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The aim of the study is to determine the effectiveness of betamethasone in the treatment of local post-tattoo complications, depending on 
the mode of administration.
Materials and methods. The work was carried out on 90 male rats which had been tattooed (n = 30 – a negative control group; n = 30 – a 
comparison group: a subcutaneous administration of 1 ml of a betamethasone solution; n = 30 – an experimental group: an administration 
of 1 ml of a betamethasone solution using a tattoo machine), 15 – intact rats. Withdrawal from the experiment took place on the 3rd, 10th 
and 21st days. The skin samples were fixed in 10% formalin, followed by histological posting and manufacturing of micropreparations, then 
staining with hematoxylin and eosin, according to Van Gieson. A morphometric study included determination of the volume fraction (VF) of 
the epidermis; dermal fibers; pigment; inflammatory cells; macrophages (%), as well as the pigment depth (μm) and the severity of edema.
Results. The study found out that in the process of the betamethasone administration using a tattoo machine, the drug was uniformly ad-
ministrated over the entire area of the tattoo; hereby, the phenomena of edema and inflammatory infiltration were insignificant. The dermal 
fibers were located in each layer with no signs of edema and with single cells of inflammation, respectively. The data of the histological pro-
cessing were completely consistent with the results of morphometry: it was found out that in the experimental group, edema significantly 
decreased, the volume fraction of the pigment and macrophages decreased, and the volume fraction of the dermal fibers increased. The 
estimation of the inflammatory reaction was carried out according to the morphometric parameters of the volume fraction of inflammatory 
cells and had significant differences in all the experimental groups, decreasing in the following series: the negative control group> the com-
parison group> the experimental group> the group of intact animals (p <0.05).
Conclusion. Based on the data obtained, the effectiveness of betamethasone in the treatment of local post-tattoo complications has been 
proved. In this case, the treatment of choice is the administration of this drug not traditionally subcutaneously, but using a tattoo machine 
that enables the targeted delivery of the substance to the area of the pathological process.
Keywords: betamethasone, tattoo, morphometry, tattoo pigment, macrophages
Abbreviations: NC – negative control, VF – volume fraction
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Цель. Определить эффективность применения бетаметазона в лечении местных посттатуажных осложнений в зависимости от спо-
соба введения.
Материалы и методы. Работа выполнена на 90 крысах-самцах, которым наносили татуировки (n=30 – негативный контроль; n=30 – 
группа сравнения: подкожное введение 1 мл раствора бетаметазона; n=30 – опытная группа: введение 1 мл раствора бетаметазона 
с помощью тату-машинки), 15 – интактные крысы. Выведение из эксперимента на 3, 10, 21 сут. Образцы кожи фиксировали в 10% 
формалине с последующей гистологической проводкой и изготовлением микропрепаратов, окраской гематоксилином и эозином, 
по ван Гизону. Морфометрическое исследование включало определение объемной доли (ОД) эпидермиса; волокон дермы; пигмен-
та; клеток воспалительного ряда; макрофагов (%), а также глубину залегания пигмента (мкм) и выраженность отека.
Результаты. В ходе исследования установлено, что введение бетаметазона с помощью тату-машинки препарат равномерно вво-
дился на всю площадь татуировки, в связи с этим, явления отека и воспалительной инфильтрации были незначительными. Волокна 
дермы располагались соответственно каждому слою без признаков отека и с единичными клетками воспаления. Данные гистоло-
гического исследования полностью согласовывались с результатами морфометрии, в результате которой было установлено, что в 
опытной группе достоверно уменьшался отек, снижалась объемная доля пигмента и макрофагов, увеличивалась объемная доля 
волокон дермы. Оценка воспалительной реакции проводилась по морфометрическим параметрам ОД клеток воспалительного ряда 
и имел достоверные различия во всех экспериментальных группах, уменьшаясь в ряду: группа негативного контроля > группа срав-
нения > опытная группа >группа интактных животных (р<0,05).
Заключение. На основании полученных данных доказана эффективность применения бетаметазона при лечении местных постта-
туажных осложнений. При этом наиболее предпочтительным является введение данного препарата не традиционно подкожно, а с 
использованием тату-машинки, дающей возможность адресной доставки вещества в зону патологического процесса. 
Ключевые слова: бетаметазон, татуаж, морфометрия, татуировочный пигмент, макрофаги
Сокращения: НК – негативный контроль, ОД – объемная доля

