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B Zeta AL BRAE . BEER, AIMETESNT. IR AR SMREIRE S 7 TN, SREAMUET (B &5
B2k, FEAZE AR AE L. £R O EFHRERER, Hl%1 MSN A RIEPREL (PPy@MSN)
KR KNS —, S5, Pk R (2204+42) nm, Z5HEECN 0.04240.010, Zeta HALKN (-21.1£0.8) mV, #
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Preparation research on mesoporous silica-coated polypyrrole nanoparticles
loaded with honokiol

ZHU Wen-jing, ZHANG Liang-ke
Research Center for Pharmaceutical Engineering of Chongqing, Chongqing Medical University, Chongqing 400016, China

Abstract: Objective To prepare a mesoporous silica-coated polypyrrole nanoparticles loaded with honokiol (PPy@MSN-HK) and
evaluate their in vitro release behavior. Methods In this study, PPy@MSN-HK was obtained in three steps: First, prepared
polypyrrole nanoparticles; Second, coated mesoporous silica shell on its surface; Third, absorbed honokiol. The TEM, particle size,
zeta potential, drug loading, infrared spectroscopy, i vitro photothermal properties, and in vitro release characteristics were chosen as
indexes to investigate its potential as antitumor nanocarries. The release profiles were analyzed by simulating factor (£2), and the
dissolution profiles were fitted by a variety of commonly used mathematical models. Results The results showed that the prepared
nanoparticles had uniform particle size and uniform size distribution. The average particle size was (220.4 + 4.2) nm, polydispersity
coefficient was 0.042 + 0.010, zeta potential was (—21.1 £ 0.8) mV, drug loading was (2.58 + 0.53)%, and entrapment efficiency was
(75.04 £ 0.95)%, respectively. The results of in vitro photothermal experiments showed that with the constant laser power density, the
temperature change value of nanoparticles suspension increased with the increase of nanoparticles concentration. This showed that
PPy@MSN have a good photothermal effect. /n vitro release test revealed that the two release curves were not similar, and fitting best
with Ritger-Peppas eqution and Logistic eqution respectively. Conclusion The water solution method could be used to prepare
PPy@MSN, which may provide a promising drug delivery strategy for tumor treatment.
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FEFME (honokiol, HK) J& M 24 E b4y
B PR ) A T R TR Wy b A, B 2-(3'-
TN E S B O R SE - S B L AVS B P S IR 74
FEW, HEAY RIOE. k. PiE. P,
PG MR RS . POOHER S . PRACHE R, Fix
PEJL PRI st R sk 22 3 4 FH DL R S5 2 I 24
HAER . HK X PRsn A i A S 2 AN B B
TEPE, BEREINEI AR . LR . B B
ghfpde. B KOG . 575 e AP S S
Z T iR 40 i 1R A G, FEBUIR R YT R R RIE
S — P B AR s N1 AR HOKIEE
Z GREM R RNTERRE R IR, AYAIA
FEAR, PR 52 213 % PR 1281,

IR SRR T R AR B B S R R R
MBHAES AN NAR A, A HBE o] R A AE MR 4 21
BT, SRJEEANTIR LM RS MK R b
AR RN FEIE 4H M 1) — FRiR T R0, iR JR T
TR T G s 4 i, AT DA v R 2
XTACTT 25 U E . ZRIE% (polypyrrole, PPy)
e W R SR E S TRAY, TR
FREMELr, BA RGIAEDMEENE, fEiRa/XA
1R S IR SORT R A () #AFG 4  1-131, {H PPy 4
KRR T — a2 e o e, i fL Ak
YRR (mesoporous silica nanoparticles, MSN)
W T IR i, HAT LR & R A&
FaEPELF ARV S0 01T R, ACHIT
FERLH &AL E A E R gk (PPy@
MSND,  PAHASEHLIMR AR TT 542230 77 IO E
TER, NIRRT TR HLHT I 25 24 5K mE
1 UEEHH

