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Abstract: As a new transdermal drug delivery technology, bubble microneedle could achieve painless
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and precise drug delivery, which has attracted great attention from researchers. In order to improve the
utilization rate of the drug carried by microneedle, we proposed a method for preparing a tip-loaded
bubble-soluble microneedle. During the molding process of the microneedle, air bubbles were formed in
the needle body, and the drug was concentrated on the needle tip. The preparation process of the bubble
microneedle was optimized. The effects of foaming agent concentration, drying temperature, and
solution viscosity on the forming of bubble microneedles were explored. Furthermore, the transdermal
effect of the product was analyzed. The experimental results showed that the bubble microneedle
forming process was stable, with the forming rate above 90% and the forming cycle shortened to about
4 h. The drug was mainly concentrated on the tip of the microneedle, with a length of 180 um, and the
length of the bubble was 250 um. Moreover, the microneedle array can create microchannels on the
mouse skin, and the needle bodies can be rapidly dissolved within 5 min. The bubble microneedle could
rapidly release about 48% of the drug within 1 min and about 91% of the drug within 5 min. The bubble
microstructure of the microneedle array hindered the diffusion of the drug to the substrate, which
improves the utilization rate of the drug. This study provides a technical basis for the practical

application of microneedle for transdermal drug delivery.

Keywords: bubble microneedle; cutting-edge drug loading; two-step pouring method; process optimization;
transdermal effect
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Figure 2 Bubble-soluble microneedle array. (A) Micrograph of the bubble microneedle. (B) Scanning

electron micrograph of the bubble microneedle.
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HA concentration PVA Heating

(%) concentration (%) temperature (C)
1 10 80

3 10 80

5 10 80
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Figure 6 The characterization of skin penetration and dissolution of microneedles. (A) A partial enlarged
view of the bubble microneedle piercing the skin. (B) The microneedle patch dissolved after penetrating the
skin (0 min, 2 min, 5 min).
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Figure 7 Tissue section characterizing the mechanical properties of the bubble microneedle. (A) The
relationship between applying different forces to the penetration depth of the bubble microneedle: i, ii, iii and
iv are respectively the stained sections of the skin after the microneedle is pierced into the skin when the
microneedle is subjected to an axial load of 10 mN/needle, 20 mN/needle, 30 mN/needle, and 40 mN/needle.
(B) The relationship curve between the axial load of the bubble microneedle and the penetration depth of the

skin.
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Figure 9 Re-healing of the mouse skin pierced by the microneedle.

: 010-64807509

X: cjb@im.ac.cn



2290 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

3 4k

A SR WAL B vA & T AR Er, I
ARG T I B SCR 2 R &R . o
Hb, XA P SR EA T TR R 2R R S5
R RETEAN LA S & Ak S5, HARZS IR AT .

1) $EH TR T2 BRI B L il a5 A A g
PR 2L Be i VA il A SO, B — 20 A <
T R o SRR A R RTE 90% L) |, 2
P B AE MN B9 %, [R] B G 0 A 4 B
RIS IR 2 4 h /24

2) &l 7R AR BB A T2,
ARG T B R R i s i R 25
SR A ) A Ao R R R Y v B AR T
10% , #E B HL 3R 107 oF 47 Be 1 B %5 T2 5 B A
8-15 mm ZIEECNIEE, THEER X EE
55-68 CIELHN, HA W AIHETRETE 3%
1/

3) M T M EARR I F R SR
PERE A T B 5 . AN 30 mN/EH 9 )
SE BB ZE 2 IRFT i i, HACH T 1A
REAZTE 5 min PIRVHUA MR, (RSP 9 e
GRFRW, SEE RS AE 1 min PR BETL
2y 48%M 259, 5 min PR IEREZ 91%H 254,
SEAR SRR T 2 ik 5 10 A5 LA b [RIE,
TN BREE I A5 SR, i SRR A R
Gk, X RAS 7 A AR A RS

FRATHE T MR i B AR ST
FERED AT AR R R 3R SR 2 W) 05 B i ik
M) —DHTIERE, M K 45 24 1 S PR g H 42
HE—E IR AR

REFERENCES

[1] Khandan O, Kahook MY, Rao MP. Fenestrated
microneedles for ocular drug delivery. Sens Actuat B
Chem, 2016, 223: 15-23.

http://journals.im.ac.cn/cjben

[12]

[14]

Kim HK, Lee SH, Lee BY, et al. A comparative study
of dissolving hyaluronic acid microneedles with
trehalose and poly(vinyl pyrrolidone) for efficient
peptide drug delivery. Biomater Sci, 2018, 6(10):
2566-2570.

Kim YC, Park JH, Prausnitz MR. Microneedles for
drug and vaccine delivery. Adv Drug Deliv Rev, 2012,
64(14): 1547-1568.

Nayak A, Babla H, Han T, et al
carboxymethylcellulose

Lidocaine
with gelatine co-polymer
hydrogel delivery by combined microneedle and
ultrasound. Drug Deliv, 2016, 23(2): 658-669.

Zhuang J, Wu DM, Xu H, et al. Edge effect in hot
embossing and its influence on global pattern
replication of polymer-based microneedles. Int Polym
Process, 2019, 34(2): 231-238.

