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Introduction 
In bone functional adaptation by remodeling, 
osteocytes embedded in bone matrix have been 
believed to play an important role as mechano-
sensors. In vitro studies have reported that 
application of mechanical stimulus to 
osteocytes induces cellular responses such as 
production of nitric oxide (NO) [Klein-Nulend, 
1995] and calcium response [Adachi, 2009]. 
Because osteocytes have characteristic stellate 
shape with slender cell processes with stiff 
actin filament bundles, we hypothesized that 
the osteocytic characteristic shape is important 
in sensing mechanical stimulus in bone matrix. 
In this study, we observed NO production and 
calcium response induced by mechanical 
stimulus in isolated chick osteocytes using 
fluorescent microscopy. 
 
Methods 
Osteocytes, shown in Fig. 1(a), were isolated 
from 14-day-old embryonic chicken calvaria 
with the modified method from Kamioka et al. 
(2004). Mechanical stimulus was locally 
applied to a fibronectin-coated magnetic µ-
bead adhered on the osteocytic membrane 
using magnetic tweezers [Sugita, 2011], by 
which we quantitatively applied force,  1000 
pN at 1 Hz for 10 sec, to the osteocytes. To 
observe cellular response to the mechanical 
stimulus, fluorescent indicators, DAR-4M AM 
for NO, as shown in Fig. 1(b), and fluo-4 AM 
for calcium ions, were loaded. 
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Figure 1: Osteocyte isolated from chick calvaria 
and its response to mechanical stimulus.  

Results and Discussion 
We observed that the mechanical stimulus 
induced a gradual increase in NO production 
with oscillation in the osteocytes as shown in 
Fig. 2 with characteristic localized distribution 
as shown in Fig. 1(b), even though calcium 
response was not observed. In addition, we 
found that the osteocytic cell process is very 
sensitive to the mechanical stimulus compared 
to their cell body, which is consistent with our 
previous results [Adachi, 2009] that the cell 
process is sensitive in calcium signalling 
response to mechanical stimulus. This charac-
teristic in osteocytic mechanosensing gives us 
insights into a role of cell process, extended 
within bone canalicular system, in mechano-
sensing in bone matrix. 
 

 
Figure 2: Time course fluorescence intensity of 
[NO]i and [Ca2+]i in stimulated osteocyte. 
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