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Preparation of baicalin solid nanocrystal using glycyrrhizic acid as a natural
stabilizer
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Abstract: Objective To prepare baicalin solid nanocrystal (BCN-SN) stabilized by glycyrrhizic acid (GA) and determine its in vitro
release characteristics. Methods The high-speed shearing-high pressure homogenization technology was adopted in the preparation
of BCN nanosuspension, and then BCN nanosuspension was solidified into BCN-SN by freeze-drying. The formula and process of
BCN-SN were optimized by the single factor experiment with average particle size and polydispersity index (PDI) as indicator.
BCN-SN were prepared under the optimal conditions and characterized for crystal-linity and particle size. In vitro release of BCN-SN
was also determined. Results The particle size of BCN-SN stabilized by GA and protected by mannitol-GA was (478.0 £ 6.5) nm, and
the polydispersity index (PDI) was 0.230 £ 0.015, respectively. The results of SEM showed that BCN-SN was irregular spherical and
DSC showed that BCN-SN was amorphous after being prepared into solid nanocrystal. In the in vitro dissolution test, BCN-SN
showed a significantly increased dissolution. Conclusion The method employed to prepare the BCN-SN stabilized by GA is simple
and low-cost. BCN-SN can significantly improve the dissolution of BCN, which has a broad application.
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MERCK R Bk R, HERZiEm. Hl& T2
L, BRRE ECEMEAYEAYIA I E, ISR S AEY
FIF B PR A FE IS VD1 188 (P188).
+ R AR SN (SDS). F4ERH K30 (PVP K30)
L0120 SR K I P Ik 8 5 A 5 771 5 o A Ak
T BRI, BRI TR R SR AR THI VM AR Dy 2
TR TR 2 4 A VR B TR AH AT T R A A5 AR R P ) A

SR — B AR TR AR Y 1 R SR 2R TS
A, Tz AT RTINS, WA S SR A
FEZTIIY, HEE (glycyrrhizic acid, GA),
N H B R, 2 — P& A P R I =5 2 1
P L RE L) RERE IR 250 (35T R R AR Rk 771,
P TS 2R R R R A B R i
A LA BRI DT, PR, AR SEEG IR U
PR R )3 o e B U0V v TR A B ) 4% B
LAY R, DR T3 s 2 R A
YK AR (solid nanocrystal, SN), Ff L HE R
& Rl B RRrEm, @i
R R 77k T 255, Sl A T
P A3 s 2 F A GOK i A& (BCN-SN) #1740 14
JRFRAE, M@ HAARINE R . B TR Uufe e T
TEMIZ AR, 39 R AR e FIRE e,
1148 22 47 R 11 JIR AR 771 24 5 i
1 UESHH

Nicomp 380ZLS BYBOCHKL EE 43 #ri%, £ PSS
AT =SB HL C25,  RHEE AU
WRAEMAT: AH-100D BE KL, gk
ATS AF]; SIA-10N-50 BUAVE TP, 7% W
FANE AR AT, ZRS-8G HBUE fein HREAL, K
FET R KK KB A PR A ] s Agilent 1200 15 20
B, FE Agilent A7 .

SRR (IS GB20181023, &%
85%) HEH R (it GB20181108, i &4 %1 98%),
PNV RHE A R ITE A E] s A E R R,
fit5 MUST-16083014, Jii & 741 98%, A2 AR
EVREAR AR HERRE. JUH. TR, LAY
BE. HA&kE. B2 T 400 (PEG400). FPFELT
4:% (HPMC). SDS. P188. PVPK30, m#Hi%}
A TRA S
2 FAEEHER
2.1 PKEEFIRFE

SR FH e T B 1) - 5 e 35 o2 ) 4 L) R B 5
1.0g, A 100 mL & 0.1 g faE 7] CHHEED 1K

R, 8T e BT DI 25 AR TR B
KA R B N s RS R, fE—E RS
BImER, WifE.

2.2 FHRE. ZoEIEH (PDD. FRERH (SD
BB e (RDD USEE

IS YRR B FIE R, HAAKME— e~
¥, SRR BRI G 2 Hokife & PDI, P47
MW 3k, BCEFAME.

