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Influence of a new protein-peptide complex on promoting skin wound healing in male BALB/c mice was
studied. Protein-peptide complex, extracted from Sus scrofa immune organs, was percutaneously admin-
istered using two methods: by lecithin gel-like liquid crystals and by liquid microemulsion. On the fifth
day, wound closure in mice with a linear wound model become faster in group (less 2 days comparison to
other ones), which was treated with lecithin liquid crystals carrying the protein-peptide complex.
This promoting healing can be caused by resorption of bioactive high-molecular compounds the animal
skin. In mice with the linear wound model, the tensile strength of the scars were respectively higher both
in mice, treated using lecithin liquid crystals with protein-peptide complex, and in mice, treated using
microemulsion containing protein-peptide complex, by 215.4% and 161.5% relative to the animals, which
did not receive bioactive substances for wound treatment. It was associated with the regeneratory effects
of tissue- and species-specific protein-peptide complexes, including a-thymosin Sus scrofa (C3VVV8_PIG,
m/z 3802.8) and other factors, which were described as parts of the new extracted complex. This reveals
that percutaneous administration of the complex reliably activates local regenerative processes in
animals.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In animals skin damage occurs very often for some reasons,
which including acute trauma, chronic wounds, and also conse-
quence of veterinary surgery treatment. It is noteworthy, that tech-
nology of using an animal tissues as source of bioactive proteins
and peptides is a new trend in veterinary sciences (Baradaran
et al., 2017). Biofactors derived from animal tissues, where the
main active ingredients are endogenous protein compounds, have
been used to stimulate immunity, metabolic processes, regenera-
tion processes and other (Chen et al., 2019; Crosby and
Kronenberg, 2018; Novoseletskaya et al., 2015a, 2015b;
Vasilevskaya and Akhremko, 2019). Natural proteins and peptides
exhibit higher specificity and effectiveness in comparison to tradi-
tional drugs (Kalkhof et al., 2014; Yang et al., 2019).

Earlier, we obtained a complex of tissue-specific proteins from
Sus Scrofa tissues (Fedulova et al., 2017), which provides the body’s
primary defense response (Fedulova et al., 2019). Also, these pro-
teins can participate in the secondary immune response and
ensure the implementation of regeneration processes. Earlier it
was proved that deuterium depleted water (50 ppm) as a solubiliz-
ing agent increases the amount of bioacive proteins during extrac-
tion (Chernukha et al, 2017). The regulatory effect of this complex
has been demonstrated in vivo in an immunosuppressed animal
model (Fedulova et al., 2017). At the same time, it seems promising
to study anti-inflammatory and, in particular decongestant, prop-
erties of these native bioactive protein factors with local injuries
and systemic pathologies in animals and humans.
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Traditionally, research of the therapeutic effects of complex
protein-based drugs is carried out on animals with various dis-
eases, and using predominantly oral administration (Basov et al.,
2019; Chernukha et al., 2018; Fedulova et al., 2018; Gudyrev
et al., 2018; Tverskoi et al., 2018). At the same time, percutaneous
administration is a highly-promising method of drug administra-
tion, because skin is the most extensive and easily accessible organ.
Substances applied percutaneously do not mostly pass through the
liver; this increases the bioavailability of active components and
prolongs systemic exposure (Abdulbaqi et al., 2016). However,
the stratum corneum is a highly stable barrier to drug penetration,
limiting the transdermal bioavailability of drugs, and therefore
special carriers are needed to deliver drug molecules with different
physicochemical properties. Due to the use of various delivery sys-
tems, molecular protein factors, which are initiating regeneration
processes on the mechanical damage model, can penetrate into
the target tissues and accumulate there. Damaged skin provides
a model for researching the local effects of percutaneous drugs
(Chaulagain et al., 2018; Grebennikova and Maklyakov, 2018).

Self-organizing nanostructures of lecithin, such as reverse
microemulsions and lyotropic liquid crystals are promising materi-
als for percutaneous drug delivery. They form spontaneously when
the necessary components are mixed, and can exist indefinitely at
a constant composition and temperature, they are easy to prepare.
Lecithin liquid crystals have a higher viscosity and provide a lower
rate of release of water-soluble substances, than lecithin
microemulsions (Murashova et al., 2019)

So, the aim of this study was to assess the effect of the tissue-
specific protein-peptide complex, obtained from Sus scrofa
immune organs, on wound healing in BALB/cmice by percutaneous
administration.

2. Materials and methods

2.1. Materials

Bioactive components, including proteins and peptides, were
obtained as it was described earlier (Fedulova et al., 2017). Tech-
nology includes extraction of Sus Scrofa’s thymus, spleen and
lymph nodes by water-salt solution (0.9% NaCl), with containing
50 ppm deuterium, then extracts were purified and frozen at –
40 �C. Molecular composition was characterized in details earlier,
in our previous article (Fedulova et al., 2018).

