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AC magnetic field-induced
magnetic nanoparticles hyperthermia and release
drug The magnetic thermosensitive liposomes can be targeted to the
temperature-sensitive bilayer tumor site under the magnetic force generated by the horseshoe
magnet, and then drug release will be triggered by hyperthermia
upon local application of an AC magnetic field on the tumor tissue.
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It is the first time to report the preparation process of diterpenoid fraction from fruits of Rhododendron
molle G. Don which takes rhodojaponin III & IV as the indexes with purity no less than 50%.
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A new HPLC method was established for simultaneous determination of amoxicillin and its 14 related substances.
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Phase-transition Microneedle Patches Loaded with Protein Drugs via Impregnation

DONG Xiaotao, WU Fei, YIN Qin, JIN Tuo*
(School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240)

ABSTRACT: Microneedle patches have proven to be the most developed agents for non-injectable delivery system
in recent years. Currently, most drugs are suspended in polymer solution during microneedle preparation, while some
drugs are kept in the root and the central part of the microneedles, whose diffusion distances are farther than those at the
tip and surface, leading to the delay in release. And proteins with high molecular weight are difficult to pass the hydrogel
network. Therefore, this study aimed to utilize impregnation method for drug loading. In formulation design, since both
the mechanical straight and swelling ratio should be taken into account, we decided to use polyvinyl alcohol (PVA) to
form the matrix, with sodium carboxymethylcellulose (CMC-Na) and dextran being added. The microneedle patches
were then wrapped with Parafilm and aluminum foil, and each microneedle tip was exposed. For test, we chose porcine
insulin and bovine serum albumin fluorescein (BSA-FITC) as model drugs. The wrapped microneedle patches were then
immersed in drug solution, followed by drying method. After analyzing the loading amount and the in vitro release curves
of porcine insulin, the feasibility of impregnation was proved. The results also showed that most of the loaded porcine
insulin (70% - 90%) could be released quickly in the early stage (0 - 2 h) of release, and 90% - 95% of the drug can be
released finally. By observing the images obtained by confocal microscope, we could get the conclusion that drug loaded
by impregnation method could fully enter the microneedle tip. While the diameter of the needle close to the backing layer
was thickened, most drugs were distributed at the surface.

Key Words: phase-transition microneedle; patch; impregnation; porcine insulin; protein drug
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WHIEMMRALERRRL, &N
A=17.364c-55.125, R?=0.999 7.

2.5 BEHE A 1 AR E

F TS5 B4 ERI R PR 4615 B B 4 1 7
B RBCT, PRBRE RS DA, S R
7 50 ml BLOE T, N pH 2 #1210 ml, A
THEYRG R 74, T 37 °C. 100 r/min #&% 3 h. 58
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YEEEURE, MR “2.47 TR ENE 158,
2.6 ARIZGBIRE S ZAMBARER RN FE

¥ 4b 7 F1 ~ F3 [T s A 4 3i2 1 80 Al
130 mg/ml [¥) 1 EREQVE VR, BR “2.37 TR ik
WE AW, HIR “257 TR HENE 1 RN E.
BRI B B AN IR e, A
[ =eha = K G ) Sl L N = B G B G
Wik, THEARREARECH A 99+3.91 (n=40) . #Eik
THRREMA LT, SR 2.

R 2 FELFHMEM A EBRFANBRAZENE
R Iug (xts, n=3)
Tab.2 Results of Drug Loading of Each Needle of
Patches Prepared by Different Formulations /ug

(x#s, n=3)
R R
80 mg/ml 130 mg/ml
F1 12.1+1.1 2.4+0.9
F2 13.2+1.2 2.6+0.4
F3 14.1+£1.8 0.8+0.3

S3MTULE 3 A AT N - R VTR A e
i 2 TR X2 HT PVA LI bR s,
KT LGP BOEAE . 2 1IRER R,
BT 1 ARSREKE, BRRELTHERRES, HK
FERE R 14> F 2 (B i B K AF F s i, (45 1
FEI0HE DAY B NBRER, B E RIS K. 1X—
DLRAE Rk % PVA b4 (F3) RILFE N, X
2 RN AL 25 75 B 0T s BRI, 1 3 Bk
NI A, PRI 24 B 22 A B R . T 1k
FERARRS, 1 2 [ By s KA iR 55, 5 midy
BUE I BE N BT IR AL, IRIIE 3k 25 B
2.7 ARNRIEET )RR RN HE L

HEEL F2 G, 3R2VF 80 mg/ml ) 1 h1R
W, 28T 10, 15, 20, 25 min B S IG Hr
TG AT R ENE .. 45 RERME L 1 K%
2y 58 (10.9£0.5) . (11.8+0.6) . (10.3+1.5) FlI
(9.4£0.2) g (n=3) .

SyHTCA R T - IR (] 75 10 ~ 15 min
i, s S BT, BEE IR P
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Wn, WARFEAEREG, RIS TR,
X2 TR R — A ST Bud R, ks
B (AR R AR B AR 4k . 76 15 min P, 1476k
HENEHMARE, T8 A IA BI0RI T 2 2 30015 7 38
[Pk, TGk KIRVER E], O HUE AR E
(1) 1 FK T Z BAFAE ST e S EIEREM
ST S ST s S N TR = 2 = Tl N
I H U5 HOE N2 AR AR A R R T, 153
HIFIDL G 2 AR 0 LA TCVEEN, B E A &gk
g,

2.8 RAMREGA L

IR AR TT F1 ~ F3 il & M A, R 3
AR AR ZE, fErdei . 43 0lig T 80
130 mg/ml 1) 1 B RV, 2232 IR 2 AH 3259,
VT W AR I8 S5 AT AR AR i o HL Ak
VERER IR .

