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Preparation of silymarin nanosuspension with glycyrrhizic acid as stabilizer and
study of its stabilization mechanism
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Abstract: Objective To prepare silymarin nanosuspension (SM-NS) with glycyrrhizic acid as stabilizer, and investigate the in vitro
release characteristics and charge stabilization mechanism. Methods SM-NS was prepared by high-speed shear-high pressure
homogenization method. SM-NS lyophilized powder were prepared by freeze-drying method and characterized by physical and
chemical characterization and in vitro release. The stability mechanism of SM-NS was studied from the ionic strength and pH value.
Results The dosage of glycyrrhizic acid (GA) was 0.15%. The preparation process was shear rate of 19 000 r/min, shear time of 4
min, homogenization pressure of 100 MPa, homogenization times of 12 times, and lyoprotectant was mannitol 3%, the average
particle size of SM-NS lyophilized powder was (516.4 + 10.4) nm, PDI was (0.260 + 0.046); The in vitro release results showed that
the dissolution rate and solubility of SM-NS lyophilized powder were significantly higher than the physical mixture; The study of
charge stability mechanism showed that licorice acid can provide good charge stabilization and strong resistance to environmental
impact. Conclusion SM-NS is a potential and new nano-drug with high safety, which is formed by the charge stability of GA to
significantly improve the solubility and stability of silymarin.
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KKE]Z (silymarin) A% ERK K& JEHEY)K
K] Silybum marianum (L.) Gaertn. FIF-FHEEY,
HHHKREIT, FoK AR, KRETT . K TRE]F
LR R, HoK R RS EREU, K
&ET R A EITHAERRE YRR R . YR IT Ak
I I 2 2 R TR VAU (V35 N 7 WL AN I R e
PUE/NE R 4EAL . B LR SI8TTHE IR s
SAFEAE B0, SR, KR R IEMEEAR . T
18, TUIRAYR AR, 7 20 R A K I
PR S 350 52 B

HEER (glycyrrhizic acid, GA), X4 H &
N Sl e S 13 4 R = S = S E 11N
PSR AN 20 B SR SR S A U AR —Fh
R AREE . O AERE LR (R
FELVRRERERT 200~250 £5) [ AT &R E
77 o R FE R GA HATREEHFIPER, f#e
B 1 7K T H TR S B T e e e i e 48 v 1
FHUS, SR, 0T H B ERAE /K G ] R YK IR
7| (silymarin nanosuspension, SM-NS) Hf € 71l &
MAAT, iR ElEHR G RIE TIRERT), B
SCHRARIE o A= S50 30 I 1) % OB ) SMI-NS, FEAR
Fe AR EVE I X SM-NS B, LLIA Ak
R IR A B R B A
1 &S5

Nicomp 380ZLS BYBOCKL EE 43 #ri%, £ PSS
AT AH-100D B S R AL, INEK ATS A#;
ZRS-8G BRI A, REETH R R RKFHL
HIRAF]; SIA-10N-50 FUA TP, 9% 7 XL
FAXEA R AT =BT A L C25, b
YEEE NN ATURR 1 2% A5 PR A 7 5 Agilent 1200 1 R0HAH
AL, JEE Agilent AFH].

K RETRFERZY (5 GL20190508, i & 4)
% 80%). GA (HIt'5 GB201905021, Jii &4 %1 98%),
PE R/ NEREYRHE AR ST A E s HEREE. FUHE.
AL, RCARTARN A ARG 5 /K QAT =X
fit'5 MUST-18101702, Fi&E45r% 98.89%, Miff=
BRAEYRHE R A A R, FEER i RBHE (Fh
ED ARAR; #EaliK.

2 HESHR
2.1 SM-NS %%

K FH T BY 1) - 5 e 38 ST 3047 ) 4 o FREL 0.15
g FaE 7 GA T 100 mL 47K A8 s 1 i i, B
1.0 g /K REZ, A, HEnd BTN 2595

TRE . AR B NS RS AL, fE—
SE R TR, RI1S SM-NS.

