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Abstract

Guided bone regeneration (GBR) is a process that involves the regeneration of bone defects 
through the application of occlusive membranes that mechanically exclude the population of 
non-osteogenic cells from the surrounding soft tissue. Interestingly, platelet-rich fibrin (PRF) 

has previously been proposed as an autologous GBR membrane despite its short-term resorp-
tion period of 2–3 weeks. Recent clinical observations have demonstrated that, by heating 

a liquid platelet-poor plasma (PPP) layer and mixing the cell-rich buffy coat zone, the resorp-
tion properties of heated albumin gel with liquid-PRF (Alb-PRF) can be significantly improved. 
The aim of this study was to evaluate the inflammatory reaction, biocompatibility, and 

extended degradation properties of a new autologous Alb-PRF membrane in comparison to 
commonly utilized standard PRF after nude mice implantation, according to ISO 10993–6/2016. 

Two standard preparations of PRF (L-PRF and H-PRF) were compared to novel Alb-PRF follow-
ing subcutaneous implantation at 7, 14, and 21 days. All groups demonstrated excellent 
biocompatibility owing to their autologous sources. However, it is worth noting that, while 

both L-PRF and H-PRF membranes demonstrated significant or complete resorption by 
21 days, the Alb-PRF membrane remained volume-stable throughout the duration of the 
study. This study demonstrates—for the first time, to the best of our knowledge—a marked 

improvement in the membrane stability of Alb-PRF. This indicates its future potential for use as 
a biological barrier membrane for GBR procedures with a long-lasting half-life, or as 

a biological filler material in esthetic medicine applications. Thus, further studies are warranted 
to explore future clinical applications in various fields of medicine.
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Introduction

Guided bone regeneration (GBR) is a guided treatment where 

the regeneration of bone defects is obtained predictably through 

the application of occlusive membranes, which mechanically 

exclude the population of non-osteogenic cells from the sur-

rounding soft tissue [1–3]. This facilitates the repopulation of 

osteogenic cells – specifically originating from the native bone – 

which then inhabit the bone defect, leading to new bone forma-

tion [1–3]. One of the most relevant approaches to GBR is using 

a membrane that coats bone tissue at the surgical site, mitigating 

the risk of invasion by connective tissue [2,4]. With this in 

mind, several resorbable and non-resorbable membranes have 

been used in experimental and clinical studies [1–3]. Desirable 

characteristics for barrier membranes used in GBR therapy 

include biocompatibility, cell occlusion properties, host tissue 

integration, and space efficiency [2,4]. While most commonly 

used collagen barrier membranes are resorbable, the use of 

platelet-rich fibrin (PRF) has also been proposed as an alter-

native to the use of synthetic membranes for GBR. PRF was 

first described as an autologous biomaterial originating from 

human peripheral blood following centrifugation without addi-

tives[5]. PRF has since been utilized in many fields of medicine 

and regenerative dentistry, including oral surgery and 

implantology.5

Second-generation platelet concentrates induce greater healing 

of soft and hard tissue by increasing the concentration of growth 

factors, such as transforming growth factor-b (TGF-b), insulin- 

like growth factor 1 (IGF −1), platelet-derived growth factor 

(PDGF), vascular endothelial growth factor (VEGF), fibroblast 

growth factor (FGF), and epidermal growth factor (EGF) [5,6]. 

However, one of the most important issues affecting the applic-

ability of PRF is the short local permanence of this autologous 

material when implanted in vivo[7]. Several attempts to increase 

the stability of this membrane at the surgical sites have been 
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undertaken by altering the centrifugation protocol, but also by 

combining PRF with other biomaterials which, if also autologous, 

could contribute to improving bone and soft tissue healing by 

altering membrane biodegradability [1,8–11].

In this regard, a recent study proposed a new protocol for the 

production of membranes, which utilized the heat treatment of the 

plasma layer following centrifugation to improve the working 

properties of PRF[12]. While the growth factor content found 

within PRF is typically lost during standard heating protocols, 

recent methods to re-incorporate liquid PRF including cells from 

the buffy-coat layer were proposed to favor higher cell and growth 

factor content (Alb-PRF). [12] Alb-PRF has since been shown to 

incorporate living cells with high levels of growth factor release 

up to 10 days or more[13]. Alb-PRF is a solid, more stable, 

opaque moldable membrane that has been proposed for use as 

a soft tissue barrier. It is also a promising biomaterial for applica-

tion as a filler in oral surgery, implantology, and dermatology.

The aim of this study was to evaluate the inflammatory reac-

tion, biocompatibility, and extended degradation properties of 

a new autologous Alb-PRF membrane in comparison to com-

monly utilized standard PRF protocols after nude mice implanta-

tion, according to ISO 10993–6/2016.

