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We demonstrated themicrofluidic fabrication ofinsitu gelable chitosan-dextran 
microgels.In the gelation process, the amine groups of N-carboxyethyl chitosanand the 
aldehyde groups of oxidized dextran undergo a cross-linking process via imine 
formation.In order to produce spherical microgels, a water-in-oil emulsion was employed 
in a microfluidic flow-focusing device for microdroplet generation.N-carboxyethyl 
chitosan(3wt%) and oxidized dextran(3wt%) in microdropletswere homogenously 
mixedby diffusion, resulting in insitucross-linking oftwo hydrogels without the use of 
additional chemicals.The average value of the Young’s modulus of the cross-linked 
microgel was 1.34±0.21 kPa. For cell applications, the viability of 3T3 cells encapsulated 
in the microgels was evaluated after0, 3, and 4 days using a live/dead assay. The results 
demonstrated that the viability was well maintained at around 80% in the culture afterfour 
days. This demonstrates the biocompatibility of the microgels and fabrication process, 
which is very promising for applications in injectable tissue constructs. 
 
(Received March 31, 2014; Accepted May 26, 2014) 
 
Keywords: Chitosan, Oxidized dextran; In situ gelable; Microgel; Microfluidic fabrication 
 
 
1. Introduction 
 
Well-suited combinations of hydrogels at themicrometer scaleare providing numerous 

exciting possibilities in biological applications and as a result,microgels are widely used in drug 
delivery and tissue engineering applications[1-9].Microgels can be produced by various fabrication 
methods such as spray drying, solvent evaporation, and single or double emulsion 
techniques[10].However, conventional methodsof microgel fabrication utilize non-specific 
mechanical agitationor a chemical process, which results in polydisperse particles. 

One of major fabrication methods used to generate microspheres is spray drying[11-
14].The fabrication process consists of the dissolution of polymers in organic solvents, atomization 
for generation of small drops, and solvent evaporation by vacuum drying for microsphere 
formation. Although the advantage of this process is the abilityto operate rapidly under aseptic 
conditions, the process cannotguaranteemicrospheres with acontrolledsize. In solvent evaporation, 
a core material for microencapsulation is dissolved in a coating polymer solution[15-24]. With 
simple mechanical agitation and a chemical process, the microencapsulation is formed and the 
solvent in the core material is evaporated. However, the agitation causes non-uniform microsphere 
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two capillaries at the center. All inlets were connected with two syringe pumps (Harvard Apparatus, 
MA, USA) via plastic tubing. Two 5 mL glass syringes filled with each pre-polymer solution were 
loaded into thesyringe pump. 

NIH-3T3 fibroblasts were cultured in Dulbecco’s Modified Eagle Medium (DMEM, high 
glucose, Invitrogen, NY, USA) supplemented by 10% fetal bovine serum (FBS, Invitrogen, NY, 
USA) and 1% penicillin-streptomycin (Invitrogen, NY, USA). The cells were incubated under5% 
CO2at37°Cand passaged every 4 days while the media was refreshed every 2 days. Live⁄dead® 
viability cytotoxicity kits(Invitrogen, NY, USA) wereused to evaluatethe encapsulated cell 
viability at day 1. The live/dead assay of 0.5 μL/mL calcein-AM (green) and 2 μL/mL ethidium 
homodimer-1 (red) was diluted in phosphate buffered saline (PBS). Cell encapsulated microgels in 
the assay were incubated at 37°C for 15 minutes and washed with PBS three times. The 
greenfluorescent live cells and redflorescent dead cells were imaged using an inverted 
fluorescence microscope. 

 
 
3. Results and discussion 
 
To confirm the hydrogel formation, the same amounts of CEC and Odex were mixed at 

various total concentrations and the mechanical properties of the resulting hydrogels were 
measured (Fig. 1). As expected, increasing the concentration of CEC and Odex resulted in an 
increased elastic modulus and decreased swelling ratio, which areindicative of the cross-linking 
reaction between CEC and Odex. We measuredthe Young’s moduliand swelling ratios of the 
CEC-Odex hydrogels with polymer concentrations of 1%, 2%, 3%, and 5% (Fig. 1BD). The 
Young’s modulus values of the 1%, 2%, 3%, and 5% CEC-Odex hydrogels were0.10±0.05, 
0.44±0.13 kPa, 1.34±0.21 kPa, and 4.84±0.25 kPa, respectively. Based on the results, the 1% 
CEC-Odex hydrogel was nearly at the limit of forming gels and 3% was suitable for encapsulating 
cells.  

We infused CEC and Odex pre-polymer solutions (3 wt%) through two inlets of the device 
to form a coaxial flow and mineral oil with 20 wt% Span®80 (Sigma-Aldrich, MO, USA) as a 
surfactantwas introduced through the inlet port at the center of the device. The two pre-polymer 
solutions were pumped into the device at a flow rate of 500 μL/hr. Mineral oil was perfused into 
the device at a flow rate of 1,500 μL/hr. LowviscosityOdex was located in the outer regionsof the 
droplets, and comparatively viscous CEC was located in the inner regions of the droplets (Fig. 2A). 
As shown in Fig. 3A, microdroplets with diameters of120 μm were continuously generated by 
focusing the coaxial flow. Reducing and increasing the flow rate of the coaxial flow ata fixed oil 
flow rate produced smaller and bigger droplets.  

 
Fig. 3.Microfluidic generation of CEC-Odex microgels. (A) A snapshot image of the 
microdroplet generation. (B, C, and D) A series ofimages of CEC and Odex forming a 
droplet  which  shows  that  two  different  hydrogels were cross-linked and became  
              homogeneous by diffusion. Scale bar: 50 μm. 
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