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Abstract

Objectives: The loss of jaw bone caused by different kinds of pathologies leads to dysfunction and

reduced quality of life in affected patients. Thus, the pivotal goal in bone tissue engineering is to

reconstruct these defects. The essential precondition for new tissue generation is an extracellular

matrix which acts as a scaffold so that cells can migrate, differentiate, and proliferate. Fibrin, a

biopolymer responsible for blood clot formation, has been shown to be suitable for tissue

engineering applications. The aim of the present study is a comparison of platelet rich fibrin (PRF)

with the commonly used collagen membrane BioGide® as a scaffold for human osteoblast cell

seeding for bone tissue engineering.

Material and methods: Human osteoblasts were cultured with eluates from PRF (n = 7) and

BioGide® (n = 8) membranes incubated in serum-free cell culture medium. Vitality of these cells

was assessed by fluorescein diacetate and propidium iodide staining, biocompatibility with the

lactate dehydrogenase test and proliferation levels with the MTT ([3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium-bromide]), and BrdU (5-bromo-2-deoxyuridine) tests. In addition, human

osteoblasts were seeded on both membrane systems and cell growth was compared by the water

soluble tetrazolium (WST-1) (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene

disulfonate) test and scanning electron microscopy (SEM). Osteoblastic differentiation was assessed

by alkaline phosphatase activity measured by ELISA in the supernatant of osteoblasts cultivated on

PRF membranes (n = 10), PRF clots (n = 10), and BioGide® membranes (n = 10).

Results: Lactate dehydrogenase test values were higher for PRF compared to BioGide®. The BrdU

test showed superior cell growth after cultivation in eluate from PRF than in eluate from BioGide®.

The WST-1 assay demonstrated superior cell proliferation on PRF than on BioGide®. SEM revealed

osteoblast colonization of both membranes. Cultivation of osteoblasts on PRF membranes and PRF

clots showed significantly higher alkaline phosphatase activity than on BioGide® membranes.

Conclusion: Metabolic activity and proliferation of human osteoblast cells in vitro were supported

to a significant higher extent by eluates from PRF membranes. Both membranes are suitable as

scaffolds for cultivation of human osteoblast cells in vitro; proliferation was significant higher on

PRF membranes and on PRF clot than on BioGide® membranes.

The pivotal goal in bone tissue engineering is

to regenerate defects with scaffold-cell con-

structs grown outside the body and subse-

quently to transplant them into patients

(Vacanti & Vacanti 2000). Up to now a wide

range of synthetic and natural materials have

been considered to be suitable for bone tissue

engineering, although an ideal scaffold mate-

rial has not yet been found (Frohlich et al.

2008). There is still controversy regarding the

importance of structure and composition of

these materials and there are a vast number of

issues which affect the success of tissue engi-

neering, of which most relate to the cell-scaf-

fold interaction. The ideal scaffold material

has to mimic physiological conditions so that

osteogenic cells can migrate, proliferate, and

differentiate and thus form new bone.

Until now the gold standard for recon-

struction of large jaw bone defects has been

autologous bone transplants due to their os-

teoinductive and osteoconductive properties.

The main disadvantages are the patient’s

morbidity, and size restriction of bone trans-
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plants. However, knowledge of bone graft

healing processes may be crucial for new

insights in bone tissue engineering research.

The insertion of bone graft transplants, both

cancellous and cortical, involves a series of

sequential cell events which ideally leads to

incorporation into the host skeleton (Burc-

hardt 1983). In brief, the healing process

could be divided in three steps, whereby the

first phase is characterized by blood clot for-

mation, inflammatory response, and fibro-

blast-like mesenchymal cell chemotaxis and

thus initiation of the bone induction cascade.

A few days after implantation of bone matrix

the occurrence of chondroblasts indicates the

beginning of the differentiation phase (second

phase). These processes are concomitant by

cartilage maturation and result in endochon-

dral bone formation. Vascular invasion marks

the final phase of bone induction. The bone

graft healing is completed by the appearance

of osteoblasts and new bone formation (third

phase). Finally, the bone remodeling process

is characterized by the interaction of osteo-

blasts and osteoclasts (Zipfel et al. 2003). In

summary, bone graft healing mainly depends

on the interaction of cells, extracellular

matrix (ECM) (Damsky 1999), vascularization

(Santos & Reis 2010), and cytokines (Schlie-

phake 2002) and each of them should be con-

sidered when developing new scaffold

materials for bone tissue engineering.

