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In this communication we report a simple method of micro- in Figure 1A, the hydrogel precursor was molded with a hydrogel
molding rapidly gelling, chemically cross-linkable hydrogels that slab containing the gelling agent. 53
is based on controlled release of the gelling agent from the mold. The slab provides a physical barrier while simultaneously
Hydrogels are a promising class of biomaterials since they can beinducing the gelation of the hydrogel precursor, resulting in the
easily tailored to produce desirable mechanical and chemical formation of both membranes and microparticles of controlled
properties that resemble the native extracellular matrix and exhibit morphology. 57
high permeability to oxygen, nutrients, and other water-soluble  We demonstrate the flexibility of this approach by generating
metabolites:2 As such, hydrogels have been widely used in microstructures of calcium alginate as a model ionically cross-linkexd
biomedical applications such as tissue engineering and drughydrogel and of chitosan as a model pH-dependent hydrogel. Bath
delivery3# In particular, microscale hydrogels have been used for alginate and chitosan are biocompatible hydrogels commonly used
cell encapsulation, cell-based therapy, and bioprocess applicafions. in tissue engineering, drug delivery, and cell culture applicatiors
Microscale hydrogels can also be used to encapsulate and delivefsee Supporting Information). In our process, alginate was moldsd

drugs in a sustained manrfer. between a plasma-cleaned PDMS mold and a calcium-contairimg
The ability to control the shape of microparticles can be used to agarose slab and subsequently gelled by the controlled releass of
tailor drug-release kinetics for drug delivery applicatiéney calcium ions from the agarose. Similarly, chitosan hydroge
assemble microconstructs for tissue engineerthdhe most precursor (pHx 6) was gelled upon contact with high-pH agaross
commonly used methods of forming microgels are emulsificafion, (prepared by hydrating a dried agarose slab in a 5% w/v Na®@#
microfluidics}* and shear-induced droplet formati&nwhile the solution). 69

latter two methods overcome the problem of polydispersity in  Ag shown in Figure 1, both alginate (Figure 1B,C) and chitosam
particle size associated with emulsification, microfluidic generated (rigyre 1D,E) could be micromolded to generate patterned mem-
particles are limited to photocross-linkable materials, and shear- pranes and particles. Figure 1 shows the basic schematic of this
induced droplets are limited to spherical particles. Therefore, a process, as it is applied to the fabrication of patterned membrares
simple method for producir)g monodisperse hydrogel microparticles (Figure 1B,D) and microparticles (Figure 1C,E). Features with
of controlled shape and size would be advantageous. _ lateral dimensions between 5 and 2000 and vertical dimensions7s
To date, this has been accomplished either via photolithographic yetween 10 and 20@m could be obtained. While patterneds
technique$ or micromolding of photopolymerizable _and temper- L ombranes were produced using a replica molding process7by
ature-dependent hydrogefs:'® However, these techniques cannot  sanqwiching the hydrogel precursor between a flat substrate and
be applied to a wide variety of chemical or pH-dependent cross- 1o agarose mold, the production of microparticles requires
linking hydrogels such as alginate, chitosan, fibrinogen, and some microtransfer molding(TM). In this procedure, a thin layer ofso
self-assembling peptides. Previou¥glginate microfluidic devices hydrogel precursor was coated over the PDMS mold: after degassing
were fabricated by pouring the hydrogel precursor over a mold ;o acum chamber and scraping away excess material, we pressed
follc_)wed by the |mmerS|on_of the setup in a bath CO”V?"“'”Q the the agarose slab containing the gelling agent against the mold. Bhis
gelling agent. However, this procedure cannot be easily used to procedure was required to overcome the weak seal formed betwsaen

]E)rEQUcte t.hlglnjgmtl)rarjes of cfor;trolled height, nor can it be used to the PDMS mold and agarose, which otherwise led to the formatisn
abricate individual microparticles. of a continuous film. %6

A significant ch_alle_nge to micromolding of c_hemicgl or pl-_|- To demonstrate the applicability of this process to tissge
dependpnt crpss-lmklng hydrogel_s Is their _rapld gelling, Wh'.Ch engineering, cells were encapsulated in rectangular hexahedson
occurs immediately upon contact with the gelling agent. Controlling . ) . . - .

. . . . microparticles (Figure 2A) and in alginate micropatterned mesy

the shape and size of microparticles and microstructures made from . ) .
these hydrogels has not been possible with the use of previousl branes (Figure 2B). A wide range of cell densities was use# (1o
ydrog P P y108 cells/mL) to generate microstructures with high cell viability1

reported techniques. Here, we use controll_ed _rel_ea_se of the ge"mg(>80%). In addition, the mechanical properties of the micropat
agent from a hydrogel mold to overcome this limitation. As shown :
terned hydrogels could be altered by varying the precurser
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A m M Agarose cell—cell interactions in a 3D environment within natural hydrogeis2
m Coling agent can be used to mimic the native tissue complexity and architectue
Liquid precursor )
L M Fovs in culture. 104
7 Gelled material This approach was also used to produce multilayered hydrogsl
/ X} constructs by sequential molding of hydrogels (Figure 2C). In thiss

process alginate microgels containing FITC-BSA or rhodamine weoe
molded on each other by first fabricating a thin patterned layerio8
gel containing one of the dyes and subsequently filling the vaieh
regions with a gel containing the second dye. Such 3D construais
could be important for the study of cell behavior and migratiani
and for fabricating constructs with complex architectures for tissue
engineering. In addition, we demonstrate the use of this processito
synthesize microparticles for drug delivery by micromoldingi4
alginate or chitosan microgels containing a fluorescently labelad
model protein (FITC-BSA) (Figure 2D). The ability to engineeris
the size, shape, and network density of the hydrogel particles can
be used to control the release kinetics of the encapsulated molecuiss.
While in our work we focused on calcium alginate and chitosarg
the technique we present, based on replica moldingTM by 120
controlled release of the gelling agent, should be applicable to any
chemically cross-linkable and pH-dependent hydrogels. This soft
lithographic approach is easy to implement and can be used2o
fabricate microparticles and micropatterned membranes for a variegy
of applications, such as scalable cell culture systems, diagnostigs,
drug delivery, and tissue engineering. 126
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