Lecithin liquid crystals (LLC) were prepared as it was described
earlier (Murashova et al., 2019): 7.0 g of ‘‘Moslecithin” phospho-
lipid concentrate (Vitaprom, Russia, containing 97 wt% phospho-
lipid complex 22 wt% of which is phosphatidylcholine (lecithin),
and vegetable oils (Botanica, Russia: 1.0 g of Persea gratissima oil
and 0.5 g of Melaleuca alternifolia essential oil). Then, 1.5 ml of dis-
tilled water or 1.5 ml of distilled water and 0.3 g of methyluracil, or
1.0 ml of distilled water and 0.5 ml of protein-peptide complex
(5 wt% protein) was added to the sample. This stage of water sol-
ubilization was carried out detailed for 3.5 h in a closed flask at
40 �C, with constant mechanical stirring until obtaining a homoge-
neous system. The homogeneity of the system and the presence of
the liquid crystal structure were assessed by polarizing microscopy
in transmitting light using an Axiostar Plus microscope (Zeiss, Ger-
many). The results of polarizing microscopy showed that the sam-
ples had a texture typical for lamellar liquid crystals. Viscosity of
liquid crystals of such composition was hundreds and tens of Pa�s
at shear rates of 0.1–1.0 s-1 (Murashova et al., 2019).

Liquid microemulsions (LME) were prepared as it was described
earlier (Murashova et al., 2019): 2.0 g of Moslecithin phosphate
lipid concentrate was dissolved in a mixture of 3.42 g of Vaseline
oil and 3.43 g of Persea gratissima oil (Botanica, Russia) at 60 �C
in a closed flask with constant stirring in a magnetic stirrer, RCT
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basic (IKA, Germany) at 200 rpm for 80 min, until complete disso-
lution of the phospholipid concentrate. Then, 0.7 g of oleic acid and
0.45 g of Melaleuca alternifolia essential oil (Botanica, Russia) were
added to the solution that had been cooled to 20 �C, which was
then mixed at 100 rpm at 25 �C. Then, 7 ml of distilled water con-
taining 5 wt% protein-peptide complex was injected into the
obtained oil solution using a pipette-dispenser. Water solubiliza-
tion was carried out under the action of ultrasound with a fre-
quency 22 kHz and power 26.2 W for 1 min, and the sample was
cooled to room temperature. The ultrasonification was repeated
3–4 times until complete solubilization of water phase. Obtained
sample of the microemulsion was cooled to 20 �C. The absence of
solid microparticles in the sample, liquid microdroplets and parti-
cles of the liquid crystalline phase was assessed using an Axiostar
Plus polarization microscope with crossed and non-crossed polar-
oids. Average hydrodynamic diameter of microemulsion droplets
was determined by dynamic light scattering method by Zetasizer
Nano ZS (Malvern, UK) equipped with a He-Ne laser operating at
532 nm at temperature 25 �C. Hydrodynamic diameter of the dro-
plets for the sample, containing water, was 21 ± 3 nm and for the
sample, containing protein extract, was 44 ± 2 nm. Viscosity of
microemulsions of such composition was in the range 1.0–0.1 Pa�s
at shear rates of 1–10 s�1 (Murashova et al., 2019).

2.2. Animal model

The research was performed on male mature clinically healthy
sexually naive BALB/c specific-pathogen-free mice (n = 68),
obtained from the Shemyakin-Ovchinnikov Institute of Bioorganic
Chemistry RAS (Nursery for Laboratory Animals). Mice were
adapted for 5 days to the conditions of individually ventilated cells
in the Ehret system (Ehret, Germany), which creates an optimal
microclimate equal in each individual cell: temperature
22 ± 3 �C, humidity 50–60%, light cycle 12 h light / 12 h dark.
Throughout the experiment, the diet of mice (ad libitum) consisted
of a complete feed compound (Laboratorykorm, Russia).

Animals were euthanized using carbon dioxide in a VetTech
installation (VetTech Solutions Ltd., UK), in accordance with Direc-
tive 2010/63/EU of the European Parliament and the European
Union Council for Protection of Animals used for scientific purposes.
Themicewere kept and exposed to all manipulations in compliance
with European Community Directives 86/609EEC. The research was
approved by the bioethical commission of the V.M. Gorbatov Fed-
eral Research Center for Food Systems of the Russian Academy of
Sciences (protocol #02/2018, dated November 09, 2018).

2.3. Percutaneous administration of protein-peptide complex

Linear wound model was selected as most suitable to damage
all layers of the epidermis and to get information about wound
reduction on extract applied mice in compare to controls. The lin-
ear wound model was created as follows: under anesthesia by
intramuscular Xyla (InterchemieWerken De Adelaar Eesti AS, Esto-
nia) at 5 mg/kg and Zoletil 100 (Valdepharm, France) at 20 mg/kg,
the fur and underfur were shaven off from the middle of the back,
and longitudinal incision of the skin and subcutaneous fatty tissue
(20 ± 1 mm in length) was made along the midline of the back.
After the incision was cut, the wound edges were brought together
using two equidistant silk sutures. Animals that received drugs
percutaneously were exposed to the test drug starting on the day
of the incision, and the test drug was applied to the wound surface
daily for 8 days (Mayorova et al., 2018). All samples were removed
before applying a new dose of ointment using a gauze swab moist-
ened with distilled water.

