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Effect of molecular weight of chitosan degraded by microwave irradiation on growth of osteoblasts in vitro  
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Statement of Purpose: Chitosan (CTS) as a biomaterial is 
biocompatible, osteoconductive, degradable, and may be 
formed into 3D porous structures for bone tissue engineering 
and other applications [1]. The degree of deacetylation 
(DDA) and molecular weight (Mw) are two important 
properties of CTS [1]. Past studies have shown how different 
DDAs of CTS affect its mechanical properties and cell 
growth [2]. While effects of Mw on mechanical properties 
have been reported [3], effects on cell growth are not well 
known. It has been shown that microwave (MW) irradiation 
decreases Mw of CTS without affecting its DDA [4]. Hence, 
the purpose of this study was to evaluate the influence of 
decreasing the Mw of CTS by microwave irradiation–with a 
given DDA–on growth of osteoblasts in vitro.  
Materials and methods: 2% w/v solution of chitosan (CTS) 
(Vanson HaloSource, WA, 87.4% DDA) was prepared in 
0.25M acetic acid/ 0.25M sodium acetate buffer.  
Microwave Treatment: The CTS solution was transferred to a 
100 mL conical flask and placed at the center of the turntable 
of a commercial grade microwave (GE  JES738WH 01), then 
surrounded by 4x200mL conical flasks filled with water to 
maintain temperature below 100oC. Samples were irradiated 
for 6, 18 or 30 mins at high power setting (700 W) in 2 min 
pulses. The water was replaced every 6 mins.  
Precipitation & lyophilization: Microwave-treated CTS 
solutions were cooled to room temperature, and then a 1M 
sodium hydroxide solution was added to precipitate the CTS 
polymer. The precipitates were centrifuged at 4000 RPM for 
25-30 minutes and the supernatants discarded. The CTS 
pellets were washed with deionized water to neutral pH (7.0-
8.0). Next, samples were frozen at -80oC and then lyophilized 
(LABCONCO FreeZone 2.5) for 24 hrs. The lyophilized 
samples were crushed to powder.  
Molecular weight analysis: Mw of microwave-treated and 
untreated CTS solutions were determined viscometrically 
using the Mark-Houwink equation with K=1.4x10-4dL/g and 
a=0.83 [5]. Microwave-treated and untreated CTS powders 
were dissolved at 0.1-0.2g in 50mL buffer and then filtered 
(pore size 4-5.5μm). The viscosities of the CTS solution were 
measured in Cannon-Ubbelohde viscometers (9721-K50, 
CANNON Instrument Company) at 25oC±0.1.  
Crystallinity: The crystallinity index of microwave-treated 
and untreated CTS powders were determined by X-Ray 
Diffractometry (Bruker D8 Advance, Cu-Kα radiation) and 
calculated using peak intensities at 2θ=20° and 2θ=16° [6].  
In vitro studies: The growth of human osteosarcoma cells, 
SaOS-2, on the CTS films were evaluated at 1, 3 and 5 days 
via the CellTiter-Glo® Luminescent Cell Viability Assay. 
For the assay, cells were seeded at ~1.0x105 cells/wells in 
opaque 96 well plates (n=6 per CTS treatment group per 
day). Growth media (McCoy’s 5A Medium + 10% FBS + 1% 
AB/AM) was used and renewed at 2.5 day interval. 
Data were analyzed by ANOVA followed by post-hoc 
multiple comparison tests. Significance declared at p<0.05. 
Results and Discussion: ANOVA indicated that microwave 
irradiation caused a significant decrease in Mw of CTS 
(p<0.05) at each time treatment (Table 1). An exponential 
decrease in Mw of CTS was noticed with time of irradiation.  

Table 1: Mw (n=3) and crystallinity (n=1) of microwave-treated 
and untreated CTS 

MW Treatment 
(in mins) 

Molecular weight 
(in 105 g/moles) 

Percent 
Reduction 

Crystallinity 
Index (%) 

0 4.03 (n=1) 0.00 45.25 
6 3.09 ± 5.03x103 23.40 20.36 

18 2.32 ± 1.54 x103 42.50 13.90 
30 2.25 ± 1.70 x103 44.14 17.86 

XRD data (Fig 1A) for microwave-treated CTS showed a 
decrease in peak height at 2θ=20° (characteristic of CTS) as 
compared to untreated CTS. This resulted in a lower 
crystallinity index of the corresponding samples (Table 1). 
 
 
 
 
 
 
 
 

 
 

 
 

Growth study results showed that cells grew on all CTS films 
over the 5-day period (Fig 2). ANOVA indicated that there 
were differences in growth on CTS of different Mw (p<0.05). 
Post-hoc analyses indicated that growth was lower only for 
the films of the 18 min microwave irradiated CTS films at 
days 3 and 5 (p<0.05). This corresponded to the lower 
crystallinity index of the 18 min irradiated CTS sample.  
  
 
 
 
 
 
 

 
 
 

Conclusions:  Microwave treatment decreased Mw of CTS in 
a time-dependent manner. Microwave irradiation also 
appeared to decrease polymer crystallinity which 
corresponded to the decrease in cell growth for the 18 min 
microwave-treated CTS. Due to the limited amount of 
product produced by microwave treatment additional studies 
are underway to prepare additional material for XRD 
analyses in order to draw a direct relationship between cell 
growth and crystallinity. Future studies will also include 
degradation studies and effects on bone cell extracellular 
matrix production. 
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