One of the first and essential steps in bone

graft healing process is the aforementioned

blood clot formation primarily mediated by

fibrinogen and fibrin polymerization. This

process leads to a wide range of biological

effects like growth factor binding, and inter-

action with cells like platelets, fibroblasts,

leukocytes, endothelial cells, and circulating

stem cells. Thus, the rationale for the bio-

polymer fibrin as a scaffold for bone tissue

engineering is an obvious option and there

are many hints in international literature

which support this hypothesis. Several publi-

cations have judged fibrin to be a suitable

scaffold material for colonization of human

mesenchymal stem cells (HMSC) (Catelas

et al. 2006; Trombi et al. 2008) and it could

be shown that HMSC are able to adhere,

spread, and proliferate, depending on different

fibrinogen concentrations (Bensaid et al.

2003). Furthermore, it could be shown that

periosteal cell/matrix composites can be

spatially transferred with fibrin glue from

culture dishes to recipient sites in animal

models without loss of viability of cultured

tissue (Isogai et al. 2000).

Commonly used forms of fibrin scaffolds

in tissue engineering are fibrin microbeads,

fibrin glue, and fibrin hydrogels (Ahmed et al.

2008). Platelet rich fibrin (PRF), first

described by Choukroun et al. (2001), is an

autologous blood substrate. Its essence is a

fibrin matrix in which the platelet cytokines

and cells are trapped and may be delivered

after a certain time (Mosesson 2005). These

cytokines could be shown to stimulate the

mitogenic response of the periosteum during

early stage of bone repair (Gruber et al. 2003)

and in generally are strongly associated with

the bone healing process (Lind 1998). It has

been known that osteoblasts are essential for

synthesis and mineralization of extracellular

bone matrix and thus the cultivation of these

cells on different kinds of scaffold materials

seems to be of special interest for bone tissue

engineering. Until now, there has only been

one study in international literature compar-

ing PRF with the commonly used collagen

membrane BioGide® as a scaffold for perio-

steal tissue engineering (Gassling et al. 2010)

and to our best knowledge there are no stud-

ies which compare cell growth of human os-

teoblasts on PRF and collagen membranes.

The present study was performed with a

view to developing new scaffold materials for

bone tissue engineering. Here for the first

time PRF and collagen membranes were

compared as scaffolds for human osteoblast

cell cultivation. The objectives of the present

study were as follows: (i) to compare the bio-

compatibility of both membrane systems,

collagen (BioGide®) and PRF; (ii) to evaluate

human osteoblast cell vitality and prolifera-

tion when cultured with eluates from PRF

and collagen membranes (BioGide®); (iii) to

determine the proliferation of human osteo-

blast cells when seeded on both membrane

systems; and (iv) to measure osteoblast differ-

entiation by alkaline phosphatase (ALP)

activity measured in the supernatant of os-

teoblasts cultivated on PRF membranes, PRF

clots, and BioGide® membranes, respectively.

Material and methods

Isolation and cultivation of cells

It is known that the phenotype of human os-

teoblasts differs depending on their skeletal

site of origin and thus for the present study

only cells from oral sites were isolated (Kas-

perk et al. 1995). Cells were harvested from

one male patient (39 years old) during the

course of oral surgery (wisdom tooth

removal). The study was approved by the eth-

ics board of the Christian-Albrechts-Univer-

sity of Kiel, Germany (Ref: AZ 417/07). The

human osteoblasts were cultivated using a

medium consisting of Dulbecco’s modified

Eagle’s medium (DMEM) supplemented with

10% FCS, 100 IE penicillin/ml, 100 lg strep-

tomycin/ml, 1 mmol/l ascorbic acid and

100 nmol/l dexamethasone at 37°C with 5%

CO2. Cell seeding was performed after the

second passage. During passaging, cells were

detached from 75 cm2 cell culture flasks

using 5 ml of a 0.05% trypsin/0.02% EDTA

solution in phosphate buffered saline (PBS).

After a 1:1 dilution of the cell suspension

with DMEM containing 10% FCS and centri-

fugation at 200 g for 3 min, cells were resus-

pended in DMEM containing 10% FCS,

counted and reseeded at a density of 105 cells

per 75 cm2 cell culture flasks. Cells were cul-

tured in the same medium used for cell seed-

ing in a humidified atmosphere with 5%

CO2 at 37°C. Medium change took place

every 3 days.

Cell characterization

The phenotype of human osteoblasts was

confirmed by detection of osteocalcin produc-

tion. Cells were seeded on eight-well objec-

tives and incubated with a monoclonal

antibody directed against osteocalcin (Abcam,

Cambridge, UK). The control-cells were incu-

bated with 1% bovine serum albumin

(Sigma-Aldrich GmbH, Hamburg, Germany).

After incubation with anti-osteocalcin anti-

body, the cells were washed and incubated

with enzyme-conjugated secondary antibody

(Dako GmbH, Hamburg, Germany). The

enzymatic detection was performed with

horseradish peroxidase (Dako GmbH) and

counterstaining was carried out with hemat-

oxyline eosin (Merck, Darmstadt, Germany).

