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Abstract: Objective The nano-drug delivery system co-loaded with curcumin and silybin was prepared with glycyrrhizic acid as
stabilizer as well as its pharmaceutical properties and stability mechanism were explored. Methods A curcumin and silybin co-loaded
nanosuspension (Cur&Sil-Np) was prepared by anti-solvent precipitation method. The mass concentration of stabilizer, drug
concentration, proportion of stabilizer and drug, and stirring speed were used as investigative factors, while particle size and
polydispersity index (PDI) were used as indicators. Based on above, the formulation and preparation process of Cur&Sil-Np were
optimized by single factor test. Particle size, distribution, and morphology of Cur&Sil-Np were characterized by dynamic light

scattering and transmission electron microscopy, respectively. To improve the stability of Cur&Sil-Np, Cur&Sil-Np was lyophilized
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by freeze-drying method with 3% mannitol as lyophilized protective agent. Both differential scanning calorimetry (DSC) and X-ray
diffraction (XRD) were applied to analyze the crystal form of drugs in freeze-dried powder. The dissolution characteristics and stability
mechanism of Cur&Sil-Np were further evaluated. Results The optimal process parameters were as follows: the mass concentration
of glycyrrhizic acid was 1.5 mg/mL, the drug concentration was 8 mg/mL, the ratio of drug to stabilizer was 5 : 3, and the stirring speed
was 600 r/min. The average particle size and PDI of Cur&Sil-Np were (226.5 + 11.1) nm and 0.038 + 0.021, respectively. Cur&Sil-Np
presented a spherical shape with a uniform distribution. The crystal form of drugs in Cur&Sil-Np altered. The cumulative release of
curcumin and silybin in Cur&Sil-Np was significantly increased from 23.3% and 15.1% of free drugs to 82.7% and 70.9%, respectively.
Moreover, electrostatic repulsion was one of the stabilization mechanisms of Cur&Sil-Np stabilized by glycyrrhizic acid. Conclusion
Cur&Sil-Np stabilized by natural surfactant glycyrrhizic acid is a potential new drug delivery system with simple and feasible
preparation process, good properties and rapid drug release.

Key words: curcumin; silybin; co-loaded nanosuspension; glycyrrhizic acid; natural stabilizer; dissolution rate; stabilization
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14.18 mg (S5 CHRHRIES2, ¥ 5E 2595 i) & L
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2PN EL NS, FREEEE 1 min, R KIES
LI, B3 Cur&Sil-Np. 4 Cur&Sil-Np H £ BT
IKHRE, ) FHOGRE EE O 5 FORLAR AN 2 73 1 R 4L
(polydispersity index, PDD.

22 Cur&Sil-Np &FTZHRERER

221 FEAHEREERERES HEAYMS
FesE A H R LU 5 ¢ 3, HidEHEH 600 r/min, ¥
BAET H BRI RSN 0.5, 1.0 1.5, 2.0 25
mg/mL, 75 EERE I H R T B BN Cur&Sil-Np
KiteA0 PDI HISZM, S5R WK 1. BEEEFHE
P Jo IR FE )34, Cur&Sil-Np R4 PDI 2 5%
BEACIE I I A o A 7 H BRIV BT Sk
1.5 mg/mL I, “FIIRifE & PDI /. AL, Gk
1.5 mg/mL il £ Cur&Sil-Np FIF& € 7l H w5 i &
WIE

222 ZWIEIRENFES  [HE L ST E N
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P FEL N 600 r/min, 25 2P0 R E S 3N 4.
6. 8. 10mg/mL, FHEEAW) i EIK X Cur&Sil-Np
K2 A1 PDI HJRZIR, S5 R 2. FEE 9P RIK
FE 18, Cur&Sil-Np [FR42A1 PDI 2 26 B (% J5 1
* 1 REFMNHERRERES Cur&Sil-Np FHREZH
PDI FU82ME (X+S,n=3)

