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ABBREVIATIONS 

 

ALP Alkaline phosphatase 

ELISA Enzyme-linked immunosorbent assay 

LPB Lysed platelets in buffer 

PRP Platelet-rich plasma 

PBS
 

Phosphate-buffered saline 

PDGF Platelet-derived growth factor 

TGF- Transforming growth factor- 

BMP-2  Bone morphogenetic protein 2 
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ABSTRACT 

Activated platelets release a multifaceted blend of growth factors that has stimulatory 

effects on mesenchymal cells, both in vitro and in vivo, which imply beneficial effects 

on wound repair and tissue regeneration. Previous studies on fibroblast cultures have 

revealed that more potent growth factors, with respect to cell proliferation, are released 

in acidic preparations of lysed platelet concentrates in comparison with neutral and 

alkaline preparations. The current study was intended to investigate the influence of pH 

on lysed platelet concentrates with respect to release of growth factors, cell proliferation 

and alkaline phosphatase (ALP) activity in human osteoblast-like cells (hFOB 1.19). 

Cell proliferation was assessed with the MTT kit, ALP activity by conventional 

enzymatic reaction kinetics and growth factors platelet-derived growth factor (PDGF) , 

transforming growth factor- (TGF-) and BMP-2 by enzyme-linked immunosorbent 

assays. Osteoblast-like cells were stimulated with lysed platelet concentrates 

preincubated at pH 4.4, 5.4, 7.4, and 7.6. A 3- to 13-fold increase of cell proliferation 

was found in comparison with controls and the most evident increase was observed with 

platelets activated at pH 5.4. The highest ALP activity was observed in preparations at 

pH 7.6. Platelets incubated in an acidic environment (pH 5.4) induced a higher 

proliferation compared with preincubation at neutral or alkaline pH and the level of 

PDGF was also found to be higher in acidic preincubations. The level of TGF- was, in 

contrast, lowest at pH 4.4.   

Interestingly, we also found  BMP-2 in platelet lysate. However BMP-2 was only 

present in LPB pH 4.0.   We suggest, based on these experimental findings, that acidic 

milieu influence platelets to release growth factors more potent to stimulate osteoblast 

proliferation than neutral and alkaline platelet preparations. Lysed platelet concentrates 

prepared at an alkaline pH might release additional components with stimulating effects 
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resulting in other features than cell proliferation. This is the first report, to our 

knowledge, about the presence of BMP-2 in platelet lysate and about a pH dependent 

stimulatory effect of lysed platelet concentrates on human osteoblast-like cell 

proliferation. Lysed platelet concentrates, preincubated in acidic or alkaline buffers, 

may benefit fracture healing, implant fixation and might also be advantageous in the 

treatment of wounds with platelet constituents; however, this has to be investigated in 

extended experimental and clinical settings. 
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INTRODUCTION 

Growth factors, released from activated platelets, have a significant impact on the 

regulation and proliferation of mesenchymal cells during the wound healing process (1-

3). Platelets, platelet-rich plasma (PRP), platelet lysates, platelet-derived growth factor 

(PDGF), and supernatants from activated platelets all have well-known stimulatory 

effects on mesenchymal cells in vitro (4-10) and in vivo (11). The clinical potential of 

platelet constituents is interesting and several clinical trials and observations on wound 

healing and bone formation have been published (12-18). Previously, it has also been 

described that mineralization and bone repair is pH dependent. The early acidity within 

fracture hematomas is later followed by a change in pH towards alkalinity (19-24). A 

low pH has also been reported during the early phase of wound healing, hence 

designated the acid tide (25). Previously, Liu et al. (26) reported that the media pH of 

platelet lysates influence the release of biologically active substance from platelets. 

Lysed platelet concentrates derived from an acidic environment had higher levels of 

PDGF in comparison with lysates prepared in neutral or alkaline pH buffers. Moreover, 

if the platelet lysate was buffered in acidic pH (pH 5.0) and added to fibroblast cell 

cultures, the fibroblast proliferation was significantly increased compared to lysates at a 

higher pH (pH 7.1 and 7.6). 

  

The impact of lysed platelet concentrates prepared in buffers at different pH on 

osteoblasts has previously not been reported. The aim of this study was to evaluate cell 

proliferation and alkaline phosphatase (ALP) activity of human osteoblast-like cells, 

hFOB 1.19, stimulated with platelet concentrates lysed at pH 4.4, 5.4, 7.4 and 7.6. 