Methods

Ethical Considerations

Blood samples were collected with the informed consent of 

healthy volunteer donors, a procedure that was approved by the 

Federal Fluminense University Ethical Committee [CAAE 

number 12126919.7.0000.5243] and performed following the 

ethical standards of the institute’s ethics research committee and 

the 1964 Helsinki declaration. Animal breeding and experimenta-

tion were performed according to conventional guidelines of the 

NIH Guide for the Care and Use of Laboratory Animals, follow-

ing the Brazilian Directive for the Care and Use of Animals for 

Scientific and Didactic Purposes - DBCA and the CONCEA 

Euthanasia Practice Guidelines. This study was carried out in 

compliance with the guidelines of the 3Rs Program (Reduction, 

Refinement, and Replacement), whose objective is to reduce the 

number of animals used during experimentation and to minimize 

pain and discomfort. The research protocol of this work was 

approved by the Ethics Committee of Animal Use from 

Fluminense Federal University (CEUA/UFF), under protocol 

number CEUA/UFF: 7190181118. This study was reported in 

accordance with the ARRIVE guidelines concerning relevant 

items [14] and supplemented by PREPARE [15].

Preparation of Control Biomaterials

In the control groups, PRF was prepared using the peripheral 

blood from one healthy donor (C.F.A.B.M.), collected using 

9 ml red cap glass tubes, without any additives. All PRF 

samples in this study were collected from the same donor to 

limit the variability in this study, as major differences have 

previously been reported in this aspect[16]. The only sources of 

variability were the preparation of animals and the protocols 

followed. For the control standard protocol, leukocyte and 

platelet-rich fibrin (L-PRF) samples were processed at 

2700 rpm for 12 minutes (~700 RCF-max) [17] using an 

Figure 1. Scheme for PRF membranes production. a. For L-PRF samples production the whole blood was collected and processed at 2700 rpm for 
12 minutes; b. For H-PRF samples production the whole blood was collected and processed in a horizontal centrifugation, at 700 RCF-max for 
8 minutes, and c. For Alb-PRF samples production the whole blood samples were collected and the protocol for H-PRF was applied to obtain the liquid 
phase (plasma + portion rich in cells)—8 minutes centrifugation at 700 RCF-max. Approximately 2 ml of plasma was collected and inserted into 
a device for the human plasma denaturation of proteins for10 minutes at a temperature of 75°C. Subsequently, 4 ml of the rich portion from the buffy 
coat layer was collected, added to the heated PPP layer in the glass container, and gently mixed. After 5 min the membrane was formed.
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Intraspin centrifuge (Biohorizons, Alabama, USA). Horizontal 

centrifugation (H-PRF), at 700 RCF-max for 8 minutes 

(Eppendorf 5702, Hamburg, Germany), was also used to pro-

duce PRF (Figure 1a-b).

Preparation of Alb-PRF Membranes

The same blood donor was utilized for the production of Alb-PRF. 

Whole blood samples were collected using plastic PET tubes with-

out any additives. To produce each membrane, two tubes were 

placed in a horizontal rotor centrifuge (Bio-PRF, Venice, Florida, 

USA), and the protocol for H-PRF was applied to obtain the liquid 

phase (plasma + portion rich in cells)—8 minutes centrifugation at 

700 RCF-max. After processing, it was possible to use the plasma 

and remaining decanted blood material containing red cells.

Approximately 2 ml of the initial portion of plasma was 

collected using a syringe with an 18 G needle (Injex®, São 

Paulo, Brazil), while the rest of the blood (portion rich in cells, 

and red blood cells) was preserved at room temperature (20°C). 

The syringes containing platelets poor plasma (PPP) were 

inserted into a device for the human plasma denaturation of 

proteins (Bio-Heat, Bio-PRF, Venice, Florida, USA). After 

10 minutes at a temperature of 75°C, the syringes were stored 

at room temperature for another 10 minutes to allow cooling (as 

recommended by the manufacturer).

Subsequently, using a 10 ml syringe with an 18 G needle 

(Injex®, Brazil), the 4 ml of the rich portion from the buffy 

coat layer was collected, added to the heated PPP layer in the 

glass container, and gently mixed. After the fibrin polymerization 

process was complete (approximately 5 min), the membrane was 

formed (Figure 1c).

Animal Characterization and Experimental Group

In this study, 30 female nude mice were used, aged between 30 

and 40 days old, weighing 20 to 30 grams, and were provided by 

the Laboratory Animal Center (NAL) located at the Fluminense 

Federal University, Niterói, Brazil. Nude mice were used because 

they are deficient in T lymphocytes. Therefore, the animals do not 

reject transplants from other lineages or species. They have been 

widely used in various other studies and demonstrated good 

compatibility with implanted biomaterials [8,18,19].

