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Defibrillation protocols used on pigs have a 
good success rate at higher voltage since 
shocks of low voltage (1st shock-2 J/kg) did not 
produce reliable responses. 
In this study, the results were promising with 
3.5 to 5 J/kg shocks, respectively 2nd and 3rd 
shock applied. 
Using a shock at higher intensity right after the 
first shock would increase the chances for a 
normal sinus rhythm instalment. 
By every defibrillation, shock added to the 
protocol the normal sinus rhythm was sustained 
for a longer period of time for, in relation with 
the number of defibrillation shocks applied. 
Long-term survivability cannot be obtained 
only with defibrillation, the use of CPR and 
cardio tonic medication should absolutely be 
used in cases like these.  
These results open new possible hypothesis for 
further researches concerning the association 
between resuscitation medication and 
defibrillation protocols. 
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Abstract  
 
Platelet rich plasma (PRP) in combination with different type of biomaterials can promote tissue regeneration. Our 
study aimed to evaluate the adhesion, proliferation and chondrogenic differentiation potential of canine mesenchymal 
stem cells on functionalised collagen-based biomaterial. Characterized gingival mesenchymal stem cells (1x105) were 
seeded on PRP functionalized synthetic biomaterial and were cultured in DMEM/F12 culture medium supplemented 
with 10% fetal calf serum and 1% antibiotics-antimycotics. After 24, 72 h and 5 days cellular adhesion, proliferation 
was assessed using CCK8 assay. The absorbance was recorded using a a BioTek Synergy 2 microplate reader set at 
450 nm. The bioactive potential of PRP functionalized biomaterial was evaluated after 21 days. Proteoglycans and 
sulfated glycosaminoglycan content were assessed. Statistical analysis was performed using GraphPad Prism 5.0 
software and statistical significance was considered when p < 0.05. Our results indicated the potential of PRP on cells 
attachment, proliferation and due to the release of growth factors promote the cells differentiation.  
 
Key words: biomaterials, collagen, platelet rich plasma, mesenchymal stem cells.  
 
INTRODUCTION  
 
Platelet-rich plasma (PRP), defined as an 
autologous leukocyte and PRF biomaterial 
(Tambella et al., 2018), contain various growth 
factors (platelet-derived growth factor (PDGF), 
transforming growth factor-b (TGF-b) 1, 2, 
vascular endothelial growth factor (VEGF), 
basic fibroblastic growth factor (bFGF), 
epidermal growth factor (EGF), insulin-like 
growth factor (IGF) I, IGF-II), extracellular 
matrix and cell adhesion molecules (fibrin, 
fibronectin, vitronectin and thrombospondin) 
(Ramaswamy et al., 2018),  proteins, cytokines 
and other signalling molecules with important 
function in regulation of regeneration and 
tissue repair by supplying growth factors, 
cytokines, chemokines and other bioactive 
compounds (Boswell et al., 2012; Hsu et al., 
2013; Jason et al., 2013; Albanese et al., 2013; 
Carr et al., 2016;  Chang et al., 2018; Wenqiang 
et al., 2020). PRP are an autologous source of 
platelets (least 1,000,000/1 L in a small volume 
of plasma) (Marx, 1999; Saluja et al., 2011; 
Albanese et al., 2013) it is widely used in 
different areas of dentistry, orthopedics, 

reconstructive medicine, among which can be 
remembered mandibular reconstruction,  
periodontal defects and periodontal plastic 
surgery, head and neck surgery, surgical repair 
of the alveolar cleft, otolaryngology, 
cardiovascular surgery,  maxillofacial surgery 
(Albanese et al., 2013), soft tissue injuries, 
osteoarthritis of the knee, ulnar collateral 
ligament tears, lateral epicondylitis (Mlynarek 
et al., 2016), hip dysplasia (Yun et al., 2016), 
hip osteoarthritis in dog (Malek et al., 2012) 
and muscle damage. Our hypothesis is that PRP 
in combination with different type of 
biomaterials can promote tissue regeneration. 
Therefore, the objective of the current study 
was to evaluate the adhesion, proliferation and 
chondrogenic differentiation potential of canine 
mesenchymal stem cells on PRP functionalised 
collagen-based biomaterial.  
 
