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Abstract: The employment of PRP in regenerative medicine has not generated the promised
grandiose outcomes. Nonetheless, it currently remains the gold standard strategy for tissue
regeneration. Therefore, scientific research has focused on identifying other matrices rich in growth
factors and cytokines to improve the efficacy of PRP. In the present study, a new technology called
AMPLEX PLUS -compound derived from colostrum enriched with exosomes- was applied in
combination with PRP to evaluate the concentration trend of 20 bioactive molecules. The results
show that the concentration of all the compounds analyzed increased significantly in PRP samples
with AMPLEX PLUS technology compared with samples containing only plasma or PRP,
suggesting how this new strategy could improve the performance of PRP and make significant
advances in regenerative medicine.
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1. Introduction

Tissue regeneration is a complex process for restoring the normal structure and functionality of
damaged tissue, which initiates immediately after a traumatic injury and is mediated by a wide range
of bioactive molecules such as cytokines and growth factors released from platelets upon activation
[1,2]. Several soluble factors are released by the platelets, including platelet — derived growth factor
(PDGF), epidermal growth factor (EGF), insulin like growth factor (IGF-1), transforming growth
factor (TGF-P) and fibroblast growth factor (FGF), that are responsible for initiating the healing
process. Platelet-Rich Plasma (PRP) has a high concentration of some growth factors and cytokines
that enhance tissue repair mechanisms [3]. These biologically active peptides sequentially promote
angiogenesis of healing wounds which relies on the proliferation, differentiation and migration of
endothelial cells forming new blood vessels; restoration of damaged connective tissue through the
proliferation and activation of fibroblasts which synthesize new collagen, fibronectin and
proteoglycan molecules that form the initial scar; recruitment of neutrophils and macrophages to the
injured area that, along their role in defense, induce the formation of granulation tissue, and
proliferation and differentiation of cells of mesenchymal origin into tissue specific cell types [4-9].
Unsurprisingly, platelet derivatives are related to wound healing and the delivering of PRP has been
investigated to facilitate wound resolution. For this reason, the use of PRP has been very successful.
It consists of a standardized technique that exploits the properties of growth factors, proteins
normally present in our blood capable of stimulating and promoting cell differentiation [8,9]. Today
PRP is an Autologous Platelet Concentrate or APCs obtained by centrifugation of blood [10,11].
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In addition to platelet derivates, there are other natural sources of bioactive factors such as
biological fluid, including colostrum [12]. Colostrum is a biological liquid produced by female
mammals shortly after giving birth, compositionally similar to mature milk. It contains active factors
that are essential to enhance the growth and repair of several tissues, to promote development and
to provide immune support of the new-born [12].

From colostrum it is possible to isolate a mixture of growth factors, which contains 20 different
biologically active factors essential for specific function (GF20). The main bioactive components of
GF20 that influence cell survival, differentiation, proliferation, and control over migration, needed to
provide a local environment for tissue regeneration, especially includes growth factors and cytokines
[13]. GF20 contains different growth factors that show multiple and interrelated functions. They
modulate the growth, the maturation, the maintenance and repair of bone, muscle, nervous, cartilage,
skin tissues, control blood glucose levels and regulate protein and fat metabolism.

GF20 contains numerous cytokines, proteins involved in immune activation and recruitment but
become relevant at times of inflammation or injury stimulating differentiation, chemotaxis and
protein synthesis [14], including TNFa, GM-CSF and interleukins (IL)1, IL-4, IL-6, IL-9 and IL-17.
Among the cytokines present in the mixture, IL-17 plays an important role against bacterial and
fungal infections and has a regulatory activity in wound healing by stimulating macrophages and
neutrophils to produce lactoferrin (an antimicrobial glycoprotein which has multiple effects,
including enhancing iron uptake as well as possessing antibacterial and antiviral activity, and
stimulating growth of fibroblasts and intestinal epithelial cells), chemokines and remodeling proteins
[13]. Cytokines and growth factors have overlapping activities: cells are exposed to multiple factors
at any one time and may result in additive or even synergistic responses.

From colostrum it is also possible to extract and concentrate exosomes which they play a
fundamental role in cellular repair processes (14, 15), but also in cellular immunological response
(16). The latter put in contact with GF20 are passively loaded with further growth factors and
cytokines, favoring their diffusion in damaged tissues and allowing their regeneration. This patented
technology is called AMPLEX PLUS technology (D-biotech, Catania, Italy).

It is well known that platelets react first to injury: they clump together to form a platelet plug,
releasing their contents; growth factors released by platelets in the damaged area essentially promote
tissue repair, influencing the behavior of the cells of the injured tissue. Factors present in colostrum
directly stimulate development and differentiation of several subsets of cell types, to guide the
formation of mature healthy tissues. These functional evidences have highlighted the possible
combined use of platelets concentrates and colostrum derivates to improve tissue repair mechanism.

Despite the efforts of both in vitro and animal studies to demonstrate the positive influence of
PRP on tissue regeneration, the results have not yet been satisfied. Developments in research of the
regenerative effects of GF20 in a range of tissue types, particularly in the context of traumatic injury,
have attracted great interest. Colostrum isolate mixture may provide insights into the prevention and
treatment of several clinical conditions including burns, bone diseases, muscle injuries, ulcers, skin
diseases such as acne, alopecia and vitiligo. However, most research should focus on the synergistic
effects yielded by the combination of GF20 and PRP to improve the efficacy of regenerative
treatments, as already demonstrated in several research [17,18].

The objective of this research is to evaluate through enzyme-linked immunosorbent assay
(ELISA) the concentration of 20 between growth factors and cytokines in plasma, in PRP and in the
PRP with AMPLEX PLUS technology. The analysis was conducted to demonstrate that by combining
the factors extracted from colostrum in active form (GF20 and exosomes) with platelet concentrates,
the activity of the latter is considerably enhanced. The effectiveness of this combination is closely
linked to the synergy of the two components and their functional interdependence. The bioactive
substances extracted from the colostrum, in fact, bring nourishment to the cells in the growth and
proliferation phase and supply further bioactive factors capable of modulating the action of the
growth factors already present in the PRP.
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2. Materials and Methods

2.1. PRP preparation:

Blood samples were collected from 10 healthy volunteers without any comorbid disease or
history of any medications in the past 2 months (they signed informed consent for participation to
study). PRP was prepared by using the DPGPRP Regenerative Therapy kit (D-biotech, Catania, Italy)
which allows PRP preparation through centrifugation of a fraction of autologous blood. After blood
collection, the platelet preparation tube was placed in the centrifuge (Heraeus, Megafuge 16R,
Thermo Scientific) with the counterbalance tube (with water) with the same weight on the opposite
side and was centrifuged for 5 min at 4000 rpm. After centrifugation, the tube should contain upper
clear yellowish fraction (Platelet Poor Plasma, PPP), separation gel barrier based on an inert polymer
and an anticoagulant, and a lower red colored fraction of blood cells (clot). PRP fraction enriched in
growth factors that resides on the top of the separation gel was collected while the others were
discarded. PRP thus obtained contained a platelet concentration four times higher than the basal
count.

