© 2638 * ¢ % Chinese Traditional and Herbal Drugs 3£ 48 % %8 133 201747 8

IRina LA H E A RMER AL AL RENARRL PR R AN HI T R

FrF L Eits | kapm e
1. VERI K252 B, HEK 400716

2. BEPRHRPVEAR 2 BE, HEK 400021

3. FRITVLEEHHME 248, TR 402289

W OE: BrY HRBEOVER S BN RN B T A FL AR (MSNs), TR AW sk S 8 2=
BIKZEM MSNs & ZHLEl. Ak #1475 MSNs, FIIESHF BMEE (TEMD AR M-I AT AT RAE . LK KA
B, BN, SRIR/NEEDR. IR AP R AL 250, A [ IR A RN i, SR TR LA, e dk
i, P ETER A, JFRRIEE. TS U, REHR 43 3 P2t ok A T30 E . X3k 2 s i IR K kil 52
FARFAPIEERE MSNs HHATHH B 7 2588 (SEMD MZERFEfiE#GE (DSC) FRAE, iidkgivlsl. 48R 21 MSNs
*iﬁéﬁj (220421) nm, EEEMEAA 353.53 mYg, IR 1.53 nm, FLAELAN 04 em’/g. B EEAZRERT, T
T2 [ 8 IR, SE R e AR, AR S AW RIREE REICR, B EAYIETTER, S HAYINGS
VA5 R 53 590k 18 2 25 VAR ¥=0.351 7 X+0.982 5, »=0.991 4 FI[E & 254 il Y=0.359 2 X+0.248 3, r=0.991 0, SEM
BR324 MSNs %A W S 2545 5. %0245 MSNs ) DSC BIREH] T 25t pasmtide, {H 207 W Fhoi 24 BG 2% b A1 PRI A Lk
REDVIERN . 18 YR TEIRIE Y E MSNs 2B OES A BOR I oo N 25, 29 £ B LU SE T B i B X
I3 BT MSNs (L .
KB AL UG MR, B KRR BAR R, HBRNEER: R PR EBEE: MS
i IL,; IEMRLE; RSO
PESES: R286.6 XHEFRERD: A XERHS: 0253 -26702017)13 - 2638 - 07
DOI: 10.7501/j.issn.0253-2670.2017.13.009

Law and mechanism of incorporating different insoluble drugs into mesoporous
silica nanoparticles by dipping centrifugation method

LI Sheng-nan', WANG Ji-rui', ZHANG Ji-qiong>*, ZHANG Ji-fen'

1. College of Pharmaceutical Sciences, Southwest University, Chongqing 400716, China
2. Chonggqing Aerospace Polytechnic, Chongqing 400021, China

3. Chongqing Jiangjin Teacher Training School, Chongqing 402289, China

Abstract: Objective To investigate the relationship between drug concentration and drug loading efficiency and to explore
mechanism of drug loading by incorporating different insoluble drugs into mesoporous silica nanoparticles with dipping centrifugation
method. Methods Mesoporous silica nanoparticles were characterized by transmission electron microscopy and nitrogen
adsorption-desorption analysis. Silybin, puerarin, berberine, curcumin, and ferulic acid were used as model drugs and loaded into
mesoporous silica nanoparticles using two technologies: The volume of drug solution or drug amount was fixed respectively. The
relationship between drug concentration and drug loading was analyzed. Paclitaxel, tanshinone I, and tetrahydropalmatine were used
to validate the law. Nanoparticles loaded silybin, puerarin, and ferulic acid with high drug loading efficiency were characterized by scan
electron microscopy and DSC. Results The average size of mesoporous silica nanoparticles was (220 + 21) nm, with a specific
surface area of 353.53 m?/g, pore size of 1.53 nm and pore volume of about 0.4 cm®/g. In the condition of a fixed mass ratio of drug to
mesoporous silica nanoparticles, the drug loading efficiency was always linearly related to the drug concentration at the above

preparation technology even if drug loading of different drugs were analyzed together. No obvious drug crystallines were observed in
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the surface of nanoparticles by scan electron microscopy. Melting peaks of silybin, puerarin and ferulic acid were all observed in DSC

curves of mesoporous silica nanoparticles loaded drugs, but their heat absorption amounts per mg were all smaller than physical

mixtures. Conclusion The drug solution concentration was the key factor on drug loading efficiency of mesoporous silica

nanoparticles by dipping centrifugation method and drugs existed in pores of mesoporous silica nanoparticles in crystalline and

amorphous forms.

