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Abstract: As a kind of encapsulation system, the capsule membrane has a unique internal cavity structure, which
can encapsulate and protect active substances and is widely used in the fields of substance encapsulation and
controlled release of drugs. Capsule membranes fabricated with calcium alginate (Ca—Alg) as shells process notable
advantages such as good biocompatibility and degradability. Compared with other fabrication methods, co—extrusion
minifluidic technique has the advantages of facile fabrication process and mild conditions for fabrication of Ca—Alg
capsule membranes with uniform size and regulated structures. This paper reviews recent progress in fabrication
and functionalization of Ca—Alg capsule membranes by co—extrusion minifluidic technique. Fabrication of Ca—Alg
capsule membranes with single and multi—-compartment, factors affecting mass transfer of Ca—Alg capsule
membranes, encapsulation of cells for producing multicellular spheroids and investigating the mechanics of tumor
progression in vitro with three—dimensional environments, and functionalization of Ca—Alg capsule membranes by
addition of functional materials with thermo and pH-responsive switching functions are highlighted. This review

provides guidance for the further design and fabrication of novel capsule membranes as well as their applications in
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enzyme catalytic reactions, immobilizations of cells and foods, and controlled release of chemicals.
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Fig.1 Schematic illustration of fabrication process of Ca—Alg

capsule membranes containing aqueous or oil core by co—

extrusion method™
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Fig.2 Schematic illustration of electro—coextrusion process (a) and microscopic image (b) of core — shell structure of the calcium—

2

alginate capsule fabricated by the process””; Diameter (c) and shell thickness (d) of three types of capsules under different applied

voltages™
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Fig.3 The coaxial oblique interface shearing (COIS) technique to generate the double emulsions and verification of thermal-

responsive spatial gradient drug release™: schematic of the COIS technique for generation of double emulsions and colleting by a

quartz pool with three rectangular grooves(a); schematic of the releasing process for microcapsules with a thermal-responsive hydrogel
shell and an oil core(scale bar: 500 pm) (b)
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Fig.4 Co—extrusion minifluidic devices for fabrication of
multi-compartmental Ca—Alg capsules'™:
schematic illustration of the co—extrusion minifluidic device for
fabricating W/W droplets(a); schematic illustration showing the
combination of two co—extrusion minifluidic devices for
fabricating the dual-compartmental Ca—Alg capsules(b); digital
photos showing the generation of two different W/W droplets at
the outlets of the devices with coalescence of the two W/W
droplets triggered by the stainless steel needle, and the
formation of dual-compartmental Ca—Alg capsules in the
Ca(NO,), solution(c); schematic illustration [(d), insert in (f)] and
digital photos showing dual-compartmental (e) and triple—
compartmental Ca—Alg capsules (f)[the scale bars in (c) and (f)

are respectively 2.5 mm and 5 mm]
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Fig.5 Physicochemical properties of aqueous core hydrogel capsules™: time sequence of a capsule under osmotic stress that swells

and whose deformation saturates(a); release kinetics of glucose ([J), dextran with M = 2x10*g-mol™ (O), and dextran with M = 2x

10°g+-mol™ (@) from a capsule made with an alginate concentration of 2%(mass)(b); evolution of the maximal strain &, of stable

capsules as a function of the initial poly(ethylene) oxide concentration C, (insert: elastic modulus E versus maximal strain showing a

strain softening behavior)(c)
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Fig.6  Schematic of the microfluidic platform used to fabricate

confluence

capsule membranes encapsulated with cell suspension(a);
confocal image of an alginate capsule stained with fluorescent
dextran (b); confocal live imaging of an encapsulated spheroid
grown from cells stably transfected with LifeAct-mCherry (c);

enlarged view of the surface of a fixed spheroid imaged by
confocal microscopy after staining with phalloidin-Alexa 488

(Hot LUT, cyan) (d) [scale bars: (b) 50 pm; (¢) 50 pm;
(d) 10 pm]™
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responsive protection and release of lactic acid bacteria (a)'"; the enzyme—immobilized capsule membrane made of a Ca—alginate/

protamine composite soft layer and the hard shell is silica surface rigid layer (b)'; Ca—alginate capsule membrane grafted with pH—

responsive brushes for controllable enzyme reaction (c)"!
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Fig.8 Schematic illustration of the Ca—alginate capsule with thermo—responsive membrane (a); comparison of thermo-responsive

gating characteristics of Ca—alginate capsule membranes for different solute molecules (b)"

»l schematic illustration showing the

synergistic release behaviors of the dual-compartmental Ca—Alg capsules with distinct cores and thermo-responsive nanogels

embedded in one—half of the Janus membrane (c); diffusional permeability coefficient (P) of the solute molecules across the Janus

membrane of the dual-compartmental capsules at different temperatures (d)
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Fig.9 Magnetic manipulation of dual-compartmental Ca—Alg

capsules with magnetic nanoparticles dispersed in one of

the compartments'®: digital photos showing the magnetic—

guided rotational motion of the capsules (a); digital photos
showing the magnetic—guided translational movement of the
capsules (b) [the scale bars in (a) and (b) are respectively 2.5

mm and 8 mm]
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