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Preparation and in vitro evaluation of puerarin nanoemulsion lyophilized powder
with glycyrrhizic acid as stabilizer
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Abstract: Objective Puerarin nanoemulsion lyophilized powder (Pue-NE-LP) was prepared using natural surfactant glycyrrhizic
acid as stabilizer and evaluated in vitro. Methods Pue-NE was prepared by high-speed shear and high-pressure homogenization
method, and further combined with freeze-drying method to prepare Pue-NE-LP. Taking the average particle size and polydispersity
index (PDI) as the evaluation indexes, the optimal prescription and process parameters of this experiment were screened out through a
single factor test. The prepared Pue-NE-LP was characterized by physicochemical properties and dissolution in vitro. Results The
average particle size and PDI of Pue-NE-LP prepared with 5% glyceryl caprylate as oil phase, 2.0 mg/mL glycyrrhizic acid as stabilizer,
and 7% glucose as lyophilization protectant was (215.1 + 0.7) nm and (0.133 * 0.024), respectively. Scanning electron microscopy
showed that Pue-NE-LP was irregularly small and uniform in size; X-ray diffraction showed that Pue-NE-LP existed in an amorphous
state. In vitro release results showed that the dissolution rate of Pue-NE-LP was significantly higher than the physical mixture.
Conclusion Pue-NE-LP prepared with natural surfactant glycyrrhizic acid as a stabilizer is not only simple to prepare, but also can
significantly improve the solubility and bioavailability of puerarin. It provides a reference for the multiple development of Pue-NE
formulations.
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=IRE (puerarin, Pue) N ZBZBHEM, &M
L RE P T B BB R A PR T SR S B A — Fh o
i, tRERRNRFEFILSZ—. I
ARY, HRKAAZE4BERHI, a5
Px 254k 2 A R 47 PR R U1, (H KPR,
EBE M 2 (BCS IV K259 DUIRAEYIRI AR,
A3 25 I PR . F 32 2 7 AR R R A0S H AT &
R ZR PR T 1) ) Y A R AT BRI, AR AR A —
SERIEREG, Wy SR B T ARl R A e T2 R A
B G R EZ . SEK, HEETERM.
I T AN 2 FAEEAS R e 2190, g R 51 25 24350
FrfRfR, Hifil& TEER, MERFNHAFIELSE
Kb, AU SR = IVE M, SR,
2y TAEB TR T B ARR GBI A I 78, (H 21
NS G 5 5% B A WL IR, A ANNE Bk 2 K
MRS BRI AP, ALY, LR
A R o BRI R R Bk 22 G R AT, 52
I 22 A 1281,

29K F, (nanoemulsion, NE) EA—Fhes ik
B2 IR/ R A, T TR A
RO WGV . BEROREET L, BAATTREE. 5
Tl RTORBE. TR R (2t
ZIIBIE . WD RN AR 2 AR S, B
PL, #%&EMREY KA (puerarin nanoemulsion,
Pue-NE) 1] AIG N2 4703 fifd FE AR i2E A4 IR 2 A
7R S AR . B HATRI9R LA 2 &
Guitt 7 b 2 R R A R IE TR, AT X G
BERR A A E R, RS E, BHK
HAE FH 25 N A= A BRI A B2,

HHERR, £ —MEAHE RN =ik 21,
WA REYFEA R 2 —, BARIENE, 7
DU RS e AR R R4S, AT 78 LUK SRR T P
FH R A E K 4% Pue-NE, #E—20 ¥R T8
25 T#) (lyophilized powder, LP) B¢, BIZEIR &
YK FL % TFr (puerarin nanoemulsion lyophilized
powder, Pue-NE-LP), & 7EMFIAL 5 b€ T
TE 1 22 4 e i) 8 K &9 oK 3L 1) 70 1 K AN A 12 i)
R, R AR ZOH Y B T kB e LA
1 UES5HH

KQ5200DE AU i i e as, Bl
IXERB R AR C25 L= A BFL AL, i
B )IHLI AR A R AH100D & B350, N
K ATS A+]; NICOMP 380ZLS HLO KL Il &

1, SE[E PSS KB AT]; SIIA-10N-50 B4 ET
BEBL, TG AR A ZRS-8G B fE
WHRIEA, RETRRKREREARA A
UV-6100 BYELAM O EEAY, Bk X254 R
AF.

