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Study on Preparation and in Vitro/in Vivo Characterization of Dissolvable Microneedles Containing
Inclusion Complex Loaded with Indomethacin

LIAO Langkun?, CHEN Zhiwei®, HU Qiaohong?, HAN Bin°, HU Xuguang®, QIU Yuqin*'(Guangdong
Pharmaceutical University, a.School of Pharmacy, b.School of Traditional Chinese Medicine, Guangzhou 510006, China)

ABSTRACT: OBJECTIVE To prepare dissolvable microneedles containing inclusion complex loaded with indomethacin, and
then investigate the transdermal properties as well as pharmacokinetic propertiecs. METHODS  The indomethacin/
hydroxypropyl-B-cyclodextrin inclusions was prepared by solution stirring and freeze drying. The preparation process was
optimized by orthogonal experiment. Then the inclusion complex was loaded into the tips of microneedle by a two-step method,
the piercing ability of microneedle was tested using Parafilm simulated skin, and the in vitro transdermal delivery experiment
was carried out with modified Franz diffusion cells. The drug concentration in plasma was detected by HPLC, and the
pharmacokinetic parameters in rats were evaluated. RESULTS The entrapment rate of the optimized prescription was 56.84%,
while the drug loading was 11.90%, and the penetration rate in the third layer of Parafilm was 92%. The initial permeation rate
and cumulative amount of IDM-HP-B-CD-microneedles group were higher than that of IDM-HP-B-CD solution and IDM
solution. Pharmacokinetic results showed that compared with the commercially available patch, microneedles could quickly
reach high drug concentration and reduce time delay. CONCLUSION The dissolvable microneedle containing inclusion
complex improve the drug solubility and drug loading, and significantly improve the bioavailability of the drug. The overall
results provide a potential method for the clinical application of indomethacin.

KEYWORDS: indomethacin; inclusion complex; dissolvable microneedles; transdermal drug delivery
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BT ERIESL R S Y R0, AR
SCXK(#)2016-0041 .,
2 FEEHR
2.1 AEWHIR
2.1.1 GEYEMERENNE IDM S TN,
M HP-B-CD AN, W EAGE L&Y mmsk R
M IDM. FRE—E SIS, AN,
BRATNE S5 o, Bao, W bz
N, ERE 3 W, mEHE TR THNE, AT
KRG, WlE— B g, A WLt
11 319 nm P FIKOEEE . 1153 IDM & & IF A 4
TRIFEASYAIR, AHER%)=X1/Xo X 100%;
R (%)=X1/X0 X 100%; 72 5(%)=X2/ X5 X 100%. H
1, X AW IDM i, Xo oA IDM 8ok,
Xo HEAYIRF R, X5 9 IDM Fl HP-B-CD kL,
2.1.2 BB T SRR R T
#1EPI 25 IDM-HP-B-CD 54 405l — &t
) PBS(pH 7.4)%f# 0.1 mmol IDM Al 0.1 mmol
HP-B-CD. #fff5Emits ™% HP-B-CD L2112
ZIF A S IDM R, 7EB0E IR B A5 0F T B
—EWE] . AT RR R EER, 0.45 um fFLUE
Bt g, BT, RIfS IDM-HP-B-CD & #.
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AR T2 IR NIREE (A, C). TiHkHE (B,
rmin~!) . RNEFEI(C, h)Fm, % EE A
A Y RS R E M e bR, A
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Tab.1 Orthogonal factor-lever table

K- IR A/°C HEBUE B/romin! RSES ] C/h
30 640 1
2 45 960 25
3 60 1 440 5

A HT 25 AT AL, 2250k B IR
Hil s T2 mEcR, 2 HZE F I Z B>C>A,
T 25 BT Rnl A, SR E YT EER,
Ui B S A & T2 0] i B AR, i L e
T.2A02 AsBsCs, BMEFHEREEN 60 C, MiFEHiss
1440 r-min~', #iE$ 5 ho MRS T2 EE T
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2% 3L 2.1 R ARl 56.84%,
W N 11.90%, P=% K 87.28%,

Fz2 ExXARE
Tab. 2 Results of orthogonal test

i A B C TR Y% AR Y% EATES
1 30 640 1 76.10 35.39 47.60
2 30 960 2.5 80.59 35.78 49.22
3 30 1 440 5 75.43 39.43 50.23
4 45 640 2.5 78.91 39.96 51.65
5 45 960 5 79.26 41.87 53.09
6 45 1440 1 76.10 48.01 56.44
7 60 640 5 83.09 48.28 58.72
8 60 960 1 80.59 40.28 52.37
9 60 1 440 2.5 81.51 40.66 52.92

K, 147.05 157.97 156.41

K 161.18  154.68 153.79
K3 164.01 159.59 162.04
R 16.96 4.91 8.25

®3I TEHMER

Tab.3 Results of variance analysis

FRFWE EETIA FIHEE J % F P
A 55.034 2 27517 2261  >0.05
B 4.173 2 2086 0.171  >0.05
C 11.847 2 5924 0487  >0.05
BRIz 24.335 2 12.168