BUE 2 9 5 KR BRI, #E 3 000
r/min, &0 30 min, PORPUEH N ERAE, EE
3o HANBATIFR: FaE RE (stability index,
SD = B0 Ja ARUTIE 373 IR~ LA /25 O T IR~ 34
i, SUBRE 1, R IGPKIRR I e PELT

PLE 2B R EL (redispersibility index, RDI) 1E
YRR BTN T 5 o B v fabr 2 —, b
iU RDI= R F 735U MIAF RIS /4] 46 R
1£. RDIBEIEGE 1, EWEHTE “BEAHG 7 BN,
23 TZEZMER

PLSF3IKiAE . PDI AFERR, 23 R 2K R
FoE R & BIUFEE . BYDIN R R AT
BIFRIE 6 N T &R RBITHE,

231 YIREIRE  BEEHHERHAEN 0.10%,
T 16 000 r/min B )% N #5:4F 2 min, B T 30 MPa
JE IR 5 ¥, 100 MPa N5 20 ¥k, %2545
RIREITHESE, SRINE 1. TS LY E
WK, “Fikife. PDI 2l E ok, K
U E 25 R BN 10 /L.

232 REFHE BEREFNNEER, 4750
EIRE N 10 g/L, T 16 000 r/min BIY1E; 5 T #:4F 2
min, # T 30 MPa J£ /3 F#JJi 57X, 100 MPa 1
JiR 20 IR, MFREFHEHITES, SRNEK2.
R I FH B BN, PR SN JE I TG R
PDI Jail/NE 3K, 430 )5 R nT fe 2 dsoe A s

x1 HYNREXEHRIZR PDIBIFN (X +5,n=3)
Table 1 Effect of drug concentration on average particle
size and PDI (X X5, n=3)

HYFREIRIE/ (gL CPERIR/mm PDI
6 5459+18.6"  0.258+0.040
8 5264+ 89"  0.235+0.022
10 4931+ 5.1  0.22840.008
12 529.1£143"  0.237£0.021

510 gL LA "P<0.05
"P<0.05vs 10 g-'L™! group
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*2 REFREXFHREZR PDIHIFNE (X ts,n=3)
Table 2 Effect of dosage of stabilizer on average particle
size and PDI (X X5, n =3)

F 4 HYIRSEISFIIRIZER PDIKIEM (X £s,n=3)
Table 4 Effect of shearing time on average particle size and
PDI (X E£s,n=3)

FaE I HE % SE S5k 4% /nm PDI B YIRS 8] /min SERiAR /am PDI
0.05 528.7+6.2" 0.25940.031 1 511.5+7.5" 0.25040.024
0.10 482.5+4.4 0.22140.017 2 482.5+4.4 0.22140.017
0.15 493.1+5.1 0.22840.008 3 484.9+8.7 0.22340.006
0.20 502.84+6.3" 0.24240.011 4 479.7+6.0 0.24140.020
0.25 519.2+8.8" 0.25240.027 52 min AL *P<0.05
0.30 536.4+7.6" 0.250+0.027 "P<0.05 vs 2 min group
0.35 556.1+5.0° 0.249+0.012 TRV, BT 30 MPa JE /) F¥I 5K, T 60, 80,
0.40 588.9+7.4" 0.281+0.034" 100. 120 MPa & 1 R 20 %, € SFRife M

5 0.10%24 %5 "P<0.05
*P <0.05 vs 0.10% group

%, G AR AR R, ZRIEERI SR
IR IR 5 25 g AR 75 A R AR E 7, 2GR B
Fa g PERRAIG, ok IR SR AT R, R L
FREFIHEN 0.10%.

233 EUUIEGE FEEHEBRHERN 0.10%, 29
JRERE N 10 g/L, SiEEY) 2 min, BT 30 MPa
JEJIF¥IE 5 Yk, 100 MPa F 35 20 ¥, % B4
TR, SR WE 3. B BTN N,
TR E AR IR BRI B RAE [ PDI vy, %%
BT 16 000 t/min i, PDI K FHkif2 b k.
I 6 X BT Y1 % 344 16 000 r/min.