2.2. Bovine colostrum derivative preparation (GF20)

In this study, the colostrum was obtained from healthy Holstein cows. The sample was
processed according to the procedure described by Sacerdote et al. (2013) [13]. As a first step, a 100
kg amount of colostrum was diluted 1:10 in deionized water added with NaCl to reach the
concentration of 0,9%. In the second step of skimming, to remove the fat part, the suspension was
centrifuged at 12,400 x g at 20 to 25 °C. The cream layer was discarded while the supernatant was
ultrafiltered through a membrane with a 300 kDa cutoff (SEPRA srl, Via Como 69/A, 20811 Cesano
Maderno — MB, Italy) at the same temperature of 20-25°C to eliminate large proteins, including casein,
and pathogenetic microorganism. In the following phase of dialysis, the resultant product underwent
a series of sterilizing crossflow filtration passages with 0,2 pm membranes (SEPRA srl, Via Como
69/A, 20811 Cesano Maderno — MB, Italy) and then frozen at -20°C. In the last step, after removing
the immunoglobulins, the concentrated product was lyophilized (Lyo Quest, Telstar).

The colostrum purification from IgM, with an average molecular weight of 800-900 kDa, was
performed by tangential filtration using cartridge filters type Savana plus cartridge filters (Entegris)
of 750 kDa/0.02 micron with high flow rate performance and good contaminant retention capabilities.
The purification phase also included depletion of IgG and IgA, with a molecular weight of 150 and
380 kDa, respectively, which was carried out through affinity chromatography. The system
CaptureSelect IgG-Fc Affinity Matrix (Thermofisher) was used to purify IgG through high-affinity
binding of the IgG Fc region, instead for IgA depletion affinity chromatography was used by means
of CaptureSelect Bovine IgA Affinity Matrix (Thermofisher). This affinity matrix contains ligands of
13 kDa, comprising the three complementarity determining regions (CDRs) that form the antigen-
binding domain. Last step was the removal of endotoxins by affinity chromatography using Bio-Rad
Proteus Endotoxin Removal kit.

2.3. Isolation of exosome from colostrum

Exosomes from colostrum were concentrated through ultracentrifuge (Sorvall WX Ultra 100,
Thermo Scientific) with successive centrifuges at ultrahigh speeds up to 100,000 x g. All centrifuges
were performed at 4 °C.

Briefly, colostrum was centrifuged for 10 min at 2,000 x g. The upper layer of fat globules and
the pellet of dead cells were discarded, only the supernatant was collected. Thereafter, the
supernatant was ultracentrifuged at 10,000 x g for 30 min to remove cell debris, and as in the previous
step, pellet (cell debris) was discarded while the supernatant was collected and used for the following
step. The supernatant was then subjected to two consecutive ultracentrifugations at 100,000 x g for
70 min to purify exosomes. After the first of the two 100,000 x g ultracentrifugations, pellet containing
exosomes and contaminating proteins was collected, and the supernatant was discarded. The
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resultant pellet was resuspended in a large volume of filtered PBS to thrown away the contaminating
proteins and centrifuged at least for 70 min at the same high speed to wash the exosome pellet.

2.4. Exosomes characterization

Light scattering measurements were performed by a homemade apparatus using a quartz
scattering cell, confocal collecting optics, a Hamamatzu photomultiplier mounted on a rotating arm,
a BI-9100AT hardware correlator (Brookhaven Instruments Corporation) and illuminating the
sample with a 660 nm laser. The power ranged between 5 and 15mW. Low power intensity was used
to avoid convective motions due to local heating. Because of the Brownian motion of the particles in
solution, the light scattered by particles suspended in solution fluctuates in time. The intensity auto-
correlation function g2 provided by the hardware correlator operating in “single photon counting
regime” is a decreasing function with a well-defined baseline. The field autocorrelation function gl
is, thus, calculated by the g2 using the Siegert relation g2=1g112. For polydisperse noninteracting
particles in Brownian motion, the gl shows several exponential decay components which are
analyzed by the cumulants method, thus, following the standard theory of DLS, it is possible to
calculate the hydrodynamic diameter [20,21].

2.5. AMPLEX PLUS composition

In 5 mL of AMPLEX PLUS are contained 20 billion exosomes and 200 mg of GF20. The exosomes
contained in AMPLEX PLUS thanks to new technology, carry more growth factors as they are
transferred from GF20 into the nanovesicles by passive transport trough the co-incubation.

2.6. PRP with AMPLEX PLUS technology

For enzyme-linked immunosorbent assay 1mL of high concentration PRP (1x106/uL) was added
to ImL of AMPLEX PLUS.

2.7. Detection of growth factors by ELISA and test validation

The concentrations of 20 growth factors in plasma, PRP and PRP with AMPLEX PLUS
technology were determined using commercially available ELISA tests specific for human molecules
(Quantikine, RD Systems Inc., Minneapolis, MN, USA). All procedures were performed according to
the instructions of the manufacturer.

After identifying two factors significantly involved in the regenerative process, i.e. IGF-1 and
TGEF-3, and we validated from the analytical point of view since the matrices of the samples used are
different (human and bovine). In particular, we evaluated the use of the commercial immunometric
methods QUANTIKINE human IGF-1 Immunoassay (DG100B) and QUANTIKINE human TGF-1
Immunoassay (DB100B) for the quantitative determination of the cytokine IGF-1 and of TGF-f3 in
samples of bovine colostrum or its derivatives (S1, S2). This validation is possible due to the sufficient
degree of analogy sequential between the human-derived molecule and the bovine-derived molecule
(Identity Factor is 95% for IGF-1 and 94% for TGE- p).

