min; 2) The nanosized ZnO powder and glycerol were added to the formed methylcellulose gel under constant stirring; 3) The resulting mixture
was homogenized for 2 h.
The mixture’s quantitative composition was as
follows: Nanosized ZnO – 5 wt. %; Glycerol – 5 wt. %;
Methylcellulose – 0.03 wt. %; Distilled water – 89.97 wt. %.
The developed composition was a homogeneous white
odorless ointment with a pH of approximately 7.
ZnO nano-powder morphology and phase composition.
X-ray powder diffraction analysis was conducted using an
X-ray Diffractometer Empyrean (PANalytical, Almeo, the
Netherlands) to determine the phase composition of the
nanoparticles. The parameters of the measurement were
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as follows: 1) Copper cathode (emission wavelength 1.54
Å); 2) Current 35 mА; 3) Voltage 40 kV; 4) 2θ measurement
range 30–85°; 5) 2θ sampling rate: 0.01°.
Morphology of the ZnO nanoparticles was examined
by scanning electron microscopy (SEM) using an MIRA3LMH microscope with the element determination system
AZtecEnergy Standart/X-max 20 (standard) (Tescan,
Brno, Czech Republic).
Efficiency of burn wound healing. The experiments on
the regenerative activity of the obtained ointment were
performed on 60 white Wistar male rats weighing 170±20 g,
obtained from the «Pushchino» laboratory animal nursery
(Pushchino, Russian Federation). The animal studies
were performed in compliance with the bioethical rules in
accordance with Order No. 742 of the Ministry of Higher
and Secondary Specialized Education of the USSR dated
November 13, 1984 «On the approval of the Rules for
conducting work with the use of experimental animals».
The rats were housed individually and the feeding regime
was identical for each group of the experiment. The studies
were performed at the vivarium and approved by the local
ethics committee of Stavropol State Agrarian University.
The burn wound model was generated as described below.
Following preliminary skin treatment, in aseptic conditions
under short-term narcosis, the skin was cauterized on
a shaven square interscapular site of skin with an area of
2.5 cm2. Therefore, the shape, area and location of the
wounds were the same for each tested animal, so that
the dynamics of regeneration and wound healing could
be directly compared. Three groups of animals were
designated, each group containing 20 animals. In group
1, the surface of the burn wound was treated daily with
the ointment containing nanosized ZnO, starting from the
first day of wound modeling up to day 14. The rats in group
2 were treated analogically with a commercial zinc ointment
(Rosvetfarm, Russian Federation, TU 9318-009-1692391301). The burn wounds of the animals of group 3 were treated
with an isotonic saline solution (0.9 % NaCl) as controls.
The planimetric method proposed by Popova et al. [22]
was used to obtain the objective indices of wound healing.
The method is based on the determination of wound area
reduction over time. Measurements of the burn wound
model were performed on days 1, 3, 5, 10 and 14.
To analyze the dynamics of burn wound regeneration
in detail, the following parameters were calculated for the
animals in each group:
The daily percentage reduction of the wound area was
calculated as follows:
𝑆𝑆𝑛𝑛, )
(S(𝑆𝑆
– S−
n)
𝜗𝜗 ==__________
,
.
S t
𝑆𝑆
∙
𝑡𝑡
where S is the wound area at the previous measurement,
cm2;
Sn is the wound area at the current measurement, cm2;
t is the number of days between the previous and current
measurements.
The healing rate was calculated using the formula:
(S – Sn)
U = __________ ,
n
where S is the wound area at the previous measurement,
cm2;
Sn is the wound area at the current measurement, cm2;
n is the number of days.
The mean healing rate of burn wounds was calculated
as follows:
(Sn – Sk)
Uср = __________ ,
n
where Sn is the wound area at the current measurement,
cm2;
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Sk is the wound area at the end of the experiment;
n is the duration of the experiment, days.
At the end of the experiment, rats were euthanized via
inhalation of 96% diethyl ether so that the structure of the
brain and visceral system organs could be studied.
Histological material was taken on days 1, 5 and 7 after the simulation of burn wounds. For histological studies,
tissue sections of 1.0×0.3 cm were made, which were then
placed in 10% formalin solution for 2 h [23, 24]. The material was consequentially kept in six solutions of isopropyl alcohol with increasing concentrations for one hour in
each and then placed in homogenized histological paraffin
«Histomix» for 4 h at 62 °С, regulated by thermostat. The
material prepared in this way was inserted into histological cassettes. Paraffin sections with a thickness of 0.5 mm
were made using a microtome and pasted on histological
glasses. Histological sections were stained with hematoxylin and eosin [25]. Digital images of each preparation were
taken using an Axio Lab.A1 microscope (Carl Zeiss, Jena,
Germany). For statistical processing the Statistica 10.0
program (StatSoft, USA) was used with parametric (Student’s t-test) and nonparametric (Wilcoxon’s W test) tests.
Results and Discussion. The structure and phase
composition of the obtained nanosized ZnO was
investigated by X-ray diffraction. The diffractogram is
presented in Figure 1.
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The kinetic curves of model wound area reduction for
each group of rats were plotted (Fig. 3). Data analysis
showed that the mean wound area decreased in all
groups after the first day of wound modeling. Moreover,
the area of burn wounds displayed a decrease during the
entire experiment for each test group. Analysis of wound
area kinetic curves revealed that the rate of wound area
reduction was greatest in the first group of rats, which
were treated with the designed ointment based on ZnO
nanoparticles.