Hitachi-7500 &3 T R5EE, HAHSLAF;
LC-20A Y = R0 B4, H A g A ] UV/ Vis-
2600 BUEANOGIEEETE, HAREAF; LWIRL
808-2W-F JLAF Al & i thio G as , b ntsE B RO L
RAEMRAT; ZEtt TES-1310 FpihfEil, Zeftd
F LA BRA T ; ZEN3600 I /R SCIHOE RS
0 BEE GRS ARAF] ;AL A0
i (FTIR) 1%, ZE[E Thermo Nicolet A 5]; SHZ-88
GRUKBIERRG %, [LHARETLRBEE .

RSN, TR H=98%, M/ NEAEYIRL
HAMRAT, #5 XC20140410; A% (5%
99%, fit'5 K1527102) B LIm0E (RERFE 87.0%~
89.0%, ZhJ¥ 3.2~3.6 mPa's, HIXI/ T JHi & 44.05,

b5 J1614015). =&k (1D ANKEW (&
IH99%, S K1614020). o Nkedk = LR
b (CTAB, JES%99%, fit'5 E1719115),
RV 4 Bs (TEOS, Jii & 740 98%, b5
J1408020), Bl Tik5 ( L) HRAA,; HAh
WA R A 4l

2 FEEHR

2.1 HFAMEABIN LS LT EBUIRHK
¥ (PPy@MSN-HK) HyHi&

2.1.1  FMg kR (PPy-NPs) (4608 FREL
299.8 mg K LMEEEA AT K H, NN 255.6 mg =&
ek, T=\EHFE 1 h, RIS 28 uL i, F 0~
5 CIM 4 h, FiEEC 40 min, FHUKIEEEUR
BI15 0 PPy-NPs, ¥ H 8T /KF&H.

2.1.2 MSN [l &09 FREC 0.1 ¢ CTAB, A 48
mL 7K, 80 CHiHEEAE, I 0.35 mL 2.0 mol/L &
FACBKIE, BRI, SRIEERMA 0.5 mL
TEOS, =EHiHE 3h, @IS0, HOKR EE%K
Bk RIS —EALREG KR, BEHIIR ShIR- 2 (1 ¢
16) W, AT AT ARG KRR I 51 BT
Hr, 80~90 C/KMAMEI 24 h, @ILE L. K
A BESBER,  RI43 MSN.

2.1.3 PPy@MSN [l 20 FXHL 3.2 ¢ CTAB ¥
fig T 500 mL ZREEHT, I 1600 mL 7KH1 PPy-NPs
B, T35 CHEEBHE: 20 min, SRERKIGHEHA
2 mL TEOS M1 0.2 mL /K, k&8 BFE 24 h, &
OMF B A A BT A [ PR 75 2 BB Eh R - £ T
(1:500) &WH, T 60 CHEESHH:3 h, HOE
[ 44724, EEAZAH IR 3 K, RIS PPy@MSN.
2.1.4 PPy@MSN-HK Ffil K% FREL HK J5k}
24, F OB HI R 3 mg/mL (K65 &7, BEE&H .
FREX 10.0 mg PPy@MSN, 7 H0T 3 mL 50%7,
BV, IINE RS, TR 3 h,
PRGBS R IR GE . B0, BI13 PPy@MSN-HK.

2.2 HK HI#N

221 MERgE K BUHK 12.0 mg, FEEHE,
FH B A6 K 12.0 pg/mL FR 8 S A, B B A
AN EETHAE 200~800 nm P NI, 45

7R HK 7E 294 nm AbA5 5 KW, AR S 36 3% 4
294 nm A HK A K .