MATERIALS AND METHODS  
 
Canine gingival tissue derived mesenchymal 
stem cells (MSCs) was used for this study. The 
gingival tissue and blood sample was harvested 
from a mixed breed dog, presented at a private 
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practice with dental disorders. The samples 
were collected after the informed consent from 
the owner. The MSCs were isolated using 
enzymatic dissociation method (Collagenase 
0.075%, Sigma-Aldrich), after several 
passages, the cells were characterized accor-
ding to the International Society for Cellular 
Therapy recommendations. For PRP the blood 
was collected from the external jugular vein 
under sterile conditions. The samples were 
centrifuged at 300x g for 7 min to separate the 
blood phases. The upper phase was harvested 
(approximately 1.5 ml) and freshly added on 
collagen-based biomaterial (Evolution, 
OsteoBiolR) in three different concentrations 
(5%, 7%, and 10%).  Prior the PRP was 
activated with calcium chloride (Sigma-
Aldrich). The canine gingival stem cells at a 
density of 1 x 104 cells were seeded onto the 
functionalized biomaterial (0.7 cm x 0.7 cm) 
placed in culture plates. The cell-seeded 
biomaterials were transferred to a 12 well 
plates containing normal propagation medium 
containing DMEM/F12 (Gibco), 1% Antibiotic 
Antimycotic 100x (Sigma-Aldrich), 5% Horse 
serum (Gibco Life Technologies), at 37.5°C in 
a humidified 5% CO atmosphere for the 
attachment and proliferation tests. The medium 
was changed every day. Collagen based 
biomaterials without PRP was considered the 
negative control. The propagation medium in 
the control group was supplemented with 10% 
FCS (fetal calf serum, Sigma-Aldrich). After 
24 h cellular adhesion was assessed using 
cytochemical stains, tetramethylrhodamine 
isothiocyanate (TRITC) phalloidin (Sigma-
Aldrich) 1: 20 in phosphate-buffered saline 
(PBS; Sigma-Aldrich) for actin filaments and 
DAPI (4,6-diamidino2-phenylindole) for cell 
nuclei. The results were evaluated using 
Axiovision 3.0 image analysis software (Carl 
Zeiss, Hitech Instruments). Cell proliferation 
was assessed using CCK-8 assay after 24, 72h 
and 5 days of culture. CCK-8 solution was 
added in each well (100 µl/ml) followed by 
incubation at 37°C for 1 hour. The absorbance 
was recorded using a BioTek Synergy 2 
microplate reader set at 450 nm. For 
chondrogenic differentiation, pellet cultures 
method was used. The cells (5 x 104/ml) were 
aggregated using hanging drops method. After 
48h, the aggregates were washed and added 

onto the PRP treated collagen-based bioma-
terial in normal propagation medium. The 
control groups were treated with chondrogenic 
induction medium: DMEM/F-12 (Sigma-
Aldrich) supplemented with 1% ITS (Insulin-
Transferrin-Selenium, Sigma-Aldrich), 50 nM 
L ascorbic acid 2-phosphate (Sigma-Aldrich), 
100 nM dexamethasone, 10 ng/ml of transfor-
ming growth factor (TGF-b; Sigma-Aldrich) 
and 1% antibiotic/antimycotic (Gibco). 
 The morphological characteristics of the cells 
from both cultures were monitored daily. 
Proteoglycans and sulfated glycosaminoglycan 
content were evaluated after 21 days. The 
proteoglycan accumulation was assessed by 
Alcian blue staining. The cultures were fixed 
with methanol for 20 minutes and were stained 
with Alcian blue in 0.1N HCl for 20 minutes, 
washed with distilled water and treated with 6 
M guanidine-HCl (Sigma-Aldrich). The ab-
sorbance was measured at 620 nm. The glycol-
saminoglycans were assessed after treatment of 
the paraformaldehyde fixed cultures with 
0.02% Safranin-O (Sigma-Aldrich). The 
Safranin-O dye was extracted using 10% 
cetylpyridinium chloride (Sigma-Aldrich) for 
20 min. The optical density was evaluated at 
550 nm. Canine gingival cells cultured in nor-
mal propagation medium were represented the 
control group. The evaluations were performed 
in triplicate. 
Statistical analysis was performed with 
GraphPad Prism 6 software. A value of P < 
0.05 was considered to be statistically 
significant difference for all tests. 
 
