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ARTICLE INFO ABSTRACT
Article history: In this study, we propose a device that uses the expansive force of a hydrogel
Received 05 April 2019 to inject a small amount of a drug over a long duration. The proposed
Revised 09 May 2019 microfluidic drug injection device has a hydrogel in the injection chamber. The
Accepted 28 May 2019 expansive force of the hydrogel provides the injection pressure to control the
drug injection period, time required for supplying water to the hydrogel, and
Keywor ds hydrogel expansion time. The use of a hydrogel is difficult due to its powdery
Drug. delivery dystem texture. Hence, the hydrogel was mixed with polydimethylsiloxane (PDMS) and
Infusion pump converted into hydrogel disks. A stop valve was also designed to generate flow
Hydrogel resistance in the microfluidic device, which supplies water to the hydrogel. The
Micro channel drug injection intermittently supplied the hydrogel’s expansive force along with
Time delayed micro shape the drug, with ~2.1 p€ of the drug being administered. Results demonstrate that
the hydrogel expansive force can be used to achieve intermittent drug supply.
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Hydrogel Disk
Drug
Reservoir

Time delay microchannel(Stop valve)

()

Fig. 1 Configuration of intermittent drug delivery device :
Overview; (b) Cross-sectional view
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(a) Standby

(d) Second chamber hydrgldk Xpan

dtp of water flow

(e) Second chamber hydr ogel disk full expan

dtp of water flow

(f) Third chamber : hydrogel disk expansion

Fig. 2 Working principle of intermittent drug delivery device
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Contact angle of liquid with Change curvature of filling
channel walls front at the restriction
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Fig. 3 Design of time-delayed component, stop-valve, : (a)
Theoretical model; (b) Rong-time stop-valve; (c) Short-time
stop-valve
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Upper device Middle device Lower device

o

(PR(AZ 4620) mold) (PR(SU-8) mold) (PR(SU-8) mold)
I
(13* PDMS casting) (PDMS casting) (PDMS casting)
Oo /| 0o oOood
(PDMS peeling and mold) (PDMS peeling) (PDMS peeling)
OO O@
= D T

(2% PDMS casting) (PDMS punching) (PDMS punching)

(2m PDMS peeling and mold)

(3 PDMS casting)

(31 PDMS peeling)

Upper device
I |

Middle device

Lower device

(PDMS device assembly)
Fig. 4 Fabrication process of time-delay PDMS device and

assembly
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Al
=

4.

sto|=27 Pt niAlRA Ad 7IH At sto] =270

Fig. 5 Photograph of components of intermittent drug delivery
device : (a) Hydrogel disk; (b)Assembly of intermittent
drug delivery device
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Fig. 6 Experimental result of hydrogel expansion: (a) Sequential
image of expansion of hydrogel disk; (b) Hydrogel disk
volume change with respect to time
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(

b)

Fig. 8 Experimental result of time-delayed microchannel :
Long time stop delay (delayed time = 60 =+ 2 sec); (b) Short
time stop delay (delayed time = 40 £ 2 sec)
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Fig. 9 Experimental result of drug infusion
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