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Development and application of non-invasive drug

delivery systems utilizing pulse power,
and its application to mouse models
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Abstract

Some drugs can offer far better medical effectiveness as it is injected through the intradermal layer of the skin, known
as a needle-free injection. However, conventional needle-free devices might deliver a relatively large amount of drug in a
just single spot of skin, splitting open the tissue layer structure, which might cause bruising and bleeding. By injecting the
small volume with a fast repetition rate in a large surface area of skin, the patient may get much fewer injuries and pain.
To achieve that specification, the driving force must be instantaneous and short-pulsed. Such a form of an injection device
has been developed but the efficacy of those devices has been rarely examined. Therefore, this study developed the
laser-induced microjet device that ejects microjet whose speed is ~310 m/s, during the 400~800 us of pulse time. The
device can eject ~1 uL of the drug at the rate at which each shot repeated 10 shots per second. Using this specification,
we evaluated the efficacy of drug injection onto mouse models. After injecting the insulin solution into the mouse model,
the blood insulin level is detected, resulting in 20 % of blood insulin level with the ordinary needle syringe injection method.
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Fig. 2. Changes in the bubble growth volume with respect
to the time. Black square indicates bubble growth
rate according to 40 s / 600 mJ beam. Red circle
indicates bubble growth rate according to 150 us /
600 mJ beam. Pupple triangle indicates bubble
growth rate according to 300 us / 600 mJ beam.
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Fig. 3. Sequential images of bubble growth with respect
to time. Each time interval between the frame was
142 us. (a) Bubble growth at 40 us of pulse duration
and 600 mJ of energy; (b) Bubble growth at 1500
us of pulse duration and 600 mJ of energy; (c)
Bubble growth at 300 us of pulse duration and
600 mJ of energy.

J8 3. AR ME HE RI] Hate| &Xt 0|0|X|. ZY 7t
Zh Azt 7H42 142 psOlTt. (a) BA X|& AlZH0] 40
us0| O4X|7H 600 mJ & Mol HE 20| Haf
(b) TA X|& A[ZHO] 1500 usO|X! OfL4X|7+ 600 mJ
Y Mo HE B W3k (c) A Xi& AJZH0] 300
usO|2? X7 600 mJ & O{9| HiE 3}

el 200 uLo) B WIS T AhfHow

A w92 5

40

©w
S
!

Volume [mm?]

—=— 40 ps/ 260 mJ
—o— 150 ps/ 975 mJ
| —A—200 s/ 1300mJ |

0 200 4(IJO 660 860
Time [ps]

Fig. 4. Changes in the bubble growth volume with respect
to the time. Black square indicates bubble growth
rate according to 40us / 260 mJ beam. Red circle
indicates bubble growth rate according to 150us /
975 mJ beam. Blue triangle indicates bubble growth
rate according to 200us / 1300 mJ beam.
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Fig. 5. Sequential images of microjet ejection according
to the laser energy of 1500 mJ, 2000 mJ, 2500
mJ and 3000 mJ. The pulse duration of all case
was 200 ps. The interval of each image frame
was 14.6 us.
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