FHEN S (S MUST-19042007, J5i &4y
#99.71%), WS MR EMRIHAIRAR; Bl
# (5 GL20190420, Jii 574k 98% ) H L (it
5 GB20181108, Fi&E/r41 98%), Ph/NeEtdy)F}
HARTEAF: FRWBHMEE (CT, &&H%).
WG R S A R (IPM, HALZ) | KRR S+ A I (P,
HWZD, IHARRRL TR R A A5 iR (0C).
BRI (COD. HEE, BN HTal, REsTRHELL
EMAMRAT; WMERAE (A5 20180926, &>
] 98%~100%), fh2zal, EZER A E IR
A HEERE. FUBE. LALEE. HANE, YN
ali, PSR Tk,

2 FEEHER
2.1 Pue-NE BUI&

K F e B VB £ 75 2 25 4 Pue-NE. s
ERREUE T B EREER), AN —E AR5
(v, A TR TRE], YE AR . RSB AR
W77 BRHERR, IA—E R LR TR, HE
IR AL, AE KA RKA S N, it
TR B, B LI PR LR N R 2
ML, fE— KT N EKR, BI43 Pue-NE.

22 FHRRFE. ZoEIER (PDD. BoEIEH
(RDD) HYE

Kty 555 W ESUHT B2 1) 45 1 Pue-NE - 25 mL &3+,
FHAKFEREERS, K FH 9RO R A 2 R fe A
PDI, “FATllE 3 X, HBCFIME.

gh oK F % T ¥ ( nanoemulsion lyophilized
powder, NE-LP) ¥ )5, L RDI 1EJyHF7rHL
PEMVEN Fa bR, RDI= 1 5 2 80U 43 1 R0 42/
YR . RDTBEEIT 1, VWA TG “ AL i05 7
N
2.3 Pue-NE &/ RT ZEZMTFIE

PLSF-3REA2 A PDI AVEAR AR bR, 43 Tl %k ek AR Fof
KW E. HERFEERE. ®ESHEE .
R IR 5 AR T H SR
2301 HAHFRSE  REERRECE DT & 1) AR R R
24, IMNBIEFIS BN 5%, #A 5 min, {#
HAR AR, A RMAE: SRR 160 mg H A
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B2+ 80 mL B 7K, B 5 min {# H 78 VA
PERKA o R ARARE N A, BT Y] 2 min,
PG N R B AL 100 MPa R33J5 6 X, IS4
[FIHAR ) Pue-NE, WLEEFLIBAMIL, DE 120 hitz

PDI, =iRFHE 24 h, THERARIERE, AR
FRATIHE, ARNE 1. LZEHBHKILIMIL.
¥itt. PDI K 24 h JE RS RO E, T E AR v ¥
ZEMRH MR -

F 1 hBMIEXS Pue-NE EIJHRI1ZH PDI BISLHE (X £5,n=3)
Table 1 Effect of oil phase types on average particle size and PDI of PUE-NE (X *s, n=3)

A PR A% m PDI 24 h JERIARIE KR /% AR
PN S5 5 A B 164.4+3.2 0.180+0.026 43 A1 B — ik
IR 2. 178.2+43 0.083+0.019 16 A — ik
R 193.0£7.7 0.17940.017 14 LB — A
KRR 53 I 180.2+1.0 0.101%0.015 8 FLE Gk
SR 189.7+3.1 0.08840.021 0 LAt — Wik
BRI 234.9+1.7 0.13540.022 0 LB — ik
232 MAHAE BERBETTERERERER X fIEARH R R Pue-NE, MM,