2.1.3  ZLAbERAE 5K 2 1mg 1Y IDM
HP-p-CD. IDM 5 HP-p-CD HI¥FIR &9 LI K
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Fig. 1 IR spectroscopy of IDM, HP-B-CD, mixture of IDM
and HP-B-CD, and IDM-HP-B-CD
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Bro THIR B B 10°Cmin', Jin#478 Bl K
30~300 °C.,

HP-B-CD 7£ 100 °CREA — N 0 I #hud |
AIRE S HBUKS A 5¢; 1 IDM 7E 160 °CHHL A
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1REE/C
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Fig. 2 DSC thermograms for IDM, HP-B-CD, mixture of
IDM and HP-B-CD, and IDM-HP-B-CD
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223 EFSARERNE  W—FE oK S B

W, I —R HFARIT R /NGOG ER, Tok
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SR CREE, TR R YR, RS
WL 4, 4550 %W, IDM-HP-B-CD #4442
25 B S+ IDM R 2, S80I

&3 IDM-HP-B-CD #4439 # #.45 &
Fig. 3 Scanning electron microscopy images of IDM-HP-
B-CD-microneedle
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Tab. 4 Drug content in the microneedles and its tips

i /\\')“M kA/\/‘\é‘
ey POTEAR o0 FRTE o RsDY
/ /g
IDM 7t 73752 810 42830 5807  2.29

IDM-HP-B-CD 7%t  546.86 9.07  207.40 37.93 2.37

224 FHRZERAfERSN % “2.147 BF
T4, #H47 IDM, PVP. IDM 5 PVP 43
TR AW UL AR AT

IDM 7£ 160 “C x4 B 5 i 4 ml e 44 5 4
PRI A e AR AR B R B B BT IDM &
w0, FTLAEANEA & ST £T4R 1% DSC EIER PVP
1) JLF—H , IDM I 2% Ui ] IDM 5 PVP
TER T EAR A, 45 5R LA 4,

IDM+PVP

DM
[
N IDM 652
100 200 300

R/ C
4 IDM. PVP. IDM #1 PVP #7344 Ll % IDM #
4H4F L8 DSC e 4
Fig. 4 DSC thermograms for IDM, PVP, mixture of IDM
and PVP, and tips of IDM-microneedles
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WEF A e ZE 3 )2 PF, IDM-HP-B-CD #3411
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T PR B, 12 h BRS¢ 4 ; 1 IDM-HP-B-CD
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—E R RAEH
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Fig. 5 Punctured status and changes of puncture rate

A-the third layer IDM-microneedle punctured; B—the fourth layer
IDM-microneedle punctured; C—-the third layer IDM-HP-B-CD-
microneedle punctured; D—the fourth layer IDM-HP-B-CD-microneedle
punctured; E—change of puncture rate in the first four layers; F—trypan
blue staining after microneedle insertion.
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Fig. 6 Release profile of two kinds of microneedles(n=3)
243 ERTEREST RAW K Franz §HOE
TR T R S0 o AP R B 1A K pHL 7.4 PBS
P 3 YR, e HE LGAES B AR TRIRRURS A RIAS B — /)N
Pe, HUBAUSFTREM 7K o SdTH 4T )5 Kz £ ot
EHCE, FHEHE 1 min, FEREIEA TR
PR b, AR e A, R AR TR
e 2 5, Bt in A 20% 2 BE-pH 7.4 PBS 1E
RAEAE AN, BN 5 R R A S 4
FEMTA O . B AR A S A, R E R
BEN 37.0 °C, #5304 100 rmin ', ZMBI7E 2, 4, 8,
12, 21, 24 h BUBECH, RN AR R AR
Wk . #& “2.4.17 BUN GBS KL “2.4.27 bR
WM FRE L 50, ngrem ). LL 0 WAL
i, BFIE) () R At AL B i V35 KRBTt S DL BT 7 %
Mk i BT I, ErRbR R 259
MEABBEER Jugecm?-h), KL BBHSEIL
* 5, RN, 5 IDM MAIATR 2 B E
ZAH L, IDM-HP-B-CD ##(5.81 mg-mL )£ ¢
B EA VR, PIGEZIEBE, BiER
GG ] 1818 25K ; 117 IDM-HP-B-CD fdt T AH 2
TERI UG I 245 40 PRk 3 2ok e Jik ik AW, i EL7E
B S 1 A i BB 05 HUR AT L IDM-HP-B-CD %
WK o DT 25 25 e s ik A oo 2 O BELAS:, 2
HBE
=S5 HYMREFRNEEBEKSH(n=D)

Tab. 5 Transdermal release parameters of drugs and their
preparations(n=4)

