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Introduction  
Regeneration of cartilage remains a challenge in tissue engineering as it lacks neural and 
vascular components and thus has limited recovery potential after injury. Regenerative 
medicine brings a broader perspective to the treatment of cartilage damage and includes 
three key integrated components: Although autologous chondrocytes are commonly 
used for articular cartilage regeneration, they have several drawbacks, including: B. 
Lack of cell source for large lesions and risk of dedifferentiation during in vitro culture 
[1]. However, scaling an MSC requires extensive facilities and technical expertise, which 
may not be available in many locations. Recently, autologous bone marrow mononuclear 
cells (BMMCs) have been used with various drugs as a promising cell therapy for various 
diseases [2]. Previous animal studies and clinical trials have demonstrated the efficacy and 
safety of BMMCs in treating cartilage lesions, are easier to isolate compared to MSCs, and 
do not need to be expanded in vitro before use [3]. 

These include a variety of growth factors such as platelet-derived growth factor (PDGF), 
insulin-like growth factor-1 (IGF-1), and transforming growth factors that help regenerate 
both soft and hard tissues. Due to its molecular structure and low thrombin concentration, 
it serves as a suitable matrix for migration of endothelial cells and fibroblasts. Moreover, its 
PRF and availability of autologous origin increase the utility of this material and minimize 
surgical time. Many authors point to his PRF applications in cartilage and tendon tissue 
engineering, which has led to an increase in in vitro, preclinical, and clinical studies [4]. 
Chondrogenesis is regulated by multiple cartilage-specific markers such as collagen, 
aggrecan (ACAN), SRY box transcription factor 9 (SOX9), and osteogenic markers such as 
alkaline phosphatase (ALPL) and bone gamma-carboxyglutamic acid protein (BGLAP). 
be characterized. Therefore, we conducted this study to investigate the effects of His PRF 
scaffolds and autologous uncultured BMMCs on osteochondral regeneration in rabbit 
knees [5].  
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Abstract
The main purpose of this study is to investigate the effect of PRF scaffolds and autologous 
non-cultured bone marrow mononuclear cells on osteochondral regeneration in rabbit 
knees. Three different types of His-PRF scaffolds were generated from peripheral blood 
(Ch-PRF and L-PRF) and bone marrow in combination with uncultured bone marrow 
mononuclear cells (BMM-PRF). The histological properties of these scaffolds were evaluated 
using hematoxylin-eosin staining, picrosirius red staining, and immunohistochemical 
staining. An osteochondral defect 3 mm in diameter and 3 mm deep was developed in 
the trochlear groove of the femur of a rabbit. Different PRF scaffolds were then used to 
treat the defect. Regeneration of osteochondral tissue was assessed macroscopically 
(internal cartilage repair-related score, by X-ray) and microscopically (hematoxylin 
and eosin staining, safranin O staining, toluidine staining, histological Wakiya scale, 
immunohistochemistry) at 2 and 4 weeks. Post-assessed and 6-week post-assessment.
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Methods
Animals

The use of rabbits in this study was 
approved by the Animal Ethics Committee 
of the University of Hue (certificate reference 
number: HU VN0010, November 10, 2021). 
They were randomly classified into four 
categories.

Nine rabbits were used to treat osteochondral 
defects with Shuclone platelet-rich fibrin (Ch-
PRF) scaffolds and nine rabbits were used to 
treat osteochondral defects with leukocyte-
rich fibrin (L-PRF) scaffolds. Did. Rabbits were 
used in experiments to treat osteochondral 
defects with scaffolds combined with 
uncultured bone marrow mononuclear cells 
and bone marrow-rich platelet fibrin (BMM-
PRF) [6]. 

Preparation of Osteo tissue mononuclear 
cells

According to a modification of Choukroun’s 
method, 9 ml of blood was collected from 
the rabbit central ear artery and immediately 
transferred to a 15 ml polypropylene 
centrifuge tube without anticoagulant. After 
centrifugation, the whole blood in each tube 
was separated into three layers.

Platelet-poor plasma (PPP), platelet-rich 
fibrin (PRF), and its base red blood cells. 
Plasma and red blood cells were discarded, 
the Ch-PRF scaffold was placed on a sterile 
perforated metal grid, and a light metal plate 
was placed on top of the gel to achieve a 
uniform thickness of 1 mm [7].

It was taken from behind the crest of the 
bone. Three milliliters of bone marrow was 
taken from each iliac crest and immediately 
mixed with the solution in the syringe (3 ml) 
by gentle swirling. A total of 12 mL of bone 
marrow solution from the two iliac crests was 
evenly transferred into two 15 mL conical 
tubes containing 3 mL of His Ficoll-Paque 
medium (density 1.077 g/mL) in each tube. 
These tubes were centrifuged at 2000 rpm for 
20 minutes. After the initial centrifugation, 
the bone marrow sample was separated into 
four distinct layers.