2.8. Statistical analysis

The analyzed parameters were represented by descriptive statistics, indicating continuous
variables as mean+ standard deviation. Statistical comparison of the data was performed by t-test
considering p value less than 0.05 as significant.

3. Results

The distribution and comparison of the growth factors concentrations in plasma, PRP and PRP
with AMPLEX PLUS technology are shown using box-plots, in order to demonstrate the shape of the
distribution, the central value, and the variability. The analyzes performed highlighted a
homogeneous distribution of the data and the absence of outliers in all samples (Figs 1-5). All the
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mean values of the growth factors obtained from the three matrices were also compared (Figure 6)
demonstrating a statistically significant difference (p<0.00001). In particular, in the PRP with
AMPLEX PLUS technology the concentration of the 20 characterized factors was always higher
(Figure 6).

3.1. Transforming Growth Factors (TGF-p): activity and concentrations

TGEF-f stimulates the growth of cells, especially in connective tissue. It has an important role in
embryogenesis, tissue repair, formation of bone and cartilage and in the control of the immune
system. TGF-Sacts as a chemoattractant for neutrophils, increases epithelial cell migration at the
edges of wounds and stimulates the increase in the synthesis of collagen and fibronectin [22,23]. As
far as the plasma samples are concerned, the median is central, but the data distribution is asymmetric
with a tendency of the data to disperse towards higher values (Figure 1A). TGF-f concentrations in
plasma are between 1793 pg/mL (min) and 1810 pg/mL (max); mean is 1800+6.284 pg/mL. For PRP
the median is closer to the 75th percentile and data distribution is asymmetric with a tendency of the
data to disperse towards higher values (Figure 1A). In PRP samples TGF-f concentration decreases
(1160 and 1172 pg/mL, respectively min and max value; mean is 1165+3.742 pg/mL). For PRP with
AMPLEX PLUS technology the median is closer to the 25th percentile and data distribution is
asymmetric with a tendency of the data to disperse towards lower values (Figure 1A). In PRP+GF20
samples TGF-fconcentration significantly increases (4302 and 4317 pg/mL, respectively min and max
value; mean is 4310+4.415 pg/mL). The t-test performed to compare the mean values showed a highly
significant difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology, as well as
among the other mean compared.

3.2. Insulin-Like Growth Factor 1 (IGF-1): activity and concentrations

IGF-1 stimulates the proliferation of many cell types. Is a stronger mitogen which stimulates
primarily cells of fetal origin and regulates cell proliferation and differentiation, especially in cartilage
and muscle tissue. Furthermore, IGF-1 is an anabolic factor promoting protein accumulation and is
involved in mediating the growth promoting actions of growth hormone (GH) [24,25]. In plasma
samples the median is central, and the data distribution is symmetric (Figure 1B). IGF-1 concentration
in plasma samples is between 104.3 ng/mL (min) and 105.8 ng/mL (max); mean is 105.3+0.433 ng/mL.
For PRP the median is closer to the 75th percentile and data distribution is asymmetric with a
tendency of the data to disperse towards lower values (Figure 1B). In PRP, IGF-1 concentration
decreases (min 45 ng/mL, max 60 ng/mL; mean is 54+4.934 ng/mL). For PRP with AMPLEX PLUS
technology the median is central, but data distribution is asymmetric with a tendency of the data to
disperse towards lower values (more extended lower whisker) (Figure 1B). IGF-1 concentration
significantly increases (min 1321 ng/mL, max 1337 ng/mL; mean is 1330+5.522 ng/mL). The t-test
performed to compare the mean values showed a highly significant difference (p<0.00001) for all
mean compared.

3.3. basic Fibroblast Growth Factor (bFGF): activity and concentrations

bFGF promotes proliferation, differentiation and survival of fibroblasts, keratinocytes, smooth
muscle cells, stem cells, osseous healing and chondrogenesis. It is involved in angiogenesis and
hematopoiesis, stimulates the migration of epithelial cells in wound healing process and the synthesis
of the extracellular matrix, it also improves myogenesis (26, 27). As far as plasma samples are
concerned, the median is closer to the 25th percentile and data distribution is asymmetric with a
tendency of the data to disperse towards lower values (Figure 1C). bFGF concentrations in plasma
are between 1.35 pg/mL (min) and 1.36 pg/mL (max); mean is 1.46+0.060 pg/mL. In PRP samples the
median is closer to the 75th percentile and the data distribution is asymmetric with a tendency of the
data to disperse towards lower values (Figure 1C). bFGF concentration is between 283 pg/mL (min)
and 300 pg/mL (max); mean is 290+5.565 pg/mL. In PRP with AMPLEX PLUS technology samples
the median is closer to the 75th percentile and data distribution is symmetric (Figure 1C). bFGF
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concentration on PRP with AMPLEX PLUS technology is significantly increases (min 9291 pg/mL,
max 9308 pg/mL; mean is 9300+5.766 pg/mL). The t-test performed to compare the mean values
showed a highly significant difference (p<0.00001) for all mean compared.

3.4. Vascular Endothelial Growth Factor (VEGF); activity and concentrations

VEGF increases proliferation and migration of endothelial cells and stimulates the growth of
new blood vessels after injury and enhances vascular permeability. VEGF restores the blood supply
to cells and tissues when they are deprived of oxygenated blood due to compromised blood
circulation. Furthermore, VEGF promotes collagen deposition, improves re-epithelialization
associated with enhanced vessel formation and it plays a role in lymphangiogenesis [28,29]. VEGF
concentrations in plasma the median is closer to the 75% percentile and data distribution is
asymmetric with a tendency of the data to disperse towards lower values (Figure 1D). VEGF
concentrations in plasma are between 45.65 pg/mL (min) and 46 pg/mL (max); mean is 45.82+0.096
pg/mL. In PRP samples the median is central and data distribution is symmetric (Figure 1D). VEGF
concentration is between 120 pg/mL (min) and 130 pg/mL (max); mean is 125+2.958 pg/mL. In PRP
with AMPLEX PLUS technology samples the median is closer to the 25 percentile and data
distribution is asymmetric (Figure 1D). VEGF concentrations on PRP with AMPLEX PLUS
technology are increased (min 2173 pg/mL, max 2187 pg/mL; mean is 2180+5.049 pg/mL). The t-test
done to compare the mean values showed a highly significant difference (p<0.00001) between PRP
and PRP with AMPLEX PLUS technology, as well as among the other mean compared.
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Figure 1. Comparative box-plot analysis of growth factors concentrations isolated from plasma, PRP
and PRP with AMPLEX PLUS technology. A: TGF-f3; B; IGF-1; C: bFGF; D: VEGF.