Furthermore, the concentrations of PDGF and transforming growth factor- (TGF-) 

were determined in platelet lysates incubated at different pH (pH 4.4, 5.4 and 7.4). 
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Futhermore, the concentration of  of PDGF, TGF-, VEGF and BMP-2 were 

determined in platelet lysate incubated at different pH(pH 4.0, pH5.0, pH 6.0, pH7.0, 

pH8.0, pH9.0) 

Platelets contain hundreds of proteins and peptides with potential to participate in 

wound healing/fracture healing process. Some of them are identified as important 

contributors in healing processes, others are still to be recognized. 

The release of growth factors from the platelets may vary with the mode of 

activation, degree of platelet lysis and the pH of the media.  

The pH of wound fluid and fracture hematoma is acidic during the initial 

inflammatory stage of healing, and become neutral and alkaline as the process 

continues to a more mature stage of healing. 

The release of PDGF and TGF- from platelets lysed by freezing and thawing have 

been studied previously and PDGF was higher in acidic lysate than in neutral and 

the proliferation of fibroblasts were increased when stimulated with platelet lysate 

buffered in acidic media. 

Figure staplar från arbete 1. Dels proliferation, dels PDGF. 

In this study we focus on the proliferation and ALP secretion of osteoblast-like 

cells stimulated with platelet lysate buffered in acidic or neutral pH. 

The questions were: 

1. Does pH of  the platelet lysate (LPB)change the stimulatory impact on  the 

proliferation of  osteoblastlike cells ?   

2. Will the cells keep their differentiation, measured as secretion of ALP? 

Methods: PRP from blood donors were freezed to -70 and then thawed in water bath 37 º C. 

Incubation over night in acidic or neutral/alkaline buffer. ( Platelets were rapidly thawed in a 

water bath at 37C and pH was adjusted to 4.4, 5.4, 7.4 and 7.6 by dilution 1:1 with four 

different buffers: 1) 0.2 M sodium acetate, pH 4.0; 2) 0.2 M sodium acetate, pH 5.0; 3) 

phosphate-buffered saline (PBS), pH 7.4; and 4) PBS, pH 8.0. The lysed platelets were 

incubated overnight at 37C and subsequently diluted 1:1 with 4% bovine serum 

albumin in PBS. The incubated lysed platelets were termed lysed platelets in buffer 

(LPB). All LPBs were sterilized through 0.22 µm syringe filters (Sartorius AG, 

Goettingen, Germany). Sparsely growing human osteoblast-like cells (hFOB 1.19) were 

exposed to LPBs at final concentrations of 9% and 18% in serum-free conditions based 

on previous work (26). 

 Osteoblast-like cells med referens(hFOB 1.19)  
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MATERIALS AND METHODS 

Preparation of lysed platelets in buffer (LPB) 

Platelet concentrates (0.8 – 1  10
12

 cells/l), free of leucocyte components, were 

prepared from healthy blood donors from the Blood Center at Linköping University 

Hospital, Sweden, by standardised and certified procedures, and stored at –70C prior to 

use. Platelets were rapidly thawed in a water bath at 37C and pH was adjusted to 4.4, 

5.4, 7.4 and 7.6 by dilution 1:1 with four different buffers: 1) 0.2 M sodium acetate, pH 

4.0; 2) 0.2 M sodium acetate, pH 5.0; 3) phosphate-buffered saline (PBS), pH 7.4; and 

4) PBS, pH 8.0. The lysed platelets were incubated overnight at 37C and subsequently 

diluted 1:1 with 4% bovine serum albumin in PBS. The incubated lysed platelets were 

termed lysed platelets in buffer (LPB). All LPBs were sterilized through 0.22 µm 

syringe filters (Sartorius AG, Goettingen, Germany). Sparsely growing human 

osteoblast-like cells (hFOB 1.19) were exposed to LPBs at final concentrations of 9% 

and 18% in serum-free conditions based on previous work (26). 

