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ABSTRACT

BACKGROUND: Currently, there remains a high incidence of skin damage due to trauma, chronic diseases, burns, so it is
important to study the issues of regeneration and treatment of skin wounds.

AIM: To conduct a morphological analysis of wound healing using aloe extract, hydrogel, and their combination in the experiment.
MATERIALS AND METHODS: The study involved 40 sexually mature guinea pigs, which were divided into a control group and
4 experimental groups (independent wound healing, application of aloe extract, hydrosorb gel, layer-by-layer application of
drugs). Histological skin preparations were prepared on days 3, 7, 14, and 28 of the experiment. In each microslide, in 10 fields
of view of the microscope at a magnification of x50, morphometric parameters were measured in micrometers (um): the
thickness of the purulent-necrotic scab, inflammatory (leukocyte) infiltrate, granulation tissue, the length of the newly formed
epithelium on days 3, 7, 14; the thickness of the epithelium, its length and the thickness of the connective tissue in the central
part of the regenerate on the 28" day. All data were subjected to statistical processing.

RESULTS: The medications led to a decrease in the inflammatory reaction, acceleration of the formation of granulation tissue,
and partial wound epithelization by day 7 of the experiment; however, more pronounced signs of wound healing were observed
with layer-by-layer application of aloe extract and hydrogel. By day 14, regardless of the application method, the use of
medications demonstrated signs of enhanced wound healing. Thus, the length of the epithelium increased by 1.2-1.6 times, the
depth of granulation tissue increased by 1.0-1.2 times compared to the control group. By the end of the experiment, all animals
had complete closure of the wound with scar formation, while in the experimental groups showed signs of skin remodeling
with appendages.

CONCLUSION: Morphological analysis showed that aloe extract, hydrosorb gel, and their combination accelerated the wound
healing processes of full-thickness skin wounds in the experiment.
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Mopdonoruyeckas xapakTepucTUKa 3a)KMBJIEHUS paH
Npu NpUMEHEHWMU 3KCTPaKTa ano3, ruaporens
W UX KOMOMHALMU: IKCNEPUMEHTAIbHOE UCCef0BaHue

T.M. YepnaHuesa, A.B. ®epocees, A.C. MHioTuH, M.C. Hekpacosa, A.A. KaukypkuHa,
A.A. AHTOLLKMH

Ps3aHcKui rocyaapcTBEHHbIA MeAULMHCKUIA YHUBEpCUTET MMeHM akaaemuka V.. Nasnosa, PasaHb, Poccus

AHHOTALMA

06ocHoBaHMe. B HacTosLLee BpeMs BbICOKA YacToTa BCTPEYAEMOCTYW NOBPEXAEHUN KOXHOI0 NOKPOBA, CBA3AHHBIX C 0KOraMy,
MeXaHW4eCKol TPaBMOW, XPOHMYECKUMM 3a00/1eBaHMAMU, NO3TOMY aKTyalbHO U3y4eHWe BOMPOCOB pereHepauuy u neyveHns
KOXHBbIX paH.

Lenb uccnepoBaHus — npoBecT MOPQONOrMYECKUIA aHANM3 3aXMBIEHUSA KOXHbIX paH MW UCMONb30BaHWUM IKCTPaKTa
anoa, rmaporens U ux KOMbMHaLMK B 3KCMepPUMEHTe.