3.5. Epidermal Growth Factor (EGF): activity and concentrations

EGF stimulates the proliferation of epidermal, epithelial and embryonic cells and promotes
wound healing. EGF is involved in angiogenesis and re-epithelialization; it acts as an angiogenic
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factor and as differentiation factor for some cell types [30,31]. For EGF plasma samples, the median
is closer to the 25th percentile and data distribution is almost symmetric with a low tendency of the
data to disperse towards lower values (Figure 2A). EGF concentrations in plasma samples are
between 10.25 pg/mL (min) and 10.34 pg/mL (max); mean is 10.29+0.030 pg/mL. For PRP the median
is central and data distribution is symmetric (Figure 2A). In PRP, EGF concentration increases (min
355 pg/mL, max 370 pg/mL; mean is 363+4.527 pg/mL). For PRP with AMPLEX PLUS technology the
median is closer to the 75th percentile and data distribution is slightly asymmetric with a tendency
of the data to disperse towards upper values (more extended upper whisker) (Figure 2A). EGF
concentration significantly increases (min 610 pg/mL, max 629 pg/mL; mean is 620+6.480 pg/mL). The
t-test performed to compare the mean values showed a highly significant difference (p<0.00001) for
all mean compared.

3.6. Platelet-Derived Growth Factor (PDGF): activity and concentrations

PDGEF plays an important role during embryogenesis, in particular for the development of the
kidneys, blood vessels, lungs and central nervous system. PDGF has a growth-promoting activity on
mesangial cells, pericytes, alveolar fibroblast and glial cells. It is involved also in angiogenesis and
plays a role in re-epithelialization by up-regulating the production of IGF-1. During tissue
remodeling, PDGF helps to break down old collagen [32,33]. The median of PDGF concentrations in
plasma is closer to the 75th percentile and data distribution is symmetric (Figure 2B). PDGF
concentrations in plasma are between 102 pg/mL (min) and 114 pg/mL (max); mean is 108+3.840
pg/mL. In PRP samples the median is closer to the 25th percentile and data distribution is asymmetric
(Figure 2B). PDGF concentration are increases (min 6166 pg/mL; max 6187 pg/mL; mean is 6176+7.348
pg/mL). In PRP with AMPLEX PLUS technology samples the median is central and data distribution
is asymmetric with a tendency of the data to disperse towards lower values (Figure 2B). PDGF
concentration on AMPLEX PLUS is between 6746 pg/mL (min) and 6770 pg/mL (max); mean is
6760+7.745 pg/mL. The t-test performed to compare the mean values showed a highly significant
difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology, as well as among the
other mean compared.

3.7. Keratinocyte Growth Factor (KGF): activity and concentrations

KGF stimulates proliferation and differentiation of keratinocytes and it is a potent mitogen for
vascular endothelial cells. KGF helps in the up-regulation of VEGF and increases transcription of
factors involved in the detoxification of ROS preserving keratinocytes for re-epithelialization. It
accelerates also tissue repair upon skin injury due to the controlled released of bFGF [34,35]. KGF is
undetectable in blood (Figure 2C) and it has a low concentration in PRP (min 70 pg/mL; max 81
pg/mL; mean 75+3.937 pg/mL) compared to PRP with AMPLEX PLUS technology (min 470 pg/mL;
max 489 pg/mL; mean 480+5.477 pg/mL). The median of KGF concentrations in PRP is closer to the
25th percentile and data distribution is symmetric (Figure 2C). In PRP+GF20 samples the median is
central and data distribution is symmetric (Figure 2C). The t-test performed to compare the mean
values showed a highly significant difference (p<0.00001) between PRP and PRP with AMPLEX PLUS
technology.

3.8. Hepatocyte Growth Factor (HGF): activity and concentrations

HGEF regulates epithelial and endothelial cells growth. It is a potent mitogen for hepatocytes and
plays important roles in the embryonic development of the liver and the placenta and in the migration
of myogenic precursor cells. HGF increases angiogenesis and re-epithelialization by promoting
migration of endothelial cells to the injured area [36,37]. HGF has a low concentration in plasma (min
60.6 pg/mL; max 61.7 pg/mL; mean 61.2+0.331 pg/mL) compared to PRP (min 426 pg/mL; max 438
pg/mL; mean 431+4 pg/mL) and especially to PRP with AMPLEX PLUS technology (min 3043 pg/mL;
max 3057 pg/mL; mean 3050+4.582 pg/mL). The median of HGF concentrations in plasma is closer to
the 25th percentile and data distribution is slightly asymmetric (more extended lower whisker)
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(Figure 2D). The median of HGF in PRP is also closer to the 25th percentile but data distribution is
slightly asymmetric with more extended upper whisker (Figure 2D). In PRP with AMPLEX PLUS
technology samples the median is central and data distribution is asymmetric with more extended
lower whisker (Figure 2D). The t-test performed to compare the mean values showed a highly
significant difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology, as well as
among the other mean compared.
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Figure 1. Comparative box-plot analysis of growth factors concentrations isolated from plasma, PRP
and PRP with AMPLEX PLUS technology. A: EGF; B: PDGF; C: KGF; D: HGF.

3.9. Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF): activity and concentrations

GM-CSF affects wound healing by inducing keratinocyte and endothelial cells proliferation and
promoting migration of epithelial cells. It increases re-epithelialization, recruiting neutrophils,
monocytes and lymphocytes and it stimulates phagocytosis in matured leucocytes. GM-CSF
increases angiogenesis and lymphangiogenesis [38,39]. GM-CSF is undetectable in blood (Figure 3A)
and it has a low concentration in PRP (min 196 pg/mL; max 206 pg/mL; mean 200+3.5 pg/mL)
compared to PRP with AMPLEX PLUS technology (min 9391 pg/mL; max 9407 pg/mL; mean
9400+4.769 pg/mL). The median of GM-CSF concentrations in PRP is central and data distribution is
asymmetric with more extended upper whisker (Figure 3A). In PRP with AMPLEX PLUS technology
samples the median is closer to the 75 percentile and data distribution is slightly asymmetric (Figure
3A). The t-test performed to compare the mean values showed a highly significant difference
(p<0.00001) between PRP and PRP with AMPLEX PLUS technology.