INTRODUCTION
The search for the development and implementa-

tion of treatment regimens for patients with post-tattoo 
complications is an urgent problem of modern medicine 
in general, and dermatology in particular. In modern 
society, having tattoos is no longer associated with a 
certain social status of its owners, however, due to the 
appearance of numerous tattoo parlors, the number of 
complications resulting from tattooing is steadily grow-
ing [1].

On the basis of a multicenter clinical trial, a classi-
fication of complications arising from the tattoo proce-
dure has been presented [2]. One of the most common 
post-tattoo local complications is contact dermatitis and 
the formation of keloid scars [3, 4].

The attempts to treat inflammation in the tattoo 
area using local non-steroidal and steroidal anti-inflam-
matory drugs, are single [5], and the data obtained are 
contradictory. These factors determine the relevance of 
this study.

THE AIM of the study is to determine the effec-
tiveness of betamethasone in the treatment of local 
post-tattoo complications, depending on the mode of 
administration.

MATERIALS AND METHODS
Experimental animals
The experiment was performed on 105 nonlinear 

sexually mature male rats (stock), weighing 280–300 g. 
The rats were kept under standard vivarium conditions, 
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with a natural change in the daily cycle, a free access to 
extruded food and water. The contents and manipula-
tions were carried out in accordance with order No. 755 
of the USSR Ministry of Health dated 08/12/1977, and 
the European Convention for the Protection of Verte-
brate Animals used for Experimental and Other Scientific 
Purposes (Strasbourg, March 18, 1986) [6, 7].

Study design
The design of the experiment is shown in Fig. 1.
At the first stage of the experiment, after anesthesia 

(injected intraperitoneally with chloral hydrate 350 mg/kg) 
and preoperative showering обработки операционного 
поля (the dorsal area область спины), 90 rats were in-
tradermally tattooed with a black pigment (Corona Colors 
Inc., USA), 2 cm2 in area, using a Long Time Liner tattoo 
machine of a rotary type. A characteristic feature of this 
device is its operation in a gentle mode, providing a pene-
tration depth of 0.5 mm into the tissue. The control group 
was represented by 15 intact animals.

At the second stage, the rats were divided into 3 
groups: a negative control group (without pharmacolog-
ical correction, n = 30), a comparison group (with a tra-
ditional subcutaneous administration of 1 ml of a beta-
methasone solution, n = 30), an experimental group (an 
administration of 1 ml of a betamethasone solution using 
a tattoo apparatus, n = 30). Betamethasone is a glucocor-
ticosteroid, its trade name is Diprospan® suspension for 
injection 7 mg/ml (2 mg + 5 mg/ml); 1 ml ampoule, blis-
ter pack 1, cardboard pack 1; EAN Code: 4602210000038;  
No. P N013528 / 01, 2008-07-04 from MSD Pharmaceu-
ticals LLC (Russia); manufacturer: Schering-Plough Labo 
N.V. (Belgium) ATX H02AB01 Betamethasone. Betameth-
asone (Diprospan) is a drug of choice in dermatovenerol-
ogy in the local treatment of dermatitis, eczema, psoriasis 
and other skin diseases.

The animals were withdrawn from the experiment 
on the 3rd, 10th and 21st days.

Histological processing
180 fragments of the skin with tattoos were taken; 

30 fragments of the skin of intact animals were taken as 
a control. After fixing the material in a 10% neutral for-
malin solution (the exposition time was 24 h), a standard 
histological posting was performed by keeping the fixed 
material in ethyl alcohol in the ascending concentration 
(from 70° to 100°) and chloroform. After pouring into 
paraffin and manufacturing blocks, serial histological 
sections were obtained, followed by staining with he-
matoxylin and eosin, according to Van Gieson (for deter-
mining the connective tissue).