2y, IMANE|— BRI B E SR e, B
5min, fEHFANEM, EvhAH: SRR 160
mg HEEE T 80 mL LB 17K, HA 5 min, fff
HA M, AF KM BN, S
BIY) 2 min, FEH A& BB 100 MPa T )5 6
W, HAFASEI A 21 Pue-NE, M ZLH AL,
WsE PR, PDI, % =F 280 H i s 1 FH = k47
ik, SRWE 2. LZEHEGPKILMIME . Kift
A PDI, i i€ 25 H R 1) FH &5 5%

%2 SHIEAEXT Pue-NE EHKI12 51 PDI IS (X +s,
n=3)

Table 2 Effect of oil phase amount on average particle size

ME-Fki4e. PDL, W H IR EHATIHE, 45
RN 3. ZZEHEBAPKILSNU . Kif2 M PDI,
e H B R FH &8 2.0 mg/mL.

% 3 HEMBAEX Pue-NE FHHEZEF PDI KIFIT
(X £s,n=3)
Table 3 Effects of concentration of glycyrrhizic acid on

average particle size and PDI of Pue-NE (X Ls,n=3)

S o) nX
PDI S
(mg'mL™") nm
0 4152412 0.124140.049 REAF — 20T

0.5 228.0£6.5 0.219+£0.027 FEA /b & E T

and PDI of PUE-NE (X =+s, n=3)

JHiAH
FHE/%

TR/

nm

PDI

A

O N W W=

190.8+1.7
199.7+£4.3
203.6+3.1
218.9+3.8
251.5+38.1

0.11740.020
0.12740.038
0.142+0.008
0.14740.023
0.074+0.015

WA ik
H s — ik

FLA Gk
FLA Gk
FLA Gk

1.0 2102%1.7 0.119+0.022 FLE K —Hik
1.5 196.3£2.7 0.103£0.026 LA G —Hitk
2.0 185.4£3.7 0.114+0.013 F A GH—Hitk
2.5 190.4£3.3 0.126+0.031 F A G —Hitk
3.0 191.6£4.8 0.076+£0.028 LA G —Hitk

11 259.0+7.9 0.1311+0.018 F A /& i EF

233 HERAE RBERIETT & ERE R
2y, AT DEON 5% E R B H MR, #H S
min, TG, (EMAR; SRS BERREL 160 mg
HHERT 80 mL LB T/KH, #A 5 min, {HH
TR, VKA A NJAH R, e By
P12 min, FENEIEZFELF 100 MPa F31/5 6

234 ESEHFUES FEEPIALTT R ER R R
B, IMAZMEF D EON 5% 28 1% H e,
HFE S min, MEHFRVEME, VERMAHE: SRR
I 160 mg HHET 80 mL B 1K, A5
min, EHARGEM, 1ERAKM. FAKHE Nl
H, EEBIY) 2 min, PR G EFHLPE—E
FEJI ¥ 6 K, Hl#3 3T Pue-NE, g H P
K4z PDI, % i 3 o1 AT ke, 455 LK 4.
% BB 1 T m AR AR MR B R OR R, DA
BTt R S A AR, B S e SR I
100 MPa.
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235 mIEBIFUREL REERRIAL T B R B AR R R
B, IAZMRRA B 5% 28 Htiliah,
A5 min, (EHFEEM, VEUMH: SR AR
160 mg H 5T 80 mL (128 F/KH, A 5 min,
AR, AE KA KA AR, &
HETY] 2 min, PG EZFALH T 100 MPa T
BIREIR, HIAFE 1) Pue-NE, 58 H-F a5 RiA%
PDI, Xty ) O B AT ik, S5 RWK 5. H)E
EIRIDRV - GBI MEERT RN Pl 1 S N
LSBT JF RO A A IREST i i 2 50 i
N6 K.