234 BUUIRIE [EEHEERHESN 0.10%, Z9)
JREWRE N 10 g/L, BIY)H:# 4 16 000 t/min, & T
30 MPa J£ /3 R #1J5 5 ¥k, 100 MPa R4 20 X,
XTSI AT 5%, 455 WK 4. MBI YIRS [IA 2
min J5 ZE K BY DI (R R AR R AN K, PDI g 433
K, FEHBIYI g K= A R ESIEAR T R —
0 RSB TR, WO 2R BT I 18] A 2 min.
23.5 MRS ¥ “2.17 TR 5 k4 S

£3 SR ERAZER PDI RIS (X 5, n=3)
Table 3 Effect of shearing speed on average particle size
and PDI (X £5,n=3)

BIYI#E/(rmin)  “PFEIRIE/mm PDI
10 000 547.8+ 9.3" 0.25940.022"
13 000 512.7+ 8.6" 0.236+0.014
16 000 4825+ 4.4 0.22140.017
19 000 503.5+11.0° 0.228+0.017

516 000 rrmin~! 41 EL#E: *P<<0.05
“P <0.05 vs 16 000 rmin! group

PDI, R0 5. BEEWE T m, 9KIRE
Fift f PDI Zeik/Na 3K, 4 J5 R AT g2 3 ot &
NIRRT E IR =, 0k A B4R,
MTAFAFRIAR TG R o B TR A R TR PR R
T e R AE I8 R 7797 ] B SR AR AR I /N 20
DRIt A SR A & AR IS, BISELE 30 MPa
NI 5 K, FELE 100 MPa R34 20 K.

x5 HIREDMFIIREZER PDI M (X £5,n=3)
Table S Effect of homogeneous pressure on average particle
size and PDI (X s, n=3)

¥ )5 & 73/ MPa “E¥RAE/mm PDI
60 676.0+16.3" 0.3024+0.025"
80 558.6+ 6.2 0.251%£0.015
100 4825+ 4.4 0.221£0.017
120 5254+ 9.2° 0.225%0.012

5100 MPa 41EHEH%: "P<<0.05

*P <0.05 vs 100 MPa group
2.3.6  HIRKEL 217 TR 7 ER 4SS
TR, BT 30 MPa J& /7 R 5 X, FET 100
MPa JE /1 )5 5. 10, 15 20, 25 9%, I5E V1
kit PDI, 5K 6. BEEXIFIREIE L, 44
KRBT HIRi4E K PDI IZHT A% 4IAF] 20 X
Jei s BITIREOS A K. I TAE B AR IR
WL, WE S BTIREON 20 k.
24 BREFIMHENER

% “2.17 U I iER & A H KRR, B

PRI PDIL SI DLRAR RN TEN FaHR, 5
SR IRFE E R H R A H & R Aa € 57 SDS.
P188. PVP K30. PEG-400. HPMC * # %1544k
TR IR . R 7 ATAL, B RERRAE N IR,
A3 AR TR B TR /N, 7R R BE R PR [ AR
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&6 HFURBITFEHIRIAZR PDI UM (X L5, n=3)

Table 6 Effect of homogeneous times on average particle

size and PDI (X X5, n =3)

)P0 SEIRLR /nm PDI
5 941.1£39.9" 0.677+0.056"
10 764.0+£20.4" 0.521£0.037
15 486.1+ 8.5 0.225+0.017
20 4472+ 4.7 0.192+£0.012
25 451.0% 5.2 0.212+0.016

5520 RALEEHL: "P<<0.05
P < 0.05 vs 20 times group

RO T HoAth & e eAa g ), H R DR AT R A iR
FeoE R SR AR R T H WG, Rk e AR e 77
TN 0.10%F0F, G IR E R H AL B G FR R
WEE, A48 A 9 AKRL R TH TGV 58 A AR 77
g, MImHIARAR Y KT H R, [,
DRI H B8 £ FH B /N 3R T ok 7/ T HoAth & AR
SEF, AR RRILH AR AR e T,
2.5 IR