211 FHKAE. Z20EUES (PDD lE L
il £ 47 ) SM-NS 200 pL, FZEK#MBEZ 25 mL, 2R
KO R B2 G € HopiAt & PDL, ~PATHllE 3
0 BCFME.

212 FERIAE EENRENAN GA, YK
RETRPTEIREZN 10 g/L, T 16 000 r/min BIY)#;
# N #4E 2 min, BT 30 MPa JE /7R3 6 7%, 100
MPa N 15 R, XFERIH BT HESLE, 45

WK 1. FEERERHERIGM, PR RN
JE B4R PR/, PDI i/ a3 KRN, At e
FIFH &L 0.3%H, Fril 5 1¥) SM-NS fEE R MTE,
HEIA 0.4%HT, 41 SM-NS G UiiE AR E .
ik e 7 GA TN 0.15%.

F1 BREF (GA) BEX SM-NS F£i5%i12 % PDI BIS/IR
(X *xs,n=3)

Table 1 Effect of stabilizer dosage (GA) on average particle
size and PDI of SM-NS (X *s,n=3)

GA HE/% S-S5 Ki 4% /mm PDI
0.05 638.019.4 0.4930.089
0.10 678.5+ 1.7 0.41140.023
0.15 519.0£11.0 0.261£0.011
0.20 612.9426.9 0.476£0.027
0.25 616.1£7.7 0.439£0.017
0.30 574.0+23.4 0.477£0.047
0.35 607.1£5.2 0.500£0.006
0.40 578.7£6.2 0.323£0.176

22 ITZEZEMNER
PSRRI PDIL NFaHR, 20506 BY D)5
YUY, R R E S, BRI 4 AN T 2R E
HATHESER,
221 HUIEE O ERE R GA HEN0.15%,
FEEETY) 2 min, & 30 MPa JE /) F¥JJ5 6 ¥k, 100
MPa NJJi 15 ¥k, XBIYIREE BT H S, 4500
2. WA BIUIEEE PG, SM-NS [ 3IH0 42k
/N, PDI Jeid/h et K. AR 2 4558 & SM-NS
FeoE fE DL BB Y1438 4 19 000 r/min.
222 HIUINE O HEREERHAZEAN 0.15%, 2
VIR ERIKRE R 10 g/L, BIYIHEE 19 000 r/min, &
T30 MPa J£ 7] F¥JJ5 6 Ik, 100 MPa F3Ji 15 X,
XTBIYIIS (A AT H %2, 2R W3R 3. Y4BT [A]IL 4
min )&, ZEKEBIYII XPRARF] PDI 2 AR, JF
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*® 2 FYEEEXT SM-NS FHRIER PDI IR (X *s,
n=3)

Table 2 Effect of shearing speed on average particle size
and PDI of SM-NS (X *£s, n=3)

B )38 /(rmin ) SEH R A% /mm PDI
13 000 563.6t17.4 0.329£0.053
16 000 532.6£22.0 0.051£0.016
19 000 535.0£ 8.5 0.180£0.022
22 000 607.6£36.7 0.273£0.007

= 3 FYIETEIXT SM-NS FifR K PDI BISAE (X s,

n=23)

Table 3 Effect of shearing time on average particle size and

PDI of SM-NS (X %5, n=3)

BIYJI) [8] /min SEA R mm PDI
1 540.9£39.9 0.299+0.080
2 565.5+ 3.2 0.210£0.014
3 543.2%13.0 0.228 £0.031
4 465.61+55.2 0.261%0.122
5 545.1£47.1 0.168+0.149

224 WFRREL ¥ “2.17 TR BIH TR 5K
KHEIZHIREW, BT 30 MPa JE /1 R 6 %,
T 100 MPa £ /7 F¥JJi 6. 8. 10, 12, 14, 16
U RJEI P EIRE & PDI, 45RILE 5. BEE
IR U I, AR BRSNS 3K, PDI
SN HAE B R R T 12 YURZRAR /N iR 2R 5
Hrgh T, R R AT B 3 R 12 0k, 5
H SM-NS & & 5 gl AR E IS, I3
FIARIS AR, [RIUE AT LI REVEA TAERCR M %5
R, R IRECN 12 IR

&S5 HBORKX SM-NS FHRIZK PDI BIFME (X *s,
n=3)

Table 5 Effect of homogeneous times on average particle
size and PDI of SM-NS (X s, n=3)

ELBTYIS L K R AR T T b

BIBIRE PR mm PDI
6 645.1£10.6 0.208£0.057
8 609.7+ 7.6 0.188£0.061
10 589.0+£13.3 0.172£0.012
12 466.3+12.9 0.143£0.021
14 559.8+24.3 0.026£0.026
16 569.7+24.7 0.104£0.017

B, W Ak BT VI )04 4 min.