The microphotographs were taken using a “Leica 
DM 100” microscope with a digital camera, magnifica-
tion ×100, ×200.

Morphometric research 
The morphometric research was carried out in ac-

cordance with the established principles of quantitative 
morphological studies, according to which measure-
ments are made on microphotograms obtained by pho-
tographic documentation of serial sections (and deter-
mining the number of objects on at least 10 glasses in 10 
fields of view) [8].

Using the program “Video test Morpho”, the follow-
ing data were determined: the volume fraction of epi-
dermis (%); the volume fraction of dermal fibers (%); the 
volume fraction of the pigment (%); the volume fraction 
of inflammatory cells (%); the volume fraction of macro-
phages (%), as well as the depth of the pigment (μm) and 
the severity of edema.

Statistical processing of results 
The gained results were processed using the STSTIS-

TICA 7.0 application software package (StatSoft, USA). 
The following data were determined: M ± SEM, non-
parametric Wilcoxon’s test, Student’s t-test and confi-
dence indices (p). The results were considered reliable 
at p <0.05.

RESULTS
Effectiveness of betamethasone during 
the tattooing process depending on
the mode of administration according 
to the results of histological processing
When performing the histological block of the study 

of the rats’ skin samples, it was found out that on the 3rd 
day, in the rats of the intact group, the skin was repre-
sented by two layers: epidermis and derma. The epider-
mis included horny, prickle-cell and basal layers adjacent 
to the basement membrane; the derma consisted of 
papillary and reticular layers (Fig. 2).

In all the skin samples in the groups with tattooing, 
the signs of the traumatic damage were reported in tat-
tooing with a black pigment and an inflammatory reac-
tion in response to this damage. When assessing the skin 
layers in the negative control group, the epidermis was 
characterized by preserving all its layers, where the ep-
ithelium was represented by a basal layer that was fair-
ly tightly adjacent to the basement membrane without 
signs of damage.

The remaining layers of the epidermis (prickle-cell, 
granular, horny) were preserved and clearly visualized 
when stained with hematoxylin and eosin. In the papillary 
and reticular layers of the derma, an accumulation of the 
black pigment was reported. It was located both diffusely 
and perivascularly, which was accompanied by a reaction 
of the vascular bed and the development of a pronounced 
inflammatory reaction. So, in the early period, there was a 
slight perivascular edema and the presence of neutrophils 
mainly in the reticular layer of the derma. The boundary 
between the reticular and papillary dermal layers was not 
clearly detected due to the edema and inflammatory infil-
tration. The dermal fibers were more loose compared to 
the skin samples of the intact animals (Fig. 3).



51

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 8, Выпуск 1, 2020

Figure 1 – Design of the experiment
Note: NC – a negative control group (without pharmacological correction); a comparison group – subcutaneous administration of betameth-

asone; an experimental group – a betamethasone administration using a tattoo machine

Figure 2 – Histological structure of the skin of the 
positive control group rats (intact animals) on the 3rd 
day of the experiment. Stained with hematokilin and 

eosin. A 100 × magnification

Figure – 3. Histological structure of the skin of the nega-
tive control group rats (the skin of the tattoo area with-

out treatment) on the 3rd day of the experiment. Stained 
with hematokilin and eosin. A 100 × magnification

DOI: 10.19163/2307-9266-2020-8-1-48-56
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Figure 4 – Histological structure of the skin of 
the comparison group animals (intradermal 

betamethasone administration) on the 3rd day of the 
experiment. Stained with hematokilin and eosin. A 