3.10. Granulocyte-Colony Stimulating Factor (G-CSF): activity and concentrations

G-CSF influences the proliferation, differentiation, and survival of haemopoietic stem cells and
mature neutrophils and induces the proliferation of endothelial cells and their migration to the
damaged area, postinjury accelerating would healing. G-CSF stimulates also angiogenesis and
neurogenesis [40,41]. G-CSF is undetectable in blood (Figure 3B) and it has a low concentration in
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PRP (min 118 pg/mL; max 131 pg/mL; mean 125+4.358 pg/mL) compared to PRP with AMPLEX PLUS
technology (min 823 pg/mL; max 836 pg/mL; mean 830+4.213 pg/mL). The median of G-CSF
concentrations in PRP is slightly closer to the 75th percentile and data distribution is symmetric
(Figure 3B), as well as in the PRP with AMPLEX PLUS technology samples (Figure 3B). The t-test
performed to compare the mean values showed a highly significant difference (p<0.00001) between
PRP and PRP with AMPLEX PLUS technology.

3.11. EOTAXIN-CCL11: activity and concentrations

CCL11 is a chemokine that stimulates eosinophil chemotaxis and enhances their adhesion to
endothelial cells and contributes to the activation of eosinophils recruited into the damage tissue
playing roles in epithelial remodeling. It modulates fibroblast activities by increasing their
proliferation and collagen synthesis and promotes angiogenesis [42,43]. CCL11 is undetectable in
blood (Figure 3C),and it has a low concentration in PRP (min 122 pg/mL; max 137 pg/mL; mean
130+4.949 pg/mL) compared to PRP with AMPLEX PLUS technology (min 370 pg/mL; max 390
pg/mL; mean 380+6.964 pg/mL). The median of CCL11 concentrations in PRP is closer to the 75%
percentile and data distribution is symmetric (Figure 3C). In PRP with AMPLEX PLUS technology
samples median is central and data distribution is symmetric (Figure 3C). The t-test performed to
compare the mean values showed a highly significant difference (p<0.00001) between PRP and PRP
with AMPLEX PLUS technology.

3.12. Tumor Necrosis Factor o (TNF-@): activity and concentrations

TNEF-o regulates the activity of fibroblasts, vascular endothelial cells and keratinocytes and
promotes synthesis of extracellular matrix proteins, which are closely involved in the healing of
injured tissues. TNF-o. induces angiogenesis and shows anti-malignant cell cytotoxicity, especially in
combination with Interferon. It contributes to bone remodeling by activating osteoclasts and plays an
important role in controlling infection [44,45]. The median of TNF-o. concentrations in plasma is
central and data distribution is asymmetric with a tendency of the data to disperse towards upper
values (Figure 3D). TGF-o concentrations in plasma are between 11.76 pg/mL (min) and 11.91 pg/mL
(max); mean is 11.83+0.050 pg/mL. In PRP samples the median is closer to the 25 percentile and data
distribution is symmetric (Figure 3D). TNF-o concentration is between 41 pg/mL (min) and 56 pg/mL
(max); mean is 48+4.847 pg/mL. In PRP+G PRP with AMPLEX PLUS technology samples the median
is central and data distribution is asymmetric with more extended upper whisker (Figure 3D). TNE-
o concentration un PRP with AMPLEX PLUS technology are increased (min 240 pg/mL, max 263
pg/mL; mean is 250+6.422 pg/mL). The t-test done to compare the mean values showed a highly
significant difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology, as well as
among the other mean compared.

do0i:10.20944/preprints202307.1291.v1
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Figure 2. Comparative box-plot analysis of growth factors concentrations isolated from plasma, PRP
and PRP with AMPLEX PLUS technology. A: GM-CSF; B: G-CSF; C: CCL11; D: TNF-o.

3.13. Nerve Growth Factor (NGF): activity and concentrations

NGF promotes fibroblast and keratinocyte proliferation, extracellular matrix component
expression and secretion and it stimulates the proliferation and differentiation of local immune cells,
blood vessels and even neurite outgrowth. NGF contributes also to the reestablishment of a normal
sensory and sympathetic innervation of the damaged skin [46,47]. NGF has a high concentration in
plasma (min 67 pg/mL; max 79 pg/mL; mean 73+4.031 pg/mL) compared to PRP (min 1.19 pg/mL;
max 1.30 pg/mL; mean 1.25+0.036 pg/mL) and a low concentration compared to PRP with AMPLEX
PLUS technology (min 410 pg/mL; max 431 pg/mL; mean 420+6.403 pg/mL). The median of NGF
concentrations in plasma is central and data distribution is symmetric (Figure 4A). The median of
NGF in PRP is also closer to the 75th percentile and data distribution is slightly asymmetric with
more extended lower whisker (Figure 4A), also in PRP with AMPLEX PLUS technology samples the
median is closer to the 75th percentile but data distribution is asymmetric with more extended upper
whisker (Figure 4A). The t-test performed to compare the mean values showed a highly significant
difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology, as well as among the
other mean compared.

3.14. Gamma Interferon (INF-7); activity and concentrations

INF-y promotes macrophage activation and mediates antiviral and antibacterial immunity.
During cutaneous wound healing INF-y contributes to angiogenesis and collagen deposition and
encourages CD4+ T helper polarization, which contributes to the initial wound microenvironment.
INF-y controls cellular proliferation and apoptosis and it also coordinates lymphocyte-endothelium
interaction [48,49]. INF-y has a low concentration in plasma (min 2.31 pg/mL; max 2.60 pg/mL; mean
2.48+0.089 pg/mL) compared to PRP (min 691 pg/mL; max 710 pg/mL; mean 700+6.595 pg/mL) and
especially to PRP with AMPLEX PLUS (min 2917 pg/mL; max 2939 pg/mL; mean 2930+7.262 pg/mL).
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The median of INF-y concentrations in plasma is closer to the 25 percentile and data distribution is
asymmetric with more extended lower whisker (Figure 4B). The median of INF-y in PRP is slightly
closer to the 25% percentile but data distribution is symmetric (Figure 4B). In PRP with AMPLEX
PLUS technology samples the median is closer to the 75t percentile and data distribution is slightly
asymmetric with more extended lower whisker (Figure 4B). The t-test performed to compare the
mean values showed a highly significant difference (p<0.00001) between PRP and PRP with AMPLEX
PLUS technology, as well as among the other mean compared.