Before and after the experimental periods, the animals were 

kept in isolators—with a maximum of 5 animals in each—and 

were fed pelleted feed and water ad libitum. A senior veterinarian 

monitored the nutritional parameters, animal care, and pre- and 

post-operative fasting of the animals.

The animals were divided into four groups with equal PRF 

membrane size (1 cm × 0.5 cm)—Group 1: Sham (without 

membrane implantation); Group 2: L-PRF; Group 3: H-PRF; 

and Group 4: Alb-PRF. All experimental groups were further 

subdivided according to their experimental period (7, 14, and 

21 days), with five animals in each group’s experimental period.

Surgical Procedures

All aspects of animal care and accommodation were performed in 

accordance with ISO 10993–2 and ISO 10993–6. Several biolo-

gical response parameters were assessed and recorded, included 

the following:

(1) The extent of the fibrosis capsule layer and inflammation, 

measured semiquantitatively (see Table I).

(2) The degeneration, determined by assessing changes in tissue 

morphology.

(3) the number and distribution of inflammatory cells, namely, 

polymorphonuclear cells, lymphocytes, plasma cells, 

eosinophils, macrophages, and multinucleated cells, as 

a function of distance from the material–tissue interface.

(4) The presence and extent of necrosis.

(5) Other tissue alterations, such as vascularization, fatty infiltra-

tion, granuloma formation, mineralization, and bone 

formation.

(6) Material parameters, such as fragmentation or the presence of 

debris, including the form and location of the degraded 

material.

(7) The quality and quantity of tissue ingrowth for porous and 

absorbable implant materials.

Before conducting surgical procedures, all animals were fasted 

for 24 hours and were administered general anesthesia intraper-

itoneally, following the protocol of the Fluminense Federal 

University, using a 0.6-mL injection of the anesthetic solution 

prepared with 1.0 mL of 10% ketamine (Dopalen®-100 mg/mL), 

0.5 mL of 2% xylazine (Anasedan® 20 mg/mL), and 8.5 mL of 

sterile saline (KabiPac®).

Three minutes later, degermation was performed using chlor-

hexidine degermant and chlorhexidine alcoholic 2% solutions 

(Riohex Scrub®, Rioquimica; São José do Rio Preto, São Paulo, 

Brazil). An approximately 1-cm-long incision was made in the 

epithelium of the animal’s dorsal region, followed by divulsion of 

the muscular fascia using a scalpel and blunt-tipped scissors to 

expose the subcutaneous tissue to facilitate insertion of the mem-

brane (1 cm × 0.5 cm) into the subcutaneous region. This was 

followed by 5–0 nylon suturing (Technofio, Permed, Mafra, Santa 

Catarina, Brazil) and antisepsis using gauze and alcoholic chlor-

hexidine solution in the postoperative period. The animals were 

housed at the Animal Experimentation Laboratory (AEL/UFF) 

and separated into different mini isolators based on their experi-

mental groups, where they received food and water ad libitum 

(Figure 1). On the day of the surgery and on each of the following 

two days, 5 mg/kg of Meloxicam (Eurofarma Laboratórios LTDA, 

São Paulo, SP, Brazil) was administered subcutaneously every 24 

h. All animals were observed daily to evaluate and record any 

postoperative complications.

The mice were euthanized after their respective experimental 

periods with lethal doses of anesthetic solution and samples— 

along with adjacent subcutaneous tissue (±5 mm with safety 

margins)—were collected, fixed, dehydrated, clarified, and placed 

in paraffin to obtain 5-μm thick slices. The slices were stained 

with hematoxylin and eosin (HE) and observed using a light field 

microscope at 40× magnification (OLYMPUS BX43, Tokyo, 

Japan). These images were captured using a high-resolution digi-

tal camera (OLYMPUS SC100, Tokyo, Japan) with a 10× and 

40× Acroplan objective lens at the Laboratory of Applied 

Biotechnology—UFF (LABA, Niteroi, Brazil) for descriptive 

and semiquantitative histological evaluation regarding the 

Table I. Semi-quantitative histological evaluation system — Cell type/ 
response.

Cell type/response

Score

0 1 2 3 4

Polymorphonuclear 
cells

0 Rare, 1 to 5/ 
phf

5 to 10/ 
phf

Heavy 
infiltrate

Packed

Lymphocytes 0
Plasma cells 0
Macrophages 0
Giant cells 0 Rare, 1 to 2/ 

phf
3 to 5/ 

phf
Sheets

Necrosis 0 Minimal Mild Moderate Severe
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presence of inflammatory infiltrate, vascular neoformation, exten-

sion and type of necrosis, presence of fatty infiltrate, fibrosis, and 

membrane resorption.