222 AIEFAFRI2 SsSB4 3EH Hypersil ODS2
Cistt (250 mmX 4.6 mm, 5 pm); BN A H EE-
JK-UKEERE (79 :20.75 : 0.25); Rl K 294 nm;
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AR E 1.0 mL/min; AE3E 30 °C; #EFE&E 20 pl.
223 ARiEMIZRRIZEH] RS B IR UAS R R T I
W (12.0 pg/mL) F 10 mL &34, I H AR R
SE AT R B R B 0094 0.188. 0.375. 0.750.
1.500. 3.000. 6.000. 12.000 pg/mL [¥] £ 5%+ I
WL 4% “2.2.27 BUR PR (il 6 AFakre, Bl HK
TR AR FR (Y), HK IR E R AR (X0,
extilbrdEfhZe, EATFEA Y=18 893 X+1 872.6,
r=0.999 1, £5$K M HK 7F 0.094~12.000 pg/mL
LR R R
23 BHEROHEANE

¥ “2.1.47 T R4 PPy@MSN-HK I 550 fp
13 BIEWOE R AR AR, 15 “2.2.27 TUR
RS ARIERE, HFARYE “2.2.37 TR Fr R PERNE
TR RS AR E, RERE NI AN E
73 PPy@MSN-HK #2584 (2.58£0.53) %, fl#f
FN (75.04£0.95) %.

2 = ghRoRi b HK (5 B/ oK R 1 5 B

F 32 = ghRRLH HK (R e /HK S22
24 FASWMBRKIE. Zeta BALSTHT

by A N VAT ] G SO S P o C1 50, 8
PLZE S AU %E PPy@MSN-HK (IR, 458 LA 1.
i By /R SCRIARGE PPy-NPs A1 PPy@MSN- HK
PRI 20 BUREL (PDD Ml Zeta HIfZ, 25
LR 2. 5 5EIR, PPy-NPs “F-HHifE A (151.0+£1.8)
nm, PDI 4 0.239+0.010, Zeta Hf7 N (17.34+0.7)
mV (n=3); PPy@MSN-HK “F-¥JHi12H (220.4+4.2)
nm, PDI}0.0424+0.010, Zeta Hf7 A (—21.1£0.8)
mV (n=3). 45 K] PPy-NPs [¥] Zeta FLA7L N IE(H,
MIERZE T MSN 22 5, Zeta FAAIAS N HAH,

200,
eyl it

E1 PPy@MSN-HK i TEM [
Fig.1 TEM image of core-shell structured PPy@MSN-HK
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Fig. 2 Size distribution of PPy-NPs (A) and PPy@MSN-
HK (B)

XTI MSN 52 2 i D 7 f5 75 T PPy-NPs K [Hl .
2.5 PPy@MSN-HK £4 FTIR 43#f123-241

X R R FH A V253847 FTIR 158 P
IHT. 2330 PPy-NPs. MSN. PPy-NPs 5
MSN [R5 I PPy@MSN-HK (1] FTIR 1% 4],
BBGE N 500~4 000 cm ™!, 5K 3. 4R E
/N, BR PPy-NPs 4b, H 3 MERSSHILT —4 b
FEE (R AR T . 1 080 789 em! Ab43 51K Si-O-Si
IS FRFIRT R AR SR BN, 3 440 em™' 4b24-OH
AR 4R i . AH HE PPy-NPs F1 MSN Y FTIR % &,
PPy@MSN-HK [{] FTIR % HHL T PPy-NPs Fl
MSN g, 7€ 2 910, 1 640 cm™ 4b% 7] 8L
T R LR IR -CH, A R4 PR s g F1 C=C
R ZEdRENIE, H 1550 cm™! AL IR ShIE A g 3R
WRBNFTE, UEW T MSN 522 S IhHh B 5575 T PPy-
NPs 3K [H .
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Fig. 3 FTIR spectrum of different samples
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2.6 PPy@MSN-HK HO{ARFM A SLLs 125

