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ARTICLE INFO ABSTRACT
Article history: A microjet with a velocity of approximately 140 m/s and 150 um diameter is
Received 16 October 2019 injected into a narrow nozzle by a pressure wave delivered by laser-induced
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bubble expansion. The driving force of such an injector is a discontinuous pulse
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of a 10 Hz period. Every time a pulse ends, unnecessary air bubbles are
introduced into the injector due to the decrease in its internal pressure. Such air
bubbles interfere with the flow inside the injector, deteriorating its performance.
Therefore, we developed a nozzle closure that reacts automatically to the driving
force with a pulse shape. When the flow occurs, the nozzle is opened; when it
does not, the nozzle is closed to prevent unnecessary air inflow. In this study, a
microjet injector was applied to needle-free drug injection. We compared and
Drug-delivery analyzed the drug penetration performance of the injector with and without the
nozzle closure attached to the injector.
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Fig. 1 Schematic of a chamber containg the driving liquid, the
drug chamber and Er:YAG laser focusing unit
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Drug chamber
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Fig. 2 Schematics of sequence of drug ejection process. (a) the
laser initiation; (b) bubble vaporizes and expands; (c)
Nozzle open its passage; (d) nozzle closes its passage
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Membrane deflectien

Membrane deflectien

Fig. 3 Sequential images of air pocket in the nozzle. These
images were captured at 60 shots injection interval: (a)
original nozzle without any valve system (b) Nozzle with
a check valve (laser fluence of 530 MW/mm’).
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Fig. 4 y axis: jet speed, x axis: number of shots. Jet speed
measurement value was average of 10 jet speed of each
cases and error bars indicate standard deviation.
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Fig. 5 The sequential images of microjet ejection process. The
time interval of each image was 20.4 ps (a) nozzle with
a valve and (b) nozzle without a valve (laser fluence of
530 MW/mm>).
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Fig. 6 Schematic of an spring inside the nozzle passage when
the passage was sealed and opened
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Fig. 7 y axis: calculated spring displacement x, x axis: time using
4 different k. / = 5 mm. The experiment value for k
=12.68 N/m, k;=23.49 N/m, of k;=40.07 N/m, k=
64.18 N/m are shown. The measurement value was
average of 10 jet speed of each cases and error bars
indicate standard deviation.
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Fig. 8 y axis: Ax and y axis: Ejgis with respect to k when
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Fig. 9 y axis: calculated 7,4, X axis: time using 4 different
ks. I =5 mm. The experiment value for A = 12.68 N/m,
ks=23.49 N/m, of k=40.07 N/m, k;=64.18 N/m are
shown. The measurement value was average of 10 jet
speed of each cases and error bars indicate standard
deviation
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Fig. 10 y axis: microjet speed, x axis: k&, when / = 5 mm. The

measurement value was average of 10 jet speed of each
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Fig. 11 y axis: the spring displacement, x, x axis: time using
4 different Al. when k = 12.68 N/m. Each case of
experiment was performed 10 times and the range of
the experiment value is indicated through the error bars
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Fig. 12 y axis: calculated fopeq, X axis: Al. when k, = 12.68
N/m. Each case of experiment was performed 10 times
and the range of the experiment value is indicated
through the error bars
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Table 1 cross-sectional view of porcin skin when the tatoo ink
was injected by valve nozzle and original nozzle.
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Fig. 15 y axis: drug penetration depth, x axis: number of shots
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120 160

FE2 A2 Folol et o

e R ECRRE]
ste) %ol B
o= 27} 5

off ofsf =]

Zlolt}. ulo]
ARSHA FAI=
Fig. 160l ZA|

\=|
T

Hu

Fig. 15& Table 19] 3
22 AE 4EL oy
i, HH =20
o vpet
b pdgeig

[
=t

glo]
At
510

[¢]

1o,
oo, 2L
L)
AN Hmore

jinsd

o|mAE

—-

")‘ m>l_‘
i)