Structural Analysis by SEM and Histological Evaluation

Immediately after production, the L-PRF, H-PRF, and Alb-PRF 

membranes were cut into two pieces and one was fixed with 

Karnovsky’s solution and post-fixed with 0.2 M sodium cacody-

late solution and 1% osmium tetroxide solution. It was sequen-

tially dehydrated in alcohol solutions (15% to 100%) and 

hexamethyldisilazane (HMDS), followed by metalizing with 

gold and observation at 15 kV using a scanning electron micro-

scope (JEOL JSM-6490 LV, JEOL, Japan).

Descriptive histological analysis was performed for all sam-

ples, followed by semiquantitative analysis, in accordance with 

ISO 10993–6 (Table I and 2). In this semiquantitative scheme, 

inflammatory cell infiltrates and necrosis were scored using the 

scoring scheme shown in Table I. Neovascularizaton, fibrosis, and 

fatty infiltration are scored using the scoring scheme shown in 

Table II. According to ISO 10993–6 standards, owing to the 

greater importance of inflammatory cell infiltrates and necrosis 

—in comparison to neovascularizaton, fibrosis, and fatty infiltra-

tion parameters—when calculating the total tissue response of 

each of the implanted materials, these parameters were multiplied 

by a factor of 2 to provide a weighted value (see Table II). In the 

supplementary Table I, the totaled values are shown, along with 

an average score for test and control treatments. Statistical analy-

sis was performed using two-way ANOVA with a Bonferroni test 

using the GraphPad Prism software. All data were compared to 

the control L-PRF group.

Evaluation of Growth Factor Release

To determine the ability to release growth factors (L-PRF, H-PRF, 

and Alb-PRF), membranes (n = 3 per group) were incubated in 

6-well culture plates (TPP, USA) in the presence of 4 ml of 

DMEM (Dulbecco’s Modified Eagle’s Medium, GIBCO, USA) 

without antibiotics, in a humidified atmosphere at 37°C/5% CO2. 

The conditioned culture media were collected after 7 days of 

culture and stored at –80°C. For the detection of growth factors, 

conventional enzyme-linked immunosorbent assay (ELISA) was 

employed using commercial kits (Peprotech, Rocky Hills, NJ). 

Assays were performed for the presence of FGF2, VEGF, and 

PDGF-bb in three independent experiments with five technical 

replicates. The final optical density was measured using 

a Synergy II Microplate Reader (Biotek, USA).

Statistical Analysis

After a D’Agostino–Pearson normality test, the results of the 

ELISA assays were compared using one-way ANOVA with 

a Tukey post-hoc test. Results regarding alterations in the mem-

brane area with time after implantation were evaluated using two- 

way ANOVA with a Dunnett’s multiple comparisons test, con-

sidering an alpha error of 5%, using the software GraphPad Prism 

7.0 (GraphPad®, USA).

Table II. Semi-quantitative histological evaluation system — Tissue response.

Response

Score

0 1 2 3 4

Neovascularisation 0 Minimal capillary 
proliferation, focal, 1 to 
3 buds

Groups of 4 to 7 capillaries 
with supporting fibroblastic 
structures

Broad band of capillaries with 
supporting fibroblastic structures

Extensive band of capillaries 
with supporting fibroblastic 
structures

Fibrosis 0 Narrow band Moderately thick band Thick band Extensive band
Fatty infiltrate 0 Minimal amount of fat 

associated with fibrosis
Several layers of fat and fibrosis Elongated and broad 

accumulation of fat cells about 
the implant site

Extensive fat completely 
surrounding the implant

Figure 2. After 21 days of implantation, macroscopically, it was observed the volume on the animal’s back, referring to the ALB-PRF, which remained 
in place during all the experimental periods. A. Animal’s back with ALB-PRF volume (arrow); B. L-PRF; C. H-PRF; D. Alb-PRF.
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Figure 3. Quantification of the membrane sur-
face area. Both the L-PRF and H-PRF groups 
noted complete resorption by day 21. Alb-PRF 
demonstrated superior volume stability over 
time (p < .05; * significantly greater surface 
area when compared to all other groups).

Figure 4. Photomicrographs of Sham Group. A and B) circle: epidermis and papillary dermis with hair follicle (HF), recovering connective tissue (CT) 
with focal intense and diffuse inflammatory cells (*); muscle fibers (MF) and adipocyte tissue (AT) are noted. c and d: circle: epidermis (EP) and 
papillary dermis with hair follicle (HF), recovering connective tissue (CT) with moderate focal inflammatory cells (*). e and f: circle: epidermis (EP) 
and papillary dermis with hair follicle (HF), recovering connective tissue (CT). Rare inflammatory cells (*) are noted. A and B: 7 days; c and d: 
14 days; E and F: 21 days. A, C and E: 40 x magnification, scale bar: 500 µm; b, d and f: 400 x magnification, scale bar: 50 µm. Stain: Hematoxylin 
and Eosin.
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Results

Histological Evaluation after Implantation

The biological response was evaluated by assessing the tissue 

response (neovascularization, fibrosis, and fatty infiltrate) and 

the presence of inflammatory cells (polymorphonuclear cells, 

lymphocytes, plasma cells, macrophages, giant cells, and necro-

sis) as a function of time. The test sample response was com-

pared to that obtained from the control sample site. After 

21 days, it was macroscopically observed that the majority of 

samples implanted with L-PRF or H-PRF demonstrated signifi-

cant or complete resorption, whereas the Alb-PRF group demon-

strated only a slight change in volume dimensions (Figure 2). 