The experiment was completed on the 9th day. After euthanasia
using carbon dioxide in a VetTech installation (VetTech Solutions



Fig. 1. Changes in scar tensiometric parameters of wounds treated percutaneously
in mice. * is p-value < 0.05 compared to the group W; # is p-value < 0.05 compared
to the group A; ^ is p-value < 0.05 compared to the group B; ¤ is p-value < 0.05
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Ltd., UK), in accordance with Directive 2010/63/EU of the European
Parliament and the European Union Council for Protection of Ani-
mals used for scientific purposes., wound tensiometric parameters
were evaluated for each animal (besides M group mice) by cutting
a piece of the skin to obtain the wound surface (including 1.5 cm
on either side of the scar). Using modified pharmacy weights, scar
strength was then measured by suspending the load weight on the
flap, scars were located in horizontal position. The initial weight
was 100 g, and the load increment was 5 g in 30 s. The weight that
caused the scar to break is referred to as the plummet weight.

M group consisted of healthy intact mice (n = 11). The reference
group (W group) consisted of mice with the wound model (n = 9)
that did not receive any treatment. To test the efficacy of percuta-
neous treatment using lecithin liquid crystals (LLC), mice were
divided into 3 groups: (A) mice with the wound model, treated
with 0.5 cm3 methyluracil ointment (n = 10); (B) mice with the
wound model, treated using lecithin liquid crystals (n = 9); and
(C) mice with the wound model, treated using lecithin liquid crys-
tals containing the protein-peptide complex (n = 10). The mice that
received drugs via percutaneous liquid microemulsion (LME) were
divided into groups: (D) mice with a wound model, receiving treat-
ment with an LME dummy (n = 10); (E) mice with a wound model,
receiving the protein-peptide complex via LME (n = 9).

2.4. Histological studies

Histological studies were performed after scar strength mea-
surement. Skin in count of 12 samples for each group were taken
on both sides of wound edge (5 � 5 mm), next submerged in a neu-
tral water solution of 10% formalin for 72 h at 22 ± 2 �C. Dehydra-
tion and paraffin soaking were performed in a Tissue-tek VIP 5 JR
histological processor (Sakura, Japan). The skin samples were then
embedded in paraffin blocks. Transverse sections 6 mm thick were
cut on a HM 325 rotary microtome (Microm International GmbH,
Germany) and stained by hematoxylin and eosin (H&E), dehy-
drated, clarified and enclosed in a mounting medium CV Mount
(Leica, UK). The histological preparations were observed using an
Axio Imager A1 light microscope (magnification 40X), connected
to an Axio Cam MRc 5 video camera, and images were processed
on the Axio Vision 4.7.1.0 computer system (Carl Zeiss, Germany).

2.5. Haematological parameters

After experiment finished (on the 9th day) blood was taken
from the hearts of the stunned animals into EDTA tubes (Aquisel,
Spain). The blood was analyzed using the hematological analyzer
Abacus Junior Vet 2.7 (Diatron Messtechnik GmbH, Austria), using
reagent kits (Diatron). The following blood parameters were
recorded: white blood cells count, red blood cells count, granulo-
cytes, hemoglobin, hematocrit, platelet count and plateletcrit.

2.6. Statistical analysis

The results are presented as median and percentile values
(P25–P75). The reliability of the differences in the average of the
rank values between the groups was tested statistically using the
nonparametric Kruskal – Wallis one-way analysis (for multiple
independent groups), and the difference was considered significant
at p < 0.05.
compared to the group C; ~ is p-value < 0.05 compared to the group D; group W is
the reference group; A group consists of mice with the wound model, treated with
0.5 cm3 methyluracil ointment (n = 10); B group consists of mice with the wound
model, treated using lecithin liquid crystals (n = 9); C group consists of mice with
the wound model, treated using lecithin liquid crystals containing the protein-
peptide complex (n = 10); D group consists of mice with a wound model, receiving
treatment with an LME dummy (n = 10); E group consists of mice with a wound
model, receiving the protein-peptide complex via LME (n = 10).
3. Results

Mice of all groups tolerated wound damage well. On the 2nd
day after surgery, all mice showed an inflammatory phase of dam-
age, primary tension and partial closure of the wounds, platelet
1828
clot degradation occurred. In mice of W, A, and D groups redness,
an increase in local temperature, and severe edema were noted.
On the 4th day in all groups, the wound defects were filled with
granulation tissue, which is probably associated with the migration
of fibroblasts to the damaged area and the beginning of wound
epithelization. Mice from group C showed completing wound clo-
sure on the 5th day, epithelization of wound in this group was fas-
ter minimum 2 days than in comparisonW and B groups (p < 0.05),
and it was approximately earlier 1 day compared to A group. In
group E animals had total wound closure on the 6th day, that
was faster 1 day compared to the W and D groups (p < 0.05). On
the 7th day after damage, wound contraction and transformation
of granulation tissue into scar tissue were also observed in W, B,
and D groups, which were delayed compared to the C and E groups
(p < 0.05). Moreover, protein-peptide complex via LLC and LME
therapy resulted in significantly less scar formation (in its bulk)
in mice compared to W group. It should be noted separately that
in animals of C group on the 7th day after wound modeling, a more
complete coat recovery was revealed.