Matepuansl u Metoabl. 06bekTamu uccnefoBaHus sBuMCb 40 M0NMOBO3peNbIX MOPCKWUX CBMHOK, KOTOPbIX pasfenviu
Ha 4 rpynnbl: KOHTPOJbHYK (CaMOCTOSATENbHOE 3aXKMBIIEHWE PaHbl) U 3 OMbiTHbIE (HAHECEHWe 3KCTpaKTa ano3, HaHeceHue
ruapocopb rens, NocioiHoe HaHeceHWe npenapatos). [OTOBMAM rUCTONOrMYECKMe NpenapaTthl Koxu Ha 3, 7, 14, 28-1 aeHb
3KcnepuMeHTa. B Kaxpom Mukponpenapate B 10 monsx 3peHus Mukpockona npu x50 u3MepsiM MopdoMeTpuyeckue
napameTpbl B MUWKPOMETpax (MKM): TOMLUMHY TFHOWHO-HEKPOTUYECKOTO CTpyna, BOCMANMUTENLHOMO (NefiKouuTapHoro)
WHOMNbTpaTa, rpaHyNAUMOHHON TKaHW; MPOTSKEHHOCTb HOBOOOpasoBaHHOro anuTenus Ha 3, 7, 14-e CyTKW; TOMLUMHY
3NUTENNSA, ero NPOTSAXKEHHOCTb; TONLMHY COEAMHUTENBHONW TKaHU B LIEHTPaNbHOW YacTu pereHepata Ha 28-e cytku. Bce
AaHHble CTaTUCTUYeCKU 0bpabaTbiBanu.

Pesynbtathl. Mcnonb3oBaHWe JNIEKApCTBEHHbIX MpenapaTtoB MPUBOAMIO K YMEHbLUEHWK CTEMeHU  BbIpaXEHHOCTH
BOCMANMTENbHONM PeaKLmm, YCKOPEHUID 00pa3oBaHMs rPaHyNALMOHHONM TKaHW, YaCTUYHOM 3NUTENM3aUMK paHbl K 7-My [HI0
3KCMEPUMEHTA, OfHAKO 00/1ee BbIPAKEHHBIE MPU3HAKM PaHO3AKMBIEHUS OTMEYaN NpW NOCNOHOM HAaHECEHWUW 3KCTpaKTa
anoa u ruaporens. Mcnonb3oBaHne NeKapcTBEHHbIX MPenapaToB BHE 3aBUCMMOCTM OT METOAMKW MPUMEHeHWs MoKasano
npusHaku bonee addeKTMBHOrO 3axmBReHUs paHbl K 14-My AHio. TaK, NpOTSKEHHOCTb anuTenus yeenuumnach B 1,2—
1,6 pa3a, rnybuHa rpaHynsaumoHHon TKaiu — B 1,0—1,2 pasa no cpaBHeHWO C KOHTponeM. K KOHLY 3KCmepuMeHTa y BCex
JKMBOTHBIX MPOU3OLLIO MOJIHOE 3aKpbITME paHeBoro AedekTa ¢ obpasoBaHueM pybua, HO B 3KCMEPUMEHTANbHBIX Fpynmax
0TMeYanuchb NpU3HaKN PEMOAENMPOBAHNSA KOXM C NPUAATKaMy.

3aknouenune. Mopdonormyeckuii aHanu3 nokasan, YTo NPUMEHEHWe 3KCTPAKTa ano3, ruapocopb rens u ux KoMbUHaLUu
YCKOpSIeT NpoLiecchl pereHepaLymn NOSHOCOMHBIX KOXHBIX paH B 3KCMEpPUMEHTE.

KnioueBble cioBa: KOXHasA paHa; pereHepauus KoXu; ruapocopb renb; 3KCTPaKT anod; MopdOMETpUS KOXKHOM paHbl;
TUCTONOTMS.
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BACKGROUND

Currently, various wound dressings (bandages) are used
to protect skin wounds from bacterial infection and accelerate
their regeneration. The so-called bioactive dressings include
hydrogels which are derivatives of biopolymers (for example,
cellulose) having good tissue compatibility and low toxicity
and injury rate [1]. The three-dimensional chemical structure
of hydrophilic polymers in the composition of hydrogels
serves to retain a large amount of water, thus helps to create
an optimal moist environment on the wound surface. Being
similar to skin tissue, hydrogels provide optimal conditions
for the proliferation of fibroblasts and keratinocytes, and for
the development of a new vascular network [2, 3].