100 × magnification

Figure 5 – Histological structure of the skin of 
the experimental group rats (betamethasone 

administration using a tattoo machine) on the 3rd 
day of the experiment. Stained with hematokilin and 

eosin. A 100 × magnification

Figure 6 – Histological structure of the skin of the 
positive control group rats (intact animals) on the 21st 
day of the experiment. Stained with hematokilin and 

eosin. A 100 × magnification

Figure 7 – Histological structure of the skin of the negative 
control group rats (skin of the tattoo area without 

treatment) on the 21st day of the experiment. Stained 
with hematokilin and eosin. A 100 × magnification

Figure 8 – Histological structure of the skin of the 
comparison group animals (intradermal betamethasone 

administration) on the 21st day of the experiment. Stained 
with hematokilin and eosin. A 100 × magnification

Figure 9 – Histological structure of the skin of the 
experimental group rats (betamethasone administration 

using a tattoo machine) on the 21st day of the experiment. 
Stained with hematokilin and eosin. A 100 × magnification



53

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 8, Выпуск 1, 2020

In the comparison group (with intradermal beta-
methasone administration into the tattoo area), the ede-
ma of the derma was less pronounced, the fibers were 
located more densely to each other, and the papillary 
and reticular layers of the derma were visualized. The 
sites of inflammatory infiltration represented by neutro-
phils and lymphocytes were reported, while the cellular 
reaction was less pronounced and manifested uneven-
ly, persisting mainly in the deep layers of the derma. 
Inflammatory infiltrates located perivascularly, as well 
as around the appendages of the skin, were detected. 
The structure of the epidermis had no significant differ-
ences from the structure of the skin of the intact group 
animals: the basal, prickle-cell, granular and horny layers 
were visualized (Fig. 4).

In the skin samples of the experimental group (with 
intradermal betamethasone administration using a tat-
too machine), the drug was uniformly injected over the 
entire tattoo area, in this regard, the phenomena of ede-
ma and inflammatory infiltration were insignificant. So, 
the papillary layer was represented by a loose, unformed 
connective tissue, the fibers were tightly attached to the 
basement membrane of the epidermis. A clear bound-
ary between the papillary and reticular layers, where the 
latter was represented by a dense unformed tissue, with 
the inclusion of skin appendages, was visualized. Single 
lymphocytes and neutrophils around the blood vessels 
and appendages of the skin, were determined. The der-
mal fibers were located in each layer without signs of 
edema, respectively (Fig. 5).

On the 10th day of the experiment, the skin samples 
of the intact animals had a typical histological structure 
that did not differ from that on the 3rd day of the exper-
iment. In the negative control group, on the 10th day 
of the experiment, the epidermis had a typical structure 
that did not differ from that in the group of intact an-
imals, the cells were tightly attached to the basement 
membrane. Morphological changes concerned the pap-
illary and reticular layers of derma. In this case, there 
were phenomena of edema, visually manifested in a 
connective tissue shedding. An inflammatory infiltrate 
was determined, and in this model, its severity slightly 
decreased compared to the 3rd day of the experiment. 
According to the cellular composition, single neutro-
phils, lymphocytes, and plasmocytes were detected. 
It should be noted that at this time of the experiment, 
macrophages absorbing the black pigment, were iden-
tified; they were located predominantly perivascularly 
and were characterized by incomplete phagocytosis. An 
insignificant reaction of connective tissue cells was also 
reported. There fibroblasts and fibrocytes with random-
ly located fibers which can lead to the formation of scar 
tissue or keloid scar, were determined.

In the comparison group, on the 10th day, there was 
a decrease in edema and inflammatory response. His-
tologically, all the skin layers represented by epidermis, 
derma and hypoderma, were determined. The basal 

cells were located on the membrane, in a tight contact 
with the prickle-cell layer adjacent to the granular one 
and the subsequent horny layer. The papillary dermal 
layer tightly adhered to the basement membrane of the 
epidermis, the fibers of the loose tissue were located 
somewhat randomly. Single lymphocytes, neutrophils 
and plasma cells were detected. A black pigment with 
a diffuse arrangement of granules was revealed in both 
reticular and papillary layers, and in single macrophages. 
In the reticular layer there were appendages of the skin, 
represented by intact hair follicles, sweat and sebaceous 
glands.

