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Core-shell magnetic poly (lactic-co-glycolic acid) nanosystem for
tempo-spatially controlled release kinetics of multiple components
of traditional Chinese medicine formula
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Abstract: Traditional Chinese medicine (TCM) formula is one of the unique cultural treasures of Chinese.
However, only afew studies have been carried out to deliver TCM formula with utilization of nanocarriers. The
purpose of this study was to prepare the hydroxypropyl- s-cyclodextrin complex-over-a-poly(lactic-co-glycolic
acid) nanoparticle (HP-5-CD-PLGA NP) for co-delivery and sequential release of five main effective ingredients
of Danshen and Sangi to a specific target, which can provide strategies for design of intelligent drug delivery
system of TCM formulaa PLGA can be employed as scaffolds for sustained release of both hydrophobic
and hydrophilic drugs. HP-$-CD could encapsulate the hydrophobic drugs by forming inclusion complexes.
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Superparamagnetic iron oxide nanoparticles (SPION) embedded inside PLGA nanoparticles that alow a
spatio-specific targeting. HP--CD inclusion complex was prepared by an unsaturated al cohol solution method.
PLGA NP loaded with SPION was obtained through double emulsion-organic solvents evaporation. Then
core-shell PLGA nanosystem was formed by co-incubation of the above two materials. The nanoparticulate
system was characterized by confocal laser scanning microscopy (CLSM), laser particle size instrument and
transmission electron microscope. Magnetic property was determined by magnet adsorption and vibrating
sample magnetometer (VSM). Targeted distribution was investigated by cell uptake and sequentia release of
multiple components was observed by intracellular distribution of fluorescent probes. Release difference of
five components between core and shell of HP-4-CD-PLGA NP was measured by high performance liquid
chromatography. The results demonstrated that NP had a unique core-shell structure and possessed superpara-
magnetism.  Magnetic NP could be ingested site-specifically by L929 cells with the aid of magnetic field, and
coumarin-6 and rhodamine B were released from NP sequentially in the L929 cells.  In vitro release of multiple
components of Danshen and Sangi from NP exhibited double phase time-controlled release kinetics of quick-
release shell and sustained-release core. Therefore, the spatio-temporal nanoplatform has a great capacity for
unlocking the full therapeutic potential of displaying synergistic efficacy of TCM formulain the formulation design.
Key words: traditional Chinese medicine compound formula; multi-component; nanoparticulate drug

+ 1969 -

delivery system; drug release; magnetic targeting

24 0 DR b N SRAE e S EAT AR B T ER
TURR, HOEH R ES IR T AHERG, %R
R R Ve T BRI 2 . 2 EE A
22 35 R RUR HE IR T B ERE W . Hh 2t (i o
T 2OIFINR 235 T R 2 o L 24 20 T 4 3 RSB, B
MR AIR BRESR . BREZE, U2 MAT BRI
A B AR 0 B 0. 4 it 3% v 245 52 7
Z 20 5 2B IE I I S8 . H T 2 2 40y R s
TC 2% SR R 25 0 [R5 1k, (EAR AR R = Dy 0 e 41 2 i
AR 2525 VE TR, P 25 10 2 2 0 3 SR A KA L2 A
i 1) 5T R T N 2 Je AR, A AR B T N 1%
AR #8270 B BRAG AR BT L A0 2 R AE e 245 B 2 P X
FCEBRAT AT AR RL AR . R, g R 2 A
M T BARAR 1) 7R B S 22 40 93 288 22 T) 2 A Al
Z eI REAT 9, ALy T8 R BC AR RN, 78 70 K 4%
HupFEH, 2R SERERE.