Figure 2a shows an animal that was subcutaneously implanted 

on either side of the animal midline with L-PRF and Alb-PRF. 

Note the complete resorption of the L-PRF group; however, 

a bolus remained in the opposite Alb-PRF group (Figure 2a). 

Figure 2b-d further shows that the L-PRF and H-PRF group 

demonstrated complete resorption at day 21. The Alb-PRF 

group exhibited vascularization around the implanted biomater-

ial with notable volume-stability over the entire study duration 

(Figure 2d).

Quantification of the membrane size surface area demon-

strated that both the L-PRF and H-PRF groups lost approximately 

50% volume in comparison to the Alb-PRF group in 7 days. 

Roughly 25% of the volume was lost by day 14 and complete 

resorption was noted by day 21 for the L-PRF and H-PRF groups 

(Figure 3). In contrast, from day 7 to day 21, the Alb-PRF group 

Figure 5. Photomicrographs of L-PRF group. a and b: circle: epidermis and papillary dermis with hair follicle (HF), recovering connective tissue (CT) 
with moderate and diffuse inflammatory cells (*) surrounding PRF (PRF). adipocyte tissue (AT) are noted above the epithelium. c and d: circle: 
epidermis and papillary dermis with hair follicle (HF), recovering connective tissue (CT) with moderate and diffuse inflammatory cells (*) surrounding 
PRF (PRF). E and F: circle: epidermis and papillary dermis with hair follicle (HF), recovering connective tissue (CT). rare inflammatory cells among 
muscle fibers (mf) and adipocyte tissue (AT) are noted. PRF was not observed in this period. a and b: 7 days; c and d: 14 days; e and f: 21 days. a, 
c and e: 4 x magnification, scale bar: 500 µm; b, d and f: 40 x magnification, scale bar: 50 µm. Stain: Hematoxylin and Eosin. a and b: 7 days; c and d: 
14 days; e and f: 21 days. a, c and e: 40 x magnification, scale bar: 500 µm; b, d and F: 400 x magnification, scale bar: 50 µm. Stain: Hematoxylin and 
Eosin.
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lost approximately 10% of its original volume, demonstrating 

superior volume stability over time (Figure 3).

Sham Group

After seven days, the absence of fibrosis and fatty infiltrate was 

observed with minimal focal capillary proliferation, from 1 to 3 

buds per field. The semiquantitative scores for polymorphonuc-

lear cells, lymphocytes, and macrophages were moderate; giant 

cells and plasma cells were rare; and there was a total absence of 

necrosis (Figure 4a-b).

After 14 days, fibrosis, fatty infiltrate, and necrosis were 

absent; further, minimal focal capillary proliferation—from 1 to 

3 buds per field—was observed. There was only a slight presence 

of inflammatory cells, such as polymorphonuclear cells and 

plasma cells; rare to moderate presence of lymphocytes and 

macrophage cells; and an absence of giant cells (Figure 4c-d).

After 21 days, the inflammatory cells were absent, and lym-

phocytes and macrophage cells were rare. Further, fibrosis, necro-

sis, and fatty infiltrate were absent, while the presence of minimal 

focal capillary proliferation, from 1 to 3 buds per field, was 

observed (Figure 4e-f).

L-PRF Group

After 7 days, the absence of giant cells and rare presence of 

plasma cells was observed; however, the infiltration of polymor-

phonuclear cells, lymphocytes, and macrophage cells was moder-

ate. A group of 4 to 7 capillaries—along with supporting 

fibroblastic structures—was seen for each evaluated field, char-

acterizing moderate neovascularization (Figure 5a-b). After 

Figure 6. Photomicrographs of H-PRF group. a and b: circle: epidermis and papillary dermis with hair follicle (HF), recovering conective tissue (CT) 
with intense and difuse inflamatory cells (*) surrounding PRF (PRF). adipocite tissue (AT) are noted above the epithelium. c and d: circle: epidermis 
and papillary dermis with hair follicle (HF), recovering conective tissue (CT) with moderate focal inflamatory cells (*) surrounding PRF (PRF), muscle 
fibers (MF) and adipocite tissue (AT) are noted. e and f: circle: epidermis and papillary dermis with hair follicle (HF), recovering conective tissue 
(CT). focally inflamatory cells streaky muscle fibers (arrow). PRF was not observed in this period. a and b: 7 days; c and d: 14 days; e and f: 21 days. a, 
c and e: 40x magnification, scale bar: 500 µm; b, d and f: 400x magnification, scale bar: 50 µm. Stain: Hematoxylin and Eosin.
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14 days of implantation, the presence of lymphocytes and macro-

phages was constant, while a decrease in polymorphonuclear and 

plasma cells was detected in comparison to the 7-day group. 