Due to the increasing antibiotic resistance of
microorganisms, herbal medicines are actively included in
the therapy of skin wounds [4]. Aloe arborescens extract
has an antimicrobial effect due to bioactive compounds
such as anthraquinones [5]. The wound healing effect was
demonstrated by researchers when applying Aloe Vera
cream to a skin wound in animals, which decreased an
inflammatory infiltration, increased the epithelium thickness,
and changed the ratio of CD4*/CD8" lymphocytes in the wound
area [6]. However, this cream does not provide moisturizing
of the wound surface needed to ensure normal reparation.
Therefore, in our opinion, the combination of aloe extract with
hydrogel will provide a multidirectional effect and accelerate
the skin wound regeneration.

The study aimed to conduct a morphological analysis
of wound healing using aloe extract, hydrogel and their
combination in an experiment.

MATERIALS AND METHODS

Study design

An experimental single-center continuous uncontrolled
unblinded study was conducted.

The study objects were 40 sexually mature guinea
pigs with an average body weight of 320-370 g, kept on
a standard food and drink ration in isolated cages. At the
initial stage, a flat full-layer skin wound was modeled in all

Table 1. Groups of animals
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animals anesthetized with zoletil-xylazine with observance of
aseptic rules. For this purpose, an area of fur with undercoat
was shaved on the back in the interscapular region and after
processing the surgical field, a skin flap of 2x2 cm (4 cm?) was
cut out using a stencil with the removal of subcutaneous fat.
Starting from experiment day 3, local wound treatment was
performed. In connection with the set goal, the animals were
divided into 4 groups, namely a control group (spontaneous
wound healing) and 3 experimental groups (application of
aloe extract, application of hydrosorb gel, layer-by-layer
application of agents) (Table 1).

In all animals, a macroscopic examination of the
wound was performed to assess the healing dynamics,
and its size and area were measured using the method of
L.N. Popova [7]. According to the stage of the wound process,
the animals were sacrificed by an overdose of anesthesia
on day 3 (4 animals), days 7, 14 and 28 (3 animals from
each group for a period), followed by collection of material
for histological examination. The tissue pieces obtained were
placed in 10% buffered formalin solution, then dehydrated
and impregnated with paraffin using a standard technique.
The resulting paraffin sections were stained with hematoxylin
and eosin. The sections were examined using a Leica DM
2000 microscope (Leica Microsystems, Germany) at a total
magnification of x50. In each skin micropreparation, the
morphometric parameters were measured in micrometers
(um) in 10 fields of view using the VideoTesT-Morphology
5.0 program (Russia), namely the thickness of the purulent-
necrotic scab, inflammatory (leukocyte) infiltrate, granulation
tissue; the length of the newly formed epithelium on days 3,
7, 14; the epithelium thickness, its length and the thickness
of the connective tissue in the central part of the regenerate
on day 28 [8].

Ethical considerations

The study was conducted at the vivarium of the Ryazan
State Medical University of the Ministry of Health of the Russian
Federation with the approval of the Bioethics Committee
(Protocol No. 27 dated April 23, 2021). All manipulations
with laboratory animals were performed in accordance with
the requirements of the Helsinki Declaration (2013) and the
European Convention for the Protection of Vertebrate Animals

Group Local action Number of individuals, pcs.
Control group Spontaneous wound healing 10
Experimental group 1 Filling the wound with aloe extract (Yerevan Chemical and 10
Pharmaceutical Company, Yerevan) according to the instructions
Experimental group 2 Filling the wound with hydrosorb gel (Hydrosorb® Gel, Hartmann, 10
Germany) according to the instructions
Experimental group 3 Layer-by-layer application of agents: first aloe extract, then hydrosorb 10

gel
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used for Experimental and Other Scientific Purposes (ETS No.
123, Strasbourg, March 18, 1986 (as amended on June 22,
1998)).

Statistical analysis

The sample size was not pre-calculated. Mathematical
and statistical data processing was performed in Microsoft
Excel 2010 and SPSS Statistics 23.0 (IBM, USA). The
normality of distribution was tested using the graphical
method and the Pearson chi-squared test. Morphometric data
were presented as medians and quartiles (Me [Q;; Q,]). The
Mann-Whitney U test with Bonferroni correction was used
to compare data from unrelated samples; differences were
considered statistically significant at p <0.05.