Table 1 Effect of stabilizer glycyrrhizic acid concentration
on particle size and PDI of Cur&Sil-Np (X £ S,n=3)

ik . MR EIRE N 8 mg/mL i, Pk
1% PDL /o PR, G+ 8 mg/mL A% Cur&
Sil-Np B 255 B

223 WS TRE R T RER LGN R EEAY)
JREWRE 8 mg/mL, #iHEFEH 600 r/min, £ & 7
HEBRFEREAN 1.5 mg/mL, BEZY 55 E
HERREHI NS5 4.10:7.5:3.2:1.5:2, %
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HRaeRItes) s ¢ 3 #il % Cur&Sil-Np.

#= 3 HYSREFHERMLSIXT Cur&Sil-Np FiH=F
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Table 3 Effect of ratio of drug to stabilizer on particle size
and PDI of Cur&Sil-Np (Xt s,n=3)

HERR/(mgmL™") “EHH 4% /nm PDI
0.5 319.9+1.7 0.137£0.007
1.0 355.6+14.1 0.083£0.043
1.5 2203+1.4 0.044+0.012
2.0 267.1£12.7 0.076 £0.046
2.5 293.9£6.9 0.108+£0.016
£R2 HYREBREN Cur&Sil-Np EHH12 5 PDI B9800

(X£ts,n=3)
Table 2 Effect of drug mass concentration on particle size
and PDI of Cur&Sil-Np (Xt s, n=3)

Ay StERImteE  CFkAA/am PDI
5:4 269.5+5.4 0.085+0.058
10:7 2824426 0.074+0.030
5:3 222.940.5 0.058+0.040
2:1 2612442 0.12440.022
5:2 296.7+2.3 0.140+0.031
224 WHEHFEMHER EEGVREEIKEN 8

mg/mL, Z3Y)5FEREIN 5 13, FEfH R
JREWEN 1.5 mg/mL, HiHEF 34 400, 600 800
1000 r/min, # 221 LI HE ST Cur&Sil-Np Fi 421 PDI
VR, ERLILER 4. FR3ECH 4004 600 r/min B,
Cur&Sil-Np [ F¥RiA2 0 PDI 4330, {H s N4>
FEARARE VB AEFNTR BT U 1], S 8] £ 20
fiX, #OEFE 600 r/min il £ Cur&Sil-Np i HEE
i
225 IUFRAE  FRECHZER 15.00 mg ¥ T 10 mL
ZETKY, HAS AR R H RV . PRI R
10.80 mg FlI7K K& TE 14.18 mg, VA Ti& & LEVET
R 4 BHEEX Cur&Sil-Np FIHHRRZA PDI KIS
(Xts,n=3)
Table 4 Effect of stirring speed on particle size and PDI of
Cur&Sil-Np (X*s,n=3)

R E (mgmL ) FXKI4S/nm PDI P39 B /(r-min ") SE5Ri 4% /mm PDI
4 327.8+9.9  0.12340.041 400 216.9+2.5 0.041+0.013
6 292.7+0.8  0.07310.058 600 2244+13 0.080+0.021
8 2245+48  0.081%0.026 800 269.8+1.4 0.099+0.019
10 2542423  0.09140.053 1000 328.0+1.3 0.128 +0.044
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#4 Cur&Sil-Np 0 T & A B4 N L, 5 E 5
min, F/EEMEE, 4R ME 2. Cur&Sil-Np 261
MBI, A5, Kifty 200~250 nm,

#5 Cur&Sil-Np RIETZEHWIE (Xts,n=3)

Table 5 Verification of optimal process conditions of
Cur&Sil-Np (X s,n=3)

Hik FHRLARInm PDI
1 239.2+2.4 0.015+0.008
2 218.9+3.0 0.057 +£0.036
3 221.3+1.4 0.041+0.038

100 1000
Hif%/mm
Bl 1 Cur&Sil-Np BRIEZESMH
Fig.1 Particle size distribution of Cur&Sil-Np