Tissue reactions such as necrosis, fibrosis, and fatty infiltrates 

were not observed, and minimal capillary proliferation was 

observed (1 to 3 buds per field) (Figure 5c-d). After 21 days, it 

was observed that all inflammation cells decreased significantly 

owing to the resorption of the L-PRF membrane. The exception to 

this was lymphocytes which—although rare—were present 

(Figure 5e-f).

H-PRF Group

The results of the L-PRF group and H-PRF group were compar-

able with respect to biocompatibility and inflammatory response. 

After 7 days of implantation, a moderate presence of polymorpho-

nuclear and macrophage cells was observed, while plasma cells 

were rare and giant cells and necrosis were absent (Figure 6a-b). 

The reduction in the number of inflammatory cells was time- 

dependent over the study period. By day 21, fewer cells were 

observed and less neovascularization (from moderate to rare) was 

Figure 7. Photomicrographs of Alb-Prf group. a and b: circle: epidermis and papillary dermis with hair follicle (HF), recovering conective tissue (CT) 
with moderate and focal inflamatory cells (*) surrounding PRF (PRF). Highlighting the presence of leukocyte groups inside the membrane (white 
arrow); c and d: circle: epidermis and papillary dermis with hair follicle (HF), recovering conective tissue (CT) with moderate inflamatory cells (*) 
surrounding PRF (PRF); E and F: circle: epidermis and papillary dermis with hair follicle (HF), recovering conective tissue (CT) with disperse 
inflamatory cells (*) surrounding PRF); presence of leukocyte groups inside the membrane (white arrow) a and b: 7 days; c and d: 14 days; e and f: 
21 days. a, c and e: 40 x magnification, scale bar: 500 µm; B, D and F: 400 x magnification, scale bar: 50 µm. Stain: Hematoxylin and Eosin.
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present (Figure 6c-f). It is important to note that the degradation 

of the L-PRF membrane occurred slightly faster than that of the 

H-PRF membrane, resulting in the presence of more inflamma-

tory cells at 21 days when comparing both groups.

Alb-PRF Group

After 7 days, fewer inflammatory cells were observed for all cell 

types in this group. Few macrophages and giant cells, along with 

the presence of neovascularization was observed at this early time 

(Figure 7a-b). After 14 days, the number of inflammatory cells 

gradually increased in a similar manner to other groups (Figure 

7c-d). By 21 days, the number of inflammatory cells continued to 

decrease, along with the local neovascularization (Figure 7e-f). 

Fibrosis, necrosis, fatty infiltrate, and giant cells were not 

reported in this group. It is also worth noting that, in comparison 

to other groups, the Alb-PRF group was relatively stable, with 

little resorption over time.

Semi-Quantitative Analysis according to ISO Standard 
10993-6

Following a descriptive analysis of the implanted PRF membranes, 

a semi-quantitative evaluation system that used scoring was imple-

mented in accordance with ISO 10993–6. Table III demonstrates 

a sample evaluation of the L-PRF group at 7 days (all data can be 

found in supplementary Table I). Scoring was conducted in accor-

dance with ISO standards whereby the tissue inflammatory 

response can be observed and compared with that of other groups. 

Figure 8 demonstrates the inflammatory responses of inflammatory 

cells (Figure 8a-f), along with the overall tissue reaction (Figure 8g- 

h), with the final calculated outcomes reported in Figure 8i. Note 

that, owing to the autologous nature of PRF, all groups responded 

extremely favorably—with only mild increases in inflammation—in 

comparison to the negative Sham control (Figure 8).

Membrane Characterization

The ultrastructural evaluation of the membranes was performed 

using SEM, as shown in Figure 9. The PRF membrane is char-

acterized as a dense fibrin network with close-knit frames, similar 

to gauze threads, which entrap cells among the fibers (Figure 9a). 

The H-PRF membrane was similarly characterized by a fibrin 

mesh; however, it had an increased presence of entrapped cell 

elements (Figure 9b). The Alb-PRF membranes demonstrated 

a very dense surface with evident deposition of a layer of dena-

turized protein that completely coated the fibrin fibers and sur-

rounded entrapped cells and platelets (Figure 9c).

The capacity of the membranes for the retention or production 

of growth factors was assessed through an in vitro elution assay. 

Figure 10 demonstrates the growth factor release of PDGF, 

VEGF, and FGF2 after 7 days of elution in the culture medium. 