MAKIBL ARG CAE DD T ZIREA K
Fe N 2 A5 ) A b R AR T A% G R R A
A R AR S 2 75 AL AT R T g2
ST AR 2 R DAL K — oA O . BSR4
KEBZ RGX 2 SR B R Fe e 2 Y, WA
Xt g 207 P Ao, FURR N B A T AR
Hn%Z, AREADBAER Z R BOR, X LSEHL
ZRE. BUKMEZMIILERE. i H, AN
P9 K 3% 25 RGeS BL T % 2 Mo 25 20 70 1) B3N 22
RO A B S T 42 o) S T 2L 4 B R SR T R
[ 53 A7 12

N, AREFAE T — MR R RAR -
FR3L W) (PLGA) WiVE9 K2 R4, LAy ik H AT
HAE T 2 H TR AR R . LA BLZGXTT 2
= R ZE R K B R S AR AR R
259, Bl =L rKiEA s = LR R, EFEAR
—tEH RL(RL). AZE1 Rl (Rgl) MAZETF
(RbY); FFSHKE A FHEER B (Sa B) FljiE
WAL FE B 1A (TS HA). FEiZ90K %1% RS
wits (B 1), FIFHRFEE-B-F MR (HP-5-CD) 1

Nanoplatform construction

Ly —o + ([ = Jo

TS A

% HP--CD
e W T oy
[ L Sal B
Salvia miltiorrhiza
@
7 R 18 Rb
W 1885 pIGA
- ®

Panax notoginseng  SpION

D

Targeting via SPION

Step-by-step release

Endocytosis

Figurel Schematic illustration of multiple components loading
process and release properties of core-shell magnetic PLGA
nanosystem. SPION: Super-paramagnetic iron oxide nanoparticles,
PLGA: Paly-D, L-lactide-co-glycolide; HP- 5-CD: Hydroxypropyl-
p-cyclodextrin; TS 1lA: Tanshinone IIA; Sal B: Salvianolic
acid B; R1: Notoginsenoside R1; Rgl: Ginsenoside Rgl; Rbl:
Ginsenoside Rb1
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Figure 2 Nanocomposites characterization. A: Confocal
microscopy image of a single microsphere demonstrated the
core-shell compartmentalization of coumarin-6 (green) and
rhodamine B (red). The scale bar represents 5 pum; B: Trans-
mission electron microscope images of a single nanoparticle
without HP-4-CD shell (left) and nanoparticle with HP- 8-CD
shell (right). The scale bar represents 100 nm
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Figure 3 Particle size distribution of nanoparticle without
HP-4-CD shell (A) and nanoparticle with HP- 8-CD shell (B)
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Figure 4 Characterization of site-specific drug delivery. A:
VSM curve of the SPION loaded nanoparticles, B: In vitro ag-
gregation of the SPION loaded nanoparticles under magnetic
field; C: NIRF image of intracellular magnetic targeting. VSM:
Vibrating sample magnetometer; NIRF: Near-infrared fluores-
cence
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Figure 5 Confocal microscopy images of intracellular drug
release within L929 mouse fibroblast cells at predetermined
timepoints. The scale bars in left column represent 50 pum and
the scale barsin right column represent 20 um
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Figure6 Releasekinetics of TSIIA, Sal B and PNS from the nanoparticles. A: Accumulative release of free drugs; B: Accumulative
release of TS IIA, Sal B and PNS from PLGA nanoparticles; C: Accumulative release of TS IIA, Sal B and PNS from HP-4-CD-PLGA
nanoparticles, D: Accumulative release rate of drug in shell (red curve) and drug in core (blue curve). TS IIA: Tanshinone IIA; Sa B:

Salvianolic acid b; PNS: Panax notoginseng saponins
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SIS TSHA, 8h 54 Rkl £ TSIHA, {H72h
R B RUCR 29y 40% (K 6B); 1fi HP-B-CD-PLGA
YPKRITE 5 min B O AT DLZERE O B A I 2 TS
A HIfEAE, HAE 8~12 h WHEAR e 4, BRI
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PLGA 4 KL 4 HoRg s S n 58 4, HURR 0 B2 B d
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TE LT Rl gl oK b 28 () BB UE BT g =
(P<0.001). It4h, 7F HP-B-CD-PLGA 4K ki, [
TS HA AF, AR 4 PhZg W22 30 H B 52 i 2 1 ot
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Folt BSC FED R TSR

N TRk 5 UL N A% 2GR A 5 2 R R CE
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& H 1 BRI Z AR AL 5E 290 % 251
SRRE, G BRR U &M R BO R, K
B R TBOE R R AL (8] 6D). 4R EIR, HP-p-
CD-PLGA gKkish5e b 25 1) ZRREBOE Z4E 12 h
MR T W 2 ) R U U % .
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