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Statement of Purpose: The delivery of bone 
morphogenetic protein-2 (BMP-2) to bone fractures 
shows promising abilities for bone tissue regeneration. 
Currently, BMP-2 can be incorporated into 
hydroxyapatite (HAp) scaffolds by absorption, resulting 
in an uncontrolled delivery mechanism.  Polyelectrolyte 
thin films allow for a controlled composition and 
degradation.1 Because of HAp surface chemistry, 
however, the pH of the initial polyelectrolyte layer plays a 
major role in coating deposition and uniformity.  As such, 
the effect of pH on polyelectrolyte layer coating was 
investigated in this study. 

Methods: HAp discs were prepared by pressing 0.5 g of 
nanocrystalline HAp powder into discs. The HAp discs 
(11.0 mm d x 1.5 mm h) were sintered with a ramp of 
3oC/min to 1230oC, holding for 3 hours, followed by 
coating using a layer-by-layer (LbL) self assembly 
technique.  An initial layer of polyethyleneimine (PEI, 
1mg/ml in pH 4.5, acetate buffer (AcB), 7.4 phosphate 
buffered saline (PBS), or pH 9.3 carbonate buffer) was 
deposited onto HAp discs by dip-coat method and 
absorbed for 10 minutes followed by rinsing with pH 4.5 
acetate buffer (AcB) for 1 minute.  A layer of polyacrylic 
acid, sodium salt (PAA, 1 mg/mL in pH 4.5 AcB) was 
deposited by dip-coat, absorbed for 10 minutes, and 
rinsed with AcB for 1 minute.  A layer of polyallylamine 
hydrochloride (PAH, 1mg/mL in pH 4.5 AcB) was 
deposited by dip-coat, absorbed for 10 minutes, and 
rinsed  with pH 4.5 AcB for 1 minute.  The PAA/PAH 
was then repeated for a total of 5 bilayers ((PAA/PAH)5).
The discs were rinsed with distilled water and dried under 
nitrogen. Scanning Electron Microscopy (SEM) and 
Atomic Force Microscopy (AFM) were used to visualize 
the coating on HAp discs. 
 To show protein inclusion and layer deposition, 
Quartz Crystal Microbalance (QCM) was used. 
Cytochrome C (CC, mw 12 kDa) was used as a model 
basic protein for inclusion in the polyelectrolyte coating.  
The above procedure was repeated, using PEI at pH 7.4 
on the gold surface of the quartz crystals and replacing 
PAH with CC (100 µg/ml in pH 4.5 AcB) for a total of 6 
bilayers ((PAA/CC)6). Frequency of the quartz was 
recorded and converted to mass. 

Results/Discussion:  The initial layer pH affected the 
overall uniformity of the polyelectrolyte coatings (Fig 1 
and 2). The SEM images show that the increasing pH of 
the initial PEI layer increases the uniformity of the overall 
polyelectrolyte coating on HAp.  HAp begins to dissolve 
in acidic conditions and has low surface charge at neutral 
conditions, leading to an unstable initial layer.  At pH 9.3, 
the surface charge of HAp was higher, allowing for the 
initial polyelectrolyte layer to be deposited uniformly, 
subsequently leading to an overall uniform coating.  AFM 
shows the polyelectrolyte coating on HAp (Fig 2). The 

coating thickness irregularity was characteristic of 
polyelectrolyte coatings.2 QCM shows that a basic protein 
can be incorporated into a polyelectrolyte film (Fig 3).  

Conclusions:   It was concluded from this study that the 
initial layer pH affected the uniformity of polyelectrolytes 
coatings on HAp.  It was also concluded that proteins can 
be incorporated into polyelectrolyte films for delivery.
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Figure 1. HAp discs (a) uncoated, (b) coated, PEI at pH 4.5, 
(c) coated, PEI at pH 7.4, and (d) coated, PEI at pH 9.3 

Figure 3. Mass increase seen from QCM experiments. 
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Figure 2. AFM of a coated HAp disc 