Membranes

BioGide® (porcine collagen types I and III,

non-crosslinked; Geistlich AG, Baden-Baden,

Germany) and PRF produced by the method

of Dohan et al. (2006a) served as scaffolds for

the cultivation of human cells.

PRF membranes were produced in the fol-

lowing way:

Briefly, seven healthy study participants

donated 40 ml of whole blood in 10 ml tubes

without anticoagulant (Vacuette 455092;

Greiner Bio-One GmbH, Frickenhausen,

Germany). Ethical approval (Ref: AZ 118/07)

was issued by the Ethics Commission, Chris-

tian-Albrechts-University of Kiel, Germany.

Blood samples were immediately centrifuged

for 12 min at 400 g. After activation of the

coagulation cascade by contact of blood plate-

lets with the tube walls, a fibrin clot was

obtained in the middle between the plasma

at the top and red blood cells at the bottom
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of the receptacle. The PRF clot was separated

from the red blood cells using a sterile syr-

inge and scissors and then transferred onto a

sterile compress. A stable fibrin membrane

was obtained by squeezing serum out of the

PRF clot (see Fig. 1a–d).

Eluate extraction for further analysis

Both membranes, PRF and BioGide®, were

cut into quadratic pieces of side length

7 mm, and then for each membrane three

pieces were placed in a 24-well cell culture

plate (Nunc GmbH, Langenselbold, Ger-

many). Each membrane was incubated with

2.5 ml DMEM medium without FCS for

10 min, 1 and 24 h and then the eluate was

removed and stored for further analysis at 4°

C.

Assessment of cell vitality

Cell vitality was assessed by fluorescein diac-

etate (FDA) and propidium iodide (PI) stain-

ing. 1 9 104 cells in cell culture medium

with 10% FCS were seeded on 8-well objec-

tives (Lab-TEKII Chamber Slide w/cover RS

glass slide; Nalge Nunc International, Ros-

kilde, Denmark). After 1 day of culture,

200 ll eluates from membranes immersed in

serum-free cell culture medium for 10 min, 1

or 24 h was added to cells. After 24-h incuba-

tion at 37°C and 5% CO2, cells were rinsed

with PBS and immersed in an FDA solution

prepared by diluting 30 ll 9 1 mg FDA/ml

acetone in 10 ml PBS. After incubation for

15 min at 37°C in the dark, the FDA solution

was removed by suction and replaced with a

PI solution prepared by diluting 500 ll 9

1 mg/ml PI in 10 ml PBS. After incubation

for 2 min at room temperature in the dark,

scaffolds were rinsed twice in PBS. While

still immersed in PBS, slides were then sub-

jected to fluorescence microscopy with exci-

tation at 488 nm and detection at 530 nm

(FDA, green) and 620 nm (PI, red).

Biocompatibility and proliferation tests

Lactate dehydrogenase (LDH) and BrdU (5-bromo-2-
deoxyuridine) test

The LDH test can show cell death and lysis.

Cells were seeded in 96-well cell culture

plates (Nunc GmbH) in 100 ll DMEM with

10% FCS at a concentration of 5 9 103 cells/

well. After a 24-h culture in a humidified

atmosphere with 5% CO2 at 37°C, medium

was removed and replaced with 150 ll eluate

from the membranes. Cells cultured in 2%

Triton-X-100 in serum-free DMEM served as

high controls. Cells cultured in serum-free

DMEM served as low controls. After 24-h

incubation, 100 ll of the eluate was trans-

ferred to another 96-well cell culture plate.

Extracellular LDH activity was measured

with the help of an LDH detection kit (Cata-

logue No. 11644793001; Roche Diagnostics,

Mannheim, Germany). Absorbance was

measured at 490 nm. Calibration curves of

5-0.16 9 103 cells/well served as standards.

The remaining 50 ll eluate per well remain-

ing in the cell culture plate was removed and

replaced with 100 ll DMEM containing 10%

FCS, 100 IE penicillin/ml, 100 lg streptomy-

cin/ml and 1 mmol/l ascorbic acid. After

5 days of incubation, proliferation was mea-

sured with the help of a BrdU Cell Prolifera-

tion ELISA kit (Catalogue No. 11647229001;

Roche Diagnostics). This method is based on

the incorporation of BrdU instead of thymi-

dine into newly synthesized DNA of prolifer-

ating cells. Absorbance was measured at

450 nm.

