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Microfluidic synthesis of shape-controlled polysaccharide hydrogel drug
microcarriers
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Hydrogel microparticles of natural polysaccharides, e.g., calcium-alginate
hydrogel, have numerous potential applications in food, cosmetics, agriculture, tissue engineering,
etc. In this study, we demonstrated microfluidic synthesis of spherical and nonspherical hydrogel
micropartiles having uniform sizes and shapes and carrying drugs. Water-in-oil droplets containing
sodium-alginate aqueous solution and drug particles were generated in a microfluidic channel and
were subsequently merged with a fine emulsion containing calcium ion to produce hydrogel particles
having uniform sizes and shapes. UV-Vis spectroscopy was employed to evaluate release kinetics of
the encapsulated drugs.



Q) Ca-alginate 1
Na-alginate ca*
Ca-alginate Na-alginate
CaCl,
Na-alginate CeCl
(2) Ca-alginate
T
CVv + 5%
Na-alginate CeCl
Na-alginate CaCl;
CaCOs
Na-aginate pH ca®*
ca?
pH
(©)
1)
(2) Ca-alginate
€ corn oil top view  CacCl, emulsion
£ L L3
4 () O E
(1) Na-alginate| N er
Na-al g| nate solution K| gelation
g corn oil CaCl, emulsion
€ cross-section
ca? g | .
1 @ O £
<
Ca-alginate o
1
1
100-200 um, 100-200 um
@® 100 um @200 pm
@ 1Imm
2
Na-alginate Janus Janus
ca?
Ca-alginate Na-aginate
PDMS

@)




100-200 um  Na-alginate
Janus
(3) UV-Vis
UV-Vis
6-10
4)
D
Na-aginate
ca*
Ca-aginate
100-400 pm,
50-400 pm
2
Janus
@)
Na-alginate
(2wt%
100-200 pm  Na-alginate
3
4
ca? W/O
163 pm,
CV  39% 0.96

Na-aginate 2wt%

CaCl, (5Wt%)

Na-aginate

1-2mL

100 pm

Oms

48 ms

84 ms

109 ms

119 ms

3 Naalginate




Na-aginate
cat* W/O
F63O4
F63O4
F63O4
Caz+
F6304
F6304
F6304
Janus
Na-alginate
2-3wt%
Janus
1
Janus
2
Janus
cat* W/O
(3) UV-Vis
UV-Vis
56
4)
W/O
100-1000
PDMS
cVv 15%
8 PDMS
CV 2% Na-alginate

e Fydrogelsin = 155
sl D=163um
CV=39%

()

Fraction
o

O L L AL
100 150 = 200 250
Diameter im]

Absorbance [-]

o
[\
T

o
o

o
~
T

pure water

200 250 300 350
Wavelength [nm]

Irgarol1071

—
QO
~

(2]
T

Concentration [mg/L]
[N ~

30 mins collection (0.1 g)
30 mins collection (0.05 g)
60 mins collection (0.1 g)
60 mins collection (0.05 g)




4
Yingzhe Liu, Naotomo Tottori, Takasi Nisisako, Microfluidic synthesis of highly spherical calcium
alginate hydrogels based on external geleation using an emulsion reactant, Sensors and Actuators
B: Chemical, Vol. 283, 2019, pp. 802-809, DOI: 10.1016/j.snb.2018.12.101
Naotomo Tottori, Takasi Nisisako, High-throughput production of satellite-free droplets through a
paralelized microfluidic deterministic lateral displacement device, Sensors and Actuators B:
Chemical, Vol. 260, 2018, pp. 918-926, DOI: 10.1016/j.snb.2018.01.112
Naotomo Tottori, Takeshi Hatsuzawa, Takasi Nisisako, Separation of main and satellite dropletsin
adeterministic lateral displacement microfluidic device, RSC Advances, Vol. 7, 2017, pp.
35516-35524, DOI: 10.1039/c7ra05852g

DLD

Vol.15, 2016, pp. 22-23

13
Takas Nisisako, Yingzhe Liu, Microfluidic synthesis of spherical calcium-alginate hydrogels for
antifouling herbicide application, EMN Hawaii Meeting 2019, Honolulu, Hawaii, USA, March
26-30, 2019
Yingzhe Liu, Takasi Nisisako, Microfluidic synthesis of highly spherical hydrogels for
encapsulation and sustained release of antifouling drug, 2019

Seungman Choi, Naotomo Tottori, Takasi Nisisako, Mechanically and directionally tunable soft
step emulsification, 22th International Conference on Miniaturized Systems for Chemistry and Life
Sciences (MicroTAS2018), pp. 216-217, Kaohsiung, Taiwan November 11-15, 2018.

Naotomo Tottori, Yingzhe Liu, Takasi Nisisako, Functional particles design using deterministic
lateral displacement, 22nd International Conference on Miniaturized Systems for Chemistry and
Life Sciences(MicroTAS2018), pp.2181-2182, Kaohsiung, Taiwan, November 11-15, 2018.
Yingzhe Liu, Naotomo Tottori, Takasi Nisisako, Microfluidic externa gelation of shape-controlled
calcium-alginate hydrogels for drug encapsulation and sustained release, 22nd International
Conference on Miniaturized Systems for Chemistry and Life Sciences(MicroTAS2018),
pp.2183-2184, Kaohsiung, Taiwan, November 11-15, 2018.

Yinzhe Liu, Naotomo Tottori, Takasi Nisisako, Spherical calcium aginate microgels synthesized

viain-situ emulsion-based external gelation, 37
Cheminas37th , p.58 2018 5 21
22

Spherical calcium alginate microgels synthesized using a
microfluidic chip, 2018 pp. 487-488, 2018 3 15 17

Takasi Nisisako, Naotomo Tottori, Microfluidic separation of main and satellite emulsion droplets
through micropillar arrays, EMN Orlando Meeting 2017, pp. 87-88, Orlando, FL, USA, December
4-8, 2017.
Seungman Choi, Naotomo Tottori, Rui Zhang, Takasi Nisisako, A soft and disposable
step-emulsification device for generating monodisperse emulsions and particles, The 7"
International Conference of Asian Society for Precision Engineering and Nanotechnology
(ASPEN2017), Seoul, KOREA, November 14-17, 2017.
Naotomo Tottori, Takasi Nisisako, Yasuko Yanagida, and Takeshi Hatsuzawa, In situ separation of
main and satellite droplets using a deterministic lateral displacement microfluidic device, The 20
International Conference on Miniaturized Systems for Chemistry and Life Science
(MicroTAS2016), pp. 140-141, Dublin, Ireland, October 9-13, 2016.
Naotomo Tottori, Takasi Nisisako, Yasuko Yanagida, and Takeshi Hatsuzawa, Microfluidic
generation of satellite-free droplets through deterministic lateral displacement array, 16
International Conference on Precision Engineering(ICPE2016), Hamamatsu, Japan, November
14-16, 2016.
DLD
33 2016 10 24 26

DLD
34 2016 9



http://www.nisfirst.iir.titech.ac.jp

@

@

2019 532