Key words: mesoporous silica nanoparticles; insoluble drugs; drug loading law; silybin; puerarin; berberine; curcumin; ferulic acid,

paclitaxel; tanshinone II,; tetrahydropalmatine; dipping centrifugation method

AL A E g8 K R (mesoporous silica
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#9101 24 ity Jor AR o3 A 7 iR B S T R ) gk
ATAHR R TR 2E IR o & 27 IR it 22 0] 75 7
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Table 1 Standard curves and linearity ranges for different
model drugs (n =3)

2 e , R

(ugmL )
K KB Y=0.0428 X+0.0145 0.9998 1.30~32.40
B Y=0.059 6 X—0.0059 0.9995 1.22~30.60
NEETH Y=0.049 0 X+0.0170 0.9998 0.12~75.00
LR Y=0.150 1 X+0.0002 0.9999 0.86~ 8.56
g7 7 Y=0.1032X—0.0049 0.9999 0.10~10.16
v Y=0.0354X+0.0042 0.9997 0.32~40.20
P 1,  Y=0.096 2 X+0.0094 0.9999 0.20~24.68

FEPRLFE ¥Y=0.014 6 X+0.0169 09996 4.85~50.50

2.2 ==H MSNs Bi$| & 5R1E

2.2.1 ZE MSNs (Ul# %30k ik el
St . FREX 0.2 g 7 bt = LA E T 1000
mL (KB JEFEMT, I 960 mL (1) 2< 3 7/K, i
Ja A 7 mL 2 mol/L NaOH ¥, 80 CHaimit+
30 min, LA 1 mL/min (38 EE N 9.0 g fERR DY £,
REEHEPE 2 h, 10 000 r/min 250 15 min, JTHES )
4K ToK LRERVESE 3 K, 45 C T, 3581A
A, HFDIBE 550 CHBE S h, B, B
1524 MSNs.
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MR ER, LI 18] BN, A LA RIS I,
HA U A 1

E1 2Z5H MSNs i1 TEM B
Fig.1 TEM of blank MSN
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120 ‘CESF BB 20 he 2275 MSNs F %0 W b
Sk (B2 Rl (K 3). g (F
2) LA TV BUWG AR LR, UL ILAR A IR Y
Ao WL i (B 3) nJLLEH, MSNs (1)
LA AE S R BET 1 A3 2 RE I b
RMAE 353.53 m’/g, 3T BIH FER Y 25 3155
153 MSNs B #4452 1.53 nm, FLAEFIRL N
0.4 cm’/g.
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2.3.1 24 MSNs [iil# DK R#ITE . R,
IR /NBEDR. LR PR ALY, RAE
T O % 32 MSNs. AEZGRLEARE N 12 2 (1)
Brde N, BB 2 AT 25 L2541 fE
Yo AR N A 2y i, AR08 1 mL, WK
2; T Z55AF 2. [ 5E 25 o 1 AL 25 WD s LA AR
WA 3. Wil R R RS FRE MSNs i, N
N BRI 25 CEH wafiE 10 min 5 RAE
HAEIR, 150 t/min %34k 24 h, 10 000 r/min &
L 15 min, PUHE 50 CTHE, BIfS.

232 HWHRMNE REFREZZS MSNs iE &,
N 30 mL HEE, RSB 1 min CTAERTE] 2 s,
[JERINTIR] 2 s, B3 1000 W . 10 000 r/min
A 10 min, HU VSRR € (54U € 2
WHEZE, FRIE2. 3.

233 AR T 2 2 M EAMT 5
T2 ) S v B M S e ke, DUSTREIR S
HREAARR, BRI AADR, ARG . [ E 2
PSRRI AR ST I DL 4-A, [ T7 RN
F2 TZ25M415&HZHYA MSNs WEHAE (n=3)
Table 2 Drug loading of different MSNs prepared using

technology 1 (n =3)

JREWSE,  MSNs JFif/

i) B W%
(mg'mL ) mg
KRB T 5.16 10.32 2.65+0.31
10.32 20.64 3.07£0.25
25.81 51.61 10.60+1.73
51.61 103.22 18.83+0.81
PR 10.32 20.64 437+0.23
25.80 51.60 12.36+0.76
51.60 103.20 21.6240.63
103.20 206.40 3530+1.15
IINBER 5.52 11.04 2.00+0.12
7.88 15.76 3.7440.10
12.53 25.06 451+0.12
LR 2.65 5.30 1.2240.04
5.30 10.59 3.05+0.08
10.59 21.18 451+1.90
R4 R 9.19 18.38 1.884+0.47
22.98 45.96 11.42+1.52
45.95 91.90 17.9441.97
83.55 167.10 30.5341.04