MTT ([3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium-bromide]) test

Cell culturing and measurement was per-

formed according to the aforementioned pro-

cedure. After 24-h incubation with an eluate

from the membranes proliferation was

assessed with the aid of an MTT Cell Prolif-

eration Kit (Catalogue No. 11465007001;

Roche Diagnostics). The detection of cell

vitality is based on the reduction of a yellow

colored dye (MTT) to blue-violet Formazan

according to the method of Mosmann (1983).

Absorbance was measured at 550 nm.

Water soluble tetrazolium (WST-1) (4-[3-(4-
iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-
benzene disulfonate) test

Cells were seeded on the aforementioned

membrane pieces at a density of 1 9 104 cells/

well after removal of eluate. Cells were cul-

tured in 2000 ll of the same medium used for

cell seeding in a humidified atmosphere with

5% CO2, at 37°C. Medium change took place

every 3 days. At these points, cultures were

checked microscopically. After 7 days of cul-

ture proliferation was assessed with the aid of

a Cell Proliferation Reagent WST-1 (Catalogue

No. 116446807001; Roche Diagnostics, Mann-

heim, Germany). The evaluation of cell prolif-

eration is based on the cleavage of tetrazolium

salt WST-1 by mitochondrial dehydrogenases

in viable cells. Briefly, 200 ll WST-1 reagent

was added to each well at a 1 : 10 ratio to cell

culture medium. After 4-h incubation in a

humidified atmosphere with 5% CO2 at 37°C,

medium was transferred to 96-well plates and

absorbance was measured at 460 nm. Cells

cultured in wells without membrane pieces at

a density of 104 cells/well served as controls.

A general schematic overview of the exper-

iments is given in Fig. 2, part I.

Scanning electron microscopy (SEM)
examinations

Scanning electron microscopy investigations

were carried out 1 week after cell seeding

(a)

(b)

(c)

(d)

Fig. 1. Photographs of platelet-rich-fibrin (PRF) mem-

brane preparation. (a) Fibrin clot in the middle of the

tube, between the red blood cells at the bottom and

platelet poor plasma at the top; (b) stable fibrin clot

adherent to the red blood cells; (c) separation of PRF

clot from the red blood cells using a sterile syringe and

scissors; (d) resistant autologous PRF membrane after

squeezing out serum.
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(1 9 104 cells/well) using an XL30CP device

(Phillips Electron Optics GmbH, Kassel, Ger-

many) operating at 10–25 kV, as used by

Yang et al. (Yang et al. 2006). As preparation

for the SEM investigation, cell-seeded mem-

branes and membranes without cells as

control were first rinsed using PBS to remove

cell culture medium. Cells were then fixed

using 3% glutaraldehyde in PBS at pH 7.4 for

24 h. After removal of the glutaraldehyde

solution, cells were dehydrated by incubating

scaffolds in a series of ethanol solutions of

increasing concentration. Scaffolds were

immersed for 5 min in each of the following

ethanol solutions: 50%, 60%, 70%, 80%,

90%, and 100%. Subsequently, critical point

drying was performed using a K850 Critical

Point Dryer (Emitech, EM Technologies Ltd.,

Ashford, UK).

ALP activity

The 24-well plates were prepared with 900 ll

of differentiation media (DMEM) with 10%

FCS, 100 nmol dexamethasone, 10 lmol

beta-glycerol phosphate, 52 mg/l ascorbin-

2-phosphate, and 230 mg/l Ca-chloride. The

PRF clot was obtained from 10 ml whole

blood. Ten PRF clots were placed in a 24-well

plate. Another 10 PRF clots were compressed

to obtain membranes as described above and

then were placed in another 24-well plate.

BioGide® membranes were cut into 10 square

pieces of size 8 9 8 mm and placed in

another 24-well plate. Human osteoblasts

(1 9 104 cells in 100 ll differentiation media)

were seeded on the PRF membrane, PRF clot,

and BioGide® membrane, respectively. The

supernatant was collected on day 1 and day

36. Cell culture media were changed weekly.

ALP activity was measured with an ELISA

kit (Uscn Life Science Inc., Wuhan, China).

A general schematic overview of the exper-

iments is given in Fig. 2, part II.

Statistical evaluation

Statistical analysis was performed using SPSS

statistical software (Version V.18) and in the

R-Software especially the F1_LD_F1.R macro

from Mahbub Latif (http://www.ams.med.

uni-goettingen.de/amsneu/sasmakr-de.shtml)

was used to analyze longitudinal data.

Each sample (value) represents one well.

LDH was transformed to percentage values

(%) by the distance to the low value related

to the observed range between high-low val-

ues. All other tests (MTT, WST-1, and BrdU)

were transformed to percentage values (%) in

relation to control measurements. All results

are summarized by means and standard devi-

ations as well as median and quartile values

in Table 1. Median values are shown together

with individual measurements in the Figs

5–8. There was no evidence against the

assumption of normal distribution based on

Kolmogorov–Smirnov test. With respect to a

low power of this test and different variances

the non-parametric longitudinal analysis

from Brunner and Langer (Brunner et al.