Bachy V, Hervouet C, Becker PD, et al. Langerin
negative dendritic cells promote potent CD8+ T-cell
priming by skin delivery of live adenovirus vaccine
microneedle arrays. PNAS, 2013, 110(8): 3041-3046.
Davidson A, Al-Qallaf B, Das DB. Transdermal drug
delivery by coated microneedles: geometry effects on
effective skin thickness and drug permeability. Chem
Eng Res Des, 2008, 86(11): 1196-1206.

Donnelly RF, Morrow DIJ, McCarron PA, et al.
Microneedle-mediated  intradermal  delivery  of
S-aminolevulinic acid: potential for enhanced topical
photodynamic therapy. J Control Release, 2008, 129(3):
154-162.

Hoang MT, Ita KB, Bair DA. Solid microneedles for
transdermal delivery of amantadine hydrochloride and
pramipexole dihydrochloride. Pharmaceutics, 2015,
7(4): 379-396.

Iliescu FS, Teo JCM, Vrtacnik D, et al. Cell therapy
using an array of ultrathin hollow microneedles.
Microsyst Technol, 2018, 24(7): 2905-2912.

Strambini LM, Longo A, Diligenti A, et al. A
microchip for transdermal

Lab Chip, 2012,

minimally invasive
injection/sampling applications.
12(18): 3370-3379.

Boks MA, Unger WWIJ, Engels S, et al. Controlled
release of a model vaccine by nanoporous ceramic
microneedle arrays. Int J Pharm, 2015, 491(1/2):
375-383.

Donnelly RF, Raj

Microneedle-based

Singh TR, Woolfson
drug

AD.
delivery systems:
microfabrication, drug delivery, and safety. Drug Deliv,
2010, 17(4): 187-207.

Lee JW, Park JH, Prausnitz MR. Dissolving



Kl F/RFHGSIETAEMIRFEESERIRI T 2291

[16]

[17]

[18]

(23]

microneedles  for  transdermal drug
Biomaterials, 2008, 29(13): 2113-2124.
Lee K, Lee CY, Jung H. Dissolving microneedles for

delivery.

transdermal drug administration prepared by stepwise
controlled drawing of maltose. Biomaterials, 2011,
32(11): 3134-3140.

Sullivan SP, Koutsonanos DG, del Pilar Martin M, et al.

Dissolving polymer microneedle patches for influenza
vaccination. Nat Med, 2010, 16(8): 915-920.

Wermeling DP, Banks SL, Hudson DA,
Microneedles transdermal

et al.
permit delivery of a
skin-impermeant medication to humans. PNAS, 2008,
105(6): 2058-2063.

SP, Murthy N, Prausnitz MR. Minimally
protein delivery with rapidly dissolving

Adv Mater, 2008, 20(5):

Sullivan
invasive
polymer microneedles.
933-938.

Tsioris K, Raja WK, Pritchard EM, et al. Fabrication of
silk microneedles for controlled-release drug delivery.
Adv Funct Mater, 2012, 22(2): 330-335.

Zhu ZZ, Luo HF, Lu WD, et al. Rapidly dissolvable
microneedle patches for transdermal delivery of
exenatide. Pharm Res, 2014, 31(12): 3348-3360.

Yu KY, Yu XM, Cao SS, et al. Layered dissolving
microneedles as a need-based delivery system to
simultaneously alleviate skin and joint lesions in
psoriatic arthritis. Acta Pharm Sin B, 2021, 11(2):
505-519.

Chen MC, Huang SF, Lai KY, et al. Fully embeddable
chitosan microneedles as a sustained release depot for
intradermal vaccination. Biomaterials, 2013, 34(12):
3077-3086.

Wang QL, Zhu DD, Liu XB, et al. Microneedles with

: 010-64807509

[24]

(27]

[30]

controlled bubble sizes and drug distributions for
efficient transdermal drug delivery. Sci Rep, 2016, 6:
38755.

Zhang LQ, Zhang XP, Hao YY, et al. Codelivery of
hydrophilic and hydrophobic drugs in a microneedle
patch for the treatment of skin pigmentation. J Ind Eng
Chem, 2020, 88: 241-250.

Li W, Terry RN, Tang J, et al. Rapidly separable
microneedle patch for the sustained release of a
contraceptive. Nat Biomed Eng, 2019, 3(3): 220-229.
SR R TR 24 W) 04 3R 5 W RTVE E OR R A
TR RIABUIEBESE[D]. dbat: JEaifb TR, 2020.
Zhang JR. Study on the formation and penetration
mechanism of polymer soluble microneedle array
[D].
University of Chemical Technology, 2020 (in Chinese).
Chu LY, Choi SO, Prausnitz MR. Fabrication of
dissolving polymer microneedles for controlled drug

based on narcotic drugs Beijing: Beijing

encapsulation and delivery: bubble and pedestal
microneedle designs. J Pharm Sci, 2010, 99(10):
4228-4238.

Cole G, McCaffrey J, Ali AA, et al. Dissolving
microneedles for DNA vaccination: improving
functionality via polymer characterization and RALA
complexation. Hum Vaccin Immunother, 2017, 13(1):
50-62.

Sun JY, Wu DM, Liu Y, et al. Numerical simulation
and experimental study of filling process of micro
prism by isothermal hot embossing in solid-like state.
Adv Polym Technol, 2018, 37(6): 1581-1591.

Li Y, Zhang PY. Study on mechanical properties for
modeling and simulation of microneedles for medical

applications. Appl Mech Mater, 2013, 454: 86-89.

(ARXLTT9 BRET)

X: cjb@im.ac.cn