1t 24 FLIR BIEEAFLA I PBS (pH 7.4) 2 ml,
¥ O IE N BT AL, A ER SRR
TR . BRI FLIR R T, O E IR IR 55 77 56
P, 37 *C. 100 r/min 24 Fik%:. 23T 0.5,
1. 2. 4. 6. 8 h HUFE. MKHUFEIS, ¥ 24 fLAR
(R AR A3 S 4 T 1 PBS 2 ml, BRiliie “2.4”
TRk e 1 E &, RS TR A 7 ikt
T Fr AR ANRE T 2R . 45 R LI 2.

i BRI T SRR AE O ~ 2h I,
FHMBNE 2R LT, 2 h i’ BB
AL 70%~ 90% ; 2 ~ 8 h BElUH E LR,
90% ~ 95% 25 B H

i IR R B R 1ok 2 E B E A 4
A TAHR R SR AL, R R I o
B AR R A PO R . 2 JE . A TR
(1) 1 R B oK

Xof bbb 2R w0 s 2 PVA IR — s i (RP
[ —hb 72 ), w1 HRBCEAE 05 h & T
IR 1. X2 W T iR m 1By #O N
Bl AT 23 AR CEET ARV R AL, ot v DLBE PRBE HE .
MIEZ G 2 ~8 h N, A fEEH R 1 4R
W, BTRIREE LA ZYE 2P B N Ak
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100 F1 100 F2 o 100 B0 .
3 L] : ' ’ ’ v v
£ 80 s 3 3 80 v <80
% 5 60 e
% 60 3 ° 3
B = v iy v
¥4 ° ¥ 40 ¥ 40
K = =
By on e on ¥
B 20 o B520 Bk 20
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
th th th

©-80 mg/ml; v-130 mg/ml

2 A% F1~ F3 st R ETRIKE R 2R IR RINERENZ (n=3)
Fig.2 Invitro Release Curves of Formulations F1 - F3 Immersed in Different Concentrations of
1 Solution for Drug Loading (n=3)

B, R R mRE LA, X —IHRES
WS PVA /540 (B F2. F3) BUNE . KR
FE PVA &b 7520 (BPFL) BTt 44 10 P9 38 LT
JURTRSECR, ST 198N, RUkZ2259ikE
SN, 2 LIREESE N, 7 BOE N R FRE 1
iR, MUK 1 AR S TRk
1A,

2.9 RV FHEEE BSA-FITC

WEHLAL 7 F2 i) £ 15 B e WG, d% “2.37
TR J7 i R A 259 BSA-FITC. ks A H
B O AR S SR T BSA-FITC #3100 pl
H1 10 min, & HATEEIRRE DEMETE, B
HRERME TS, Bt —PRiIEE
FH IR VIR B2 O3 N (0 B 1 2 0 70 e AR N 1
3. SR ILE 3,

Kl 3 RAEMOLILRERME T, il U ifE
REE, HHEFRI T SR E T B 1 4 = 1R
PG . B 3 H R —HE RE A WAk () SE0 [
W, f HERIEE = HERORB W AR, 2R

X 45 FER U BSA R4 HHIZ I B VA Bt
NBEE, R mER S, W ERE. bEE
BETEEIL A E, FHAREETIE, 23R T
PHOENER, REE MERE, SEWMEE 5.

Bl 42K 3mBmE&RyrgEzEEsinEss
(1) 3D SEAREUE, Ffa i ORI A R, DA R
LR SOCAE M E EHAR N I 70 A . B 4A AT HHAEET
IRMb, RAESLAA, RPT HEEA R E A

S HEM A B 4 o 2.2, 11.8, 26.2 F135.9 um ;
S N E B4 #E Sy N 50.3, 52.8. 55.2 F167.2 um ;
5 = HEZE B #REE 4> 708 70.0. 86.5. 96.1 Al 100.9 um

3 SHARATRIEFE /%
Fig.3 Images of the Microneedle in Different Heights

8%, F 4B, BEEFEILERE, RGBS,
KEDAIEME IR E . B 4ACH, AR
TERAME, 2250K, WEAAYHERLENE
Ab, FERTEAY BOENEHR A
3 it

AR T TR B R MR PVA, JEIRIM T
CMC-Na FI R HIX 2 T O 24 F 4Rk 46 1 3 Fh
b5 AR A KB St . 22 J PR B 1 A AR S 3k
ITRLFEFEEIRER ., H AR IR SN2
PO NS A 0 R 2R
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A B c
A, B. CRIRAFIIMI A FE

Bl 4 SHAR =4ESI R E
Fig.4 3D Structure Images of the Microneedle

ZJEUL 1 F1 BSA-FITC AIERIZ W), HtsE)
AT IV RN, e BRI B A 15 251
PRGN A KB et B0 A L B &
ARG RETRCIE DL,  BLAGE I W 5 3R AR B e 45 21
G, AR VI — D5 T I R B 25
MIRTAT PR, BEAh, AR EEE, SR E
BRG] 78 2 BEA G IVETORAL, B HEIL T
FHREAREAR NI, K2 4YN A TEARIE
AR A B AR BORE A, R
I3, R N L AR PR, DRI 2
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