ERE AT ETASNNK RN &R AT

rFBAL T ATE BART, A G, iR, Ekak!, Bk (1 2 B b 2 SR 5
=, B 330004 ; 2. VLPGEEA AL RLAA  TIVE 58 3340005 3. VG H BE 25 Ko 224 , 1 & 330004)

HE BN A TERTRMERYAAMBERSERLA AR, AH =8 (PEG) fo i B4 (CS) A HARM AT EMR
F-REFASILARMGHE, RN LR Tl sbFiE, FiE ABH a3 R F R e, @i
AV ERACLSHTH RO EEERGYERE-KEF AR B-FRMH(B-CD) - B4 E-K EH T -PEG-CS hk dh . KA Z et
T HE X FEATH BRH LT EME KRB A RN REH T ERT-REF LA RGOSR E, VE LS
S FEMTATR, FERLEBHA M pHAL1.2.6.8 0 7.4 BB B2 W IR R LM TR GATH, 3B HAA AT M4,
ZER  Iafe KRR ER &GOS M ERERSE A 1.000% TEREL TR RGO WRtE, EERERELH 0%, K24
OAESHH(26.13£0.74)% (78.39 £2.23) % B EZA-KREFAIKRMILE S RE , RAAKEERITF, S RMHAHH 2%
ERARE AEBLRAARNEINVEHRAR, LT HERIFORERE, &t BERFT-REFTEINADTEERS
MMM REFANERE AL EEYESHRRG LN ELL T — 2,

KR AR B R AL BT R BB M AWA R E
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Preparation and Performance Study of Puerarin Daidzein Inclusion Complex Nanocrystals

YE Shenghang'”, ZHU Weifeng', ZANG Zhenzhong', ZHOU Chang’, CHEN Haiyan’, DONG Huanhuan',

GUAN Yongmei' * (1. MOE Key Laboratory of Modern Preparation of Traditional Chinese Medicine, Jiangxi University of Chinese
Medicine , Nanchang 330004, China;2. Jiangxi Medical College, Shangrao 334000, China; 3. School of Pharmacy, Jiangxi University
of Chinese Medicine, Nanchang 330004, China)

ABSTRACT :OBJECTIVE To prepare puerarin/daidzein porous nanocrystals using polyethyleneglycol ( PEG)and chitosan ( CS) as
carrier aterialsand evaluate their physicochemical properties and in vitro characteristics. METHODS  The drug loading rate and
entrapment rate were used as indicators to optimize the prescription, and the insoluble drug puerarin-daidzein was encapsulated in the
form of inclusion compound by two-step method B-CD-puerarin-daidzein-PEG-CS nanocrystals. The inclusion degree of puerarin-daid-
zein nanocrystals was determined by Fourier transform infrared spectroscopy, thermogravimetry, X-ray diffraction, scanning electron
microscope, antioxidant and bacteriostatic tests to verify the feasibility of the preparation method. And investigate its drug release
behavior in simulated gastrointestinal fluid and gastric environment, and fit the drug release model. RESULTS  The inclusion
compound prepared by saturated aqueous solution method was the best when the volume fraction of inclusion compound was 1. 000%
acetic acid. Its cumulative release rate is about 90% , drug loading and inclusion rate are (26. 13 +0.74)% and (78.39 +2.23) % ,
respectively. Puerarin-daidzein nanocrystals have many and dense pore diameters, and have good antioxidant performance. Obvious
inhibition zone against Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa can be observed, showing good antibacte-
rial performance. CONCLUSION Puerarin-Daidzein porous nanocrystals can significantly improve the dissolution of insoluble drug
daidzein, which lays a foundation for its application in the field of biomedicine.

KEY WORDS : nanocrystalline; preparation; characterization; puerarin; daidzein; solubility; bioavailability
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Al EEE 25 4 J5 1 8 3 25 1 B AL D 9 ok
o 4 AL, 1 T HG 3 i R i 25 W B B T B iR
I G (Y 6T SN RN S B
2 AR R B 25 ) R R RRE PR R AE )
)P JEE 45 51T, DA T 8 1 245 20R g A AN BB
JEHRS T — LEXE 3 P 25 ) 9 0 5 R AR OR Y
B,

ABEFEE S P E DAL A Y S X 1 2y
IR Y NI A S B v A 2 U
(B-CD) -EMRK-KEHIL-R & — 1 (PEG) 52 B H
(CS)HA i, DL 1, R 328 5 v B (SEM) (i i
JEE LM AR LT AT (FTIR ) A5 J5 3 %8 1l 50 A1 O
PEREEAT ZAE , 838 HK I, 0 XER 245 P 1) 7 it
JEFAEDFI SRS