3.15. Bone Morphogenetic Protein 2 (BMP-2): activity and concentrations

BMP-2 induces the formation of both cartilage and bone. BMP-2 directs the development of
neural crests cells into neural phenotypes and induces chemotaxis, mesenchymal cell proliferation
and differentiation. BMP-2 enhances angiogenesis and regulates the healing process by promoting
dermal and epidermal growth, leading to keratinized and thickened skin [50,51]. BMP-2 has a low
concentration in plasma (min 13 pg/mL; max 20 pg/mL; mean 17+2.549 pg/mL) compared to PRP
(min 302 pg/mL; max 319 pg/mL; mean 310+ 5.656 pg/mL) and especially to PRP with AMPLEX PLUS
technology (min 1550 pg/mL; max 1568 pg/mL; mean 1560+6.344 pg/mL). The median of BMP-2
concentrations in plasma is slightly closer to the 75t percentile and data distribution is marginally
asymmetric (Figure 4C). The median of BMP-2 in PRP is slightly closer to the 25% percentile but data
distribution is symmetric (Figure 4C). In PRP with AMPLEX PLUS technology samples the median
is closer to the 75t percentile and data distribution is slightly asymmetric with more extended lower
whisker (Figure 4C). The t-test performed to compare the mean values showed a highly significant
difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology, as well as among the
other mean compared.

3.16. Stromal Cell-Derived Factor 1a (SDF1-0): activity and concentrations

SDF1-a.is one of the most potent chemokines for stem cells recruitment. SDF1-o can regulate
multiple physiological processes such as organogenesis, regeneration and angiogenesis and
administered at the site of ischemia, is associated with ischemic neovascularization. SDF1-o has an
important role during bone fracture healing and play a central role during the process of
angiogenesis, such as chemotaxis, cell proliferation, migration and the secretion of angiopoietin
factors [52,53]. Plasma concentration of SDF1-o are 1744 pg/mL (min) and 1760 pg/mL (max); mean
is 1750+4.769 pg/mL. PRP concentration is 4219 pg/mL (min), 4238 pg/mL (max) and 4230+5.477
pg/mL (mean); these values are lower than the PRP with AMPLEX PLUS technology (min 6312
pg/mL; max 6329 pg/mL; mean 6320+5.830 pg/mL). The median of SDF1-a concentrations in plasma
is slightly closer to the 25t percentile and data distribution is asymmetric with more extended upper
whisker (Figure 4D). The median of SDF1-a.in PRP is central and data distribution is asymmetric
with more extended lower whisker (Figure 4D). In PRP with AMPLEX PLUS technology samples the
median is closer to the 75% percentile and data distribution is slightly asymmetric (Figure 4D). The t-
test performed to compare the mean values showed a highly significant difference (p<0.00001)
between PRP and PRP with AMPLEX PLUS technology, as well as among the other mean compared.
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Figure 3. Comparative box-plot analysis of growth factors concentrations isolated from plasma, PRP
and PRP with AMPLEX PLUS technology. A: NGF; B: INF-y; C: BMP-2; D: SDF1-o.

3.17. Interleukin-2 (IL-2): activity and concentrations

IL-2 stimulates proliferation and enhances function of T-cells, NK cells and B-cells and induces
B-cells to generate secretory IgM. IL-2 stimulates macrophages to gain maturity and elaborate TGF-
B.

In synergy with bFGF, IL-2 can impact the rate and quality of the closure at the wound site by
promoting skin cell proliferation. Furthermore, it can promote angiogenesis [54,55]. IL-2 is
undetectable in blood (Figure 5A), and it has a low concentration in PRP (min 45 pg/mL; max 62
pg/mL; mean 52+5.590 pg/mL) compared to PRP with PRP with AMPLEX PLUS technology (min
1982 pg/mL; max 2001 pg/mL; mean 1990+6.708 pg/mL). The median of IL-2 concentrations in PRP is
slightly closer to the 25t percentile and data distribution is asymmetric with more extended upper
whisker (Figure 5A). In PRP with AMPLEX PLUS technology samples the median is closer to the 25t
percentile and data distribution is slightly asymmetric with more extended upper whisker (Figure
5A). The t-test performed to compare the mean values showed a highly significant difference
(p<0.00001) between PRP and PRP with AMPLEX PLUS technology.

3.18. Interleukin-4 (IL-4): activity and concentrations

IL-4 has an important role in regulating antibody production, hematopoiesis, inflammation, and
T cells development and can rescue B-cells from apoptosis, enhancing their survival and promoting
their secretion of IgE and IgG. It is almost twice as potent as TGF- 3 at stimulating collagen synthesis
by fibroblasts and is a potent mitogen for microvascular endothelial cells [56,57]. IL-4 is undetectable
in blood (Figure 5B) and it has a slightly lower concentration in PRP (min 10 pg/mL; max 15 pg/mL;
mean 13+1.581 pg/mL) compared to PRP with AMPLEX PLUS technology (min 16 pg/mL; max 27
pg/mL; mean 22+3.5 pg/mL). The median of IL-4 concentrations in PRP is slightly closer to the 25%
percentile and data distribution is asymmetric with more extended upper whisker (Figure 5B). In
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PRP with AMPLEX PLUS technology samples the median is closer to the 25% percentile and data
distribution is asymmetric with more extended upper whisker (Figure 5B). The t-test performed to
compare the mean values showed a highly significant difference (p<0.00001) between PRP and PRP
with AMPLEX PLUS technology.