223 BFES) %217 TR R & 7R K
REIFHIRER, BT 30 MPa k) NI 6 K,
F 60, 80. 100, 120 150 MPa J£ /3 F#JJ5i 15 Ik,
M~ kife & PDI, ZREK 4. BEH LB
T, SM-NS K4t K& PDI Sei /N K. 2347 H R
PRI AT 2 2 o s i KRR R e R RGP 2, i
R RAERAE, AWM KA K. B TREA A
TR RBURE, T e s A IS R 9 B e S e
FRIAR IR/, BT DA SRR s AR A
HISEFE 30 MPa T30 6 I, FH7E 100 MPa R/
12 K.

x4 HWREHX SM-NS EHHi2 K% PDI BIg20E (X £,
n=3)

Table 4 Effect of homogenization pressure on average
particle size and PDI of SM-NS (X s, n=3)

1% & 71/ MPa SPYIRAR/nm PDI
60 573.1% 0.5 0.175+0.052
80 5683+ 4.9 0.234+0.020
100 5005+ 5.2 0.189+0.071
120 558.2+13.4 0.268+0.122
150 609.1+ 2.3 0.710£0.051

225 IIERE ETFTZHREZLABHE SM-
NS b 77 TZE4M, FREL0.15 g GA F 100 mL
aiK AR, N 1.0 g K RETR, B,
LA 19 000 r/min [F3E/Z EIY) 4 min, SAJ57E 30 MPa
TR 6 Ik, FEAE 100 MPa FHJJ5 12 k. BEH
£ 3R, M LRI 2 PDL. 45 3 7R SM-NS
PRI 2N (489.619.6) nm, PDI A 0.22240.049,
AT ANZ % A R R E B .
23 FTFIZER

PLE 2 BU RS (redispersibility index, RDI) 1
NET G SM-NS R T8 B 2 B A Fa s 2
—, WHEAKA RDI=T 70805 43 rkiz/
WIUERIAE . RDIEEET 1, RUNE TG “ B
BN
2.3.1 SM-NS HTHH#rfl&  WRHE “2.27 Wi
BALHI £ T2, #% SM-NS, &8 20 mL 2r HlinA
5% AN [F) 28 AR T OR3P 770 CH BRI FUAE S LU AL,
HESAXNEA, REaME THRTAST, &
=55 CAHETIRHLF B 12 h, FREEAH TR 48
h, B3 SM-NS % T4 .
232 FAMECHEVEAY OECC2.3.17 TR BT RR TR
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F 20 mL 47K ¥, RIEISFE A8 - BUR 2R
&, WESHEMFRiE. PDI & RDI.

233 HTRIFIFEMESR R 2317 UK
THESAIMANE FHGT R L A . H R, A
PEH . SM-NS ¥Ry o AT AT R T LR 771
MIRESE NS AT IRAL, DM, T B AR
fabr, FHEAFRTRIFIN SM-NS HT# 5
M, SRR 6. AMNVRT-LRIPFI =S T RS
FEALRE, PR BUS KRG KON . DU SR
R FIRE TR MR R A7, S R,
R GRS — ke, WSH RDI 4%t 1. A
U6 R IR P H BRI MR TR

234 HTRPFIHERESR DR TR UAF

SEPE N TRAR, B H BRREH R 5N 04 1% 3%,
5% 10%Xf SM-NS T R BRI, 4558
W 7. BEE R FH EEE =G, TR
5], RDI RGFREIERES: MHERN
3%HF, FTHERE T, CREI%R, Fih—,
HRTRa Ly, G FIRAN (516.4+10.4)
nm, PDI & 0.26040.046, & JGhRERERE A
EPRES o

