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Abstract

We conducted a comparative experiment on the effect of platelet rich plasma and
platelet poor plasma of allogeneic blood of rats on the proliferative activity of different rat cell
lines in experimental conditions in vitro. Rat cells such as umbilical cord mesenchymal stem
cells, dermal fibroblasts, and fetal myogenic cells were used in the experiment. To compare
the proliferative activity of cell lines, the density of the cell population - confluent - was

estimated as the percentage of filling the bottom area of the culture vessel with attached and
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spread cells. As a result of the research it was found that plasma enriched with platelets in the
form of 5% supplement to the growth medium has a pronounced stimulating effect on the
proliferative activity of fibroblasts, but less effective in the case of cell culture of
mesenchymal stem cells. Platelet poor plasma has a physiological effect on the cell cultures of
mesenchymal stem cells and rat fibroblasts similar to fetal calf serum. Myogenic rat cells
have a high proliferative potential and do not require additional stimulation of platelet rich
plasma and platelet poor plasma at the concentrations studied by us.
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in vitro

Introduction

In recent years, to stimulate the repair of various injuries or trauma, doctors are
increasingly turning to promising means of regenerative medicine, based on the use of
autologous or allogeneic cells and tissues. Currently, there are scattered data on the
effectiveness of platelet-rich plasma (PRP) in wound healing processes in the treatment of
pathologies of joints, muscles, tendons [1, 2]. Interest in PRP -therapy due to the fact that this
group of patient's blood contains white blood cells so a number of biologically active
substances - growth factors, cytokines , enzymes that can effectively stimulate regenerations
uw damaged body tissues [3 - 6]. Platelets play an exceptional role in hemostasis,
inflammation, cell proliferation and differentiation. Platelet granules contain at least 60
biologically active substances that stimulate cell chemotaxis, cell proliferation and
differentiation, angiogenesis, immunomodulation and remodulation [7 - 10]. Among these
active substances for reparative tissue regeneration the most important are growth factors -
cellular mitogens: fibroblast growth factors, transforming growth factors, bone morphogenetic
proteins, insulin-like growth factors, vasculo-endothelial, epidermal growth factors, etc. [1,
13]. The use of PRP involves a multiple increase in the concentration of growth factors at the
point of application to ensure a rapid and complete regeneration process by stimulating cell
proliferation.

The platelet-depleted plasma fraction (PPP) is often overlooked by researchers.
However, platelet-free blood plasma is also known to be a source of hormones, hormone-like
growth factors, and transport proteins for transport. In addition, there are molecules to create
an extracellular biomatrix that promotes cell adhesion to the bottom of culture vessels in vitro
cultures [4]. Therefore, for the growth of cells in vitro, a necessary addition to the growth

medium is rich in biologically active substances, the blood serum of cattle embryos. Today,
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mesenchymal stem cells (MSCs) are considered by scientists as a promising material for cell
therapy and regenerative medicine. Human stem cells (SC) are isolated from bone marrow,
umbilical cord blood, adipose tissue, endometrium, tooth pulp, amnion, umbilical cord and
the like. [14, 15].

The aim of this study was to compare the effect of PRP and PPP of allogeneic blood

of rats on the proliferative activity of different rat cell lines in vitro.

Materials and methods

The experimental study was conducted on the basis of the Central Research
Laboratory (certificate of certification Ne 001/18 dated September 26, 2018) and the
interdepartmental training and research laboratory (certificate of certification /132 / 17 issued
on December 29, 2017) I. Horbachevsky Ternopil National Medical University, Ministry of
Health of Ukraine.

Obtaining primary cultures of fibroblasts, myogenic cells and MSC of rat umbilical
cord.

Rat cells such as umbilical cord mesenchymal stem cells (MSCs), dermal fibroblasts,
and fetal myogenic cells were used in the experiment. MSCs were obtained from the
umbilical cord and amnion of rats in late gestation. Primary cultures were obtained from
umbilical cord, skeletal muscle and skin, washed from the blood with sterile HBSS buffer
solution (Gibco) with the addition of 1% penicillin-streptomycin (Sigma). Next, an enzymatic
method was used to dissociate the cell mass and obtain viable MSCs. To do this, tissue
samples were crushed with a scalpel into fragments of 0.5-2 mm3, transferred to centrifuge
tubes with 2 ml of growth medium DMEM / F12 Advanced (Gibco) and 0.2 ml of collagenase
| (Gibco) at a concentration of 0.075 mg / ml and mixed , preventing flotation. Tubes with
primary material and collagenase were incubated in a 37 ° C thermocouple for 70 min
(umbilical cord), 75 min (subcutaneous muscle), and 85 min (pieces of skin), stirring
thoroughly every 15 min. After fermentation, 4 ml of growth medium was added to the tubes,
pipetted and centrifuged for 5 min at 300 g. The procedure was repeated twice. The
precipitate obtained was resuspended in 7 ml of DMEM / F12 Advanced with the addition of
10% fetal calf serum (ECT) (Gibco) and placed in culture vials. Cultivation was carried out in
a CO2 incubator at a temperature of 370 C and a CO2 concentration of 5%.