Fig. 3. The kinetic curves of model wound area reduction
for test groups 1 and 2 and control group 3

The degree of burn wound healing of the animals in the
first group was 27.48% and 32.08% greater in comparison
with the second and control groups, respectively.
The results of the calculation of daily wound area
reduction are presented in Figure 4.

Fig. 1. Diffractogram of nanosized ZnO, calcined at 175 °C

As shown in Figure 1, the diffractogram of nanosized ZnO
include all the characteristic peaks of wurtzite. The peaks
are broad and have a low intensity. These data confirm the
fact that the synthesized ZnO nanoparticles were finely dispersed. Additionally, SEM of the synthesized zinc oxide was
performed. The SEM microphotographs are presented in
Figure 2. The synthesized ZnO nanoparticles were quasispherical and had a mean size of approximately 30 nm.

Fig. 4. Daily reduction of the burn wound area for animals
in group 1, group 2 and control group 3

Fig. 2. SEM images of synthesized zinc oxide nanoparticles
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The data demonstrated that the
developed nanoparticle ZnO ointment
composition promotes reduction of
the wound area after the first day after
application.
Images illustrating the healing
wounds under the different treatment
conditions are presented in Figure 5.
From day 3 to day 5 of treatment,
the animals of group 1 demonstrated
a 17.9 % decrease in the wound area
(22 and 6 times more compared with
groups 2 and 3, respectively). From
day 5 to day 10 of treatment, the
wound area in group 1 decreased by
15 %, which was five and three times
more compared with groups 1 and 2,
respectively. Finally, from day 10 to
day 14 of treatment, the wound area
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reduction was approximately equal for each group. The
wounds in group 1 were almost completely healed by the
end of the experiment.
The data obtained show
that the rate of wound healing
in group 1 was the highest for
each stage of the experiment.
From day 1 to day 3 of treatment, the healing rate was
0.34 cm2 per day in group 1,
which was 1.36 and 3.78 times
higher than in groups 2 and 3,
respectively. From day 3 to day
5 of treatment, the healing rate
in group 1 was 0.28 cm2 per
day, which was 28 and 4 times
greater than that in groups 2
and 3, respectively. During this
stage of treatment, the healing
rate in group 2 was approximately zero. From day 5 to day
10 of treatment, the healing
rate of burn wounds in group
1 was 0.15 cm2 per day, which
was 3.75 and 1.36 times greatFig. 5. Images of burn wounds on day 5 of treatment: a) group 1, b) group 2, c) group 3,
er than that in groups 2 and 3,
and on day 10 of treatment: d) group 1, e) group 2, f) group 3
respectively.
After 7 days, the differences we noted earlier apThe rate of burn wound healing calculated for the entire experiment in group 1 was 1.78 and 1.33 times higher peared most clearly. In animals of groups 1 and 2,
complete epithelialization of the damaged areas was
than in the groups 2 and 3, respectively.
For an objective assessment of the developed oint- observed. The newly formed epithelial layer, consistment composition effectiveness in the burn wound treat- ing of several rows of cells, covered the entire area of
ment, in addition to the results of a planimetric study, it is the defect. Although the basal membrane had an unenecessary to conduct morphological studies. In this re- ven configuration, no outgrowths into the underlying
gard, as part of the present study, a histological analysis tissue were observed and the formation of hair follicles
of damaged tissue fragments in the area of thermal burn and sebaceous glands did not occur. Connective tissue
with typical cellular structures was located under the
was performed.
In animals of group 3, a large, fragmented scab par- epithelium. In group 3, the wound process was comtially covered the wound, and in some cases it was sep- pleted with the formation of organ-specific regenearated from the underlying tissues of the wound. In the rated tissue. This was shown by complete wound epcenter of the wound, mature granulation tissue was pres- ithelization and significant contraction of the dament containing various hematogenous and tissue cellular aged area, which was demonstrated by a shorter reelements; isolated macrophages, fibroblasts and colla- generation duration (609.22±15.01 in group 1 versus
gen fibers were observed on the wound edges. Addition- 634.72±18.01 µm in group 3), hair follicles and sebaally, growth of the newly formed epithelium was observed, ceous gland growth.
Conclusions. The analysis of wound area reduction
with the length of the regenerated tissue of 574.51±12.46
versus 589.01±14.58 µm in group 1; on the border with over time showed that the ointment composition containing nanosized ZnO displayed high regenerative effiintact epidermis, hypertrophy was detected.
Fragments of the scab remained in the center of ciency; this effect was significantly greater than that of
wound in group 3 after 5 days from the start of the the pharmaceutical zinc ointment. On treatment with the
treatment. A small area of granulation tissue contain- designed ointment with ZnO nanoparticles, the reduction
ing round-cell elements was localized under the scab. rate of the burn wound area during the first 3 days was
The epithelium was sharply hypertrophied at the bor- almost five times greater in comparison with the control
der with intact skin; the regenerated tissue was dis- group and almost 1.5 times greater compared with the
tinguished by the formation of small outgrowths of the group treated with pharmaceutical zinc ointment. These
basal membrane into the underlying tissue. Where results confirm the effective action of ZnO nanoparticles
wounds were treated with isotonic solution, partial or during the inflammatory stage, comprising wound cleacomplete epithelization of the damaged areas occurred ning, macrophage migration to the wound site and activasimultaneously in the animals of the control group. In tion of collagen synthesis by fibroblasts. Additionally, the
individual rats, a flat epithelial layer, consisting of 8– antibacterial properties of the ZnO nanoparticles reduced
10 rows of cells with a flat basal membrane, which did the secondary infection of wounds, supporting efficient
not form outgrowths in the thickness of the dermis, and functional wound healing [26–29].
The application of nanosized ZnO with a high surface
was formed on the surface of the wound. Its length was
164.4±8.01 versus 226.13±6.95 µm in group 1 (p<0.05). area as a component of a developed ointment compoUnder the epithelium, the wound defect was filled with sition allows the enrichment of the wound cells with zinc
mature granulation tissue with pronounced vasculariza- ions. Because of normalization of the zinc inflow to the
tion and a characteristic horizontal arrangement of fibro- wound cells, the rate of DNA replication, limited by thymidine kinase, is maintained.
blasts around the vessels.
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Histological studies demonstrated the effectiveness
of the ointment with nanosized ZnO in the treatment of
skin wounds by improved healing (per primam intentionem). The inclusion of ZnO nanoparticles in the ointment
led to a reduced level of inflammation, which is a morphological indicator for granulation tissue formation in
the damaged area. Active angiogenesis and fibroblast
proliferation accompanying granulation tissue formation
and its subsequent transformation into connective tissue, and an increase in the rate of epithelialization of the
damaged area are essentially a reflection of the transition
of wound healing from the inflammatory phase to the proliferative phase.
Experimental animal procedures. The maintenance
and care of experimental animals corresponded to the
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standards given in the Order of the Ministry of Health
of the Russian Federation No. 708n of 23.08.2010 «On
Approval of the Rules of Laboratory Practice in the Russian
Federation» and the ethical principles established by the
European Convention for the Protection of Vertebrates
Used for Experimental and Other Scientific Purposes
(adopted in Strasbourg on March 18, 1986 and confirmed
in Strasbourg on June 15, 2006) and the positive
conclusion of the local ethics committee. The study was
approved by the local ethics committee.
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FEATURES OF HIGHLY SPECIFIC FACTORS OF ENDOTHELIAL DYSFUNCTION
AND INDICATORS OF THE HEMOSTATIC SYSTEM AND LIPID METABOLISM
IN RATS UNDER VARIOUS EXPERIMENTAL CONDITIONS
Tsaturian L. D., Melikbekyan E. O., Dzhandarova T. I.,
Knyazhetskaya L. O., Baturin V. A., Shchetinin E. V.
Stavropol State Medical University, Russian Federation