E LZREHZE S HAEIL T . L2548
HEH % 3 #FES, WERfE ) PDL. 253 2R
YIRife N (446.0£4.5) nm, PDI N 0.210+0.013,

£7 FREFIFPEISFEHRIZ. PDI. SI RIKZRIEIEE (X £5,n=3)
Table 7 Effect of different stabilizers on average particle size, PDI, stability and system appearance (X s, n=3)

g FFn R FHPRLAZ /mm PDI SI R I
HER 4484+ 58 0.202+0.014 0.912£0.017 REORIF AT (] F2
SDS 5955+ 7.0° 0.24740.028 0.416£0.034" BB G UTEE, FRZ AT
P188 4959+ 7.0* 0.258+0.034" 0.677£0.022" BB G UTEE, FRZ AT
PVP K30 618.8+£12.9° 0.328£0.032" 0.765+0.016" BB ZUE, B
PEG400 698.8+21.5 0.446£0.022" 0.48240.005" T Z 2, B
HPMC 814.74+28.7* 0.37140.031" 0.351£0.022" TE 5 25 5 DTE TR

HHERALK: P<0.05

*P <0.05 vs GA group

RWIZHI &L R R I .

2.6 EiIEMER

2.6.1 BCN-SN Hyifil#s  HL “2.57 T 9K
2 mL FRaAIET, B-70 CAERTEYLFHUE 12
h, FHEJEAE T 48 h, EN7E BCN-SN % T8
2.6.2 BTN BX “2.6.17 TR BCN-SN i&
&, 10mL aiKEAEER, % “2.27 BTN ke
LG 14842, PDI K& RDI.

2,63 AS[EFRFERXT BCN-SN I m %
“2.6.17 WU 71k 4% BCN-SN, % H HR 5% I,

()& i Fa e 75 SDS. P188. PVP K30. HPMC.
PEG400 %[44 )5 40 W K P34 B B s, 45 58
# 8. AR, DIHEE N E AR IR B
T JE Rz ) PDIAZAK, RDI &/, FHERKAE
B “ AR 0 7, 0B H B B VR TR
R 77, 5CERARGE AR AT R R A g —
P H RS HARR TR IO b, B R AR AR
PR

2.6.4 HTRRYFIFEMELE % “2.6.17 WIF
MM BB W AR RN AL . H ER

®8 REFMAENEFMIRLESEIERFE (X £5,n=3)
Table 8 Effects of different stabilizers on appearance and redispersibility of lyophilized powder (X *s, n=3)

FesE P SR B #UE PR m PDI RDI
B BRRIR, Bifs, By — 557.5+ 5.0 0.275+0.024 1.238+0.011
SDS Biks, G 837.5+18.1° 0.353£0.046 1.410+0.037
P188 RIE4E, Wb 757.4+27.3" 0.389£0.013 1.527+0.055"
PVPK30 B, RIEPLE, B 1097.1£70.4" 0.6600.057" 1.773£0.114"
HPMC KIEG 4, MERE 2105.5+51.6" 1.197£0.139" 2.584+0.063"
PEG400 7™ H A 4 1173.3+£44.3" 0.6600.034" 1.679+0.063"

HHERHLLE: "P<0.05
P <0.05 vs GA group
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FRIME. FLMERIE A (RESEIIRN 3%) %
BCN-SN T8 o U IR AT CRA TR it A
TEHX, DAL BB iR, BEA
7] L4 75%F BCN-SN & TR s, 25 R0 9.
MR CRAP ) ) 2 0 HE DT H A R RS, P29 K
JERARIE KON .. DU SRR B BB R
IRT R PR R, B ERER, JF HRif
HIOABRHELAN, ARG 5 KA SR, T A 9
g, WE B A E A TE AR

2.6.5 RIFIHEMEE  CLANIRI R B A1
bR, BREHER-HEEHE (0. 1%. 3%, 5%-
7%) %f BCN-SN fR#F R K520, 4558 WK 10.

BE R TR R G, VR TRy R R,

RDI 2ZFCERMES: MHEN 3%0, &
THEREIMG, Bty —, mahitkty, BRET
YIkife N (478.0£6.5) nm, PDI N 0.230+0.015,
MoarsUs R R A IRES