3.19. Interleukin-6 (IL-6): activity and concentrations

IL-6 stimulates the activation of osteoclasts for the continual physiological process of bone
remodeling as well as for the repair process during bone healing. IL-6 induces excess production of
VEGF, leading to enhanced angiogenesis and increased vascular permeability and can aid
keratinocyte proliferation and the generation of collagen by dermal fibroblasts [58,59]. IL-6 is
undetectable in blood (Figure 5C), and it has a lower concentration in PRP (min 44 pg/mL; max 58
pg/mL; mean 50+4.821 pg/mL) compared to PRP with AMPLEX PLUS technology (min 107 pg/mL;
max 125 pg/mL; mean 115+5.634 pg/mL). The median of IL-6 concentrations in PRP is slightly closer
to the 25t percentile and data distribution is asymmetric with more extended lower whisker (Figure
5C). In PRP with AMPLEX PLUS technology samples the median is closer to the 75* percentile and
data distribution is symmetric (Figure 5C). The t-test performed to compare the mean values showed
a highly significant difference (p<0.00001) between PRP and PRP with AMPLEX PLUS technology.

3.20. Interleukin-17A (IL-17A): activity and concentrations

IL-17A promotes the production of G-CSF which act in synergy with TNF-a to induce neutrophil
recruitment. It can stimulate macrophages and neutrophils to produce lactoferrins and regenerating
proteins, helping to kill bacteria. IL-17A maintains integrity of the mucosal tissues and promotes
wound closure, myofibroblast differentiation and collagen deposition [60,61]. IL-17A is undetectable
in blood (Figure 5D) and it has a lower concentration in PRP (min 395 pg/mL; max 407 pg/mL; mean
400+3.741 pg/mL) compared to PRP with AMPLEX PLUS technology (min 1490 pg/mL; max 1509
pg/mL; mean 1500+6.538 pg/mL). The median of IL-17A concentrations in PRP is almost central and
data distribution is asymmetric with more extended upper whisker (Figure 5D). In PRP with
AMPLEX PLUS technology samples the median is central and data distribution is asymmetric (Figure
5D). The t-test performed to compare the mean values showed a highly significant difference
(p<0.00001) between PRP and PRP with AMPLEX PLUS technology.
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Figure 5. Comparative box-plot analysis of growth factors concentrations isolated from plasma, PRP
and PRP with AMPLEX PLUS technology. A: IL-2; B: IL-4; C: IL-6; D: IL-17A.

1415000
1215000
1015000
815000
615000
415000
215000

15000 =

14000 =+

Growth Factors concentration (pg/mL)

@ @ e O (6 o6 y&F w6t WF 0 oF o et e geat W v e ok

Figure 6. Comparative analysis of concentrations (pg/mL) of the 20 bioactive compounds in plasma,
PRP and PRP with AMPLEX PLUS technology.


https://doi.org/10.20944/preprints202307.1291.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 July 2023 do0i:10.20944/preprints202307.1291.v1

15

4. Discussion

In recent years there has been an increasing interest in the study of growth factors extracted from
different matrices especially for their role in tissue repair [62]. Tissue injury healing is a complex
process involving a cascade of cellular and molecular events mostly shared by the different tissues of
the body [63]. Interestingly, the tissue repair process begins immediately after a traumatic injury and
is mediated and controlled by a diverse range of cytokines, proteins, and growth factors, some of
which are released by platelets after activation [64].

Particularly relevant for tissue healing are the factors TGF-31, TGF-32 (transforming growth
factor-8), PDGF-AA, PDGF-BB, PDGF-AB (platelet-derived growth factors), IGF-I insulin-like
growth factor), EGF 4 (epidermal growth factor), HGF (hepatocyte growth factor), which are found
inside the a granules of platelets and which, following platelet activation, are released into the
circulation blood. These and other growth factors act synergistically by increasing neutrophil and
macrophage infiltration thereby promoting angiogenesis, fibroplasia, matrix deposition and re-
epithelialization [65-67]. For this reason, the use of Platelet-Rich Plasma or PRP has been very
successful, also as Autologous Platelet Concentrate or APCs. As can be seen from numerous studies
[68,69], for many applications of PRP the results obtained have not been satisfactory, and also for
those applications for which the effects of treatment with PRP have been judged positively, the results
obtained are clearly susceptible to further notable improvements. An attempt has therefore been
made to enhance the effect of PRP by using them in combination with adult stem cells taken from the
same patient, antibiotics, anti-inflammatories, vitamins, etc., however the increase in efficacy
obtained with these combinations, compared to the use of PRP from alone, it was quite modest
[70,71]. It was therefore assumed that the limited effectiveness of the various preparations was due
to a low platelet concentration and, consequently, to a low concentration of the factors contained in
the platelet granules.

In nearly all published studies, a platelet concentration ranging from 1.0 — 1.5 x 106 platelet /puL
is used. This platelet concentration is scientifically supported by evidence that lower concentrations
are not effective enough in promoting healing and regeneration of bone and soft tissue. It has also
been seen that higher concentrations are often not applicable for legislative reasons, but even in cases
where these higher concentrations have been used in experimental studies, they have shown
substantially the same efficacy as the standard concentrations [72].

There is therefore the need to have preparations based on natural substances, at low cost and
without side effects, which do not alter the action of autologous platelet concentrates, but which, on
the contrary, amplify their effectiveness, such as GF20.

GF20 is a mixture, isolate from colostrum bovine, which contains different biologically active
factors. These components are activators of numerous regeneration and growth processes, they
activate and improve the body's natural defense systems. The growth factors contained in it have an
action aimed at protecting the integrity of the tissues. In contact with damaged or injured epithelial
or mucous membrane structures, they carry out a contrasting action against pathogenic
microorganisms, promoting tissue repair and the reconstruction of damaged, contaminated, and
inflamed epithelia.

Our research shown that the combination of PRP, GF20 and exosomes (PRP with AMPLEX PLUS
technology) could improve the efficacy of regenerative treatments, due to the high presence of
bioactive factors. It is known that colostrum-derived exosomes are highly biocompatible and
therefore safe nanovesicles capable of transferring and transporting different molecules, including
growth factors, then released in a specific and targeted manner [14].