F3 ITZEH2HIEMEHRZ MSNs IRAE (n=3)
Table 3 Drug loading of different MSNs prepared using

technology 2 (n =3)

ity SRR UL MSNs Jfi &/ —
mg-m mg
KRE R 1032 2.5 51.61 3.9140.21
25.81 1.0 10.60+1.73
51.61 0.5 19.71+3.53
FRER 10.32 5.0 103.20 2.45+0.12
25.80 2.0 8.75+0.89
51.60 1.0 21.60+1.45
IINEBR, 6.25 2.0 24.90 2.09+0.21
12.53 1.0 4.51+0.43
LR 2.58 1.0 5.16 0.860.08
5.16 0.5 3.7240.44
BT 2R 9.19 5.0 91.90 2.6510.87
22.98 2.0 7.60+1.54
45.95 1.0 17.94+2.09
83.55 0.6 27.72+£1.93
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Fig. 4 Correlation diagrams between drug loading and

drug concentration
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Y=0.351 7 X+0.982 5, r=0.991 4. [fE 2540
WA HE I L 4-B, A5 RES Y=0.359 2
X+0.2483, r=0.9870.

2.3.4  FAPAEAE  FHEIERZE. FESE 1,
FIIEFAZR L35 I ToK SIEBANEE R, D B AR .
BRI 1 mL, 4% 1:2 MZEtinAE A
MSNs, %M “2.3.17 TN 5B, W
Fia, R O 2R (Y=0.3517
X+0.9825, r=0.9914) T2y midta7 e,
ZERNAK 4.

2.4 #75 MSNs BIRAE

2.4.1 SEMM%EE U %% 1 MSNs 43 il 28K

F4 BOHRUFWIEER n=3)
Table 4 Verifying results of drug loading law (n = 3)

29 %%Efl y ﬁ%%% W 2E/%
(mg'mL™) T S
Y 48.14 1829 18.46+0.78  0.93
FEZH 1, 0.84 123 2074026 6829
TR 31.01 12.18 1458%1.11  19.70

e 100mm = e

A-7%[1 MSNs  B-#7K & #i 5% MSNs

G, BARE . FTELRR %2 MSNs, H] SEM M
SIIEARE ML B 5 8R4 MSNs EAL
BRI, RiAR7E 100 nm 7247, H MSNs
FEDEH . %3825 MSNs IEA. Fifa%B 5aEA
MSNs —3, KNI W B2 45 5
242 ZoPfiEPGE (DSC)  frilfad Ky
AR 2 TR I R 25 R0 4% (1 MSNs, Y5344,
H&WEREY .. B2 MSNs. Rk 25, 32
MSNs. J5kF 24 5 MSNs [ F R &3 T DSC 4>
#To DSC TAEZA: FEM TS 5 mg; FHEERAK
KEI TR PR 50~200 C, “5F1 MSNs,
AL 50~250 C; JHEHEZ 5 C/min; Ik
YA AR AU R ORI 99.99%).
HRES I DSC FLIE 6. K KHETsEAL, Rk
25, WHENR G YA P MSNs (44 50653 51
149.0. 139.9. 1552 C, YHLRAWIAIZZ) MSNs
) BN W AR 23 ) O 58.75 3.2 T/mg. BAR E A,
JERL2G . WIBERIRA W) RN 325 MSNs [R5 s 73 1) A
208.2+ 209.7. 198.1 C, WyHIRAYIFIEZ] MSNs
() PR B 2 50 K 4091, 18.06 J/mg. [l BB 41

C-3 5512 MSNs  D-ZFi[ 1% MSNs

A-blank MSNs B-MSNs loaded silybin  C-MSNs loaded puerarin - D-MSNs loaded ferulic acid

5 ZTHAKHZI MSNs WHAEBEERRE
Fig. 5 Scan electron microscopy of blank MSNs and MSNs loaded drugs
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Fig. 6 DSC curves of different samples
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hEURNZ . W BRR -SRI 4% 2 MSNs [R5 s U 43 53]
H174.3.172.9.171.8 C, WA 25 MSNs
1) B IR 533 R 170.24 55.27 J/mg.
3 e
3.1 (REVZGHIRDEE

WEFCE T/K REI5E, BMRE . DN, 2%
FABT B A A B 2y BRI . Jrh, KR A
L EREE TS, NEEE TS £
WEETHE, MRRE T AR EY, A
o T RS k) 482.44. 416.38. 235.32. 368.39.
194.19, 1gP 73 %14 2.36. 0.38. 3.28. 3.85. 1.26,
pK. MK 5.3 7.4, 11.53. 8.38. 4.99. X)L
JRAES FER . vttt M7 i F k4%
Jr AR 5 TR IIVEHE, AR — e R E AR
WEF 25 AR R 259
32 HAFKIRE