& 2 Cur&Sil-Np # TEM [&
Fig.2 TEM image of Cur&Sil-Np

L DLS &5 RIHA—FL,
2.4 Cur&Sil-Np HTF#a0H%&

N TR T YRR B - s, 8 R A
L5 e A e vk B A TR [
Cur&Sil-Np, F TR H EX T4 5 R
A1 PDI 520 o LA FF4) B 5 2 (redispersibility index,
RDD #1 PDI AT-# B0 8 vrn fads, o
RDI {152 A RDI= % T 12 B FRL 2% T
A k4, RDIREER 1, RUETE “Eiiif”
BN, Cur&Sil-Np % T80 JEHIZN LI 3, S5
SR WK 6. WK 3 Fzr, Cur&Sil-Np 4T Hi A
B EEIEIER, RTIERNER. 35,
R OH K. WK 6 Fiw, THETRIFIN,
Cur&Sil-Np R IR % . ST R FIHERA
A, SWJE KR PDL WA Fiasth, H,
L 3% H BRBEAE MR TR FIR, RDI ez 1, H
PDI H /)N o MU AT 1.2 N Cur&Sil-Np A
3% HEERE, —80 CUKFITIA 24h, FE TR
BT 48 h, BIAEE T8 .

2.5 RTFHMEIRIE
2.5.1  ZRFfiE# (differential scanning calorimetry,

3 Cur&Sil-Np (A) REEKFH (B) #I5M
Fig. 3 Appearance of Cur&Sil-Np (A) and its lyophilized
powder (B)

#F 6 Cur&Sil-Np FFHI. FHFEHREZ. PDI F1 RDI
(X£ts,n=3)

Table 6 Particle size, PDI, and RDI of Cur&Sil-Np before
and after lyophilization (X £ s, n=3)

HFRYF PHIRAT/am PDI RDI/%

R i 219.3£3.7  0.05440.038 -

1% H 5 R 199.7+1.9  0.206£0.010 0.9110.009
3% H Ea 212.54£0.1  0.18240.021 0.969+0.001
5% H gy 186.94+1.5 0.244+0.019 0.852%0.007
10%H R 181418  0.237+0.013 0.827+0.008
AR5 258.7+3.6  0.028+0.030 1.180%0.016
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DSC) /it NHEE Cur&Sil-Np 1254145 ik
A, WEEERFERL, K EIEERZG . H R 5
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BRI B H R, 2WENK CEI K ERRESY
%], BIf8) Al Cur&Sil-Np % T-¥y 4T DSC 43#7 -
ME S THEEZE 10 °C/min, FHETEHE] 35~
350 C, FEAAENT AN, W RNEA,
BAMAFRE 50 mL/min, 258K 4. i 4 7]
H1, HELERAE 290 C I AECERES Mg s 7KK
BT HIAE 168 CHI 300 “C PR A A AN
U ZTHERAE 180 CHHT HBUBHE; YIRS
VIR AT SRAEAE 168 CAI 180 °C T JECH I, T
Cur&Sil-Np FTAELE 168 °C i (s Hg, 290 C
(AR UEEFD 300 °C B I IR W #3900, 0
Cur&Sil-Np FH 228 K A/K W = IS RAET

\_,\__,/f\
) ’\_\%

50 150 250 350
RAE/C
B4 HEE (A, KEEE B). Z®E (O). MERE
(D) #A Cur&Sil-Np FF# (E) # DSC 5347
Fig. 4 DSC scanning of glycyrrhizic acid (A), silybin (B),
curcumin (C), physical mixture (D), and Cur&Sil-Np
lyophilized powder (E)

252 X WEATH (Xeray diffraction, XRD) 24T
DUERZ W RFRZ) . K EI SRR 2, H R R
25 YR S YA Cur&Sil-Np T4y, FIH X 4
AT AT AT S P 43 #7 o