FREXMSN, HZKBECHI B 1 000 pg/mL 144K
IR B FREL PPy@MSN-HK, 7K Bt i i 0 (%8
F1). 62.5. 250.0. 1 000.0 pg/mL {144 KFiiE 2
T o XTI IR %5 2R FE KR VR B 4 Sl B 1 mL
BT AEIAEIE, PIEK 808 nm. IR EE N
1.0 W/em? [0 B 5 10 min, % #4 AR 1R
TSI M VR A VR AR Ak, DA [R] A A AR
TR B FE AP AR AR, 152 R i 2k
FEGAKRLIE L AR th 2 I, 2 S A 3 IR,
SER K 4, LERAE SR, KR 2R L
MSN VR &AL WO I e il A W B A8k, i
B 7K R i R B A B ) MISN YR BRI AR R . 808 nm
BB RE . 1 62.5. 250.0. 1 000.0 pg/mL ¥
PPy@MSN-HK Vi 2 AE D 2% 52 N 1.0 W/em? [F)
WOLIRSET 10 min JERES I T 3.1, 9.3,
20.6 C, RIFEMFEOCTI R % EAZ KB T,
PPy@MSN-HK & & ¥ I & 28 40 A8 BE 44 K bor VR &
TR B KGR, B8] PPy@MSN- HK A
A R HE R

S0 ey
—=—MSN 1 000 pg'mL™!
—+—PPy@MSN-HK 62.5 pg'mlL"}
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45

40t

IEE/C

35F

30 |
b

25

240 360 480 600
7 S )/

0 120

4 T ERERE PPy@MSN-HK HBE LB (n=3)
Fig. 4  Heating curves of different PPy@MSN-HK
concentrations under an 808 nm laser irradiation at a power
densities of 1.0 W/cm? for 10 min (n = 3)

%t 1000.0 pg/mL PPy@MSN-HK JE 2, 737
B mL BT AR A, KK CAThRE BN 0.2,
0.6+ 1.0 W/cm? ) 808 nm ¥ KOG &S 10 min, I
SR A AR IR P i S R VR B R ARk, DA
[ AR AR, TREIRE N ALFAER], 530 [F—
J5R R E N KR YR AR T 48 AN [R) T 2R 5 P SO IR A s
R AR 26, pdseIeIE S 3 K, 4RI
Bl 5. stIRss R, MU E R 0.2, 0.64 1.0
W/em? FIEOEIE S 10 min 5, PPy@MSN-HK i &
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Fig. 5 Heating curves of 1 000 pg/mL PPy@MSN under an

808 nm laser irradiation at different power density for 10

min (n =3)
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B “2.1.47 TR #1411 PPy@MSN-HK, LA PBS
SEIIR (pH 7.4) BB, %% 100 r/min,
A (37.0£0.5) C, SHATHRIMNEERELES . 2 NE
FE, B IREURE J5 b 78 AR AR [F] 5% A A 22 5 R IR
Bite FEBLEIE 2,227 U R E R AFEAT SE AT
THHH RS ZR, SR0E 6. 4REKH, £ pH
7.4 BB, BT HK BOZENE, 48 h BN
70%, 1fii PPy@MSN-HK 1 f1T HK #># T MSN
PIFL, BEROERTECR, 2 h BT 95%, ¥
HIE RIS, AR S AR .
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Fig. 6 In vitro release profiles of HK suspension and PPy@
MSN-HK (X £s,n=3)
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2.8 HMETF () PR ERBFERUE

K FH 2 [H FDA i 1) £ 1 L PPy@MSN-HK
FHK 2 B 20 7 7, LA, REH 2 4t
LM ERB/N . 51K H, PPy@MSN-HK F1 HK
) fo B9 11.32, UL SRR 24 i e AN AR AL

£=501g{[1+1/n i:(Rt—T,)Z]*O-5 X100}

i=1

R AN T 5350 ¢ i8] sl AN DR ) SARREZ R, n R

X HK BEfihse, A3 R, 2 00
ABEAY W2 AT Y R F At o A B AT 35
Origin HAFMA G R 1. SEREKH, FE 2R
T i 28 B #%38 Ritger-Peppas Bl (R2=0.997 32),
HIRFF A Logistic 712 (R2=0.997 07);
PPy@MSN- HK B i it 2 H] Logistic /7 #2410\ & & 4F
(R?=0.997 88), HIXFF# Weibull J7H2 (R2=
0.99519).