A histological processing of the animal skin samples 
of the experimental group on the 10th day, did not show 
significant differences from the skin fragments in the 
comparison group. All the layers of the epidermis, the 
structure of the basement membrane were preserved, 
a clear boundary was determined between the papillary 
and reticular layers of the derma. The black pigment was 
located both in the papillary and reticular layers, in the 
form of small clusters located mainly perivascularly. A 
small number of macrophages with black pigment inclu-
sions was determined. Single lymphocytes and neutro-
phils were observed only in the deep layers of the derma 
near the hair follicles and sebaceous glands.

On the 21st day of the experiment, the structure of 
the skin samples of the intact rats corresponded to the 
histological norm (Fig. 6).

On the 21st day, in the negative control group, the 
skin samples from the tattoo area showed morpholog-
ical changes from the derma, while the epidermis was 
fully consistent with the intact rats’ skin structure. It 
should be notified that in the derma, there were cells of 
the lymphocytic series, represented by single groups of 
lymphocytes and plasmocytes, which are the basis for 
the development of granulomatous complications with 
the formation of nonspecific intradermal granulomas. 
Such pathological manifestations of the skin reaction to 
an alien pigment, lead to visual changes in the skin to-
pography, and are the most common reason for patients 
to contact a dermatologist with complaints of a violation 
of the aesthetic appearance of the tattoo.

On the 10th day of the experiment, the pigment vol-
ume decreased slightly due to the presence of both res-
ident macrophages and free phagocytes. The number of 
cells of the fibroblastic series increased significantly, and 
single fibrocytes were reported. These factors were as-
sociated with the presence of a severe inflammation at 
the early stages, and secondary tissue damage. In some 
cases, a thickening of the connective tissue fibers was 
observed. It was due to hyalinosis resulting in the forma-
tion of scars. According to the morphological structure, 
these scars were similar to keloid ones (Fig. 7).

When studying the skin samples of the comparison 
group on the 21st day of the experiment, a complete 
absence of cellular elements was revealed. It indicates 
an inflammatory process due to the peculiarities of the 
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pathological process at the earlier stage of the experi-
ment. In this regard, secondary tissue damage, as well 
as chemo-induced fibroblast migration, was reduced, 
which did not cause a pronounced synthesis of the con-
nective tissue fibers resulting in the formation of scars. 
So, the papillary layer of the derma which was closely 
adjacent to the basement membrane of the epidermis, 
as well as the reticular layer in which the appendages of 
the skin were located, were determined. The pigment 
distribution was shaped relatively nonuniformly as small 
clusters in both reticular and papillary layers (Fig. 8).

The greatest effect in reducing the inflammatory re-
sponse and prevention of complications was achieved 
in the experimental group. In the study carried out on 
the 21st day, it was found out that the skin structure 
corresponded to the histological norm with visualiza-
tion of the main layers: epidermis, derma, hypoderma 
(Fig. 9).

The presence of the black pigment in the reticular 
derma, was reported in the form of small clusters caused 
by the presence of histiocytes in the connective tissue. 
The dermal fibers were arranged according to its layers 
and had a characteristic structure.

Morphometric evaluation of betamethasone effec-
tiveness in tattoo dynamics depending on the mode of 
administration 

The results of the morphometric study of the skin 
samples in the tattoo area in the rats of the studied 
groups in the dynamics of the experiment, are present-
ed in Table 1.

During the experiment, the volume fraction (VF) of 
the epidermis had no significant differences from the 
VF of the epidermis in the group of intact animals and 
averaged 16.49±1.19% (p> 0.05) in all the experimental 
groups.