ST S E: LAEH 40mA, TAEHE 40KV,
FIHTE R 5°~50°, K 0.02°, FHEEZR 3°/min,
SER L 5. ZBEFK CE S ATE 5°~30°F
10°~30° 1 BUAR 58 (RO AR AR AT S 0%, P L2 3 3R
JERL 2RI 6B 52 JEk 2438 DL S T AP s |/
BT R4 TS BOAT ST, B H R R R 24
mn RN TEIERAYIH, 2233 KoK R E = iR

10 20 30 40 50
20(°)

5 HER (A, KEEIR B). Z®K (0. MERE
(D) #1 Cur&Sil-Np ZTF# (E) # XRD 5347

Fig. 5 XRD spectra of glycyrrhizic acid (A), silybin (B),
curcumin (C), physical mixture (D) and Cur&Sil-Np
lyophilized powder (E)

RRFEAIAEAE s TAE Cur&Sil-Np H, RELFAELY)
(0o T ARG, (R LSRR B RS . Y R B
5, AR F ORI OK KA AR ] 4 B Cur&Sil-Np
J&, 2R T AR
2.6 {RIMNERUNE
2.6.1 O FETVA TR A R AR 22 B 0 R
5.09 mg, 7K W] FEXHE S 2.53 mg, SN 3 mL HEEE
filt, EARZE 25mL =HEH, TR RIFIRA X S
B (ZEFE K 203.6 pg/mL. K KE]TE 101.2 pg/mL) .
2.6.2 AL E A& B 0.125 mL Cur&Sil-Np
BT 25mL &, InE s H IS ISR E Y. HL
FRVER 1 mL BT 10 mL E3Rt, FEEES, B
5], BPASA A
2.63 ik

(1) KRB EEREZ: BiEFN Diomomsil
Cistt (250 mmX 4.6 mm, 5 pm); BN A H EE-
CE-1%0K ZIRKIETR (404 9.6 & 50); A&
N 0.8 mL/min; BEFEEA 10 pL; HEA 30 C; 6
MK 287 mm. EIEEIILE 6, EF RN 2 MR
TRV, TX 2 BT 7K R A7 AE R0 B R A A

(2) ZFEROUEEAM: W 2 IE-0.5%0K 2.
FRAKVE (52 1 48); Falll KA 430 mm, H AR
KRBT, R L 7,
2,64 ZMERRFE KRR S AR
FH U ShARFRRE , 15 /K 6 i 52 R IR EE 73908 0.26.
0.51. 1.02. 2.56. 12.78. 30.66. 40.88 pg/mL, %
HRFEIWE N 0.51.1.02.2.04.5.09.25.45.61.08.
81.44 pg/mL 1) R 5% HE S . 42 HPLC A&xill, DA
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6 FAMER (A). KEEIRXERMA (B) #1 Cur&Sil-Np
¥ (C) # HPLC

Fig. 6 HPLC diagrams of blank sample (A), silybin
reference substance (B), and Cur&Sil-Np sample (C)

A

v

v

0 3 6 9 12 15
t/min

E7 FBAMHER (A ZERWERME (B) M Cur&Sil-Np #
fm (C) B9 HPLC &
Fig. 7 HPLC diagrams of blank sample (A), curcumin

reference substance (B), and Cur&Sil-Np sample (C)

WETHFY (4) XTZPREIKRSE (O BATERIERA,
BEAREE: K KE T 4=34.92 C+30.249, R?=
0.999 1; 22 4=103.54 C+35.416, R*=0.999 1;
iR, KRB HAE 0.26~40.88 ng/mL, FEHE
7E 0.51~81.44 pg/mL £& 156 R R if .