RESULTS AND DISCUSSIONS  
 
In order to evaluate the potential of 
functionalized collagen-based biomaterial, 
characterized canine gingival stem cells were 
used. The biomaterial was functionalized with 
different concentration of PRP. Prior the 
biomaterial treatment the PRP was activated 
with calcium chloride.  
This treatment is important for releasing the 
granule’s contents (Cuervo et al., 2020). 
Cellular adhesion was assessed using 
cytochemical staining and quantitative 
morphometric analyses were performed.  
The number of adherent cells was quantified in 
control group and in PFR functionalized 
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biomaterials. Cells were counted in 5 different 
microscopic fields (Figures 1, 2).  
 

  

  
Figure 1. Gingival MSCS attached to the PRP treated 

biomaterial (1st images: cells cultivated on plastic 
surface, negative control, 2nd images: cells seeded on 
biomaterial functionalized with 5% PRP, 3rd images:  

cells seeded on biomaterial functionalized with 7% PRP, 
4th images: cells seeded on biomaterial functionalized 

with 10% PRP), blue nuclei stained with DAPI, red actin 
filaments stained with TRITC-phalloidin 

Microscopic fields were randomly selected. 
After 24 h of seeding on collagen-based 
biomaterial statistically significant results were 
identified especially for biomaterials treated 
with 5% PRP (Figure 1). 
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Figure 2. Cell number on functionalized collagen-based 

biomaterial 24 h after seeding (cells seeded on 
biomaterial functionalized with 5% PRP, 7% PRP and 

10% PRP) 
 
CCK-8 test was performed to examine the 
effect of different concentrations of PRP on 
canine gingival stem cells proliferation after    
24 h, 72 h and 5 days of exposure (Figure 3). 
The results of the CCK-8 assay demonstrated 
that PRP-treated MSCs in different 
concentration showed improved cell growth 
compared to control groups. 

After 24 hours of seeding the cells on 7% and 
10% PRP treated biomaterial, a slight increase 
in cell proliferation rate can be observed. 
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Figure 3. Canine gingival tissue derived MSCs 

proliferation on PRP functionalized collagen-based 
biomaterial (Evolution, OsteoBiolR). CCK-8 assay was 

performed to evaluate the effect of three different 
concentrations of PRP in three different period of time. 