When determining the VF of the dermal fibers, it 
was found out that in the tattooed animals, there was a 
significant decrease in this indicator compared to the in-
tact rats. The most pronounced decrease in this morpho-
metric indicator, was determined in the negative control 
group on the 3rd day of the experiment (60.02±4.02%), 
p <0.05. As the duration of the experiment increased, 
the VF of the dermal fibers increased, too, and on the 
10th day, in the animals of the comparison and exper-
imental groups, there were no significant differences 
from the VF in the intact group.

The maximum VF values of the tattoo pigment were 
determined in all the experimental groups on the 3rd 
day and significantly decreased as the duration of the 
experiment increased. At the same time, there was an 
increase in the VF of macrophages; however, this indi-
cator significantly decreased in the dynamics of the ex-
periment. Thus, the macrophage VF was minimal in the 
negative control group, varying from 1.74 ± 0.11% (on 
the 3rd day) to 0.6 ± 0.05% (on the 21st day), p <0.05.

The assessment of the inflammatory response was 
carried out according to the morphometric parameters 

of the VF of the inflammatory series cells (neutrophils, 
lymphocytes, monocytes). This indicator had significant 
differences in all the experimental groups, decreasing 
in the series in the following way: the negative control 
group> the comparison group> the experimental group> 
the group of intact animals (p <0.05).

The greatest betamethasone effectiveness in mor-
phometry was determined when evaluating an intersti-
tial edema, which had significantly reduced by the 10th 
day of the experiment as a result of intradermal admin-
istration of the drug, and completely leveled when intro-
duced using a tattoo machine (p <0.05).

When studying the depth of the tattoo pigment, it 
was found out that in the dynamics of the experiment, in 
the negative control rats an increase of this indicator by 
1.97 times was recorded in all the animals; in the com-
parison group – by 1.75 times and in the experiment – by 
1.82 times (p <0.05).

DISCUSSION
The intact animals’ skin had a typical structure, 

which corresponded to the histological norm. In all the 
experimental groups, the main pathomorphological 
changes were registered in the derma. The accumulation 
of the black pigment was registered in the papillary and 
reticular layers; it was located both diffusely and perivas-
cularly. The pigment accumulation was accompanied by 
a reaction of the vascular bed and the development of a 
pronounced inflammatory reaction.

In the negative control group in the early period, the 
border between the reticular and papillary layers of der-
ma was not clearly defined due to edema and inflamma-
tory infiltration. The dermal fibers were looser compared 
to the skin samples of the intact animals. In the reticu-
lar layer of the derma and hypoderma, skin appendag-
es were determined; there was neutrophilic infiltration 
and an admixture of lymphocytes around the sebaceous 
glands and hair follicles, which can become a source of 
purulent complications. The results obtained are consis-
tent with the data of foreign authors, who point out a 
risk of post-tattoo complications, mainly when using a 
black tattoo pigment [9, 10].

By the end of the experiment, the border between 
the papillary and reticular layers had become fuzzy, due 
to the development of a fibroblastic reaction and an 
increased production of connective tissue fibers; it re-
sembled the picture of a “young” scar in the process of 
formation. The data obtained do not contradict the liter-
ature data on the possibility of the formation of keloid 
scars in the tattoo area, regarded as a local procedure 
complication [11].

In the comparison group (with intradermal beta-
methasone administration into the tattoo area), the 
edema of the derma was less pronounced, the fibers 
were located more densely to each other, and the pap-
illary and reticular сетчатый layers of the derma were 
visualized.
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The inflammatory reaction was less pronounced and 
nonuniformly manifested, persisting mainly in the deep 
layers of the derma and dynamically decreasing as the 
duration of the experiment increased. On the 21st day 
of the experiment, secondary tissue damage was report-
ed, herewith the chemically induced migration of fibro-
blasts was reduced, which did not cause a pronounced 
synthesis of the connective tissue fibers resulting in the 
formation of scars.