2.6.5 KEiEEHEE  BURA XIS, pEBE T,
JEE THERED, SESEAE 6 IR, 10K A=
MZEREmA, tHHEH RSD 75108 0.48%7FH
0.64%, EIAUASKE % BE R 4T

2.6.6 FaEtEEE  HUHHARIETR, JEIEE, JE
WE TR, 25 TH &5 0. 3. 6. 9. 12,
24 h #t#E, HPLC MiE, 7K KHE]=FIZEHZEA RSD
53318 0.50%F1 0.67%, IR SFIARTE 24 h N
FamtE Rt

2,67 EEMHEE HUEE Cur&Sil-Np, 437 &
6 U LA, HPLC JU5E, /K KHE] A2 R
RSD 7514 1.28%F1 0.73%, FHi% 710 E 2
ER/5

2.6.8 JIFEECERL:  HUE R Cur&Sil-Np, il &
6 MR, AN B E IR E RS
XTSI, HPLC I, 7K W8S F0 228 3 1) °F
BIIARE R 535108 101.27%- 100.44%, RSD 435
9 3.04%- 0.68%, R IIZITVEFINCRELT .

2.6.9 RAMBEER FREUEEE R, HEK K
#] T Cur&Sil-Np %41, 707 E T 250 mL B
IR (0.1%% 1LALEE-80 R PEBEER SR vh i)
B B AN 75 v/min, RN 37.0 C,

A3 9T P A S EORE 1 mL, FESL RPN A
R, BUHRREMIE “2.6.37 TR A% &R T I E,

THES A ) () BRI, S5 R LIE 8. #E 120
min B, V725220 AN B K WA = B AR SR
A9 23.3%1 15.1%; TMAE Cur&Sil-Np 1, ZH R
FZK 8 T RAVBECR 73 s 2 82.7% 1 70.9%,

THNEREHERERS (P<0.05),

1009 A
80 I
;;«Jr 60 -
= =8~ Cur&Sil-Np
s
B 404 - EWE
Bk
20
0
807 p
-3
60 -
S
L —8— Cur&Sil-Np
B 40 4
i — KK
&
5%
20 -
I
i ©
O - L] L] 1 1
0 30 60 90 120

t/min
B 8 Z®|HE (A) MAKTERER B) BN FERMEL
(Xts,n=3)
Fig. 8 Release curves of curcumin (A) and silybin (B) in
vitro (Xt S,n=3)
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27 BEMEWEZR

2.7.1 pH EHMREW  ZBEAELTT TZH & Cur&
Sil-Np, FFf S8 A0 AN Bl 25 R 1 52 pH AE 53 14 3+
4. 5. 6. 7, MEHIER, WiE k2 PDI,
SERILE 9 FIFK 7,

WK 9 fror, 4 pH N 3~6 B, Cur&Sil-Np
RGN, T2 pH A 7 K, HIF G,
LB, I E IS 25 LT A a e g
B, EHEENREG, LA, UL RS RR,
pH=7 I} Cur&Sil-Np M A Fa & o

9 pH {EX} Cur&Sil-Np & E #9200
Fig. 9 Effect of pH values on stability of Cur&Sil-Np

& 7 pH {EX Cur&Sil-Np BJFEIRIZF PDI AN
(X£ts,n=3)

Table 7 Effect of pH values on particle size and PDI of
Cur&Sil-Np (X £ s,n=3)

pH1H SEYIRLAE/nm PDI
3 232.6%6.1 0.040£0.013
4 234.9+4.6 0.039£0.039
5 288.340.7 0.050£0.067
6 327.7£6.2 0.07610.043
7 VML TCVE D 58 VIR VRN
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Fig. 10 Effect of ionic strength on stability of Cur&Sil-Np
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Table 8 Effect of ionic strength on particle size and PDI of
Cur&Sil-Np (X £ s,n=3)

BTHRE/ (mollLY)  FHKI4S/nm PDI
0.01 246.5+4.5 0.075+0.035
0.02 300.6+6.4 0.126+0.053
0.03 479.9+8.1 0.298+0.123
0.04 VMM VEN MR VR e
0.05 VMM VEN MR CVE N 2
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