Relative to the W group mice, scar tensiometric values (Fig. 1)
were higher in B group by 53.8%, C group by 215.4%, D group by
76.9%, and E group by 161.5%, but there was no any difference
between the mice from the A and reference groups (p = 0.0916).
Relative to the mice, treated with methyluracil ointment, scar ten-
siometric values were higher in B group by 21.2%, C group by
148.5%, D group by 39.4%, and E group by 106.1%. Relative to the
mice, treated using lecithin liquid crystals, tensiometric values
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were higher in C group by 105.0% and E group by 70.0%, but there
was no difference between B group and the group mice, receiving
treatment with an LME dummy (p = 0.0541). Relative to the group
C, the tensiometric parameters of the scar were respectively lower
(Fig. 2) in D group and E group by 43.9% and 17.1%. And between D
group mice and animals, receiving the protein-peptide complex via
LME, took place difference by 32.4% (p = 0.0025) lower tensiomet-
ric value of the scar in D group (Fig. 1).

Histological examination of tissue sections of mice from group
W showed an expansion of the connective tissue layer in the der-
mis, and increase numbers of macrophages and fibroblasts in the
wounded area. Among the mice of groups A and D the scar retained
Fig. 2. H&E histology of scar tissue formation in treated wounds (a) Representative sectio
group A; c – group B; d – group C; e – group D; f – group E.
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the dermal architectonics of collagen fibres, with elastic fibres
thinned and fragmented in some places and compacted in others.
The large number of fibres reflected the large number of fibrob-
lasts. Analysis of tissue sections of mice from groups B, C and E,
which all received percutaneous treatment, revealed maximal
reepithelization and well-organized granulated connective tissue,
consisting mainly of a layer of horizontally oriented fibres and
fibroblasts; the epidermis is represented by multi-layered squa-
mous keratinizing epithelium; in places where the hair comes to
the surface of the skin the hair rods are braided with keratin layers;
sebaceous glands form complexes with hair follicles. Cells of the
dermis are localized mainly in the subepidermal areas. In tissue
ns for each of the treatment groups. Red scale bar = 100 lm. Notes: a – groupW; b –
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samples of group C mice, the vessels of the microvasculature and
substratum capillaries network are highly visible (Fig. 2).

Albeit, relative to the intact healthy mice (M group), the W, A, B,
and C groups had no difference of leukocyte and red blood cell
counts (p > 0.088 and p > 0.076, respectively), nevertheless, in
the animals in the last group were 38.7% and 32.4% lower lympho-
cytes and their relative proportion, 44.4% and 31.2% lower mono-
cytes and their relative proportion, with 65.1% and 150.3% higher
granulocytes and their relative proportion, 12.5% and 10.1% lower
hemoglobin and hematocrit, respectively (Table 1). Whereas B
group was different compared to M group not only monocytes
and their relative count (by 44.4% and 37.5% lower, respectively),
hemoglobin (by 13.1% lower) and hematocrit (by 7.4% lower), but
also other indices: platelets by 27.3% and plateletcrit by 21.8%
lower, respectively (Table 1). The most number of unequal indexes
was in the A group in comparison to the intact animals: 13.0%
lower relative lymphocytes, 13.0% and 65.1% higher granulocytes
and their relative count, 33.3% and 56.2% lower monocytes and
their relative count, 13.7%, 8.3%, 21.9%, and 20.0% lower hemoglo-
bin, hematocrit, platelets, and plateletcrit, respectively (Table 1).
The reference group without treatment was different compared
to the M group 14.1% lower relative lymphocytes, 89.7% and
70.3% higher granulocytes and their relative proportion (respec-
tively, Table 1), and 8.1% lower hematocrit.

Moreover, in contrast of the mice from A group, compared to
the reference group mice the ones from C group had differences
in leukocyte count (42.1% lower), lymphocytes and their relative
count (47.0% and 21.2% lower, respectively), granulocyte relative
count (46.9% higher), and, in addition, between C and W groups
were not differences in monocyte relative count, platelets, and pla-
teletcrits. In contrast of the B group, relative to the W group the
mice from C group had the same changes in lymphocytes and their
relative proportion (which was by 29.1% lower than in B group,
p < 0.001), granulocyte relative percentage (which was in 1.96
times higher than in B group, p < 0.001), but they had nothing dif-
ferences not only in platelets and plateletcrit, but also in granulo-
cytes (which were in 2.21 times higher than in B group, p = 0.022).
Also, relative to the W group, A group, B group, and C group mice
Table 1
Blood results of mice received percutaneous lecithin liquid crystals.