The absorbance was read at 450 nm  
 

After 5 days statistically significant results 
were identified in cultures treated with 10% 
PRP. Our results are in agreement with certain 
data from the literature. A similar behaviour 
was observed by Wang et al. (2019) in bone 
marrow aspirate derived mesenchymal stem 
cells treated with of the PRP. They study 
demonstrate that PRP in concentration of 1500 
× 109 pl/L. exerted different modulatory effects 
on cell proliferation and the osteogenic, 
adipogenic and chondrogenic differentiation of 
human bone marrow-derived mesenchymal 
stem cells. The differentiation capacity is 
closely related to the increased content of 
cytokines and growth factors, a group of 
diffusible polypeptides that control cell growth, 
proliferation, differentiation, cellular 
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metabolism (Marx et al., 1999, Cuervo et al., 
2020). PRP also promoted the production of the 
anti-inflammatory cytokines IL-10 by mesen-
chymal stem cells, but can suppress the IL-1β, 
IL-6 and TNF-α secretion (Wang et al., 2019). 
To explore the bioactive potential of PRP, 
chondrogenic induction potential of function-
nalized biomaterials were assessed. The canine 
gingival tissue derived stem cells were main-
tained on functionalized biomaterial for 21 
days. The PRP supplementation was performed 
in every 3 days until the cells were fixed.  The 
positive control group were treated with 
chondrogenic induction medium without PRP 
and for negative control the cells were treated 
with normal propagation medium. After 21 
days Alcian Blue and Safranin O staining 
indicated the presence of glycosaminoglycans 
and proteoglycan deposition (Figures 4, 5). 
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Figure 4. Chondrogenic differentiation - proteoglycan 

deposition  
(The absorbance value of the solubilized Alcian blue at 

620 nm. The results are shown as mean ± SD  
Control N - negative control: canine gingival stem cells 

cultured in normal propagation medium; Control P - 
positive control: canine gingival stem cells treated with 

chondrogenic induction medium) 
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Figure 5. Chondrogenic differentiation- 

glycosaminoglycans evaluation with Safranin O staining 
(Control N - negative control: canine gingival stem cells 

cultured in normal propagation medium; Control P - 
positive control: canine gingival stem cells treated with 

chondrogenic induction medium) 

Compared with negative control (0.309 ± 
0.006), the average of absorbance for 
proteoglycan deposition was 0.340 ± 0.01 on 
biomaterial functionalized with 5% PRP, 0.332 
± 0.02 on 7% PRP and 0.410 ± 0.01 on 10% 
PRP. The differentiation capacity of cells 
maintained on 10% PRP treated biomaterial 
was similar with positive control group where 
the average of absorbance was 0.430 ± 0.02. 
These results suggested that normal propa-
gation medium supplemented with 10% PRP 
may be preferable for the accumulation of 
proteoglycans (Figure 4). Moreover, similar 
effects of PRP in glycosaminoglycans 
production were observed. The average of 
absorbance for positive control was 0.810 ± 
0.01 compared with the negative control where 
the average of absorbance was 0.452 ± 0.002 
(Figure 5).  
The potential of the glycosaminoglycans 
synthesis increased exponentially with 
increasing PRP concentration. These data 
demonstrate that 10% PRP is effective and 
efficient for the chondrogenic differentiation of 
canine gingival stem cells. Numerous 
applications based on PRP have been tested for 
bone and cartilaginous disorders (Marmotti et 
al., 2015; Wang et al., 2019). All these 
applications suggested that the concentration of 
PRP is important for the restoration of the 
affected tissues. Our data showed that PRP in 
concentration of 10% would be effective. Our 
future concerns will be focused on evaluating 
the tested PRP concentrations on different 
biological models including organotypic 
cultures. Wang et al. (2019) data showed that 
PRP with platelet concentrations of 1000×109 
pl/L to 3000×109 pl/L supported MSC 
adipogenesis, osteogenesis and chondrogenesis. 
They also suggest that for cartilage regene-
ration a concentration of 2000 × 109 pl/L PRP 
provides a strong proliferation and induce 
chondrogenesis (Wang et al., 2019). Platelet 
rich plasma in combination with stem cells may 
represent a promissory treatment for many 
diseases, but multiple clinical trials are required 
to establish the true efficiency of in vitro and in 
vivo treatments. PRP-based therapy could be 
valuable as an alternative therapy alone or in 
combination with other conventional treatments 
for different diseases (Ramaswamy et al., 
2018).  
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CONCLUSIONS  
 
Our results indicated the potential of PRP in 
combination with collagen-based biomaterial 
on cells attachment, proliferation and due to the 
release of growth factors promote the cells 
differentiation. These results may suggest 
promising clinical strategies for different 
diseases.  
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