MSNs [EZI7EFBA LR 2 Bl (1D #)
PR BRI 2 T N RS
N2 MSNs ¥y A, FidEElE 75 2 MSNs 564358
B, HEEARAER . () Buigaokttt ok
MSNs B AR A ZI 0 9P -A HLEE I, ke
AR 29 HUE MSNs By, Euiie, R
3o 2 MOTEXE K A e IR T A NLER,
P57 MSNs — 2010, 2490350 2k N %] MSNs
(PIFLIE T, FB T HEM BT MSNs K1, 554
IR T AR . 5k () W B AR R
TER A AR o 29 oy s Bk 25, iJ7iE: (1) dlid
FET- B %58 7 24 58 4T B/ MSNs K. it LA,
Tk (D) MR T, (MY RBA T, H%
¢ MSNs X 2PN LS8 2hifie )1, AHFSik R i
B ORI T A AR T
33 HANERR

LS R BTN E . R, 7E
— T, B TEDMAT 2 Bl (1D [ E 2540
WAETR, OB Y IR LR T &, Bk
FUERZ S FIsAs, () [FEdEmyE, %
PR TR R S o 1K 2 B4R, MSNs
MR R B EER, WMLk S
F o WURBEFONIX 2 P44 R I AR T T 4R
Ko SRR, 2 FEBLT, 5 2 Eds or
HH A ] R R

2 B A e 25385 L, Y 29I i AR R
E, AR, BRI TR

LYPAARTRALE 2 ) RR RE BE nAdR 2
MORFEFRI— 258G, N MSNs SRR, I
AL REMC ) 2P AR RS K o B ] =219
DR HE N MSNs 25 BRIK) 25 W0 5 SR AR 3 KA
T, T2 R R R B I e A, AR 2
K.

3 (M2 AT 25 s AR TR, $e
RO B T R D AR, BRI TR
DRl s 28R o 2 [ 5 7RG MISNs [ FLIE AR
TEHES AR TALIE AR R &, Praemill
(2 AR R S [ e, R g 2h B H et
NP IR . W) ITEIR O, 3EAF] MSNs
2R, AT EAE, KNt
Ko B HT S RABAESE TiX— 4 5 PR
By R 2 A R, #=0.987 0,
M2 E SRR RZNE, 7=0.502.

B 2igktt. #2258t B me il
JELLR 2 A5t ORI - g Kok 2 1 iy 2
AN GIRRL AL s @MSNs [RFLIE B 2
VI AR TS, RS R R, T
FHESHEN: WA E=M won/M su=M wn X FLE
TR X 2GR FEIM = LT R X 3 o iR
AL, AR R R, PE MSNs AN [ Ml 4 2
WAL R 1) S K] 25 MSNs [RFL AR R A1 254
W TR, gt DLk (1) (2)
2 B ELME LN ¥ S PRI 2 B R
IR 45 G A — AT 8T, R E 2R TR
PRFURIE & 25 i i 2 PG Ol N, A RE S 24
FUE IR B RO R, HIA I R R E0H
A, ¥4 035, RELALARIR, X4 RABIESL
T2 AR T aKRR . [FIH REUE T LA
1 JEUR AT e AR AT A LTE KN, R 2R 7
Xnfe S5 MSNs PET. WAIMER, &S T2
A7 K
34 MBI

KA MAEREIR, EERFEHR CE TN
5 S A 2280/ s TIPS W BP0 22 /5
15 68.29%, = EE i PRI (9] I 5 R A A1 ot B vk I
(25 mg/mL LA R) Wbk z, r 108 0767, Btk
Ty FEAHME T IR BE 29 (R P 22 5K . ARf, )
Z:li 1.23% P2 A 2.07% 1 Sl 2 24 5 46
JE T A EARRIVE R, MO Z TR AL R A
AT
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3.5 DSC #1 SEM
IR T B R E IR B JsURE 24k &5 AR

1M SEM RAEGUK R T 52N 2545 i, UESEH]

A VR, R NGRS R 25 2]

BRGOBR S, AORRER 25T X 5 AR I3

i 45 R — 3. DSC K, 3 1% 25 MSNs

WA 250 0, UL 2025 MSNs AT 25 2 A

TEs AR 2P IR ST R R 2 B A L9 IR LBV
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KLU, HED L R R > 25 WA 1 T e

TETEARES, R AR TS my MR T 25 K

3.6 REMR
AL E AR B E 250, e B

112 R S A 1 20 K L 0 ) 2 40 1) 45

JE, DS i R sl P A W R TBOE % . ASE

WA A, R T 520 MSNs AN [ HE

WL OB KRB F . e Skt — DT

B B AR, A T2 5%

PEXT R AR A2, LA REH]

TREEPE LW 0 1 IR 25 B BT SUIEA
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