While the mean release of FGF2 from all groups was similar, 

a significantly higher release (p < .05) of VEGF and PDGF was 

observed in the H-PRF group, with final concentrations approxi-

mately two-fold higher than those found for the L-PRF and Alb- 

PRF groups (Figure 10).

Discussion

The aim of GBR is to exclude faster-growing soft tissue cells 

from the underlying bony tissue. To accomplish this, adequate 

space maintenance over a 2–3 month period is required[4]. 

Animal-based collagen-barrier membranes are most frequently 

utilized owing to their biocompatibility with human tissue. 

Nevertheless, alternative strategies with either better membrane 

stability or biocompatibility are necessary to further improve 

clinical outcomes.

Platelet-rich fibrin has previously been utilized as 

a regenerative barrier membrane for various GBR procedures. It 

has the advantage of being completely autologous but further 

stimulates tissue regeneration in both hard and soft tissue by 

improving their vascularization in vivo [20–22]. Nevertheless, 

while PRF does offer greater regenerative potential, it degrades 

quite rapidly in vivo, within the first 2–3 weeks post-implantation. 

For these reasons, many authors have recommended coating col-

lagen membranes either directly with liquid-PRF or laying 

a standard PRF membrane over the top of an animal-derived 

barrier membrane[23].

More than 20 years have passed since it was shown that, by 

heating and denaturing albumin, a modification in the secondary 

structure transforms the albumin into a tridimensional structure, 

whereby new hydrogen and disulfide ligations in the enzymes are 

created[24]. This favors a larger tridimensional structure with 

drastic changes in its resorption properties and improved stability 

over time. [24]

Previous studies have already studied the change in tempera-

ture for the production of fibrin membranes [8,12,13,25]. In 2015, 

Kawase et al. investigated the degradation properties of PRF. By 

Table III. Semi-quantitative evaluation utilized to evaluate the tissue reaction and biocompatibility as highlighted in ISO 10993–6. The present 
example are for the 5 animals evaluated at 7 days for the L-PRF group. 5 sections were evaluated per animal.

7 days Animal 1 Animal 2 Animal 3 Animal 4 Animal 5

L-PRF 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

Polymorphonuclear cells 2 2 3 3 3 2 2 1 3 2 2 2 1 2 1 2 2 3 3 1 2 1 1 2 2
Lymphocytes 2 2 2 2 2 2 2 1 2 2 2 2 2 2 2 1 3 2 2 2 2 2 2 2 2
Plasma cells 2 1 1 1 1 O 1 1 1 1 1 2 1 1 2 1 1 0 1 1 1 2 2 2 1
Macrophages 2 1 2 2 2 2 2 1 2 2 2 2 3 1 1 3 3 3 3 1 1 1 1 1 1
Giant cells 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Necrosis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Score from inflammatory cells 

SUBTOTAL (X 2)
Sum = 8, 8, 8, 8, 8 
16, 16, 16, 16, 16

Sum = 6, 7, 4, 8, 7 
12, 14, 8, 16, 14

Sum = 7, 8 7, 6, 7, 6 
14, 16, 14, 12, 14, 12

Sum = 7, 9, 8, 9, 5 
14, 18, 16, 18, 10

Sum = 6, 6, 6, 7, 6 
12, 12, 12, 14, 12

Neovascularisation 1 2 1 1 2 2 3 0 3 3 1 2 2 1 1 1 1 1 2 2 0 1 2 1 1
Fibrosis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fatty infiltrate 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SUB-TOTAL from tissue response 1 2 1 1 2 2 3 0 3 3 1 2 2 1 1 1 1 1 2 2 0 1 2 1 1
TOTAL 17 18 17 17 18 14 17 8 19 17 15 18 16 15 13 15 19 17 20 12 12 13 14 15 13
AVERAGE 17.4 15 15.4 16.6 13.4
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applying heat treatment to standard PRF membranes through 

membrane compression, the resorption properties of PRF mem-

branes were dramatically improved[8]. While benefits were 

reported in terms of its stability, one of the limitations was the 

fact that, during the heating process, cells typically go through 

apoptosis and growth-factor activity is dramatically reduced dur-

ing their denaturation.

A recent research discussed the need to improve the handling 

of PRF since it had fast degradation properties with low tensile 

strength [25]. They therefore produced a sterile, saturable PRF 

membrane by creating a single-syringe closed system (hypACT 

Inject) to produce a PRF membrane with better handling char-

acteristics by a freeze-thawing method. They found significantly 

Figure 8. Inflammatory cells response (8A-F) and overall tissue reaction. (8 G, H) with the final calculated outcomes reported in I. Note that all groups 
responded extremely favorably with only mild increases in inflammation when compared to the negative Sham control (data ± standard deviation; 
p < .05; * represents significantly greater when compared to the control L-PRF group; #represents significantly lower when compared to the L-PRF 
group).