 

Cell culture 

Human osteoblast-like cells, hFOB 1.19, from the American Type Culture Collection 

(Manassas, VA, USA) were used throughout the current study. These cells provide a 

homogeneous and rapidly proliferating model system for studying normal human 

osteoblast differentiation, osteoblast physiology, and hormonal, growth factor, and other 

cytokine effects on osteoblast function and differentiation (27). The hFOB cells were 

grown in a 1:1 mixture of Ham’s F12 medium and Dulbecco’s modified Eagle’s 

medium (without phenol red) supplemented with 10% fetal bovine serum, 2.5 mM L-

glutamine, 0.3 mg/ml of neomycin G418 (Sigma Chemical Co., St. Louis, MO, USA) 
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and incubated at 34C with 95% humidity and 5% CO2. Cells were plated out in 96-well 

microtiter plates at an initial density of 12  10
4
 cells/ml (that is, approximately 35% 

confluence), in a total volume of 100 µl/well and medium was changed after 24 hours to 

serum-free conditions. Medium was removed after an additional incubation of 24 hours 

and replaced with medium including 9% or 18% of the four different preparations of 

LPB (i.e., at pH 4.4, 5.4, 7.4 and 7.6). The hFOB cells were grown for 24 hours before 

assessment of cell proliferation and ALP activity. Identical culture conditions (including 

4% bovine serum albumin) was used for the hFOB control cells except that the platelet 

concentrate was replaced by 0.9% NaCl. 

 

Assessment of cell proliferation  

Analysis of cell proliferation was performed with the MTT cell proliferation kit (Roche 

Diagnostics GmbH, Mannheim, Germany) that measures the metabolic activity of 

viable cells. The number of cells was determined from a standard curve in which the 

absorbance measured by the MTT assay is directly correlated to the number of hFOB 

cells in each well. The increased number of cells was verified by phase contrast 

microscopy. The option of using [
3
H]-thymidine incorporation as a measurement of cell 

proliferation could be considered, however, our previous study (26) demonstrated that it 

was unsuitable in this experimental setting.  

 

Measurement of ALP activity 

ALP activities were determined in 96-well microtiter plates. In brief, 50 µl serum-free 

cell-conditioned culture medium was added per well and mixed with substrate to a total 

volume of 300 µl, containing 1.0 M diethanolamine buffer (pH 9.8), 10 mM p-

nitrophenyl phosphate (PNPP) (Sigma), and 1.0 mM MgCl2. The time-dependent 
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increase in absorbance at 405 nm (reflecting p-nitrophenol production) was determined 

on a kinetic microplate reader (Model VMax, Molecular Devices Corp., Sunnyvale, CA, 

USA). The relation between the enzymatic activity units kat and U are 1.0 µkat/l 

corresponds to 60 U/l. 

 

Assessment of PDGF and TGF- 

LPB preparations at different pH were centrifuged for 5 min at 800 g and the content of 

PDGF (PDGF-AB) and TGF- (TGF-1) were quantified in the supernatant by ELISA 

(R&D Systems, Minneapolis, MN) with a Multiscan® Spectrum (Thermo Electron 

Corporation, Vantaa, Finland). Both active and latent forms of TGF- are detected with 

this ELISA assay according to the manufacturer. 

+assessment of BMP-2 

 

Statistical analysis 

Data are presented as the median of replicates (10 per LPB and control group) and 

expressed as median ± SD. Student’s t-test was used to test for differences between LPB 

preparations and controls, and a difference was considered significant at p < 0.05. 

 

 

RESULTS 

Cell culture medium pH was determined over a period of 12 h after addition of the 

various LPB preparations (data not shown). The pHs were in the range of the buffering 

capacity of the medium within 10 minutes except for the 9% and 18% LPB preparations 

at pH 4.4, where the medium remained acidic. 

 



pH of platelet concentrate and growth stimulation 10 

LPBs (9% and 18%, both at pH 4.4, 5.4, 7.4, and 7.6) were added to osteoblasts, which 

clearly demonstrated a pH-dependent pattern of growth stimulation. Osteoblast 

proliferation ceased almost completely for both the LPB preparation and for the control 

at pH 4.4. The 9% and 18% LPBs at pH 5.4 induced a 6- and 13-fold proliferation 

increase, LPBs at pH 7.4 a 3- and 7-fold proliferation increase, and LPBs at pH 7.6 a 5- 

and 7-fold proliferation increase, respectively, in comparison with controls. The 18% 

LPB preparations had higher stimulatory effects than the 9% LPBs (Figure 1). 