The upper layer contains plasma, the 
buffy coat mainly contains bone marrow 
mononuclear cells, Ficoll-Paque fraction, and 
the lower layer mainly contains granulocytes 
and erythrocytes. The plasma and buffy coat 

layers were removed from the two tubes and 
placed in new 15 mL conical tubes. After a 
second centrifugation step, samples were 
separated from her BMMCs into plasma and 
pellet. The upper layer of plasma is called 
platelet-poor bone marrow plasma (PPP) 
and the lower layer is called platelet-rich 
bone marrow plasma (PRP). The platelet-
poor plasma layer (PPP) of bone marrow 
was removed and the BMMC pellet was 
resuspended in PRP. Calcium chloride (10%) 
was then administered to a final plasma 
concentration of 0.1%. The BMM-PRF gel was 
placed on a sterile perforated metal mesh 
and a light metal plate was placed over the 
gel to ensure a uniform thickness of 1 mm [8].  

Evaluation of the Osteo tissue regeneration

Histology of osteochondral defects 2, 4, 
and 6 weeks after surgery was analyzed 
by hematoxylin-eosin staining. After 2 
weeks, defects in untreated rabbits were 
covered with fibrous connective tissue with 
relatively high concentrations of fibroblasts 
distributed throughout the matrix. In the 
experimental group, the implanted material 
was almost completely absorbed. There were 
no significant differences between these 
groups and the untreated group. Four weeks 
after surgery, he found that the density 
of fibrous connective tissue in the control 
group was reduced, with an underlying 
growth of adipose niches, chondrocytes, and 
cartilage matrix. No subchondral bone was 
present in this group. A similar phenomenon 
was observed in the experimental group. 
However, the formation of hyaline cartilage 
(chondrocytes and cartilage matrix) was more 
pronounced in his BMM-PFR group than in the 
untreated group. Moreover, in these groups, 
subchondral bone with discontinuous 
trabeculae occurred in the Ch-PRF and L-PRF 
groups and was more pronounced in the 
BMM-PRF group with continuous trabeculae 
[9]. Six weeks after his surgery, the remaining 
fibrous connective tissue was significantly 
thinner in the control group compared to 
the 4-week group. Cartilage and ossified 
bone appeared scattered and mottled, but 
somewhat prominent. Below, individual 
trabeculae of subchondral bone were seen. 
In the experimental group, the defect was 
more clearly covered with cartilage tissue 
than in untreated rabbits. In the Ch-PRF 
and L-PRF groups, immature chondrocytes 
were mainly located in the lower half of the 
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regenerated tissue. On the other hand, the 
regenerated tissue in the BMM-PRF group 
was almost similar to hyaline cartilage, and 
immature chondrocytes were distributed 
from the lower layer to the upper layer of the 
regenerated tissue [10].  

Result
Heterogeneous fibrin network structure 
and cell populations. L-PRF and BMM-
PRF had a homogeneous structure with a 
uniformly distributed fibrin network. Ch-PRF 
and L-PRF contained populations of CD45-
positive leukocytes embedded in fibrin 
networks, whereas mononuclear cells within 
the BMM-PRF scaffolds responded to the 
pluripotent stem cell-specific antibody Oct-4 
Did. It was positive. Rabbits implanted with 
autografts showed significantly improved 
articular cartilage and subchondral bone 
healing compared to the untreated group. 
A gradual recovery was observed after 2, 
4, and 6 weeks of PRF scaffold treatment, 
which was particularly pronounced in the 
BMM-PRF group. Diploma: A combination of 
biomaterials containing autologous platelet-
rich fibrin and uncultured bone marrow 
mononuclear cells promoted osteochondral 
regeneration in a rabbit model more than 
platelet-rich fibrin material alone. Our 
results suggest that autologous platelet-rich 
fibrin scaffolds combined with uncultured 
bone marrow mononuclear cells for healing 
osteochondral lesions may be a suitable 
adjunct to stem cell and biomaterial therapy.  

Discussion
Biocompatibility is key to the successful 
application of tissue engineered tissue. 
Our study successfully demonstrated the 
biocompatibility and safety of autologous 
PRF scaffolds and uncultured BMMCs as 
transplanted biomaterials for in vivo cartilage 
repair. This is because these substances are 
autologous. No degenerative changes were 
observed in adjacent articular cartilage 
during the study period. Furthermore, 
neither inflammatory responses nor giant 
cells (common in inflammatory responses 
to foreign bodies) were observed in the 
implanted area of the experimental group. 
Two weeks after surgery, the graft was 
almost completely resorbed. Our results 
showed that rabbits treated with PRF 
scaffolds in combination with BMMCs had 

a more pronounced effect on regeneration 
of osteochondral defects than controls and 
PRF alone. This can be demonstrated both 
macroscopically and microscopically.