RESULTS

Macroscopic examination of wounds on day 3 before
the start of treatment revealed signs of an inflammatory
process in all animals. The wound edges were hyperemic,
edematous, with purulent discharge on the surface,
indicating infection of the wound defect. Histological
examination showed that epithelialization was absent in
all individuals; purulent-necrotic detritus 532.67 [391.74;
790.4] pum thick and pronounced inflammatory infiltration
282.64 [214.84; 340.00] pm thick, with polymorphonuclear
leukocytes predominating, were detected on the wound
surface. New granulation tissue 351.34 [264.61; 432.4] um
deep was noted in isolated areas, mainly in the lateral parts
of the wound, with unexpressed signs of the development
of neovascularization.

On day 7 of the study, when examining the wounds of
guinea pigs in all groups, an inflammatory reaction was
noted, namely abundant purulent discharge when pressing,
edematous and hyperemic edges. However, in experimental
groups 1 and 3, inflammatory phenomena were less
pronounced. No significant differences in the wound defect
area were registered in the groups treated separately with
aloe extract and hydrosorb gel compared to the control

Tom 162, N 2, 2024
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group, but with layer-by-layer application of these agents,
the wound area decreased by 10%.

Morphological analysis of the wounds on day 7 (Table 2)
showed that in the control group, the wound was covered
with a pronounced scab with inflammatory (neutrophilic)
infiltration 204.99 [145.86; 271.02] um thick under it. Under
it, new granulation tissue with dilated full-blooded vessels
was formed along the entire length. A large number of
fibroblastic differon cells were noted in this tissue, as
well as thin, multidirectional bundles of collagen fibers
in the superficial layers, unidirectionally located in the
deep layers. The length of the newly formed epithelium
was 1065.35 um (Me). After treating the wound with aloe
extract, a statistically significant decrease in the scab
thickness by 18.63% (p <0.001), inflammatory infiltration
by 36.54% (p <0.0005), and an increase in the granulation
tissue thickness by 29.1% (p < 0.0005) was established
compared to the control group. The use of hydrosorb
gel resulted in a decrease in inflammatory infiltration by
19.7% (p < 0.001), as well as an increase in the wound
epithelialization index by 16.6% (p <0.003) compared to
the control group. Layer-by-layer application of drugs
accelerated significantly wound regeneration, with the
median thickness of the scab being 349.86 pm, leukocyte
infiltration being 142.9 pm, and granulation tissue being
1349.19 um (p <0.0005) (Table 2).

By day 14 of the study, macroscopic examination
of wounds in all animals revealed a decrease in signs
of inflammation, so that the wound was pale pink, the
granulation was fine-grained, with the presence of fibrin in
animals of the control group and experimental groups 1 and 2.
With layer-by-layer application of drugs, the granulation was
coarse-grained, red in color due to the formation of a large
number of vessels. Partial epithelialization of the wound
was noted in all animals, but it was more pronounced in
experimental group 3. Histological examination of animals
in all groups revealed that the central part of the wound was
covered with a homogeneous oxyphilic mass; inflammatory
polymorphonuclear infiltration and single full-blooded vessels

Table 2. Morphometric indices of skin regeneration on the 7" day experiment (Me [025; Q75])

Experimental

Experimental

Experimental

Indicator Control group group 1 group 2 group 3
Thickness of purulent-necrotic scab, 502,62 408,99* 516,90 349,86*
pm [391,75; 619,90] [260,67; 567,6] [336,56; 702,93] [241,45; 537,11]
Thickness of leukocyte infiltrate, pm 204,99 130,09* 164,58* 142,90*
[145,86; 271,02] [103,48; 168,03] [124,18; 234,56] [122,70; 181,83]
Granulation tissue depth, pm 899,29 1269,37* 835,73 1349,19*
[607,33; 1370,13] [1036,77; 1683,28] [633,20; 1089,99] [1075,21; 1725,16]
Extent of newly formed epithelium 1065,35 1124,49 1242,26* 1663,57*