2.4 SM-NS HZT#HIFRIE

2.4.1 AT (SEM) WA BUEE
K KEIRFERIZGR SM-NS VRF8y, ZibTRE St
b, KRBV S AAF DN F R, T SEM T
MEHIERS, EHRIE 1. mHKREKFERZE AN

®6 RTRIFFIFAIS SM-NS FFMIUE B HIERIFNE (X £5,n=3)
Table 6 Effects of different lyoprotectants on appearance and redispersibility of SM-NS lyophilized powder (X s, n = 3)

s abil AL TR TR R mm 9805 P82 /mm PDI RDI
FH O ks, A, HRE 501.84+27.8 598.84+60.9 0.38940.053 1.192+0.049

HEEmE w2 sl, Fgs, Ak, mshtEir 4772+15.8 469.8+15.2 0.126+0.071 0.985-+0.001
ANE a2, FLECR, Wahthir 501.9440.5 475.0+56.3 0.29340.146 0.948+0.037
INZEEE AN S BOR, HibE, Wz, By — 532.94+17.0 458.5+30.9 0.38940.075 0.860+0.019

®7 FTRIPFIREMNFTHEI MMM (X £5,n=3)
Table 7 Effect of dosage of lyoprotectant on redispersibility of lyophilized powder (X £s, n =3)

PRI E/% S

FT T YR E /mm B HU5 T %k 2 /mm PDI RDI

0 Gikn, BBEIL], Ak

501.84+27.8

598.8+60.9 0.38940.053 1.1921+0.049

1 BERRS, B, Rk 552.7+48.4 497.74+67.0 0.689+0.032 0.900+0.071
3 GAZ AL, BN, NHE, WA 5357+ 9.0 516.4+10.4 0.260+0.046 0.964+0.008
5 B %I, BN, AENE, WSk 58124193 480.7+74.7 0.25740.012 0.827+0.088
10 Biks, BEdmik, mEhEL 569.6+22.6 477.9+82.1 0.489+0.374 0.839+0.135

> o L
t (=N ADS

El1 KKEEERZ (A) FSM-NSET# (B) AISEM &
Fig. 1 SEM image of raw silymarin (A) and SM-NS (B)
KANAEISPOR, KRS T SM-NS %1k
BR/NZEAMERIR, REDGHE, BRAR A5

BHAE N A]

2.4.2  AMHEIE (FT-IRO AW BUK CETR, HE
fiZ - SM-NS 41, /K CHEI R 5 GA W3iE-& %) (i
0.15 g GA 1 1.0 g /K KWHEIZRIE SIS, HE) 1EN

FEdh, 5 KBriR& R, 7 1E 400~4 000 cm™
2T MR, W 2. K KETRAE 3 440, 1642
em ' BA R HRHENE, YENRSGYIF SM-NS 7
TR T 2 AR, ELA B RIS H B,
F UK B R AEGURIR B A S IR AR s
2.5 RINAELHFTEN

251 &R @i kA Agilent EP-Cis £
(250 mm X 4.6 mm, 5 pm); JBIHAFEE-0.1%0K
FERR/KIET (48 2 52); AR 287 nm; FHil AN
40 C; fAFME 1.0 mL/min; #EEEE 10 pL. fAil
BRI 3, Hrh i 3-A BTiioRi 2 ANss 2 nt i i
K KE] FERFE I

2,52 SFHESARITCH] RS RREOG R K R A
¥ 10.06 mg, BT 50mL &, oA FEGH S %
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A 2.54
B

C

])'.