2002) was used for the evaluation of sus-

pected effects from different membranes and

time points on the extinction. P-values are

summarized in Table 2. The level of signifi-

cance was chosen for all tests at 0.05. The

effect of different membrane types on the

alteration of ALP activity between day 1 and

day 36 were analyzed with a rank based Krus-

kal–Wallis test, followed by a multiple com-

parison procedure (Dunn test).

Results

Assessment of cell vitality on membranes

After 10 min, 1 and 24 h, all samples showed

viable cells. The pronounced green color of

the cells due to FDA staining demonstrated

their vitality on both membranes, while the

absence of a red color despite PI staining

indicated that no cells died as a result of elu-

ates from both membranes. These results are

illustrated in Figs 3 and 4.

Biocompatibility tests

In the LDH test, cytotoxicity after treatment

with an eluate from the collagen membrane

(BioGide®) after incubation in a serum-free

cell culture medium showed very low cyto-

toxicity. In the case of PRF, there is a signifi-

cant increase in LDH signal with increasing

eluation time, i.e. duration of membrane

incubation in serum-free cell culture medium

compared to BioGide® (see Fig. 5).

The MTT test gives a measure of cellular

metabolic activity dependent on living cells,

proliferation, viability, and cytotoxicity. The

results showed a significant decrease of PRF

signal compared to BioGide® with increasing

eluation time (see Fig. 6).

At a later time point than the MTT test,

the WST-1 test indicates the metabolic activ-

ity of cells. In addition, the WST-1 test is

performed using cells directly seeded on scaf-

folds, not cells cultured in eluate from scaf-

folds. In the WST-1 assay the test values for

Fig. 2. General schematic overview of experiments performed in this study; part I: lactate dehydrogenase (LDH) test, MTT ([3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-

um-bromide]) test, BrdU (5-bromo-2-deoxyuridine) test, fluorescein diacetate/propidium iodide (FDA/PI) staining, water soluble tetrazolium (WST-1) (4-[3-(4-iodophenyl)-2-(4-

nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate) test; part II: alkaline phosphatase ELISA.
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PRF are at a significantly higher level than

BioGide® independently of eluation time (see

Fig. 7).

The BrdU tests show cell proliferation by

incorporation of BrdU during DNA synthesis.

In BioGide® there is a stronger increase in per-

iod of time with significantly higher mean val-

ues of PRF at all eluation times (see Fig. 8).

Descriptive statistics are shown in Table 1.

SEM investigations of cell morphology on
membranes

All cells formed layers covering the surfaces

of both membranes 7 days after seeding. The

close-up images in Fig. 9 show that both

membranes were almost completely covered

by cells which formed a three-dimensional

structure, suggesting good biocompatibility.

More cells, forming confluent layers, could

be observed on PRF.

ALP activity

The differences of ALP activity are shown in

Table 3 and Fig. 10. A significantly higher

increase in ALP activity was observed in the

cultures on PRF membranes (11 U/l) and PRF

clots (10.5 U/l) than in the cultures on Bio-

Gide® membranes (1.2 U/l). The Kruskal–

Wallis test showed significant differences

between the membrane types (P < 0.001).

Based on non-parametric multiple compari-

sons (Dunn test) significant differences

between the cultures seeded on PRF mem-

branes and BioGide® membranes and

between the cultures seeded on PRF clots

and BioGide® membranes but not between

the cultures seeded on PRF membranes and

PRF clots (P < 0.05) could be shown.

Discussion

The present study was designed to evaluate

human osteoblast cell vitality and prolifera-

tion when cultivated with eluates of PRF and

collagen membranes (BioGide®) and to deter-

mine the proliferation of osteoblasts on both

membranes. In addition the cell differenti-

ation on PRF clots, PRF membranes, and

BioGide® membranes was compared. An

essential precondition for the cultivation of

cells on scaffold materials are biocompat-

ibility and adhesion, of which the latter

essentially influences a cell’s capacity to

proliferate and differentiate. It was known

that differing characteristics such as the

scaffold surface substantially influence cell

adhesion. The investigation of different

biomaterials revealed a higher adhesion and

migration of bone cells on smooth than on

rough surfaces (Naji & Harmand 1990;

Anselme et al. 2000). However, there are

other investigations which revealed higher

proliferation for osteoblast cells on rough sur-

faces (Kunzler et al. 2007). These varying

results may be partially caused by different

experimental conditions such as for e.g. the

maturation state of the osteoblast cells used.

It could be shown that osteoblastic cells

respond in a differential manner to changes

in the surface roughness depending on their

maturation state (Lohmann et al. 2000).

