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Microneedle technique in promoting transdermal delivery of arbutin
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[Abstract] Objective To study the promoting effects of microneedle arrays on transdermal delivery of arbutin by
comparing with the effect of chemical penetration enhancer azone. Methods The microneedles were fabricated with single-
crystal Si as starting material using a series of photolithography, thin-film deposition, and reactive ion etching techniques.
Franz-cells were used in the transdermal delivery experiment with human abdominal skin. The study was divided into the
following 3 groups: the microneedle group (arbutin hydrogel without penetration enhancer, and the skin was treated with
microneedle arrays) ; the control group (arbutin hydrogels containing 1%, 3%, and 5% azone (W/V), and the skin received no
microneedle treatment); and blank control group (arbutin hydrogel without azone, and the skin received no microneedle
treatment). Arbutin levels in the receptor solution, epidermis and dermis were determined by HPLC at 1, 3. 6., 12, 24, 36 and
48 h. The analyses were performed with a Cis column (250 mm X 4. 6 mm, 5 pm), at room temperature, mobile phase
methanol : 1 X 107* mol/ml HCI solution (V/V, 5 : 95), flow rate 1 ml/min, and detective wavelength 282 nm. The
accumulative penetration amount (Q,), steady-state flux(J,) and the accumulative deposition amount (Q,) were calculated.
Results The microneedles could pass the human skin. The standard curve was: C=0. 000 2A—0.182 9 (+=0. 999 9). 0. 4-50
pg/ml. The RSD values of intraday and interday precisions were 2. 4% and 2. 74% , respectively; and the recovery was higher
than 90%. The values of Q,, J,, and Q.in the microneedle group were significantly higher than those in the 5% azone group
(P<C0.01). Conclusion Microneedles can greatly promote the skin permeability and deposition of arbutin.
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Fig 1 Chromatograms of arbutin

A Arbutin; B: Blank skin; C: Arbutin in the skin; D: Arbutin in the receptor solution. 1: Arbutin
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Fig 2 Scanning electron microscope (SEM) images of star silicon microneedles and

microphotograghs of pieced human skin with microneedles

A,B: SEM images of star silicon microneedles. C: Microphotogragh of the epidermis separated from the pieced skin stained by methylene blue
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Tab 1 Permeation parameters of arbutin in different groups

(n=5, %)
., Js/Cpg + EQs/(ug
Group Qr/(pg =+ cm™?) em2eh 1) cm™?)

Microneedles 54, 31£5.08 *AA] 16+0.13* “AA 5 86+1,.35" *AA

1% azone 4,2141.06% 0.0940.02 1.08+0.71
3% azone  10,04741.28**  0.2240.03"*  1.3940.45" "
5% azone  11.3242.07**  0.2540.03"*  1.4340.32%*
Control 2.85+0.53 0.06+0.01 0.95+0.07

Qr: Accumulative penetration amount; Js: Steady-state flux;
EQs: Epidermal accumulative deposition amount. * P < 0. 05,

** P<<0. 01 ws control group; 44 P<0. 01 ws 5% azone group

20 @ Control-epidermis
18 & Control-dermis

O Microneedle-epidermis
16 m Microneedle-dermis
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Fig 3 Distribution of arbutin in the skin layers

n=>5, r*s

4 W it

-l

W2 K 25 25 1 T2 B R R AR TUR L A R e
e 5 R0 A 32 20 B A J2 A8 TR Ll o O A )=
MR F 2 AR e B2 B B . BB B R
I 5 B R R A B2 IR R B2 38 UROR LT, 5
fe i fb e 5 50 BB A EL L 25 %) 3 %) 25 35 ff T )2 ot

AT B AT 5 155 25 W) 1) 28 B 95 35 o 36 R 28 1 il
B[R] I B K A = R 2 W A B R R R
JE R TR R B AT AE L 25 1) BE N BE TR A WO i
A5 By Be A7 A5 I i R00 ol T RO S E A R
TEFR B2 JZ W& 1 AL, TN e 25 Wy m] DU 55 0id ff T
JBGHEARBIEMARZ ., BBRH 2B 4255 1
B JEk PA i B e 0 aT LA g A T T 3R R o R
A 25305 R I RE SR 22 B8 i it W R 0
TE i 25 5296 v RT LA Al 01 280 2 AT AR 3k A A
EEANISESEY/ R P Do N LR S A

[Z % x K]

[1] Sugimoto K, Nishimura T, Nomura K, Kuriki T. Inhibitory
effects of alpha-arbutin on melanin synthesis in cultured human
melanoma cells and a three-dimensional human skin model[ ] ].
Biol Pharm Bull,2004,27.510-514.

[2] Petit L,Pierard G E. Skin-lightening products revisited[ J]. Int
J Cosmet Sci,2003,25:169-181.

[3] Wen A H,Choi M K, Kim D D. Formulation of liposome for
topical delivery of arbutin[J]. Arch Pharm Res,2006,29:1187-
1192.

[4] Bal S M,Caussin J,Pavel S,Bouwstra J A. In vivo assessment
of safety of microneedle arrays in human skin[ J]. Eur J Pharm
Sci,2008,35:193-202.

[5] Chabri F,Bouris K,Jones T,Barrow D, Hann A, Allender C, et
al. Microfabricated silicon microneedles for nonviral cutaneous
gene delivery[ J]. Br J Dermatol,2004,150:869-877.

[6] Prausnitz M R. Microneedles for transdermal drug delivery[J].
Adv Drug Deliv Rev,2004,56:581-587.

[7] Xie Y,Xu B,Gao Y. Controlled transdermal delivery of model
drug compounds by MEMS microneedle array[ J]. Nanomedi-
cine,2005.,1:184-190.

[8] Alves M P,Scarrone A L,Santos M,Pohlmann A R,Guterres S S, Hu-
man skin penetration and distribution of nimesulide from hydrophilic
gels containing nanocarriers ] J. Int ] Pharm,2007,341:215-220.

[(Ax%HE] I XK