(epithelialization), pm

[644,53; 1407,83]

[986,51; 1204,31]

[1102,07; 1373,09]

[1413,25; 1858,21]

* significant differences from the control group (Mann-Whitney U test, p <0.008).
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persisted in the underlying tissue. The median length of newly
formed epithelium was 1819.0 um in the control group and
2183.93-3079.77 um in the experimental groups (Table 3).
Granulation tissue was present throughout the entire wound,
with its thickness exceeding the control values by 11.89%
in experimental group 1 (p <0.006), 17.01% in group 2
(p <0.001), and 5% in group 3 (p <0.002) (Table 3). It had a
typical structure, with longitudinally located collagen fibers
with fibroblasts, fibrocytes and a large number of vertical
vessels prevailing, as well as isolated focal histiolymphocytic
infiltrates were noted.

Analysis of intergroup differences in skin wounds on
days 7 and 14 showed that in all animals, the scab thickness
decreased by 11-16%, the length of the newly formed
epithelium increased by more than 30%, the leukocyte
infiltrate decreased by 48—60%, and the granulation depth
increased by more than 98%.

By day 28 of follow-up, the wound defect had been
completely closed macroscopically in the animals. The
scar was presented as a white strip, which was confirmed
histologically (Fig. 1). The peripheral part of the regenerate
had signs of normal guinea pig skin. At the same time, the
central part of the regenerate in the animals of the control
group was represented by newly formed multilayered flat
keratinized epithelium with a smoothed papillary pattern,
while in the animals of the experimental groups the papillary
layer was formed. The thickness of the epithelium in the
central part of the regenerate (Table 4) was approximately
the same in all groups and was 180.07-195.81 um (Me); in
experimental group 2, this indicator differed significantly from
the control and was 153.01 pm (p <0.0005) (Me). Under the
epithelium, there was dense connective tissue with parallel
collagen fibers and fibroblast differon cells, with a median
thickness of 1173.76 um in the control group and 1541.86—
2324.37 um (p <0.0005) in the experimental groups (Table 4).
Skin derivatives (hair, sebaceous glands) were absent in the
central part of the regenerate.

DISCUSSION

The study showed that the morphological presentation
of full-layer skin wound healing differed in the control
group and when using aloe extract, hydrosorb gel and their
combination.

Vol. 162 (2) 2024
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Application of aloe extract to the wound led to a decrease
in inflammatory phenomena, contributed to greater
development of granulation tissue by day 7 of follow-up
compared to the control. In their study, Y.A. Prakoso et al.
also demonstrated a decrease in the inflammatory reaction
when using Aloe Vera cream containing aloe components,
where in animals, when applying the cream, leukocyte
infiltration and the ratio of CD4*/CD8* lymphocytes in the
wound decreased [6]. The antibacterial effect of Aloe Vera
was demonstrated in a study of a skin wound infected with
Staphylococcus aureus [9]. By day 14 of the experiment,
wound epithelialization increased by 69%, and the depth
of granulation tissue increased by 13% compared to the
control. By day 28 of follow-up, complete healing of the
wound was noted. Its central part was represented by
a multilayered squamous keratinizing epithelium, with
a significant thickness of scar connective tissue under
it. The active components of Aloe vera, such as aloesin,
aloin and emodin, are known to activate the expression of
growth factors in fibroblasts (transforming growth factor
B1, fibroblast growth factor, etc.), increase the proliferation
of keratinocytes, which has a beneficial effect on wound
regeneration [5, 10].