Accordingly to the evaluation of SEM investi-

gations in the present study, surfaces of PRF

membranes were smoother in comparison to

BioGide®, whereby PRF membrane was

almost completely covered by cells (see

Fig. 9).

Besides the pure physical roughness there

are surface characteristics such as topogra-

phy, chemistry or surface energy which seem

to be of importance for adhesion of osteo-

Table 2. P-values from non-parametric longitudinal data analysis for LDH, MTT, WST-1, and BrdU
assays

Test Membrane (A) Time points (T ) Interaction (A 9 T )

LDH 0.0001 0.0005 0.0045
MTT 0.0005 0.0122 0.0026
WST-1 <0.0001 0.2710 0.0397
BrdU 0.0001 0.0001 0.6067

LDH, lactate dehydrogenase; MTT, [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-bromide];
WST-1, water soluble tetrazolium (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene
disulfonate); BrdU, 5-bromo-2-deoxyuridine.

Table 1. Descriptive statistics from BioGide® (n = 8) and PRF (n = 7) of relative extinction in LDH, MTT, WST-1 and BrdU assays at different time
points (10 min, 1, and 24 h)

Membrane type Test Time Mean SD Min. Max. 1. Quartile Median 3. Quartile

BioGide (n = 8) LDH 10 min 4.33 6.83 �2.51 18.38 �0.29 1.98 8.70
1 h 2.10 5.79 �2.06 14.63 �1.93 �0.43 5.17
24 h 5.53 7.51 �0.80 19.15 �0.24 2.04 12.67

MTT 10 min 107.00 7.69 94.67 118.26 101.95 107.04 114.25
1 h 106.35 6.55 99.12 114.63 99.41 106.45 112.61
24 h 110.65 11.88 95.15 127.29 100.69 109.39 122.23

WST-1 10 min 77.60 11.60 56.04 89.53 68.22 80.45 87.17
1 h 70.76 9.95 56.40 85.81 61.59 72.00 78.36
24 h 67.52 6.64 59.39 79.67 60.92 67.63 71.35

BrdU 10 min 54.32 47.85 8.09 106.46 9.80 49.88 100.23
1 h 108.14 30.32 66.80 141.61 79.93 111.84 137.53
24 h 121.26 39.69 75.59 169.01 84.40 119.18 160.83

PRF (n = 7) LDH 10 min 5.71 4.61 �1.91 11.37 1.85 5.63 9.66
1 h 17.96 13.52 3.52 37.42 5.54 16.67 35.18
24 h 32.93 17.97 10.87 63.43 19.51 25.80 44.39

MTT 10 min 88.63 20.53 69.65 132.79 76.37 84.39 88.59
1 h 68.14 27.55 46.88 125.83 49.63 61.41 77.83
24 h 65.46 19.57 49.83 104.65 51.02 55.60 71.76

WST-1 10 min 179.51 31.98 148.47 245.78 162.18 169.95 190.53
1 h 179.17 25.46 154.85 230.42 156.62 176.42 184.30
24 h 185.72 35.42 145.23 254.57 162.61 173.28 203.02

BrdU 10 min 135.46 18.86 101.83 159.46 125.21 133.89 151.94
1 h 156.05 20.15 132.59 191.60 139.37 155.59 166.24
24 h 163.21 35.12 100.34 201.22 150.50 156.37 200.71

PRF, platelet rich fibrin; LDH, lactate dehydrogenase; MTT, [3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-bromide]; WST-1, water soluble tetrazolium
(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate); BrdU, 5-bromo-2-deoxyuridine.
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blasts on biomaterials (Anselme 2000). In liv-

ing tissue the ECM offers a wide range of

proteins which are able to bind to cell adhe-

sion molecules and thus mediate the

biochemical signal transduction from ECM

to cytoskeleton (Juliano & Haskill 1993).

In vitro experiments revealed that human

osteoblast cells adhere preferentially to fibro-

nectin more than to any other ECM protein.

In particular, the interaction of a5b1 integrin

with specific amino acid sequences of fibro-

nectin, such as arginine–glycine–aspartic acid

(RGD) have been shown to be essential for

(a)

(b)

(c)

(d)

Fig. 3. Fluorescence microscopy images of human os-

teoblasts incubated with eluates of collagen (BioGide®)

after staining with fluorescein diacetate (FDA) and pro-

pidium iodide (PI): note the green color due to staining

with FDA, indicating living cells. The lack of a red

color despite staining with PI indicates absence of dead

cells. (a) 10 min; (b) 1 h; (c) 24 h and (d) control.