 

Total ALP activity increased with LPBs prepared at pH 5.4, 7.4, and 7.6; however, the 

18% LPB preparations did not significantly increase the ALP levels more than the 9% 

LPB preparations (Figure 2). ALP increased more in the LPB preparations at pH 7.4 

and 7.6 in comparison with LPB pH 5.4. Statistically significant differences were 

observed, except between LPB 9% pH 5.4 versus pH 7.4. The ALP activity was low and 

irregular for the LPB at pH 4.4 due to decreased cell proliferation, which probably was 

an effect of acidification of the culture media. The ALP activities per cell demonstrated 

a significant increase in the cultures stimulated with LPBs at pH 7.6 and pH 7.4, in 

comparison with LPB at pH 5.4. 

 

Growth factors PDGF and TGF- were measured in the supernatants of LPB 

preparations at pH 4.4, 5.4 and 7.4. LPB preparations pH 4.4 and 5.4 contained the 

highest PDGF levels while the lowest TGF- concentration was found in LPB pH 4.4 

(Figure 3). 

The determination of  growth factors in pH 4.0 showed low activity of VEGF, 

TGF- and high concentration of PDGF. 

BMP-2 was   detectable , but only in supernatant from LPB of pH 4.0.   
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Figure 1.  LPBs in various pHs induced cell proliferation differently. Human 

osteoblast-like cells, hFOB 1.19, were exposed to 9% and 18% LPBs at pH 4.4, 5.4, 7.4, 

and 7.6. Control cells were only exposed to buffer. Values are medians  SD, n = 10 for 

each LPB and control. Cells treated with LPBs prepared at pH 5.4, 7.4, and 7.6 showed 

significantly higher proliferation in comparison with control cells. Cells exposed to 

LPBs at pH 5.4 also showed significantly higher cell proliferation than cells exposed to 

LPBs at pH 7.4 and 7.6 (p < 0.001). 
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Figure 2.  LPBs in various pHs induced ALP activity in osteoblast-like cells in 

culture. LPBs at pH 7.6 increased ALP activity more than LPBs at pH 5.4 (p < 0.001). 

Values are medians  SD, n = 10 for each LPB and control. The ALP activity with LPB 

pH 4.4 was low and irregular due to low osteoblast proliferation. 
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Figure 3.  PDGF and TGF- in different LPB preparations. PDGF and TGF- were 

determined in LPB preparations at pH 4.4, 5.4 and 7.4. The LPB preparation at pH 4.4 

contained significantly higher amounts of PDGF than both pH 5.4 and 7.4. PDGF was 

also significantly higher in LPB pH 5.4 in comparison with LPB pH 7.4. TGF- was 

significantly lower in LPB pH 4.4 in comparison with LPB preparations at pH 5.4 and 

7.4. LPB pH 5.4 contained significantly higher amount of TGF- than LPB pH 7.4 (p < 

0.001). Values are medians  SD, n =10. 
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DISCUSSION 

Tissue repair processes such as wound and fracture healing include complex but well-

regulated cascades of events. The acid tide of wound healing, i.e., the pH within wounds 

and fractures, change from acidic to neutral and alkaline pH as the healing process 

progress (18-24). The local environment is acidic during the initial stage of healing. 

Platelets release components that contribute to improved proliferation of mesenchymal 

cells. The local environment will become more neutral as the healing progress and, 

ultimately, alkaline which results in the release of other platelet components that 

catalyse more differentiated osteoblast events such as ALP expression. 

 

In this study, the use of lysed platelet concentrates preincubated in acidic, neutral and 

alkaline buffers demonstrated that it is possible to modulate the response of osteoblasts 

without changing the cultured cells pH environment. The results show that a decreased 

pH of the LPB significantly increase proliferation stimuli on osteoblasts in vitro. These 

results are in conjunction with our previous results on the effect of lysed platelet 

concentrates on fibroblast proliferation (26). 

 

 

(Direct effects of low pH on osteoblasts in vitro have previously been reported (28, 29, 

30). Acidification down to pH 7.0 decrease proliferation, collagen synthesis, and ALP 

activity in comparison with pH 7.4 (28, 29). We observed that LPB preparations at pH 

4.4 contributed to a significant acidification of the culture media, which was not 

compensated by the media buffering capacity. The extremely low proliferation with 

LPBs at pH 4.4 could therefore be a direct effect of acidification of the culture media. 

(However, we also used acidic buffers at higher pH to give the platelet lysates a low pH 



pH of platelet concentrate and growth stimulation 15 

milieu. The factors released from the lysate were then utilised in osteoblast-like cells 

cultures, where the pH milieu was normal due to the culture media buffering capacity.) 

The normalization of pH in LPB 4.0 should have been performed before use  in the 

cell cultures. 