Obtaining PRP, PPP was performed under sterile conditions in two steps: in the first

stage, the blood was centrifuged for 10 min at 1600 rpm, the plasma fraction was collected,
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and centrifuged again for 10 min at 2100 rpm. The transparent fraction of platelet-free plasma
PPP was separated from PRP.

Growing the cultures. Experiment bookmark.

The studied cell cultures: MSC from the umbilical cord, skeletal muscle and
fibroblasts before the bookmark of the experiment (passages I-111) were grown on DMEM /
F12 medium with the addition of 5% ECT. The experiment was performed on the 4th passage
in triplicate. For each replication, 12 culture vials (25 cm2) were placed (4 vials for each cell
line). 7 ml of 250,000 cell suspension was added to each vial. The number of cells was
counted using a hemocytometer using a vital dye trypan blue. Evaluation of the intensity of
cell proliferation was performed on 1,3,7 days of cultivation, analyzing the density of the cell
population - confluent. Analyzed the growth of cell cultures after 1, 3 and 7 days of the
experiment using an inverted microscope "Delta Optical” (Poland). To compare the
proliferative activity of cell lines, the density of the cell population - confluent - was
evaluated as the percentage of filling the bottom area of the culture vessel with attached and
spread cells. The design of the experiment included negative control - cell growth on DMEM
/ F12 growth medium without additives, positive control - DMEM / F12 with the addition of
5% fetal calf serum (ECT) and two experimental groups: | - DMEM / F12 with the addition of
5% PPP and Il - DMEM / F12 with the addition of 5% PRP.

In working with animals, the rules of handling experimental animals were followed in
accordance with the EU Council Directive 2010/63 / EU on compliance with regulations,
laws, administrative regulations of the EU on animal protection, which are used for scientific
purposes [16, 17].

Statistical processing of research results was performed using an Excel computer
program using Student's t-test.

Results and discussion

Microscopic analysis of the cell culture at different times of the experiment revealed
that the most sensitive to serum or plasma applications were umbilical cord MSCs, because in
negative control the growth of these cells was very slow, and within a week of the experiment
such cells died completely. Moderate sensitivity to the stimulating effect of biologically
active components of blood serum was shown by skin fibroblasts. Myogenic cells were the
least dependent on nutrient supplements - they retained their high proliferative activity even
in the absence of ECT or blood plasma. The results of microscopic analysis of the confluence

of cell populations in the controls and variants of the experiment are summarized in Table 1.
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Table 1
Influence of serum and different fractions of rat blood plasma
on the density of cell populations at different times of the experiment

Umbilical cord MSC MSC of muscle tissue Skin fibroblasts
(confluent,%) (confluent,%) (confluent,%)
lday | 3day | 7day | 1day | 3day | 7day | 1day | 3day | 7day
Control — 5+1 2+1 died | 5045 | 7547 | 9046 | 40+3 | 455 | 12+3

DMEM F12

Control + 403 | 85%7 100 | 50+5 | 855 | 100 | 40+4 | 605 | 45+3
5% ECT

5%PPP 35+2 | 75+7 | 9545 | 4545 | 85+7 | 95+#5 | 505 | 7045 | 7545

5%PRP 30+3 | 6545 | 75+7 | 4545 | 805 | 90+7 | 45+6 | 80+7 | 100

On the seventh day of the experiment, umbilical cord MSCs and myogenic cells
reached the maximum cell population density in the positive control and under conditions of
PPP addition, whereas in the PRP variant the confluent was statistically significantly weaker

in umbilical cord stem cell vials (see Table 1, Fig. 1).

(b)

(c) (d)
Fig.1. MSC from the umbilical cord (analysis for 7 days): (a) - negative control
(without growth factors); (b) - positive control (5% ECT); (c) - PPP; (d) — RRP
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The addition of PRP to MSCs of skeletal muscle had a similar stimulating effect to
ECT and PPP (Table 1, Fig. 2), but initiated the formation of spheroids in culture (Fig. 2d).
Obviously, the biologically active substances of PRP contributed to the detachment of cells
from the substrate and the formation of 3-D aggregates from myogenic progenitors. A similar
ability to form floating multicellular 3-D spheroids was observed in SiHa and HelLa cell
cultures under the influence of human serum, while ECT promoted the formation of spreading
monolayers of these cells on culture plastic [12]. It is known that the blood serum of cattle
embryos has the necessary substances that promote cell adhesion to the bottom of the culture
vessel [12].