Parameters (median, [P25–P75]) Group M Group W

LEU, 109/l 6.31
[3.96–8.56]

8.01
[6.70–10.31]

LYM, 109/l 4.76
[3.35–7.09]

5.51
[4.68–7.53]

Relative LYM, % 80.6
[74.8–84.7]

69.2 *
[66.4–72.2]

GRAN, 109/l 1.26
[0.86–1.35]

2.39 ^
[2.02–3.03]

Relative GRAN, % 17.5
[14.0–23.5]

29.8 *
[27.0–31.7]

MON, 109/l 0.09
[0.06–0.14]

0.12
[0.09–0.13]

Relative MON, % 1.6
[1.3–1.8]

1.3
[1.1–1.4]

RBC, 1012/l 10.39
[9.96–11.16]

10.03
[9.86–10.14]

HGB, g/l 168
[162–182]

165
[158–166]

HCT, % 48.3
[46.5–50.8]

44.4 ^
[43.7–44.6]

PLT, 109/l 916
[864–1038]

1016
[982–1063]

PCT, % 0.55
[0.52–0.64]

0.60
[0.56–0.64]

Note: * is p-value < 0.05 compared to the group M; ^ is p-value < 0.01 compared to the gr
the group W; LEU: leukocytes; LYM: lymphocytes; GRAN: granulocytes; MON: monocyt
plateletcrit.
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had decrease of monocyte counts (by 50.0% and more) and 12.1%,
11.5% and 10.9% lower hemoglobin levels (respectively, Table 1),
but it was without any differences in the red blood cell counts
(p = 0.149) and hematocrit (p = 0.748) in these groups relative to
the reference group mice. Relative to the W group between A
and B groups were differences in leukocyte count (23.9% lower in
B group compared to the W), lymphocyte relative count (11.1%
higher in B group compared to the W), granulocytes and their rel-
ative count (60.7% and 25.2% lower in B group compared to the W,
respectively), relative monocytes (46.1% lower in A group com-
pared to the W).

Relative to the intact M group, the reference group and groups
of mice, receiving percutaneous liquid microemulsion, had no dif-
ference of leukocytes (p = 0.175), lymphocytes (p = 0.874), mono-
cytes and their relative count (p = 0.465 and p = 0.231), red blood
cell count (p = 0.054), platelets (p = 0.297), and plateletcrit
(p = 0.376), nevertheless, the animals from group E had 18.0%
lower lymphocyte relative percentage, 103.9% and 86.8% higher
granulocytes and their relative proportion, 11.6% lower hematocrit,
respectively (Table 2).

Although the mice from the W and D groups had the similar
changes with the indexes of the E group, it was 10.1% lower hemo-
globin in the D group relative to the M group. In addition, in con-
trast of the E group, the D group had the 10.8% lower relative
lymphocyte count (which was also by 6.65% lower than in E group,
p = 0.010), with 46.0% higher granulocytes, 8.48% lower hemoglo-
bin, and 8.11% lower hematocrit relative to the average ranks of
group W mice (Table 2). Relative to the reference group mice, the
animals with a wound model, receiving the protein-peptide com-
plex via LME showed also no differences in the other indexes, such
as leukocytes and their relative proportions, red blood cell counts,
platelets, and plateletcrit (p-values were from 0.145 to 0.859).

4. Discussion

The tissue- and species-specific protein-peptide complex
included in lecithin liquid crystals and liquid microemulsion
showed higher regeneration effect. It is well-known, that skin
Group A Group B Group C

6.81
[5.88–9.77]

6.09 #
[4.63–6.59]

4.63 #
[4.08–6.59]

4.70
[4.17–6.99]

4.49
[4.02–5.12]

2.92 *, ¤
[2.86–2.98]

70.1 *
[67.5–77.0]

76.9 #
[74.3–84.1]

54.5 ^, #
[44.0–64.9]

1.94 *
[1.28–2.61]

0.94 ¤
[0.63 –1.78]

2.08 ^
[1.39–3.65]

28.9 *
[22.3–31.8]

22.3 #
[14.9–25.6]

43.8 ^, ¤
[33.7–55.4]

0.06 *, #
[0.02–0.10]

0.05 *, ¤
[0.03–0.05]

0.05 *, #
[0.03–0.07]

0.7 ^, #
[0.5–1.0]

1.0 ^
[0.6 –1.1]

1.1 *
[0.6–1.4]

10.08
[9.93–10.34]

10.54
[10.02–10.78]

9.8
[9.6 –10.2]

145 ^,#
[144–146]

146 ^, #
[144–149]

147 ^, #
[136–154]

44.3 ^
[43.4–44.8]

44.7 ^
[42.7–45.9]

43.4 ^
[42.6–44.8]

715 ^, ¤
[664–803]

667 ^, ¤
[632–703]

905
[739–950]

0.44 ^, ¤
[0.40–0.49]

0.43 ^, ¤
[0.39–0.43]

0.54
[0.46–0.58]

oup M; # is p-value < 0.05 compared to the groupW; ¤ is p-value < 0.01 compared to
es; RBC: red blood cells; HGB: haemoglobin; HCT: haematocrit; PLT: platelets; PCT:



Table 2
Blood results of mice received percutaneous liquid microemulsion.