In particular, the efficacy of this combination is closely linked to the synergy of the two
components (PRP and AMPLEX PLUS technology) and their functional interdependence. In fact, the
bioactive substances present in AMPLEX PLUS provide nourishment to the cells in the growth and
proliferation phase and supply further bioactive factors, (present in very low concentrations in PRP)
capable of modulating the action of the growth factors. As has been highlighted by our analyses, the
mean values of the all factors were much higher in PRP with AMPLEX PLUS technology (TGF-@:
4310+4.415 pg/mL; IGF-1: 1330+5.522 ng/mL; bFGEF: 9300+5.766 pg/mL; VEGF: 2180+5.049 pg/mL;
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EGF: 620+6.480 pg/mL; PDGF: 6760+7.745 pg/mL; KGEF: 480+5.477 pg/mL; HGF: 3050+4.582 pg/mL;
GM-CSF: 9400+4.769 pg/mL; G-CSF: 830+4.213 pg/mL; CCL11: 380+6.964 pg/mL; TGF-o:: 250+6.422
pg/mL; NGF: 420+6.403 pg/mL; INF-y:930+7.262 pg/mL; BMP-2: 1560+6.344 pg/mL; SDFI-
o: 6320+5.830 pg/mL; IL-2: 1990+6.708 pg/mL; IL-4: 22+3.5 pg/mL; IL-6: 115+5.634 pg/mL; IL-
17A:150046.638 pg/mL) compared to PRP alone (TGF-{3: 1165+3.742 pg/mL; IGF-1: 54+4.924 ng/mL;
bFGF: 290+5.565 pg/mL; VEGEF: 125+2.958 pg/mL; EGF: 363+4.527 pg/mL; PDGF: 6176+7.348 pg/mL;
KGF: 75+3.937 pg/mL; HGF: 431+4 pg/mL; GM-CSF: 200+3.5 pg/mL; G-CSF: 125+4.358 pg/mL; CCL11:
130+4.949 pg/mL; TNF-o: 48+4.847 pg/mL; NGF: 1.25+0.036 pg/mL; INF-y: 700+6.595 pg/mL; BMP-2:
310+5.656 pg/mL; SDF1-a: 4230£5.477 pg/mL; IL-2: 52+5.590 pg/mL; IL-4; 13+1.581 pg/mL; IL-6:
50+4.821 pg/mL; IL-17A: 400+3.741 pg/mL).

Through the combination of PRP and AMPLEX PLUS technology, a vertiginous increase was
found for the concentrations of NGF, GM-CSF, IL-2, bFGF, and IGF-1 (in order of percentage increase
over PRP). More moderate, but still greater than 100% increases were obtained instead for most of
the compounds analyzed (VEGF, HGF, G-CSF, KGF, TNF-a, BMP-2, INF-v, IL-17A, TGF-p, CCL11,
and IL-6, in order of percentage increase over PRP). The concentration of EGF increased by 70% while
of SDF1-o and of IL-4 by 49.4% and 40%, respectively. Less significant increases are evident for PDGF
whose concentration increased by only 9% following the addition of AMPLEX PLUS technology to
PRP.

Interestingly, the concentrations obtained with the addition of AMPLEX PLUS technology have
never been achieved before. During the past few years, in fact, PRP has been enriched with different
matrices to enhance its action. For example, the combination of PRP and autologous conditioned
serum (ACS) resulted in increased concentrations of PDGF, IGF-1, and TNF-o. However, not equaling
those achieved by the addition of AMPLEX PLUS. Enrichment with leukocytes [L-PRP] also did not
have the desired effects [73]. These attempts, however, did not result in substantial improvement in
its efficacy, probably due to the missing supply of some growth factors not present or present in trace
amounts in the matrices used. Colostrum appears, therefore, to be one of the richest and most
complete natural matrices in growth factors and bioactive compounds.

In addition, the presence in optimal amounts of all growth factors results in a synergistic action
that promotes the repair process; this occurs by stimulating neoangiogenesis, even in poorly
vascularized areas, and the regeneration of damaged tissues which are replaced with cells of the same
type, thus avoiding their replacement with connective tissue (fibrosis) [74]. Furthermore, the possible
use of PRP with AMPLEX PLUS technology could prevent the establishment of hypertrophic or
keloid scars, which represent one of the most common wound healing disorders.

In this context, the effective concentration for each bioactive compound, which results in the
performance of its biological activity in a physiological and optimal environment, becomes of
primary importance, since the excess or the lack of some factors could be the cause of adverse and
toxic events for biological systems in vitro and in vivo. For most of the compounds, there are no
concentration data in the literature so remains a need to investigate their concentration-dependent
behavior.

5. Conclusions

Healthy regeneration of damaged tissues relies on a well-orchestrated release of growth factors.
The results of the present study show that the concentrations of growth factors involved in
regenerative and reparative pathways is increased significantly following the combination of PRP
with the new AMPLEX PLUS formulation. Therefore, given the considerable increase in growth
factors concentration, the action and the powerful influence on tissue healing of PRP, combined with
the properties of AMPLEX PLUS, is enhanced. In addition, the findings in this study show that
AMPLEX PLUS contains a high level of some factors, which are not present in PRP or the relative
concentration of each respective growth factor in PRP is very low. Each of these factors possesses
numerous activities that make them attractive agent for stimulating important biological processes.
IGF-1, VEGF, bFGF and NGF are growth factors almost absent in PRP. These molecules remain
essential to the field of regenerative medicine, showing additional functions that could be further
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investigated by in vitro and in vivo methods. IGF-1 and VEGF have been shown to affect hair growth:
IGF-1 stimulates follicular proliferation and tissue remodeling, as well as follicular differentiation,
identifying IGF-1 signaling as an important mitogenic and morphogenetic regulator in hair follicle
biology. VEGF controls follicle cycling mediating angiogenesis, identifying VEGF as a major mediator
of hair follicle growth.

Besides its role as a proangiogenic factor, VEGF has a variety of functions: it also stimulates
mitogenesis and migration of macrophage lineage and endothelial cells and increases vascular
permeability during the wound healing process, so trough these mechanisms the amount of VEGF
present in a wound can significantly impact healing.

IGF-1 also plays a central role in muscle development and growth by regulating protein turnover
and muscle function, and previous in vitro studies suggest that IGF-1 and bFGF regulate muscle
regeneration, by acting on the proliferation and the differentiation of myogenic precursor cells.

NGF has an essential role in proliferation, differentiation, and survival of sensory and
sympathetic sensory of the damaged skin. NGF also promotes the proliferation of local immune cells
in wounds, blood vessel and even neurite outgrowth, thereby accelerating the rate of wound healing.

These results strongly suggest that AMPLEX PLUS could enhance PRP, in addition to its already
well-known functions, also by making it a more valuable tool for future therapies of common
disorders such as hair diseases (scarring alopecia, baldness), muscular diseases (hypotrophy and
muscle hypotonia), and skin diseases (different types of wounds, including ulcers).
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