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Introduction 
To aid in the repair of bone fractures, pathologically 
damaged bone, or bone loss, 3D porous scaffolds with 
osteoinductive, biodegradable, good mechanical and drug 
delivery properties, are currently being investigated. 
There is a need to extend the release time of therapeutics 
from bone scaffolds, ie. to sustain antibiotic 
concentrations at the site of an infection or to release 
growth factors that will target cells when they are present 
at the site of injury. In this study, amikacin was used as a 
model therapeutic agent since it is often investigated for 
use in the treatment of bone infections. Chitosan and 
calcium phosphate composite scaffolds have been shown 
to improve mechanical properties over chitosan scaffolds 
alone, be suitable for drug delivery, have controllable 
biodegradability, and have good bioactivity.1 Calcium 
sulfate, another degradable, bone stimulating material has 
been shown to have good drug delivery abilities and 
controlled resorption times.2 The goal of this study was to 
extend the drug release of chitosan/calcium phosphate 
composite scaffold material (both dried and lyophilized)  
by coating the composite with calcium sulfate and 
profiling the drug release over ten days.  
 
Materials and Methods 
Composite Bead Fabrication: A co-precipitation method 
was employed for the fabrication of the composite 
chitosan/calcium phosphate beads.1 Solutions of 3.57 wt% 
chitosan (80% DDA, Prim-Ex), 0.1 M CaCl2, 0.06 M 
NaH2PO4, (Ca:P ratio = 1.67) were prepared in 2 wt% 
acetic acid and mixed together. The mixture was slowly 
dripped into a continuously stirred solution of 20% 
NaOH, 30% methanol, 50% water (pH=13) to precipitate 
spherical beads. The beads were kept in the precipitating 
solution for 24 hours in order for crystalline 
hydroxyapatite to form. The beads were then washed with 
deionized (DI) water until a neutral pH was achieved (pH 
7-8). The beads were either allowed to dry for 24 hrs in a 
fume hood or were processed for lyophilization. For 
lyophilization, neutralized beads were frozen at -20 oC for 
one hour in DI water and placed in a 2.5 liter Labconco 
freeze-dryer for 48 hours.  
 

Figure 1: Calcium 
sulfate coated beads 
(A), lyophilized 
composite beads (B) 
and dried composite 
beads (C) 

 

Calcium Sulfate Coating: A calcium sulfate outer shell 
was made from 0.8-1g of calcium sulfate. The dried or 
lyophilized beads were placed into the center of a shell, 
surrounded by approximately 0.2mm calcium sulfate on 
all sides.  
Amikacin Loading and Elution: Approximately 100 mg of 
composite dried or lyophilized beads were loaded in 2 mL 

of a 10 mg/mL solution of amikacin at room temperature 
(RT) for 24 hours. The amikacin solution was removed 
and the beads were washed two times with PBS. The 
beads were then placed in clean vials with 2 mL of PBS at 
37oC. Elution samples were taken at 1, 3, 9, 15, 24, 48, 
60, 84, 108, 132, 168, 192, 240 hrs. The PBS solution was 
completely refreshed after each elution time point. The 
samples were analyzed via a fluorescent immunoassay 
with the TDx machine (Abbott Diagnostics, Abbott Park, 
IL). 
 
Results 
The elution profile over ten days showed that the 
uncoated composite beads released 98% of the loaded 
amikacin within the first 24 hrs. The calcium sulfate 
coated beads showed extended amikacin release for the 
entire study. The lyophilized composite beads absorbed 
more amikacin than the dried beads. The coated beads did 
not release as much amikacin as the uncoated beads after 
ten days. After 2 days the calcium sulfate coatings began 
dissolving in the eluent buffer, however, all coatings were 
mostly intact after ten days of elution.   

 
Figure 2: Elution profile (total amount eluted) 

 

Discussion 
The calcium sulfate coating delayed the release of 
amikacin from both composite bead constructs. As the 
calcium sulfate coating dissolved more amikacin was 
released. The slowed release of amikacin from the coated 
beads after 60 hrs is potentially due to the resorption time 
of the calcium sulfate coating. The lyophilized composite 
beads absorbed more amikacin than the dried beads most 
likely because of the increased porosity obtained with the 
lyophilization technique. Future studies will monitor the 
drug release from coated samples for extended periods of 
time as well as investigating different coating techniques.   
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