Parameters (median, [P25–P75]) Group M Group W Group D Group E

LEU, 109/l 6.31
[3.96–8.56]

8.01
[6.70–10.31]

8.69
[6.12–10.04]

7.54
[6.50–10.23]

LYM, 109/l 4.76
[3.35–7.09]

5.51
[4.68–7.53]

4.76
[3.76–6.48]

4.98
[3.86–5.51]

Relative LYM, % 80.6
[74.8–84.7]

69.2 *
[66.4–72.2]

61.7 ^, #
[54.2–64.3]

66.1 *
[63.0–67.6]

GRAN, 109/l 1.26
[0.86–1.35]

2.39 ^
[2.02–3.03]

3.49 ^, #
[3.16–4.20]

2.57 ^
[2.22–3.64]

Relative GRAN, % 17.5
[14.0–23.5]

29.8 *
[27.0–31.7]

36.4 ^
[34.1–43.2]

32.7 ^
[31.1–36.1]

MON, 109/l 0.09
[0.06–0.14]

0.12
[0.09–0.13]

0.15
[0.09–0.19]

0.07
[0.06–0.12]

Relative MON, % 1.6
[1.3–1.8]

1.3
[1.1–1.4]

1.5
[1.2–2.0]

1.1
[0.9–1.3]

RBC, 1012/l 10.39
[9.96–11.16]

10.03
[9.86–10.14]

9.61
[9.33–10.17]

9.78
[9.66–9.95]

HGB, g/l 168
[162–182]

165
[158–166]

151 *, #
[142–153]

157
[151–162]

HCT, % 48.3
[46.5–50.8]

44.4 ^
[43.7–44.6]

40.8 ^, #
[39.7–41.5]

42.7 ^
[41.6–44.3]

PLT, 109/l 916
[864–1038]

1016
[982–1063]

1064
[853–1202]

944
[910–1030]

PCT, % 0.55
[0.52–0.64]

0.60
[0.56–0.64]

0.64
[0.50–0.70]

0.54
[0.52–0.62]

Note: * is p-value < 0.05 compared to the group M; ^ is p-value < 0.01 compared to the group M; # is p-value < 0.05 compared to the group W; LEU: leukocytes; LYM:
lymphocytes; GRAN: granulocytes; MON: monocytes; RBC: red blood cells; HGB: haemoglobin; HCT: haematocrit; PLT: platelets; PCT: plateletcrit.
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wound healing consists of the overlapping stages: hemostasis,
inflammation, proliferation and remodeling (Jee et al., 2016),
which end with the scar formation. So expectedly, healing effect
was relied on the ability of protein-peptide complex to promote
the proliferation of skin layers which shortened the duration of
some stages and accelerated the wound closure. Although on the
2d day after wound modelling in mice of all groups there were
observed inflammatory phase of wound healing, but in mice of
W, A, and D groups the significant redness, increase in local tem-
perature, and severe edema were noted and caused by the treat-
ment without immune active species-specific proteins and
peptides. In this period, more positive condition of the wounds in
animals of C and E groups can be due to the properties of a-
thymosin to influence on healing process as adjuvant for immune
enhancement, which caused by inducing maturation, differentia-
tion and function of immune effector cells (Goldstein, 2009), and
also by reducing vicious inflammatory circle according to decreas-
ing in pro-inflammatory cytokines (Malinda et al., 1998; Romani
et al., 2006). Some of these effects achieves through ability of a-
thymosin reacts with Toll-like receptors (TLR), such as TLR2 and
TLR9, in myeloid and plasmacytoid dentritic cells, that leads to
the proliferation of both dentritic and T-cells (Romani et al.,
2004), and also arising of cytokine productions, primarily
interleukin-2 and interferon-gamma (Wang et al., 2018). In addi-
tion, a-thymosin increases stem cell expansion (Tuthill and King,
2013), which can promote regeneration of the altered tissues.
Besides this, cathepsin S C-fragment (CTSS), included in the new
protein-peptide complex, functions in neutrophil degranulation,
inflammatory processes, and responses to infection (Wilkinson
et al., 2015), arising efficacy of the treatment. Similarly, protein
myeloid differentiation primary response protein (MyD88),
revealed us in complex by using two-dimensional gel elec-
trophoresis (Fedulova et al., 2018), in plays an essential role in
the transmission of signals involved in innate immunity, and is
particularly involved in the cytokine neutrophil response, and in
regulating activity of macrophages, dendritic and epithelial skin
cells, and mucous membranes (Cervantes, 2017; Chernukha et al.
2017).
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On the 4th day after modelling in mice of all groups it was
started proliferation phase, but more effective filling wounds with
granulation tissue were observed in E and, especially, C groups,
which is probably associated with the migration of fibroblasts to
the damaged area and the beginning of wound epithelization. More
significant granulation tissue growth in mice of E and C groups
allows earlier ingrowth of blood vessels that provide oxygen and
nutrition to the growing tissue in optimal concentration, and also
support more affective leukocyte migration to the wound site
(Xue and Jackson, 2015). All of these phenomena can be can be pro-
voked by the local administration of protein-peptide complex as
results from its constituents, including their abilities to stimulatie
cell energy metabolism, accelerate synthesis of mitochondrial pro-
teins and extracellular matrix (Garac, 2018), arise of DNA repairing
and its transcription, increase rate of angiogenesis, and some
others detailed presented below. The active constituents of new
protein-peptide complex include transgelin (TAGLN) (Daniel
et al., 2012), involved in epithelial cell differentiation; ubiquitin-
carboxyl-terminal hydrolase isozyme L3, which regulates DNA
repair, cell proliferation, development and differentiation, and
responses to pathogens and stress (Liao et al., 2018; Wang et al.,
2016); the homologue of the mitochondrial protein ES1, a factor
contributing to the formation of megamitochondria, by increasing
mitochondrial volume during hypertrophy and inflammation
(Masuda et al., 2016); and GTP-binding nuclear protein RAN with
N-terminal acetylation, which increases the activity of guanosine
triphosphate and participates in cell division, organization of the
mitotic spindle, regulation of protein binding, and DNA transcrip-
tion (Zaoui et al., 2019).