Figure 9. Scanning electron micrographs of the (a) L-PRF, (b) H-PRF and (c) Alb-CGF membranes obtained with a scanning electron microscope 
(JEOL JSM-6490 LV, JEOL, Japan) at 15 kV.
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higher tensile strength, higher cell adhesion and a lower degrada-

tion rate of the membranes.

Unlike any previously produced PRF, Mourão et al proposed 

the utilization of the PPP layer as the heat-treated component with 

extended PRF-resorption properties, along with advantages such 

as membrane stability over time[12]. However, this needed to be 

done while ensuring the retention of cells from the buffy coat 

layer and using growth factors to maintain the regenerative prop-

erties of PRF within the heated PPP layer[12]. It has also been 

shown that these membranes retain their ability to release growth 

factors over an extended period of time, favoring fibroblast migra-

tion and proliferation, along with inducing collagen synthesis[13]. 

In this study, it was once again observed that the release of growth 

factors from Alb-PRF was similar to that from L-PRF and that the 

H-PRF group demonstrated significantly higher levels of growth 

factor than either group[26].

The main aim of this study was to investigate the in vivo 

biocompatibility and stability of Alb-PRF membranes in compar-

ison to two standard protocols utilized for the production of PRF. 

It was found that all PRF membranes demonstrated excellent 

biocompatibility, similar to the negative control (Sham group). 

However, it is noteworthy that, while standard L-PRF and H-PRF 

protocols demonstrated a reduction in membrane size between 7 

and 14 days—and near-complete resorption by 21 days—it was 

observed that the Alb-PRF membrane maintained its volume 

stability even at 21 days. Further, it should be noted that small 

rodents have an extremely fast metabolic rate in comparison to 

humans; therefore, the ability to maintain volume stability even 

after 21 days correlates well with reports demonstrating months 

of volume stability of Alb-PRF when it is used as a biological 

filler or barrier membrane.

The extended resorption properties of Alb-PRF have numer-

ous advantages in a variety of clinical procedures. Furthermore, 

the additional processing adds only 10–20 minutes to the cur-

rent protocol time for regular PRF. Based on these observations, 

it is possible to create a true “barrier” or “filler” biomaterial 

derived from 100% autologous whole blood, with drastically 

improved resorption properties. Furthermore, the ability to 

easily collect several vials of 10 mL blood samples makes this 

biomaterial extremely useful, especially for harvesting from 

peripheral veins at a low cost. It is currently being investigated 

in clinical practice for use during large GBR procedures in 

dentistry with a titanium mesh. Reports have demonstrated up 

to a 50% exposure rate of titanium [27–30]. While practicing 

clinicians have utilized standard PRF over titanium to minimize 

exposure, the ability to create a longer-lasting Alb-PRF mem-

brane will likely provide additional clinical benefits. It also 

serves as an attractive biomaterial for a number of patients 

who wish to avoid using animal-derived products and prefer 

to be treated using more natural autologous solutions. Future 

clinical research will be pivotal to further understand the full 

potential and clinical uses of Alb-PRF in medical practice.

This study revealed the excellent biocompatibility of all 

investigated PRF groups when implanted subcutaneously 

according to ISO 10993–6. Only a mild inflammatory response 

was reported for all groups, with comparable outcomes 

observed between the L-PRF, H-PRF, and Alb-PRF groups. It 

is worth noting that, within the present study, the use of the 

Figure 10. Assessment of the release of growth factors PDGF (A), VEGF (B) and FGF2 (C) from the L-PRF, H-PRF and Alb-PRF group respectively 
after 7 days of elution into cell culture media. Bars represent the mean ±SD of three biological and five technical replicates. An asterisk indicates 
a statistically significant difference between groups (p < .005).
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denatured plasma membrane in combination with liquid PRF 

(Alb-PRF) was sufficiently volume-stable at all times, whereas 

both the L-PRF and H-PRF groups showed significant or com-

plete resorption by 14 days. This study demonstrates—for the 

first time, a marked improvement in the membrane stability of 

Alb-PRF, with significant future potential for use as 

a biological barrier membrane for GBR procedures and as 

a biological filler material in various esthetic medical applica-

tions. Therefore, it may potentially be utilized in a similar 

manner as a xenograft biomaterial, such as porcine-derived 

collagen membranes, with similar degradation properties yet 

derived 100% from autologous sources. By utilizing the mem-

brane onsite, it retains living cells which would further con-

tribute to tissue regeneration.

It is important to study the presence of albumin in bone tissue 

healing, as an activator of endogenous progenitor cells, making it 

a possible effective and safe adjuvant to bone regenerative proce-

dures[31]. This process of incorporating Alb-PRF with biomater-

ials for bone defects or even its isolated use as a bone substitute 

will be studied in future in vivo studies and RCTs.
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