ОСОБЕННОСТИ ВЫСОКОСПЕЦИФИЧЕСКИХ ФАКТОРОВ
ЭНДОТЕЛИАЛЬНОЙ ДИСФУНКЦИИ, ПОКАЗАТЕЛЕЙ СИСТЕМЫ
ГЕМОСТАЗА И ЛИПИДНОГО ОБМЕНА У КРЫС В РАЗЛИЧНЫХ
ЭКСПЕРИМЕНТАЛЬНЫХ УСЛОВИЯХ
Л. Д. Цатурян, Е. О. Меликбекян, Т. И. Джандарова,
Л. О. Княжецкая, В. А. Батурин, Е. В. Щетинин
Ставропольский государственный медицинский университет, Российская Федерация
This study involved an investigation of lipidogram and coagulogram parameters with assessment of highly specific markers
of endothelial dysfunction in 44 Wistar rats under various experimental conditions. Significant intersystem relationships were
revealed between the content of circulating endothelial cells and the activated partial thromboplastin time, prothrombin
time, platelet count, fractions of atherogenic lipoproteins, and atherogenic coefficient in animal models of hypercoagulation,
dyslipidemia, and mild stress.
Keywords: endothelial dysfunction, lipid profile, coagulogram parameters, mild stress, experimental animals
Проведено исследование показателей липидограммы, коагулограммы с оценкой высокоспецифических маркеров
эндотелиальной дисфункции у крыс линии Вистар, находящихся в различных экспериментальных состояниях. Выявлены значимые межсистемные взаимосвязи между содержанием циркулирующих эндотелиальных клеток с показателями
АЧТВ, протромбинового времени, количеством тромбоцитов, фракциями атерогенных липопротеинов и коэффициентом
атерогенности при моделировании у животных гиперкоагуляции, дислипидемии, а также состояния мягкого стресса.
Ключевые слова: эндотелиальная дисфункция, липидограмма, показатели коагулограммы, мягкий стресс, экспериментальные животные
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