 

Liu et al. (26) reported that the hydrogen concentration had an impact on the release of 

growth factors from the platelet lysate, e.g., PDGF. The increased release of PDGF at 

low pH could correspond to a higher demand of PDGF
 
in the early part of the healing 

process. Our results are in conjunction with these findings since we also found higher 

concentrations of PDGF in LPBs prepared under acidic conditions. Further more we 

also found BMP-2 in the acidic preparation of LPB. However, there could be other 

platelet components responsible for the increased proliferation in both fibroblast and 

osteoblast cultures.  

 

The high proliferation observed in acidic LPB preparations did not correspond to 

equally high ALP activities. The observed ALP increase from osteoblasts with LPB 

preparations at pH 7.4 and 7.6, might be explained by normalisation of proliferation and 

that the higher ALP expression represent ALP activities when osteoblasts are not 

stimulated to increase proliferation. 

 

Liu et al.(26) reported also that the release of TGF- was higher from LPBs at pH 7.1 

and 7.6 than from LPB at pH 5.0. In our experimental setting, the lowest concentration 

of TGF- was found in LPB at pH 4.4 in comparison with LPB pH 5.4 and 7.4. TGF-
 

has significant influence on osteoblasts and may contribute to the increased levels of 

ALP (31-32).  
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The results support the hypothesis that lysated platelet concentrates prepared at low pH 

release components that stimulate proliferation, while platelets prepared at a more 

alkaline pH stimulate osteoblasts to increased ALP expression.  

BMP has been localized  in megakaryocytes and platelets by Sipe et al 2004(33), but the 

release of measurable amounts of BMP-2 from PRP or platelete lysate  has not been 

reported previously. It is specially interesting that BMP-2 could only be found in pH 

4.0.  The presence of BMP-2 in the platelet lysate encourages the use of this preparation 

of LPB in stimulation of  osteoblasts in vitro, in vivo and in clinical settings.  

Soffer et al. (10) used lysed platelets without different pH buffers in a study on fetal rat 

calvarial cells. They found increased cell proliferation, but decreased ALP production 

when lysed platelets were added to cell cultures. Though our results showed increased 

proliferation and ALP production with LPBs at pH 5.4, 7.4 and 7.6, there was a 

difference between the groups. The highest proliferation corresponds to relatively low 

ALP production, which is in accordance with Soffer et al. (10). This could be explained 

by that proliferating osteoblasts do not express high amounts of ALP (34).  

 

Previous reports on the osteogenic differentiation of bone cells are contradictory (6, 10, 

9). Gruber et al. (6) and Soffer et al. (10) prepared stimulatory agents from washed 

platelets while Doucet et al. (9) used platelets in original plasma without thrombin-

activation. Supernatants from thrombin-activated washed platelets had stimulating 

effects on proliferation of mesenchymal cells but decreased osteogenic differentiation 

(6), while platelet lysates had stimulatory effects on both proliferation and osteogenic 

differentiation on mesenchymal cells (9). Platelet lysates in plasma seems to involve 

factors supporting expression of various proteins while supernatants from washed 

thrombin-activated platelets do not. The importance of the stimulatory factors of the 
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plasma fraction of PRP has not been studied specifically but warrants indeed future 

investigations. Our in vitro model, including plasma components, is more relevant to 

wound and fracture healing in vivo than LPB preparations of washed platelets. 

 

In summery, our data show that LPB at pH 5.4 stimulates osteoblast proliferation in 

vitro similar to previous results on fibroblasts (26). LPBs pH 7.4 and 7.6 stimulated 

osteoblasts to increase their ALP synthesis but also to a relatively decrease of 

proliferation.  Hypothetically, this may reflect different stages of fracture healing with 

an acidic stage in immature matrix with high cell proliferation and relative insignificant 

ALP activities and a later stage with osteoblasts in neutral to alkaline pH environment 

with higher ALP activities and less significant cell proliferation. From a clinical point of 

view, considering the use of PRP and platelet lysate on wound healing and bone 

formation, acidification of the platelet preparation would be beneficial on  proliferation 

of osteoblast-like cells (and  osteoblastic differentiation). 

Studier att göra:  

1. normalisera pH i supernatatnten av LPB4.0 . Använd för cellodling. 

2. blockera BMP-2 och PDGF i dessa cellodlingar. 

3. BMP-2 och andra BMP om det finns. 

4. Fundera på om andra tekniker än ELISA behövs. 
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