® 4 SEHREAX Pue-NE FHRIZF PDI HIS0H
(X £s,n=3)

Table 4 Effect of high pressure homogenization pressure on

average particle size and PDI of Pue-NE (X Ls,n=3)

EEBFEE S /MPa SFHRIAR/mm PDI
20 278.5+4.1 0.057+0.023
40 236.6+7.5 0.138+0.023
60 216.1+1.2 0.133+0.028
80 199.0+2.7 0.112+0.018
100 187.3+1.2 0.127+0.025
120 179.8+2.0 0.074+0.016

x5 SEHIFOREIT Pue-NE FEIHRIEF PDI KIS
(X xs,n=3)
Table 5 Effect of high pressure homogenization times on

average particle size and PDI of Pue-NE (X Ls,n=3)

e R B SERIRLE m PDI
2 202.6+1.9 0.156+0.010
4 193.540.5 0.124+0.029
6 1849413 0.116+0.014
8 180.1+1.0 0.103+0.017
10 177.0+1.8 0.074+0.012
12 172.0+8.0 0.052+0.025

2.3.6 Pue-NE kb5 K TLZSHMHiE SHREE
5L, A HERERYLKILINL. ~FIIRiE R PDI,
BZ5E Pue-NE A A28 H R, HER
5%; FREFIHERMAREAN 2.0 mgmL; LESH
Hfy e A s 3 U 77 100 MPa; 341/ 6 K.
24 WHETZE

E B IR R 07 328 Hh IR e AL T I 226N,
174 3 HLE LR Pue-NE, AMWINE 1 fior, Kifz
S AN 2 s, BAERIG S R IR 6. 45 R R,

1 Pue-NE 5M¥}
Fig. 1 Pue-NE appearance

0 o200 400
Fif/mm
El2 KEZEHH

Fig. 2 Particle size distribution

F6 WIERWER (X xs,n=3)
Table 6 Results of verification test (X *s, n =3)

kX Hi4E/Mmm PDI
1 194.340.3 0.10940.003
2 194.0+0.4 0.112£0.004
3 193.740.2 0.117£0.005

TERACHIAE T7 B T 2564 Rl 451 Pue-NE 2L H
a3 —itk, FERE N (194.040.3) nm, PDI
N 0.113£0.004, RifRE/NH ARSI —, HET
AT, LEMERM R

25 EHIZER

2.5.1 Pue-NE-LP fJiil# HL“2.4” I [#) Pue-NE
W, MAGTRIF, 2R TrEMmES, -18 C
vk 12 h J5, HEMESREETE 48 h, RIS
Pue-NE-LP.

2.5.2 Pue-NE-LP F{ ot vbr  HUE&E “2.5.17
T Pue-NE-LP, HHHZ/KER, 4% “2.27 R
EIE Pue-NE-LP &% 5 f1°F- ¥ %042 . PDI #1 RDI.
253 HTRIFIFEMFEER  $% “2.5.17 DU
AN 3% H R FupE. HEEE. (U346,
HETEE R T OR3P R0, [R] IR o) & AN iR - f
#1571 Pue-NE-LP 1 87 X R, W% Pue-NE-LP
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MIFMIE, FF4% “2.5.27 TR F775EK%F Pue-NE-LP #E47
T EUEE, BEAFE TR 5% Pue-NE-LP
VRO, dERNER 7. GRRE, DIEEREE R
TR FIH 45 (1) Pue-NE-LP K T3, R R,
JRHFAER . 39—, PO B VPN 5 TR AR 5 R T AT
FMZERUN, SOREAT, [RGB 4 M E s T
7

254 HTRFIFIEME % 2517 URA
BN 1% 3% 5% 7% 9% 11%[1% %)

FE NI TR P77 H % Pue-NE-LP. M %% Pue-NE-
LP M4, FF4% “2.5.27 TR J54E%F Pue-NE-LP
BEAT T BOMEVE A, 5 SN [A) FH & 1 6 4 0 0
Pue-NE-LP [J520, Z5HR LK 8. 45K H, Ll 7%
(1407381 26 B A SR R - ER 4 77 1) 4% 1) Pue-NE-LP 3K TH
B, HAR. ¥, AR, MCRELF, Fit
PR AR RN 7%,
2.6 PIEREMAHIE

F“2.47 TUT B AL Ak R PR BIURE 2 FN A )

R FETHRIPFIFHZEST Pue-NE-LP SRR B EUERIFM (X £5,n=3)
Table 7 Effects of different lyoprotectants on appearance and redispersibility of Pue-NE lyophilized powder (X £s, n = 3)