PRF scaffolds have been shown to have a 
positive impact on osteochondral healing in 
terms of gross and histological findings. Many 
studies have been done using rabbits and 
other animal models. The therapeutic effect 
of PRF is primarily due to high concentrations 
of platelet-derived protein molecules 
that are primarily stored in and released 
from platelet α-granules. Among these, 
platelet-derived growth factors, including 
platelet-derived GF (PDGF), transforming 
GF-β1 (TGF-β1), and insulin-like GF (IGF-1), 
contribute significantly to chondrogenesis. 
By regulating cell proliferation, angiogenesis, 
inflammation, and extracellular matrix (ECM) 
deposition, they act as potent promoters 
of chondrogenesis and tendon. The dense 
network of polymerized fibrin formed by PRF 
increases the uptake of circulating cytokines 
and growth factors. These molecules are 
released slowly and have a long-lasting 
effect at the site of injury. Furthermore, 
this release is facilitated by the formation 
of new growth factors from membrane-
bound PRF leukocytes. Among the different 
types of white blood cells, lymphocytes are 
more enriched than other white blood cells. 
Lymphocytes act as local regulators in the 
healing process, which may explain why her 
PRF membranes of lymphocytes continue 
to produce large amounts of growth factors 
over long periods of time.  

Conclusions
In conclusion, autologous platelet-rich fibrin 
and uncultured bone marrow mononuclear 
cells work better together than platelet-rich 
fibrin material alone to promote osteo tissue 
regeneration in a rabbit model. In addition 
to stem cell and biomaterial therapy, using 
autologous platelet-rich fibrin scaffolds in 
combination with uncultured bone marrow 
mononuclear cells to cure osteo tissue lesions 
may be an effective strategy.

References

1. Tetila EC, Machado BB. Detection and 
classification of soybean pests using deep learning 
with UAV images. Comput Electron Agric. 179, 
105836 (2020).

2. Kamilaris A, Prenafeata-Boldú F. Deep learning in 

https://www.sciencedirect.com/science/article/abs/pii/S016816991831055X
https://www.sciencedirect.com/science/article/abs/pii/S016816991831055X
https://www.sciencedirect.com/science/article/abs/pii/S016816991831055X
https://www.sciencedirect.com/science/article/abs/pii/S0168169917308803


76

Hakim MA.Mini Review

Stem. Cell. Res. Reg. Med. (2023) 6(3)

agriculture: A survey. Comput Electron Agric.147, 
70-90 (2018).

3. Mamdouh N, Khattab A. YOLO-based deep 
learning framework for olive fruit fly detection 
and counting. IEEE Access. 9, 84252-8426 (2021).

4. Brunelli D, Polonelli T, Benini L. Ultra-low 
energy pest detection for smart agriculture. IEEE 
Sens J. 1-4 (2020).

5. Suto J. Condling moth monitoring with camera-
equipped automated traps: A review. Agric. 12, 
1721 (2022).

6. Headey D. Developmental drivers of nutrional 
change: a cross-country analysis. World Dev.  
42,76-88 (2013).

7. Deaton A, Dreze J. Food and nutrition in India: 
facts and interpretations. Econ Polit Wkly. 42– 65 
(2008).

8. Goyal M. Endovascular thrombectomy after 
large vessel ischaemic stroke: a meta- analysis 
of individual patient data from five randomised 
trials. Lancet. 22, 416-430 (2016).

9. Berkhemer OA. A randomized trial of intra-
arterial treatment for acute ischemic stroke. N 
Engl J Med. 14, 473-478 (2015).

10. Rodrigues FB. Endovascualar treatment versus 
medical care alone for ischemic stroke: a systemic 
review and meta-analysis. BMJ. 57, 749-757 
(2016).

https://www.sciencedirect.com/science/article/abs/pii/S0168169917308803
https://ieeexplore.ieee.org/abstract/document/9450822
https://ieeexplore.ieee.org/abstract/document/9450822
https://ieeexplore.ieee.org/abstract/document/9450822
https://ieeexplore.ieee.org/abstract/document/9278587
https://ieeexplore.ieee.org/abstract/document/9278587
https://www.mdpi.com/2077-0472/12/10/1721
https://www.mdpi.com/2077-0472/12/10/1721
https://www.sciencedirect.com/science/article/abs/pii/S0305750X1200191X
https://www.sciencedirect.com/science/article/abs/pii/S0305750X1200191X
https://www.semanticscholar.org/paper/Food-and-nutrition-in-India%3A-facts-and-Deaton-Dreze/7760426eb6d0170ce74f331e8694cc4e5b4ec7f9
https://www.semanticscholar.org/paper/Food-and-nutrition-in-India%3A-facts-and-Deaton-Dreze/7760426eb6d0170ce74f331e8694cc4e5b4ec7f9
https://www.sciencedirect.com/science/article/abs/pii/S014067361600163X
https://www.sciencedirect.com/science/article/abs/pii/S014067361600163X
https://www.sciencedirect.com/science/article/abs/pii/S014067361600163X
https://www.sciencedirect.com/science/article/abs/pii/S014067361600163X
https://www.nejm.org/doi/full/10.1056/NEJMoa1411587
https://www.nejm.org/doi/full/10.1056/NEJMoa1411587
https://www.bmj.com/content/353/bmj.i1754/
https://www.bmj.com/content/353/bmj.i1754/
https://www.bmj.com/content/353/bmj.i1754/