(a)

(b)

(c)

(d)

Fig. 4. Fluorescence microscopy images of human os-

teoblasts incubated with eluates of platelet rich fibrin

(PRF) after staining with fluorescein diacetate (FDA)

and propidium iodide (PI): note the green color due to

staining with FDA, indicating living cells. The lack of a

red color despite staining with PI indicates absence of

dead cells. (a) 10 min; (b) 1 h; (c) 24 h and (d) control.

Fig. 5. Results from relative extinction with median

values for lactate dehydrogenase assay for BioGide® and

platelet-rich-fibrin (PRF) membranes after 10 min, 1,

and 24 h.

Fig. 6. Results from relative extinction with median

values for MTT ([3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-

nyltetrazolium-bromide]) assay for BioGide® and plate-

let-rich-fibrin (PRF) membranes after 10 min, 1, and

24 h.

Fig. 7. Results from relative extinction with median

values for water soluble tetrazolium (WST-1) (4-[3-(4-

iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-ben-

zene disulfonate) assay for BioGide® and platelet-rich-

fibrin (PRF) membranes after 10 min, 1, and 24 h.
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osteoblast cell adhesion, proliferation, and

survival (Gronthos et al. 1997). But even

morphogenesis and differentiation are regu-

lated by the interaction of fibronectin and

a5b1 integrins of osteoblast cells (Moursi

et al. 1997). In consequence, the use of spe-

cific antifibronectin antibodies to disturb the

interaction leads to massive apoptosis and

thus a survival signal via adhesion receptors

seems to be likely (Globus et al. 1998).

It was known that the adhesive glycopro-

tein fibronectin is present in two forms; a

soluble form in plasma and in an insoluble

form in the ECM of many tissues. Hence, the

occurrence of plasma fibronectin in blood

derivates like PRF seems to be obvious.

Recently it was found that nearly half of tis-

sue fibronectin is of plasma origin and this

finding suggests the importance of plasma as

source for tissue fibronectin and in conse-

quence for the modulation of cellular activi-

ties (Moretti et al. 2007). But it should be

noted that fibronectin was even synthesized

by different cell types in vivo and by bone

cells in vitro (Steele et al. 1993).

The above-mentioned findings directly

reflect the importance of adhesion for osteo-

blast cell function and thus may partially

explain the higher cell proliferation of osteo-

blast cells on PRF than on collagen mem-

branes in the present study (see Fig. 7).

A further possible reason for differing

results concerning osteoblast cell prolifera-

tion may be caused by the lack of bone-spe-

cific proteins and a more physical than

biological structure in BioGide®. Brightman

et al. (2000) stated that the major disadvan-

tage of most natural materials is the frequent

loss of bioactive molecules by purification

process as in BioGide®. In contrast PRF offers

a more vital environment with ECM proteins

which may help cells to adhere and to regu-

late cell function.

The ability of PRF to polymerize and form

three-dimensional supramolecular assemblies

with entrapped platelet cytokines (intrinsic

cytokines) seem to be a fundamental advan-

tage for tissue engineering (Dohan et al.

2006b). It could be shown that these

cytokines have mitogenic properties for

osteoblastic cells (Slater et al. 1995) and

mediate the chemotaxis of undifferentiated

multipotent MSCs and as a result lead to dif-

ferentiation of cells to the osteoblastic phe-

notype (Gould et al. 2000). It has been shown

that TGF-b in particular stimulates the syn-

thesis of collagen and fibronectin in a variety

of cell lines (Ignotz & Massague 1986) and

furthermore, it has been found that TGF-b

increases the expression of integrins that

bind collagen, fibronectin, and vitronectin

(Ignotz et al. 1989). In this context it was

shown that fibrin delivery of cytokines like

basic fibroblast growth factor and osteoblasts

lead to higher bone formation than delivery

of fibrin-containing osteoblasts alone (Park

et al. 2006) and thus indicate the importance

of growth factors for new bone formation.

Recently it could be shown that PRF released

autologous growth factors gradually and

expressed strong and durable effects on prolif-

Fig. 8. Results from relative extinction with median

values for BrdU (5-bromo-2-deoxyuridine) assay for Bio-

Gide® and platelet-rich-fibrin (PRF) membranes after

10 min, 1, and 24 h.

(a)

(b)

(c)

(d)

Fig. 9. Close-up scanning electron microscopic images

of membranes seeded with human osteoblast cells and

controls 7 days after seeding. The membranes were

almost completely covered by cells, with an elongated

morphology and numerous cell pseudopodia, suggesting

good biocompatibility (a) collagen (BioGide®) without

cells; (b) collagen (BioGide®) control with cells; (c) plate-

let rich fibrin (PRF) without cells; (d) PRF control with

cells (scale bar = 50 lm).