N VS abHIEUES LN B 5Pk /am PDI RDI
HEmR LKimgdn, HeP, Piigin. 240 738.0410.5 0.458+0.036  3.87610.048
FLbE RMAERE, Fhi— 72924 7.3 0.63740.038  3.82740.032
HEEn KM, T, ¥— 481.0+ 6.4 0.3754£0.028  2.50740.014
Ll B4 Lingdn, P2, AR 4352+ 75 0.25340.032  2.234%0.016
GEahi RIE-FHE, PRI —, AR 2441+ 5.0 0.06240.010  1.300%0.019
2 TR b R 1 Y A N i N 513.0%13.1 0.4414£0.064  2.72340.067

%8 ATHRIPFIFAEST Pue-NE-LP BAEMMRI (X £5,n=3)
Table 8 Effect of dosage of lyoprotectant on redispersibility of Pue-NE lyophilized powder (X *s, n=3)

TR /% SR S 5P RAE /am PDI RDI
1 RIEFHE, BRI —, AR 395.7+3.3 0.094+0.012  1.98240.021
3 RIEFHE, Py —, AR 246.3+3.5 0.163£0.022 1.271%0.013
5 RIEFHE, PR, ¥—, AR 226.4+4.7 0.170£0.021  1.120%0.010
7 RIEFHE, PR, ¥—, AR 215.1£0.7 0.133£0.024  1.088+0.003
9 REFX T, PR —, W, FHEX 195.0+1.4 0.085£0.024  1.041%0.002
11 KM FZE, FHIREE, FERK 1948+1.5 0.104£0.016 1.015+0.004

AT SR SR H MR AR T, 2 K
A, N EDECN T%HIH &, A S min,
fEHIREI95], % “2.5.17 B RGF LEHI& R
EVBIRAYE TR, &0,
27 FHEEBEFEME (SEM) MBS

B AR 22 J50RL 25 710 Pue-NE-LP i& &, 5120t
TREMIb E, KRR S, T SEM F g
B, SRIE 3. FREZ 10 pm FRSE, ATILE
REFER 2 2R R, BRAAREE,
Pue-NE-LP £ AFMI /N FIR,  HOR/NE S .
2.8 X GEiTEE (XRD) 434h

WERE. AR, Pue-NE-LP. #FIR &
YR NFE S HEAT XRD 4347, FHEEA 5°~60°,
ARG E R 2°/min, FHP KN 0.02°, LRI 4.

E3 BRZEERERZ (A) 0 Pue-NE-LP (B) £ SEM &
Fig. 3 SEM image of raw Pue (A) and Pue-NE-LP (B)
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B4 BIRE (A, =BEH#HE (B). Pue-NE-LP (C) F{iE

BAY (D) # XRD

Fig. 4 XRD of puerarin (A), blank excipient (B), Pue-NE

lyophilized powder (C) and physical mixture (D)

EH A 20 161 6.46°. 11.64°, 18.99°, 19.62°.

23 39K BRAT R, R E AR R DL A7
185 25 U ARRE P H R LA & S T a0 A7AE R RE A A
ATV 3R A O] A B0 5 ek 55 1 AR 3R
FTS0G, RUER A2 AR & R
45 1M1 Pue-NE-LP H' Pue fiT A &, FRIEHR
= LU e BUIRESAFA/E T Pue-NE-LP 1,

2.9 {RINAHIRLE

2.9.1  SOFHE ARG BCH] RS RR IR AR 20T I
10.86 mg, BT 50 mL &, MMA—E &8 i
AR ERRZE, MAREREN 2172
ng/mL [P HE i 2 041

2.9.2 PRSI AIECH] R 2 IR EOHT A
Pue-NE 0.2 mL F 10 mL &34, &= H @
Tfl, EZS, JEIT, FEEWRASLIEM 1 mL T 10 mL
B, PEEEREZIEL, BRI AR RS
293 HLMEXRRFEHE FEEWHL 0.5, 0.6, 0.7, 0.8,
0.9. 1.0 mL XA T 10 mL 2, H
HEEMP It E R 2 ZIEL, 85, UHE N At
M8, 7E 305 nm ALMIEOLEE (4) fHH*, DUREEKR
FERMALRR (X, WOGREAI AR (4D, ZeilbritE
ek, 15LRMERA5RE 4=0.023 5 X—0.029 8, *=
0.999 5, ZMHEVEFE N 10.86~21.72 ug/mL.