The greatest effect in relation to the inflammato-
ry reaction and the prevention of complications, was 
achieved in the experimental group. In the skin samples 
of the experimental group (with intradermal betameth-
asone administration using a tattoo machine), the drug 
was uniformly injected over the entire area of the tat-
too; in this regard, the phenomena of edema and inflam-
matory infiltration were insignificant. The dermal fibers 
were located in each layer, respectively, with no signs of 
edema and with single cells of inflammation. The car-
ried out histological research was fully consistent with 
the results of morphometry. It was found out that in the 
betamethasone administration using a tattoo machine, 
edema significantly decreased, the VF of the pigment, 
macrophages and inflammatory cells decreased, too, 
and the number of dermal fibers increased (p <0.05).

The data obtained are extremely relevant, which is 
confirmed by foreign authors’ publications. They indi-
cate an increase in post-tattoo complications and the 
development of skin diseases, such as atopic dermati-
tis, allergic reactions provoked by the tattoo procedure 
[12–15]. Granulomatous diseases, up to skin sarcoid-
osis, are recorded somewhat less frequently [16]; the 
prerequisites for its occurrence were identified during 
the histological research. Thus, the inflammatory na-
ture of the skin diseases, against the background of 
tattooing and the location of the tattoo pigment in the 
deep layers of the derma, determine the consistency of 
using betamethasone as the drug of choice and explain 
the effectiveness of its administration using a tattoo 
machine.

CONCLUSION
As a result of the carried out experimental study, 

the effectiveness of betamethasone in the treatment 
of local post-tattoo complications has been proved. In 
this case, the treatment of choice is the administration 
of this drug not traditionally subcutaneously, but using 
a tattoo machine. That enables the targeted delivery of 
the substance to the area of the pathological process, 
and can be recommended for clinical trials.

Table 1 – Morphometric parameters of the skin in the tattoo area of the rats in the studied groups  
in the experiment dynamics (M ± m)

Groups of Animals Experiment duration
The 3rd day The 10th day The 21st day 

VF of epidermis,%
Intact 16.21±0.81 17.01±0.85 15.99±0.79
Negative control 16.82±1.51 16.77±1.84 16.01±1.12
Comparison group 16.74±1.17 16.59±1.49 16.33±1.31
Experimental group 16.43±1.31 16.68±1.01 16.29±1.14

VF of dermal fibers,%
Intact 83.79±4.18 82.7±4.13 84.01±4.20
Negative control 60.02±4.02* 69.82±4.19* 78.65±5.51*#

Comparison group 66.0±4.62* 75.23±6.77 79.43±5.56
Experimental group 67.39±4.87* 74.8±4.49 79.51±6.36

Pigment depth, μm
Intact 0 0 0
Negative control 42.0±2.13* 67.9±4.75*# 82.77±6.62*#

Comparison group 40.53±2.43* 70.6±4.23*# 71.0±4.97*#

Experimental group 40.21±2.81* 61.33±3.68*# 73.22±5.85*#

VF of pigment, %
Intact 0 0 0
Negative control 8.77±0.61* 5.11±0.46*# 4.43±0.49*#

Comparison group 9.58±0.86* 4.98±0.34*# 3.97±0.19*
Experimental group 9.33±0.65* 5.52±0.39*# 3.99±0.23*#

VF of inflammatory series cells, %
Intact 0 0 0
Negative control 12.65±1.01* 7.5±0.82*# 0.31±0.02
Comparison group 6.35±0.45* 3.1±0.21*# 0.17±0.01
Experimental group 5.7±0.39* 2.9±0.23*# 0.11±0.01

VF of macrophages, %
Intact 0 0 0
Negative control 1.74±0.11* 0.8±0.07*# 0.6±0.05*#

Comparison group 1.33±0.11* 0.1±0.008# 0.1±0.007
Experimental group 1.15±0.10* 0.1±0.011# 0.1±0.005

Severity of edema (+++)
Intact – – –
Negative control +++* ++*# –#

Comparison group ++* +*# –#

Experimental group ++* –*# –
Note: * – significant differences with the group of intact animals (p <0.05); # – significant differences compared with the previous period (p <0.05)
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