Application of hydrogel to the wound surface led not
only to a decrease in inflammatory (leukocyte) infiltration by
19.7%, but also to an increase in wound epithelialization by
16.6% compared to the control on day 7 of the experiment. By
day 14 of follow-up, the length of the epithelium increased by
28.2%, and the depth of mature granulation tissue increased
by 20.5%. On day 28, the central part of the wound defect
was represented by a scar covered with epithelium, where
active remodeling processes into dense unformed connective
tissue occurred. Hydrosorb gel is a multicomponent gel that
includes synthetic polymers such as carboxymethylcellulose,
hydroxyethylcellulose, accelerating the regeneration of skin
wounds [11]. According to literary data, the wound healing
effect of cellulose derivatives is due to their ability to
influence the migration and proliferation of fibroblasts due
to the release of fibroblast growth factors, as well as the
proliferation of epithelial cells due to the epidermal growth
factor [12].

The layered application of aloe extract and hydrosorb gel
significantly accelerated the regeneration of the skin wound
on day 7 of the experiment, which is confirmed by a decrease

Table 3. Morphometric indices of skin regeneration on the 14" day experiment (Me [Q25; Q75])

Experimental Experimental Experimental

Indicator Control group group 1 group 2 group 3

Granulation tissue depth, pm 2216,45 2515,56* 2670,77* 2339,15*
[1755,96; 2539,70] [1768,53; 3141,61] [2075,52; 2970,38] [2033,63; 3158,61]

Extent of newly formed epithelium 1819,28 3079,77* 2332,74* 2183,93*

(epithelialization), pm [1531,02; 2066,90]

[2553,50; 3522,27]

[2051,87; 2973,33] [1953,56; 2530,83]

* significant differences from the control group (Mann-Whitney U test, p <0.008).
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c d

Fig. 1. Skin area in the damaged area after 28 days. Hematoxylin and eosin stain, x50: @ — control group; b — experimental group 1;c —
experimental group 2; d — experimental group 3; 1 — epithelium in the central part of the regenerate, 2 — connective tissue in the central
part of the regenerate, 3 — skin derivatives.

Table 4. Morphometric indices of skin wound regeneration on the 28" day of the experiment (Me [25; Q75])

Indicator Control group

Experimental
group 2

Experimental
group 3

Experimental
group 1

195,81
[154,24; 253,38]

Epithelium thickness in the central
part of the regenerate, pm

Connective tissue thickness

in the central part of the regenerate, 173,76

[1114,88; 1238,07]

pm
Extent of epithelium in the scar zone, 2001,11
pm [1936,07; 2062,95]

[162,85; 211,31]

[1464,99; 1944,69]

[2273,12; 2366,74]

183,02 153,01*

[121,15; 174,90]

180,07
[151,04; 201,71]
1541,86™ 1875,95*
[1777,89; 1983,87]

2324,37*
[1906,0; 2604,0]
2323,87* 1467,94*
[1092,21; 1634,99]

1667,02*
[1464,49; 1893,20]

* significant differences from the control group (Mann-Whitney U test, p <0.008).

in the inflammatory reaction, the development of granulation
tissue and the length of the newly formed epithelium. This
trend persists throughout the experiment and ends with
a significant transformation of the scar thickness into a
dense fibrous unformed tissue with skin appendages. Most
probably, such changes are associated with the combined
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wound-healing effect of two drugs affecting different
components of the regeneration process.

It is worth noting that in all study groups, connective
tissue remodeling was not completed by the end of the
experiment, but this process was more active when using
hydrogel and layered application of drugs.
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CONCLUSION

The study showed a difference in the morphological
presentation of full-layer skin wound regeneration when
using aloe extract, hydrosorb gel and their combination. In the
early stages of the experiment, the use of agents decreased
the inflammatory reaction, accelerated the formation of
granulation tissue, induced partial epithelialization of the
wound; however more pronounced signs of wound healing
were noted with the layered application of aloe extract and
hydrogel. By the end of the experiment, all animals had
a complete closure of the wound defect with the formation
of a scar. In all experimental groups of the study, signs of
skin remodeling (formation of papillary and reticular layers
of the dermis with the rudiments of skin appendages) were
noted, most pronounced when using hydrosorb gel and its
combination with aloe extract.

Thus, morphological analysis showed that the use of aloe
extract, hydrosorb gel and their combination accelerates the
wound healing processes of full-layer skin wounds in the
experiment.
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