At first, on the 5th day the epithelial regeneration had been fin-
ished completely in mice of C group, which had also enhanced col-
lagen synthesis revealed due to the histological study. It is well-
known, that contraction of wound is a necessary stage to optimize
its healing (Pereira and Bártolo, 2014), and it requires replacing of
collagen III type, produced throughout the proliferative phase, on
stronger type I collagen. But higher production of collagen III type
after long inflammatory phase of dermal healing frequently leads
to the abnormal cutaneous scarring, such as hypertrophic or keloid
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scars. Consequently (Lei et al., 2019), scar bulk decreasing in ani-
mals of the C group approves that inhibiting effect for scar forma-
tion takes place in them due to the less duration of the
inflammation phase and accelerating wound healing via using
lecithin liquid crystals containing the protein-peptide complex.
Despite less scar bulk, their scar tensiometric value was the highest
between all mice groups, that highlighted tremendous potential for
using of the new complex in dermal wound healing. The epithelial
regeneration in animals of E group was later (in 1 day, than in C
group), which had transformation of granulation tissue to scar tis-
sue with contraction of the wound on the 6th day; but it was faster
compared to the W and D groups. In addition, mice of E group had
higher scar tensiometric value in comparison other groups, exclud-
ing C one, which on the 7th day after wound modeling had also
more complete coat recovery, than other groups. So, LME exerted
comparable scar healing capacity in comparison to LLC. However,
LLC resulted in greater cell proliferation and better granulation tis-
sue formation and epithelialization. This difference could be due to
the higher viscosity of LLC, and consequently slower diffusion, thus
causing a more prolonged effect of the applied substances. The
above-mentioned proteins may also trigger a cascade of reactions
within the proliferative nodes of the hair follicles, via the transfol-
licular pathway, thus activating dormant stem cells, which, in their
turn, become progenitor cells; these then promote more efficient
epidermal stratification accompanied by less local and systemic
disruption of homeostasis.

Wound healing occurred faster in mice that received the
protein-peptide complex via LLC and LME, because of resorption
through the skin of bioactive high molecular-weight compounds
by transpapendegal routes, via sebaceous, sweat glands and hair
follicles (Alkilani et al., 2015); further, the low molecular-weight
compounds were able to penetrate by diffusion through epidermal
cells or cellular junctions (pores) (Abu Hashim et al., 2018;
Andrews et al., 2013). Wound healing occurs faster when tissue
dehydration and subsequent cell death were prevented by the
maintenance of the liquid phase (Bykov et al., 2017; Driver,
2016; Ludolph et al., 2018). Besides, during the liquid phase there
is longer exposure to bioactive substances; they are dissolved and
transported better than under dry conditions. The liquid phase
facilitates removal of necrotic tissue and fibrin, and helps to form
an additional protective barrier (Gonzalez et al., 2016). In the study
the latest was confirmed by higher scar tensiometric parameters
and better hystological data in mice of B and D groups in compar-
ison to the W and A groups (Fig. 1, Fig. 2).