M
23

3
&

(})J\

t

re
-
2
>
rr
T
ol
2
>
X
ge
o,
el
i)
rk
=
K
i
|mt
b
1

$ '
B}
ol
—

ol

S o o NE U
o
e
. o
o ®
fru

=]
-
2

N

1pr
ox.
i
J
X,
[o

N
N
)
-
12
o T 1o o

—
>
0 o

off Y
Jo

N

o mf

,_‘
=~
S
o*é
1o

%0,
rr
olr
o

o] ¥E

AT,

20199% FSA2F)S AS A1) Mol S

References

[1] Claude, A. T., Martin, R. L., Jacques, G. B., Pierre, H. D.,
1990, Risk of Cross-Infection Related to the Multiple Use
of Disposable Syringes, Can. J. Anaesth, 37:2 156-165,

439

https://doi.org/10.1007/BF03005462.

[2] Jeanne, C. S., Marcio, G. M., Thomas, H. L., Laleh, J., Sapun,
H. P., Daniel, A. F., 2007, Piezoelectric Control of Needle-free
Transdermal Drug Delivery, J. Control Release, 124 :1 88-97,
https://doi.org/10.1016/j.jconrel.2007.08.017.

[3] Anubhav, A., Mark, R. P., Samir, M., 2008, Micro-Scale
Devices for Transdermal Drug Delivery, Int. J. Pharm. 364:2
227-263, https://doi.org/10.1016/j.ijpharm.2008.08.032.

[4] Han, T., Yoh, J. J., 2010. A Laser Based Reusable Microjet
Injector for Transdermal Drug Delivery, J. Appl. Phys. 107:10
103110, https://doi.org/10.1063/1.3430989.

[5] Yoh, J. J., Jang, H., Park, M., Han, T., Hah, J., 2016, A
Bio-ballistic Micro-jet for Drug Injection into Animal Skin
Using a Nd: YAG laser, Shock Waves 26:1 39-43,
https://doi.org/10.1007/s00193-015-0565-4.

[6] Park, M., Jang, H., Sirotkin, F. V., Yoh, J. J., 2012, Er: YAG
Laser Pulse for Small-dose Splashback-free Microjet
Transdermal Drug Delivery, Opt. Lett. 37:18 3894-3900,
https://doi.org/10.1364/0L.37.003894.

[7] Jang, H., Hur E., Kim, Y., Lee, S., Kang, N., Yoh, J. J., 2014,
Laser-induced Microjet Injection into Preablated Skin for
More Effective Transdermal Drug Delivery, J. Biomed. Opt.
19:11 118002, https://doi.org/10.1117/1.JBO.19.11.118002.

[8] Jang, H., Yu, H., Lee, S., Hur, E., Kim, Y, Lee, S., Kang, N.,
Yoh, J. J., 2014, Towards Clinical Use of a Laser-induced
Microjet System Aimed at Reliable and Safe Drug Delivery,
J. Biomed. Opt. 19:5 058001, https://doi.org/10.1117/1.JBO.
19.5.058001.

[9] George, M. H., Marvin, R. Q., 1973, Optical Constants of
Water in the 200-nm to 200-um Wavelength Region, Appl.
Opt. 12:3 555-63, https://doi.org/10.1364/A0.12.000555.

[10] Hamed, K., Chang, L., Ravi-Chandar, K., 2014, Dynamic
Tensile Characterization of Pig Skin, Acta Mech. Sinica 30:2
125-32, https://doi.org/10.1007/s10409-014-0042-9.

[11] Gallagher, A. J., Annaidh, N. A., Bruyére, K., 2012, Dynamic
Tensile Properties of Human Skin, Paper Presented at IRCOBI
Conference 2012, 12-14 September 2012, Dublin Ireland.

[12] Timmerman, P., Jacobus, P. W., 1999, On the Rise and Fall of
a Ball With Linear or Quadratic Drag, Am. J. Phys,67:6
538-546, https://doi.org/10.1119/1.19320.