2.9.4  FEERERES R IO AR 0 HE A A
1 mL F 10 mL 2, 7F 305 nm KA & 4 14,
HEME 6 K, RANLMRIATFE, 5 RSD A
0.20%, FHUUIHEE L RIF

295 EEMERIG RS WOE] — R ] A

Pue-NE 6 1, #% “2.9.2” T J5 vkl & Bk i W
T 305 nm KA E 4 15, RANLHEEIETFE,
THH RSD M 0.26%, KHZITEEEM R,
2.9.6 FaE kRIS KB RIOHT B i £ 1K) Pue-NE,
2 “2.9.27 UK J7 i &AL SE R, 30T 0. 5.
10. 15, 20, 25. 30 min I7E 305 nm P KME 4
5, IR SFE, 75 RSD N 1.66%, KW
Pue-NE 7£ 30 min N fa &M R 1T .
2.9.7 NFEEISCEEERES AR I O = o U
Pue-NE 1 mL F 10 mL =i+, “FATEAE 9 1, 47
BRSSO R EIRE N 10.86 pg/mL ()5 AR 0 18
MAWE 24 3. 4mL, % 347, DI e R S VA
HERBZIEL, HESK. B SEERE Pue
(A IR, PRFL IR 8T, HUSRIEW T 305 nm
WAL E AE, THEAR F mAFER R
SE R R HIN 99.50% 101.70% 102.70%,
RSD KK HN 0.23%- 0.39%. 0.22%, #*8H1% 521
it R4
29.8 HWAEMNME F%& “2.9.27 i N TiEH%
Pue-NE R fiA W, T 305 nm AL IIE 4 18,
RNLEHERITTHE, H5H Pue-NE HER KT
Wy E N (5.78+£0.01) mg/mL. HUE & Pue-NE-LP
BTk, EERN—EE TR, FHRE
B E R E2ZEL, T 305 nm P ANE 4 14,
RN RNT T FE, 5 Pue-NE-LP H &R XK
PERZGEN (3.3240.02) % (n=3),
299 MEAMNEHEENE % (REZHE) 2015 R
VU 50 3001 3 B 5 v, R B RS =
Pue-NE-LP FI)#ER &G 35 AR FE 5T, LL 900
mL ZAWAKERE B A, BEHERE RN (37.0L
0.5) ‘C, #3845 100 r/min, 4F%1T 5. 10, 20, 30.
40. 50 60 min BUFE 5 mL, [F]A b 2 2500 25 B A
HA I, B RTLIEEET, B8 T 305 nm
BAALME AH, WEERRESE, L5l
2k, W 5. 4558 B8 Pue-NE-LP 7£ 60 min A [
HER A 92%, MAELR G4 13 H AN 70%,
F WP B % Pue-NE REHE m HARAME B .
3 e

K FH = RE LA VE R ) BT D) B R 3 v
fil% NE, HAWMEPRGE, S48k, EI
PEEFIIOL A FHRIRFGEFI H IR B L S &
R ER, BAEIRE NE HIFR 24k, Hamd s
FTREANR NE #E—B ), DUEAfE R NE ]
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Pue-NE-LP
80
LR AW
. —o——=& — @
5 60
E=l
B 404
B
204
0
0 10 20 30 40 50 60
t/min

5 Pue-NE-LP F43ER SYIROFINE LR (n=3)
Fig. 5 Dissolution curves of Pue-NE-LP and physical

mixture (n = 3)

FIFI AR M &, v NE #5700 2 i T R 255

BLfili
ASLIG I KRS, DL NE 5. P

FLAZ AN PDL ATEA fabr b b T7 e il 26 T2, 115
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