2.6.6 RTLRIFILLGITRE  DLAMILAN P EokE
JtEbr, EEARFENR (101, 1:2, 2D H
& - H B RR A N TR 5% BCN-SN {47
ROERMIsZI, AR AR B, 5 R IR
11, BEEHERAEIM, BCN-SN % T-HZH 5T
Fas ey 12 B, Hph)—, waittkly, &2
BRIk N (478.0£6.5) nm, PDI K 0.230+

R FETHRIPFIMEINEFMINAR BRI (X £5,n=3)
Table 9 Effects of different lyoprotectants on appearance and redispersibility of lyophilized powder (X *s, n=3)

S kil S oS F K2 mm PDI RDI
7 5 R BifaZFL, oA R RS 557.5+5.0° 0.275+0.024 1.238+0.0117
HER BioRka, mits, B —, WAL 500.4£6.2 0.241£0.017 1.111£0.014
LA RIEG G, 5P, FIEX 519.6£5.6" 0.275£0.025 1.153£0.013"
HEEnE RIEFR, B4, Pl — 506.9+5.8 0.258+0.014 1.125+0.013
FERAE KR, (AN — 542.4+5.0" 0.271£0.038 1.204£0.011"
FLHE AN, Pt — 521.8+5.9" 0.263£0.013 1.158+0.013"
A FKinapsn, LY, R 534.1+8.3 0.260+£0.019 1.186+0.019°

HHBERALLLE: "P<0.05
P < 0.05 vs GA group

F10 FTHRIPFIAEXNFTHESEMERIFE (X £5,n=3)
Table 10 Effect of dosage of lyoprotectant on redispersibility of lyophilized powder (X Ls, n =3)

TRAPFR &% A B P ARL4% mm PDI RDI
0 BRfa 2 FL, BT HAR G R RS 5575+ 5.0° 0.275+0.024" 1.238+0.0117
1 EIEZ1R 546.2+ 9.2° 0.24440.028 1.213£0.021"
3 RIMBCPE, Fiths— 478.0% 6.5 0.230£0.015 1.061£0.014
5 RIMBCPE, Fithis— 479.7%11.1 0.267£0.018 1.065+0.025
7 eI 508.0+ 5.8 0.27440.023" 1.1284£0.013"

5 3% "P<0.05
P <0.05 vs 3% group

1 FETHRIFFILLGIINR TR B EMENEME (X £5,n=3)

Table 11 Effect of lyoprotectant ratio on redispersibility of lyophilized powder (X *s, n=3)

LrAp 7 E A AR o UG R4S /nm PDI RDI

7 TR BiAaZfL, T AR R RS 557.5+5.0" 0.275+0.024"  1.238%0.011"
1:1 QIS El 489.1%5.6 0.270+0.022  1.086%0.013"
1:2 Biks, ARG, i —, REhikELr 478.0%6.5 0.230£0.015 1.061£0.014
2:1 ENEZTN 492.4+4.0 0.25940.022 1.09340.009"

512 dkE: "P<0.05
"P<0.05vs 1 : 2 group
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0.015, FoHUGTIRE IR FF A IR EIRES .
2.7 AELE (SEM) MBRES

HUE & BCN JFRHZ45 A1 BCN-SN, 24 BT #£ St
b, REWEB AT B S%, T SEM |
MRS IEARB A, WK 1. UL BCN JRR} 25
KAL), BERKEPUIR, T BCN-SN 2 AK
BRI, R/NEAT

El1 BCN J&#Z5 (A) #1 BCN-SN (B) A SEM [&
Fig. 1 SEM image of raw BCN (A) and BCN-SN (B)