Byl Jlpg-em 2-h! Olug-cm?
IDM 1 HIVA W 2.18 51.64+8.94
IDM-HP-B-CD ##4t 1.47 46.58+11.34
IDM-HP-B-CD ¥k 1.08 26.39+4.98
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Fig. 7 Transdermal release profile of drugs and their
preparations(n=4)
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2.5.1 Az 5l BUSD KR 15 H, BENL AL
34, BIBRERNE, SSEAREmsE 1 d, 758
YRt BREEG A Zs T “2.2.37 TR Hl AR
IDM-HP-B-CD 4t 1 A (547 pg, 1 em?) e &
IDM Wi (2 mg, 4 cm?), Hr, k4258 F48
& H 2 min 7 BIEH R A 2= A LR 2, T
B 2S5 kWG hehfa BRI SE
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4, 8,12, 24, 36, 48 h MARHEF:JK A HUIL 0.5 mL,
8 000 r'min~! B0 5 min ARNMYK, ¥ F-20 °Cik
b IR

2,52 IMZRAEAALIE AFEEICH 200 pL A0
A 20 uL 100 pg mL" (T4 LBRARAR, TN
A 1mL ZFRZHEE, #jiE 4 min, 5000 r-min ! 8.0
10min 5, WH EE®R 0.5mL, ZAWT, A
100 uL HPEEIRTE 1 min %5, KA HPLC W2 IDM
o=

253 %%} Diamonsil JZ[n] Cig 3%
(250 mmx4.6 mm, 5pum), FaIAHA 0.1 mol-L!
LRIK VAW -2 I (40 = 60), FilE K Jy 320 nm,
WHEHR 1 mL-min™', HR 0 ER, SRR 20 pl.
2.5.4 FRUEMIZE  KEFREC 10 mg IDM, FHEESS
T B BC . 400 pg-mL™" AR . FE P2 kS
FEILE 25, 50, 100, 200, 400, 800, 1600 uL
F 10 mL i, HEMRBES, 538 —R90K
JEPRMER W . 2 mL WO ol in A 180 pL
M, 20 uL FiRPRMERR, LI 20 pL RS
W, 19 2R e BE B bR e IR AE &, A B A5
3 o ARUEMLIEFESh S “2.5.27 TR HikAbBE,
K H HPLC ic 5% IDM K AR FL, DL IDM i
FEXXT IDM 5 NARg A Z b Yy ATtk e,
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SKAR A FTFE N Y=0.096 9X+0.099 3(r=0.999 6).
gERSEI, 3K IDM 7E 1~64 pg-mL ' fF7E R
IR

255 LREMEESE WMKM=HmE, H45
(A I 2% A SOMAR ER G R L3, #2 “2.5.27 TR
IrEA R, i 42537 TR SRMRIERE, 15 R
EIDLIE 8, IDM 5 PRI (A 150 7 85 R 47, I3
(4 N R B IDM RTN AR TG B B T4, 16
ZOTIER BT

t/min

8 BRRAEE A

A-ZFH MK B-%5 (MK +IDM+PIAR s C—RR S R+ AR 1-
M#R; 2-IDM.

Fig. 8 HPLC chromatograms

A-blank plasma; B-blank plasma+IDM+ internal standard;
C—sample plasma+internal standard; 1—internal standard; 2—IDM.
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5.60%F1 1.54%(n=5); HIAKEHE RSD 435N
12.26%, 6.48%7F 6.13%(n=15), HN. H ks
BI<15%, £56APRE e 2K
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WA, $ “2.5.27 TWUR rikabH, 4 ©2.5.37
TR Z5URaERE, oS mA, FHRVREER) IDM AR
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WAL “2.5.37 TR 460 RE, ORI, W
W T AR 2 LU RA R ER IR . S5 o, $REUER
RN 58.99%~63.95%, FFEHEYIREN I EER
257 ZiEitEd R SR DAS 2.0 MR 31%5
B, ARWER 6, IMZGHREE-BIRIETZ LA 9, M2
BELE AT, IDM-HP-B-CD W4t 51 IDM I
FIAAL, fmaxs Cmaxs AUC Y47 25 5 (P<0.01),
HH ot B 12h AT E 05h 5 Coax Hi
(1.9120.60)ug-mL " $2£/= 5(4.49£1.21)ugmL"; % &
#| IDM-HP-B-CD st 5 BRI 4 2550 A —
FE, i NGRS AR Fo

_ AUCWIH X DOSGWEH'

AUC)”\E)-T X Dose@mﬁﬁ

AEXHA A N 4.19, P68 IDM-HP-B-CD
T B E S T AEY R A . IDM-HP-B-CD T3t
M 25 FE IR B 5 2218 T B, HAE 12~36h 1Y
24 h WA ERAGR A, il IDM #a &
Ja i —EMERAER

% 6 IDM W /. IDM-HP-B-CD # 4t A R4 28 G 24 5h %
ZH B (n=5)

Tab. 6 Comparison of pharmacokinetic parameters in rats
after administration of IDM patch and IDM-HP-B-CD-
microneedles(n=5)

34 IDM-HP-B-CD 74t IDM Iifi
tmax/h 0.5 12
Crax/ug-mL™! 4.49+1.21 1.91+0.60
AUC/ug-mL""h 47.23+11.29 41.23+12.94

7_
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—eo—IDM mER
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t/h

9 IDM Jik /. IDM-HP-B-CD # 4t 25 Bt dh £ (n=5)
Fig. 9 Profiles of plasma concentration-time of IDM patch,
IDM-HP-B-CD-microneedles(n=5)
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