(b)

(d)
Fig.2. Fetal myogenic cells (analysis on day 7): (a) - negative control (without growth
factors); (b) - positive control (5% ECT); (c) - PPP; (d) — PRP

It was found that skin fibroblasts were the most sensitive to the stimulating effect of
PRP. This cell line had a weaker proliferative potential than myogenic stem cells and
therefore required stimulation with nutrient supplements ECT or blood plasma fractions. On
the 7th day of the experiment in the negative control the confluent was about 10%, in the

positive control only 45%, while in the PRP variant the density of the cell population reached
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100% of the monolayer (Table 1, Fig.3). Therefore, we can assume that in regenerative

medicine, the use of PRP is most justified for the healing of wound skin defects.

(b)

(c) (d)
Fig.3. Fibroblasts of fetal skin (analysis for 7 days): (a) - negative control (without
growth factors); (b) - positive control (5% ECT); (c) - PPP; (d) — PRP

According to the literature, other studies of the effect of PRP on the growth of
multipotent mesenchymal stem cells in vitro are known. Mishra A. and co-authors [18, 21]
applied an experimental model in which they studied the effect of 10% PRP on mesenchymal
cell proliferation. There was a significant increase in cell proliferation in the study group after
7 days of exposure, an increase in the level of tRNA of the osteogenic marker RUNX2, as
well as chondrogenic markers SOX-9 and proteoglycans.

Murphy M.B. and co-authors [19] used PRP, umbilical cord PRP and PPP in cell
culture and compared with bovine serum. The experiment showed that while all forms of PRP
and PPP have a better proliferating effect on mesenchymal cells than bovine serum, umbilical
PRP causes significantly higher and faster proliferation of mesenchymal cells within 7 days of
exposure than PRP and PPP.
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Kruger J.P. and co-authors [20] investigated the effect of 5% PRP on the culture of
progenitor cells derived from subchondral cortico-spongy bone. A significant increase in cell
migration was shown, as well as the synthesis of cell matrix, proteoglycans and type Il
collagen. Subsequently, the authors [6] proved the pronounced stimulating effect of 5% PRP
on the proliferation of progenitor cells, the synthesis of proteoglycans and collagen type Il
polyglycol - hyaluronic matrix.

Mifune Y. and co-authors [21] in their in vitro study showed that the addition of PRP
stimulates the proliferation, adhesion and migration of mesenchymal cells derived from
muscles. PRP also increases the amount of type 11 collagen and inhibits cell apoptosis.

Xie X. and co-authors [22] demonstrated that rabbit bone marrow mesenchymal cells
have significantly better proliferative activity and higher expression of specific cartilage genes
and proteins in the presence of a PRP matrix than adipose mesenchymal cells.

Feng X. and co-authors [23] investigated the effect of platelet lysate on mesenchymal
differentiation of umbilical cord blood cells. The authors indicate that a 10% platelet lysate
may improve the differentiation of umbilical mesenchymal cells into chondrocytes.

Zaky S.H. and co-authors [24] cultured human mesenchymal cells in three different
media: fetal bovine serum + FGF2, fetal bovine serum + 5% PRP, and PRP alone. The
authors found the best cartilage population formation in a medium containing only PRP.

The use of PRP or PPP involves a multiple increase in the concentration of growth
factors at the point of application to ensure rapid proliferation and a full regeneration process,
especially when applied to body tissues with an initial low potential for regeneration or
insufficient blood supply. In addition to the pronounced mitogenic effect, platelet plasma has
a significant anti-inflammatory effect. High efficiency of biological preparations on the basis
of platelet-enriched plasma in treatment of sports injuries, at operations, in particular and on
joints, and also in stomatology and cosmetology is already proved. Positive experience in the
use of PRP in rheumatology in chronic tendinitis of the knee, elbow and ankle joints has been
reported. In recent years, PRP is increasingly used in the performance of vertebrodesis, in the
treatment of pseudoarthrosis, arthritis, synovitis, lesions of the menisci and articular cartilage.
[6.25].

Conclusions
Our studies showed that platelet-enriched plasma in the form of a 5% supplement to
the growth medium has a pronounced stimulating effect on the proliferative activity of

fibroblasts, but is less effective in the case of cell culture of mesenchymal stem cells. Platelet
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poor plasma has a physiological effect on the cell cultures of MSCs and rat fibroblasts similar
to fetal calf serum.

The research was performed as part of the initiative research work "Study of the
regenerative potential of mesenchymal stem cells in tissue damage in the experiment and
prospects for their therapeutic use", the number of state registration of research work:
0120U104146.
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