2.8 EXHWERZE (DSC)

Kl 2 1F N VE I 25~300 C; THE#E R
10 C/min, SANES, SPHIREY. = AR
BCN J5ik} 25 F1 BCN-SN #H1T DSC 4371, 455 WL
2. HERT%1, BCN REIZATE 207 CH 1 AFHIER
Wb, 25 FEHEE 168 CH 1 NG, MERA
YITE 164, 198 CH 2 4Weiitld; BCN-SN ) DSC
MR B R, 259 5 R W AR ARV %, 0B
BCN-SN #1254 2 T 2 TR IRE .
2.9 {RINAHSLIE

2.9.1 B2 @ik kN Agilent EP-Cis #E

IR &Y
ES=kiihes
BCN-SN
Sb 160 1%0 260 2%0 360

1/°C
2 YRERAY. =BEHEL. BCN JRRIZAF BCN-SN i
DSC
Fig. 2 DSC map of physical mixture, blank accessories,

BCN raw drug, and BCN-SN

(250 mmX 4.6 mm, 5 pm)s JFEEIH N FHE-0.2% 0%
B KWW (47 @ 53); A& 280 nm: FHiRAH
30 C; PAFE 1.0 min/mL; HEFEE 10 pL. i
KL 3,

A

t/min

B3 HEZHXES (A) FBCN-SN#& (B) A HPLC &
Fig. 3 HPLC of reference substance (A) and BCN-SN
sample (B)

2.9.2  WTRESARBIECH] RS R PR S0 IR
10.4 mg, BT 50 mL S, b B A AR 1
BERZIEE, BOH) U BN 0.208 mg/mL (1355
T HE VT

2.9.3  HEESAERECS] B 90 mg BCN-SN 4T
A, BATOREF, S (REZH) 2015 4R
VRTINS =3k (335D, LA 900 mL Z& /K A
AR, % )y 100 r/min, BN (37.04£0.5) C,
60 min I BURE 5 mL, £ 0.45 um FAFLIEAESERS, HX
SRR AN

294 LMERRFL KEWIUREIKRE 0208
mg/mL (350 B G =, F R R ik
FEN 104, 20.8. 31.2. 41.6. 52.0. 104.0 pg/mL
SRR, TE “2.9.17 Tl 4tk N HERE T
DL BRI B R AR AR (XD, (i D& T AR O S AR b
(Y, filbrdEdhzl, 320RH77HE Y=44.489 X—
28.99, #=0.999 8, KHIEXT/E 104~104.0
ng/mL 2 RIFEMER R
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295 HAEMNWE BOEEGR TR, WEGESE
fift, WiREfE4E 0.45 um TALUEREEEE, F HPLC Wl
T, WHBZAEN (23.7£1.3) %.

29.6 MEANAHFERIE % CHEZH) 2015 4
FR VYRI5 ik Gk AT N E, FREX
L5 BCN-SN T4 SPEE S NI HEh, #
A 900 mL ZE/KH, AN (37.0£0.5) C,
H3# 100 r/min, 0% F 5. 105 20+ 30 40 50.
60 min U 5 mL CR 2 [FIIREFEA D, £ 0.45 um
FLIEREERE, 18 HPLC yE e JLIgm A, 52
Vs R, JReamlin H ih 2k, 25 SR LI 4. 7T )L BCN-
SN FH7E 60 min I H 25k 87.4%, MA)HE
REWAE 50%, FIH BCN il i BCN-SN #¢
P HARINE R

901

70

HHZ/%
Wi
(=)

(3
(=]
L L Il

—a— BCN-SN % T8}

10 —e— YR G
0 10 20 30 40 50 60
t/min

4 FTHFIERSYNALZ (n=3)

Fig. 4 Dissolution curves of lyophilized powder and
physical mixture (n = 3)
3 e

K e 1 B ) - i LR 28 ok ) 4 4R TR T B
8 o AT IR P AT HLIA 7R 8 2 W P A4 R 57
PR R 7R 2 PR IR, SR 1OCR A R Y
DREFHS i AREE, ZUTiE R R, [R)I fhi) #
REAERT A, A BT m TAERCR . AR BLaiK oy
VT, SR FH v BT D) - i R X RV ) 4 SRS H YRR
wil, BERRE - MIREE. RIS Ik, A
DNEHAR BT BIAR S HE 7 B e Skt
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