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Statement of Purpose:  Osteochondral defects due to 
injury or disease, such as osteoarthritis, pose a daunting 
challenge for orthopedic medicine. One current therapy 
utilizes hylauronic acid (HA) as a viscosupplement to 
provide support to OA patients. A limitation of this 
therapy is the need for multiple injections to mitigate 
destabilization of HA in the joint cavity. To this end, our 
research focuses on tissue engineering regenerative 
approaches involving the design of functional thermo-
responsive biomaterials that may improve 
viscosupplement therapy. Poly N-vinylcaprolactam 
(PVCL) is one polymer that has the ability to undergo 
phase transitions due to its capability of changing its 
molecular conformation in response to temperature. The 
molecular change that PVCL exhibits is a result of lower 
critical solution temperature (LCST) where phase 
transition is induced by surpassing a certain temperature 
threshold. This unique temperature sensitive component 
in conjunction with HA yields a thermo-responsive 
hydrogel. HA plays a role in the cellular processes such as 
cell proliferation and mechanical support closely 
mimicking that of articular cartilage. In this study, we 
present the preparation of novel PVCL-based HA 
covalently grafted hydrogels and demonstrate their 
response to temperature by investigating the LCST in 
response to molecular weight and solution concentration. 
Using a co-culture method, we have investigated 
chondrocytic and osteoblastic phenotype expression, such 
as type II collagen production and alkaline phosphatase 
activity on novel these thermo-responsive HA gels. We 
hypothesize that that changes in % composition of PVCL 
and HA component will have an effect on the biochemical 
markers and extracellular matrix deposition allowing us to 
tailor these bifunctional systems for osteochondral repair. 
 
Materials and Methods: 
N-vinyl caprolactam(VCL) Polymerization. PVCL was 
prepared by free radical polymerization using 2,2’-
azobis(2-methyl propionitrile) (AIBN).1 Under inert 
conditions, dry recrystallized VCL was dissolved in ultra 
pure water later charged with a three–fold molar excess of 
AIBN. The mixture was allowed to heat at  
57 °C for 24 hours and later precipitated in an 
acetone:water mixture (3:1). The purified polymers were 
characterized using gel permeation chromatography 
(GPC), nuclear magnetic resonance (NMR), and 
photometry.   
Hydrogel Preparation. Methacrylated HA (MeHA-
17g/mol) gels were prepared according to previous 
methods2 and  covalently grafted to PVCL using AIBN at 
57 °C for 24h. The polymer was purified by dialyzing 
against DI water and lyophilized prior to reconstituting at 

the desired concentrations. Primary fetal bovine 
chondrocytes were harvested from articular cartilage 
joints while osteoblast cell types were extracted from 
trabecular bone fragments.  A micromass of chondrocytes 
were seeded on sterilized glass slides coated with PVCL 
polymer films and PVCL-based HA gels at a cell density 
of 2 x107 cells/mL and allowed to adhere for one hour.  
Osteoblast cells (5.0x106cell/mL) were deposited onto the 
chondrocyte micromass and allowed to adhere for an 
additional hour. Samples were harvested on day 1, 3, 7, 
14, and 21 and the location of chondrocytes to osteoblast 
cells was assessed using pre-labeled CM-DiI cell tracking 
dye and 4’,6-diamidino-2-phenylindole (DAPI). Alkaline 
phosphatase activity and type II collagen production were 
assessed at the same designated time points.3 

 
Results:  Functional polymers of PVCL and MeHA have 
been prepared having molecular weights ranging from 10-
40 Da for pure PVCL. Absorbance measurements confirm 
that the LCST the polymers and gels are tunable as a 
function of molecular weight, % composition, and 
solution concentration. Our results indicate that Mw and 
gel % concentration have an effect on ALP production 
and type II collagen production. We have also observed 
samples with LCST at/around 37 °C produces higher 
amounts of ALP and type II collagen.  
 
Conclusions: Here we present the preparation of 
covalently grafted thermo-responsive hydrogels with 
chemical linkages for binding proteins that show potential 
as injectable hydrogels for future viscosupplementation 
therapy. Our gels have the ability to undergo phase 
transitions in response to temperature and maybe tuned by 
adjusting polymer molecular weight and gel percent 
composition. These results advocate novel biomaterials 
regenerating the osteochondral interface using PVCL-
based HA gels by validating co-culture growth and 
phenotype expression. 
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