F1 BHENEBIEER

Table 1 Fitting results of releasing curves

it PPy@MSN-HK HK
RN Y=0.56 X+46.94, R?=0.496 2 Y=0.28 X+5.00, R2=0.938 98
—ZE S ¥=92.98X[1—exp(-0.13 X)], R2=0.989 5 Y=36.19X[1—exp(—0.02 X)], R*=0.981 01
E 6N Y=-6.03X107° X04+2.17X 106 X°—3.02X 104 X*+  ¥=-0.002 X>+0.46 X+2.75, R?=0.980 07
0.021 X*—0.71 X*4+11.97 X+1.04, R*=0.987 79
Weibull Y=94.74 X (1—exp {—[0.13 (X+1.08 X 10723)]0:68}), Y=79.96 X {1—exp[—(0.003 X)*5]}, R2=0.995 24

R?=0.99519
Ritger-Peppas Y=42.72 X*18, R?=0.975 67

Higuchi Y=7.62 X*5+28.26, R*=0.758 99
Gompertz ~ Y=92.14Xexp {—exp[-0.21 (X—4.14)]}, R*=0.958 88
Logistic Y=99.15—99.21/[1+(X/5.18)77], R2=0.997 88

Y=2.40 X5, R?=0.997 32

Y=3.25X5—1.19, R*=0.995 61

Y=35.42 X exp{—exp[-0.03 (Y—26.06)]}, R?=0.965 11
Y=160.80—160.86/[1+(X/912.93)°64], R2=0.997 07

29 Gt EEESH

SegR¥ /B 3 IR, s s 45 Rl it SPSS
Statistics 19.0 #AFREAT LB 08T, FEML &
N, A ECECR - BCO FEA ¢ K238, P<0.01 KR4
REBRIMEES.
3 Wie

I AE R RT TV IRV TT 7 T I T 2

, BT SRR PR RL S IR AL I SR
T, BEE MRS AN, SO KPR RS 1A
JTEIWER . PPy RIHEA & FHME, BORMITL A0
WSO RE R U AR AR PR AR P RE 25 DL R A )
RN, ARG TT R A
B2, ARHF T 2R TE PPy-NPs R IHIE.E—
2 MSN 582, LUHMGEE PPy-NPs X T — 254 (1)
fiK#Zige

£ PPy@MSN-HK 1)l st fEd, 2 mifes
R UK TEOS BIIMAGE; &ISiAk R 755 2]
BRIREE . iR IMNEK, SIS TEOS
IKFRIEFE, A R N AR R RROR, oIk
FIBISIRESE, MM ATSRL T RAA—; BeAh, RN
P ZR I P B TR A BURARIR S, el R[] R AH L

RA&E . FrUARSZES RS TEOS & A 2K
WA FE S N7 AR 22 1 77 733647 PPy@MSN-HK (1)1
% HIEBRAEECONR . RIMRRE S Zeta A AZ L
AFTIR ¥JUESE T MSN 72 )2 Dy £0.75 7E PPy-NPs

IR - ARIMERSLIG W 7R UE] T PPy@MSN-

HK BA RPN, HAZEFEON R T A

TR PPy. RIMEERSLIS 2R B Y XA 1 259 HK

BT PPy@ MSN J5, HBBOEEE K RHEE -
gk BRTIR, 454 PPy RIEFHIGH A RE /1, PPy

@MSN A E AR YRR IT S HLHT I 25 2 5K .
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