T T T T T T T

4000 3000 2 000 1 000
v/em™

2 KKEIE (A SM-NSET# (B). HEER (O). 7k
KER-HERYIEREAY (D) # FT-IR

Fig. 2 FT-IR of silymarin (A), SM-NS lyophilized powder
(B), glyeyrrhizic acid (C), silymarin-glycyrrhizic acid
physical mixture (D)

VST

0 10 20
t/min
B3 KBRS (A) F1SM-NSFHTF# (B) HPLC [
Fig. 3 HPLC of silymarin (A) and SM-NS lyophilized
powder sample (B)

flRFERRE B2 B2, O it 2R BEN 0.20 mg/mL
(PRI HE T R

253 ALK H & RS FREC SM-NS T
120020 mg, ZH (HPEZIL) 2015 FRREE DYHS
TR 55 32 (G, LL 900 mL 2818 /K N A
34N 100 r/min, A (37.0£0.2) C, 60 min
FFEURE 5 mL, 28 0.45 pm TUFLIEREERE, B2 pEW
HIFE

LR RELE FHHERIUTEIKRE 020
mg/mL [0 I A0S B, R AR P AR T B R
4 10.06+ 20.12. 30.18. 40.24. 50.30. 100.60 mg/L
(Rt BB S, 7 “2.5.17 TG & 1F T RSN T
DL B B R AL bR (XD, R I T AR S AR bR
(Y, ZfilbrdEthze, SRIEEFE ¥=31.732 X—
32.87, #=0.999 3, KK KHE]ZELE 10.06~100.60
mg/L 2 RIF&MERR.

255 #HAEMME BUEE SM-NS %1k, H
WA VAMR, FOREIS 4 0.45 pm fFLUERE e, )
HPLC W&, 1HHEBZAEN (1470£1.15) %.
2.5.6 MEAMNEHEERNE & CRPEZH) 2015 4
P DU T 58 98 GRS BHATIE I, AREL
& SM-NS HRT#mA/K KE RS GA V3RS
(L 0.15 g GA 1 1.0 g /K KB ZRIR A2, BIFD)
BN 900 mL ZEMH/KH, IR N (37.0£0.5) C,
FE3HN 100 r/min, 43T 5. 105 20 30. 40. 50.
60 min HUFE 5 mL(OZZ %M E FIRSF & D, £ 0.45
um FEFLIEENERE, %18 HPLC 50 5 Heig iR,
THRZE T, Jreflia ik, 2R0E 4.
Al )L SM-NS ¥ T-# £ 120 min B {97 H ik
88.2%, MYIFIREGM AL 50%, FHPREK K]
F % SM-NS Redi s HAR /A H R o AR4E SPSS 25
A ANOVA 36 v 5 45 R 15 2 SR Ie i FAE N
13.126, P=0.003<<0.05, FHJ SM-NS % T 57K
CEIRVIIRAME N EE R B BE . &L
Frik, JK KB ZH R SM-NS T BEHR i AR 41
TR .

2.6 TREHHINERE

2.6.1 pH UM FREL 0.15 ¢ H & ERAZEFT 100

100
SM-NS #FH

80
=60
s wREY
& 407 . s

P S ¢ -
201/ F %

0 10 20 30 40 50 60
t/min
4 SM-NS HZF#HMYIEESYMAEEHLZE (X ts,

n=23)
Fig. 4 Dissolution curves of SM-NS lyophilized powder and
physical mixture (X £s, n =3)
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mL 25K B A AR, 0.1 mol/L Ay S AL N ER
0.1 mol/L HJERIR V% pH 7514 2+ 34 4. 5. 6. 7,
SRIGIIN 1.0 g /K KEIZ, A, HmEIYIHL D
BT 4 min, PR EBIRL, £E 30 MPa i)
TR 6 K, T 100 MPa JE A R 12 %,
ER AR PDI, 455K 8. 24 pH=5 I
SM-NS s, FELAYIREDE, H SM-NS £
AT 25,

8 pH X SM-NS FEJHi1250 PDI FI5200 (X £s,n=13)
Table 8 Effect of pH on particle size and PDI of SM-NS
(X xs,n=3)

pH fH S8R A2 /nm PDI
2 481242022 0.2970.020
3 4742%10.5 0.296+0.010
4 526.4+34.4 0.1630.050
5 7244+ 26 0.75720.020
6 6369+ 1.3 0.486+0.050
7 547.2+50.6 0.4700.060