The liquid phase of wound healing stimulates epithelial devel-
opment and accelerates tissue granulation. Also, the promoting
of tissue remodeling can be due to a decrease in lymphocytes
recruitment during granulocytes production stimulation and
antifibrotic polarization of macrophages into which blood mono-
cytes are transformed (Larouche et al., 2018; Mu et al., 2014).
Low molecular-weight peptides of the new complex can penetrate
partially by diffusion through epidermal cells or intercellular junc-
tions; these, together with inner high molecular-weight proteins,
have, probably, an additive and synergistic effect on immune sys-
tem along, further modifying the activity of immunocompetent
cells. The data of hematological analysis also showed that there
were only some effects in blood using new protein-peptide com-
plex both it combinations with lecithin liquid crystals and liquid
microemulsion, mostly in leukocytes, such as white blood cell
count, lymphocytes, granulocytes, monocytes, and their relative
counts (Table 1). And these changes were more often in animals
of the C group compared to the E group (Table 2), that allowed
to differentiate significances of LLC and LME systemic influences.
A decrease in the level of lymphocytes in group C animals may
be due to their release from the circulation for the implementation
of regulatory protective functions directly in the endothelial tis-
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sues, as well as, possibly, in the underlying connective tissue and
peripheral immune organs. In particular, it is known that up to
15% of circulating blood cells are CLA-positive T-lymphocytes asso-
ciated with the cutaneous lymphocyte antigen CLA, which is con-
sidered a receptor that controls the affinity of T-lymphocytes for
the skin (Ni and Walcheck, 2009; De Jesús-Gil et al., 2018). It can
be assumed that the investigated biomolecules, on the one hand,
send CLA-positive T-lymphocytes from the bloodstream to the
inflammation focus, and on the other hand, increase the functional
activity of lymphocytes and other leukocytes remaining in the
blood. A decrease in the level of hemoglobin in the blood of exper-
imental animals may be due to its binding by macrophages of the
tissue reticuloendothelial system to accelerate the processes of
wound healing (Avishai et al., 2017; Krzyszczyk et al., 2018). The
influence of the complex on the blood cells can be caused mainly
by the a-thymosin (C3VVV8_PIG, m/z 3802.8), which induces the
proliferation and differentiation of lymphocytes, activates the
phagocytic function of granulocytes, and also leads to elevating
of the lymphocyte and granulocyte counts. The statement of their
larger impacting on leukocytes was confirmed by the absence of
the any changes in the red blood cell counts, haemoglobins,
haematocrits, platelet counts, and plateletcrits between B group
and C group mice (both were receiving lecithin liquid crystals,
Table 1), and between D group and E groupmice (both were receiv-
ing liquid microemulsion, (Table 2), which had differences only in
the using new protein-peptide complex. So, all of these pointed out
on predominant of the local effect of the complex, extracted from
Sus scrofa immune organs.

So, all of above-mentioned obviously pointed out on predomi-
nant of the local effect of the LLC and LME with new complex,
extracted from Sus scrofa immune organs.

5. Conclusions

Thus, the accelerating dermal wound healing, which is essential
for better health of affected animals, can be achieved by using of
bioactive substances, obtained from Sus Scrofa immune tissues. This
work sought to investigate a practical potential for bioactiveproduct
obtained us in previous studies. Our findings indicate that percuta-
neous (local) administration of the protein-peptide complex vigor-
ously activates wound healing in the animals, probably, via the
actionof the tissue- and species-specificprotein-peptide complexes.

It is possible may be caused by particular changes in the skin
when the complex is applied to the wound surface; these include
changes such as the fragmentation caused by S-terminus cathepsin
S (STSS), and those caused by a-thymosin Sus scrofa (C3VVV8_PIG,
m/z 3802.8), the protein myeloid differentiation primary response
protein (MyD88), transgelin (TAGLN), isoform XI ubiquitin
carboxyl-terminal hydrolase isozyme L3, homologue mitochon-
drial protein ES1, and the isoform 1 of the GTP-binding nuclear
protein RANcN-terminal acetylation. This active pattern alters
not only the local immunological reactivity of the skin, but also,
stimulates neovascularization, enhances the growth of granulation
tissue and activates stem cells in the hair follicles, further promot-
ing the healing processes at the wound surface. The preliminary
protective effect of the new bioactive complex on development
abnormal cutaneous scarring was also demonstrated due to the
decreasing scar bulk more significant in mice receiving the
protein-peptide complex via LME and, especially, LLC. It is worth
being noted, that the scar tensiometric values of the same groups
were respectively higher by 161.5% and 215.4% relative to the ani-
mals, which did not receive tissue-specific substances for promot-
ing of skin wound healing. Also, it should be indicated to the
predominant of the local effect of the LLC and LME with new com-
plex, whereas its influences were little on the leukocytes in blood
and insignificant on the red blood cell count and hemoglobin level.
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Administration of the protein-peptide complex via LLC showed
improved better bioavailability and stimulated the wound healing
more than administration via LME. This is a result of the higher
viscosity of LLC, which may therefore have a prolonged effect,
both due to the slow release of molecular protein factors, and
through the direct creation of a liquid phase that prevents skin
dehydration and cell death, thereby contributing to faster wound
healing.

So, protein-peptide complex, obtained from Sus scrofa immune
organs, can be not only potential biomaterial for promoting of
wound regeneration, but also may be contemplated as basis for
development new effective wound-healing agent in combination
with lecithin liquid crystals.
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