Table 3. Median, 25th and 75th percentile of
differences in alkaline phosphatase activity (U/
l) between day 1 and 36 of osteoblast cultures
seeded on platelet rich fibrin (PRF) membranes
(n = 10), PRF clots (n = 10), and BioGide� mem-
branes (n = 10), respectively

Membrane
type

25th
Percentile

50th
Percentile

75th
Percentile

PRF
membrane

7.781 10.990 12.542

PRF clot 9.767 10.491 12.866
BioGide�

membrane
0.705 1.202 1.950

Fig. 10. Box plots showing the median, the upper, and

the lower quartile of the differences in alkaline phos-

phatase activity (U/l) between day 1 and day 36 of

osteoblasts seeded on platelet-rich-fibrin (PRF) mem-

branes, PRF clots, and BioGide® membranes, respec-

tively. Whiskers represent limits of normal variation

while extreme values are marked as circles.
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eration and differentiation of rat osteo-

blasts in vitro (He et al. 2009). In the present

study these findings could be confirmed by

examination of human osteoblast cultures on

PRF clots, PRF membranes, and BioGide®

membranes, respectively. It could be shown

that the ALP, as an indicator of functional

activity, was significantly higher in case of

PRF clots and PRF membranes than in case

of BioGide® membranes (see Fig. 10). ALP as

an osteoblast-associated enzyme plays a par-

ticular role in the process of bone matrix cal-

cification. Hence, the activity of ALP could

be considered as a marker of osteogenic

potential of osteoblasts (Halvorsen et al.

2001).

Thus, the abundance of cytokines present

in PRF seems to function as a drug delivery

system which has profound effects on cell

development and composition of ECM. These

facts could at least partially explain the bet-

ter results of PRF membranes as shown in

Figs 7 and 8. In case of BioGide®, a processed

collagen membrane composed of porcine col-

lagen type I and III, there is no vital microen-

vironment. Despite the fact that collagen

fibers represent the major component in

extracellular bone matrix which mediates

cell-matrix attachment of osteogenic cells,

the lack of bone-specific proteins leads to a

purely physical scaffold nature of BioGide®

and there is only a slight assumption that

they may trap osteoinductive factors from

bone (Koda & Bernfield 1984). Thus the ECM

with entrapped cytokines in case of PRF may

be of fundamental profit for tissue engineer-

ing. Conversely, the preparation of PRF leads

to an entrapment of erythrocytes, which may

explain the higher LDH values as shown in

Fig. 5. Therefore, it should not be assumed

from the LDH test that eluate from PRF

membranes is more toxic to osteoblasts.

Tissue engineering of human osteoblasts is

often difficult due to critical culturing condi-

tions in vitro. In this context some essential

considerations concerning the role of fibrin

have been proposed by van Griensven et al.

who found higher cell amounts of cultured

osteoblast cells at an earlier time point than

in “nonadhesive” cultures, possibly caused

by the more adhesive property of outgrowing

cells to the bottom of the culture dish medi-

ated by fibrin glue. In contrast, when cultur-

ing without fibrin glue, osteoblasts’ adhesive

bonds are loosened due to movements during

medium exchange (van Griensven et al.

2002).

Besides the interaction of bone cells and

ECM structures, vascularization is of funda-

mental importance for bone tissue engineer-

ing although only a few remarks will be

presented herein. It was known that the

integrity of bone is strongly dependent on the

interaction of bone cells and endothelium

(Villars et al. 2000). In later stages of the

wound healing process endothelial cells reori-

entate, invade, loosening the ECM, and then

undergo tube formation (Folkman 1986).

Fibrin was shown to influence the outgrowth

of human microvascular endothelial cells,

and it could be shown that the modulation of

the fibrin structure markedly affects the

extent and stability of capillary tube forma-

tion in vitro (Van Hinsbergh et al. 2001). The

fibrin structure is largely influenced by poly-

merization conditions and thus has a signifi-

cant impact in angiogenesis in course of the

wound healing process. The progressive poly-

merization during centrifugation of PRF as

described by Dohan et al. (2006b) might be a

fundamental advantage of PRF scaffolds for

in vivo bone tissue engineering applications.

Conclusion

The study objective was to compare two dif-

ferent ECM membrane systems by assess-

ment of eluates for cultivating human

osteoblast cells as well as by cultivating

osteoblasts directly on membranes. Therefore,

the analysis methods used were mainly

intended to identify the vitality and prolifera-

tion of seeded cells. Herein, for the first time,

it could be shown that PRF eluates support

human osteoblast cell proliferation in vitro.

Furthermore, it was shown that PRF is a suit-

able scaffold for cultivating human osteo-

blasts in vitro. Nevertheless both systems,

PRF and collagen (BioGide®), seem to be suit-

able as scaffold materials for seeding by

osteoblast cells in vitro.
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