2,62 BETUREERISZMN FREL 0.15 g HEERARE
T 100 mL 4K AR, SR ST
SR, BFRREESN 0N 0.01. 0.05. 0.10, 0.25. 0.50
mol/L, RGN 1.0 g /K K&K, /A, HE#s
VIFL D A489Y) 4 min, FE NSRBI, £ 300
MPa & 77 R 6 ¥, T 1000 MPa & /1 F#5
12 %, WeEfE—drkifs & PDI, 2R 0%K 9. B
HETIREHIIN A, SM-NS [R42 A1 PDI H88 Kk,
H 4B 758~ 0.25 mol/L I SM-NS H#l 7 A&
SEMG, BPEZNSLETHILZURITIE, SM-NS 73 )=
B, HAS AL,

RIER 8 G5 WEI/R, M pH 2~4 B, B pH
K, SM-NS fRI42F1 PDI 221818 Kk, (524

*9 BFREX SM-NS FHRER PDI MFM (X *s,
n=3)

Table 9 Effect of ion strength on particle size and PDI of
SM-NS (X £s,n=3)

BT/ (mol- L) “FHH4% /mm PDI
0 511.6 4.6 0.112£0.040
0.01 5427+ 42.7 0.19440.070
0.05 5849+ 33 0.10940.090
0.10 608.6+ 74.5 0.22240.040
0.25 831.6%= 77.8 0.76310.320
0.50 831.9%£231.2 0.570%0.070

pH X% 5 J5, Kif2 Al PDI #5810, Fi SM-NS
ALARDUEE, RECERE - E4Y, EW L
SERCREIR . HEME R H R A G 56 3 MR
H (pKa=3.98, pKo=4.59, pK;s=5.15), 28—
EMBRYE, B, HEERIEA SM-NS (ISR E
A, HARENH SERF AR, WAk, B
2 FEMRL A BN AR Z BT R S S o 2R gk
K BURLAR B 251 R (AR AT AR Ak, gk — Ik
ST AR E RIEEEAER B, SRR
RIS A . MR 9 R EIR, fEal
K& R SM-NS [k 281 PDI f/s,  [FII BE &1
5E (0~0.5 mol/L) HINgKkiffkif2F1 PDI &£
BRI H S 9mAEA 2] 0.25 mol/L B,
FORI 20 PDI AHE T4k A R B EH K, 9KiRE
WHIL T AFEISE, YOKRIREBR Y ZHE. X0]
RESE T S TR E A, B AR
FAENRE T, SEUES)ZEAH, D F A
WSS, SECkFRR R R, R, I )
SM-NS [{] Zeta HLAI N (—23.67+1.40) mV, FH
MR e EEGR, RSO REGEfAE. DAL,
AT Rk — D ERAFHR TR IS T HERIRE
SM-NS.

3 e

ARSI I8 I SR P e Y Y- PR 38 S, R
T RGER SM-NS, Z 5k B H g e, 6
G 1 DTVEVEA LI TR 5R B 1 i i AR SIZ5 i % FH 1)
GA NRRBERMIY, ERADKHE TR
SM-NS A BB AR e RO . — R 5, FRoE Ak
FERCUE T CMC A BB I R S8 E R, it
W2 HEERK CMC, RILH FERTE CMC DL T 134
RO, X5 S04 A — 5L

PG S EG 25 SR I, SMENS % TR H %
VAR B EE T, PRI EBAR A UK &
B RS ME B, [N, SEM. FT-IR 45$4:4
B D £ TR ROK BT R AK A, B8 GA H
TYPRIREA SRR EH TARZY, B
ARIFIRERNS. ko, HT GA 5K KEIRR
BAMRER, W BH DL 887514 2 i [R5 2501
B FH A2 PR AR AH AR SR 1 s B AT 1)

WL BRI, HERIRE SM-NS MEENL
5 FA K. (R TiRIE, Ak
HATReth 25 7 iR mREEH . BT HEERA
AR, GA XK R A ERISEF ), —#45)

/i
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W52 TR, N TRk, 5 #B il
TR A RS, AEGORRL T 8] i = 4
WOAREE R, XA AR 5 A mT DA RH L A KR 7 1) 4
AR, —fol Ny, (ERNAAEA AR E
MR E R TRIEOLT, Zeta RAZZEXHE KT
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