B-CD-puerarin-daidzein-PEG-
CS-nanocrystalline

PEG/CS-nanocrystalline

B1 B-FHHk(B-CD)-BERE-KEHTT-R L8 (PEG) -7t KA (CS) 4 K & R 4
Fig. 1 Synthesis route of B-CD-puerarin-daidzein-PEG-CS nanocrystalline

1 HE5EE
L1 A
PEG20000 ( PEG 0 , Ki% Y ARGIRA
A) L, HE45:J0203A ) \CS( L PU A% 30 48 B 25 57 o) A7
PR F] b5 : BCCG9965 ) K & H JT ( i il i A=
YIRS A BR 2 &, M i, i A > 95% ) LB AR
B (BT T AR B A BRA A, 4 B 2k, ot
HIE>95% ) ,B-CDCRIELRCAEMHAARAF,
fit5: AOSI7A, Jii 4t 43 41 > 98.5% ) . NaOH (it 5:
2197131, it 15 47 %8 = 96. 0% ) (W R — & B (L5
2206161, Jit & 43§ = 99.5% ) . oK & 1 (Ht =
221031, VY Ble B2 e A A B R ) | 4 0 €05 % 3K AT
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(41t 5. ATCC25923HBJZ005 ) . K 7 ¥ 1 (it 5
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L2 (&

DZF-6050 B3 25 4 A (_L I IS A R 2
AT BEAT) ) ZNCL-BS B BB R S BEFEAR (V9% %
B BHCARA T 5N T (AL st
A s A R STAE A W) 5 ZRS-8G B E BE I th X
(RRKEFEAT IR ) s TG/DTA6300 FA 73 A
G (WL R IEHR AU A BR2A A ) s BSA124S 434
KA (AL T8 2 F I B2 A A BR 22 W] ) 5 SUS010
RUPRIZ B W F B 3UBT 5 Spectrum Two HYfif HE

TRAF G
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A5 42T AR5 X 5 Nano-S 5 T ¥ [ T JR S48 7 44
KALFE AL ; EPED-ESL-10TH 3255 28 2% 8 24 /K % (R
o Gy IR PR JEA IR A ) 5 227 3 il i A0
# ( Diomand DSC %Y, & [E PerkinElmer 2\ & ) ;
pH-3C pHit ( AR R 2 AL 88 By A BR S ) 5
IR R 47 i (M BB AL s i i A R A | 5
KQ3200E #4jf 75 {1 Ut i ( & B Tl 5 A 8% A KR
A7) 5 TD-3500 X 5 2 A1 SR (P 7R 3 ik BB A
RAwD) .

2 KWEHIE
2.1 pB-CD-& R -k B 4 Ju-PEG-CS 4 Xk & &
&

AR H 4 B-CD-EHIRE-KE
TICEAY , I8 2P PG PR A UK Y
%, B-CD-55 M Z -k 515 76-PEG-CS 4K &4, A
YR AL T S 06 25 SR e W R U8 R Ay e A A T
B RS KRG A m 2y &4 5k 80.98,
3.46 mg' " MIFRIBGE 24 He 1 T A 55 4R 26 Rl 297
JUIE VR B TR I R TR 18 % I B B-CD Bl
RIS 3] B-CD-EMRE-KE H ot aW . KR
LU B Y PEG AN CS, /K 2 10 mL, $ii4E 2 52
YR BNAT A5 5] PEG-CS 49K b TR B, ¥ R A5 1y
B-CD-EAR K- KRG HITHEWIMAR LR C B &L
1) PEG-CS 4K S TR B v, 8 3 K 1B 18 R R %
#8478 h(500 r - min~",37 C ) 44254 A S A
W TS B-CD-E AR - K E. 41 J6-PEG-CS 44K & LA
12 000 r + min " B0, 44k 20 min, fRE EER,
L E B Tk p, B 2 el FEpar 7
2.2 BEMRHI-AZHLHAKRFRETNH
2.2.1  HZPREAEEAR 10 mL B-CD-FH R -
KA IC-PEG-CS K i =2 17 000G % /e i, & T
LA B 20 min, 7 8 000 ¢ - min ', HY
ZLP8W 1 mL & T 10 mL S, WM pH =7. 4 [
B R BEIR T vhi, E R B A . Boa , E FiBH
Y . RRALRE R 3 TR, DO R
BREMEZGR(AKX~2),

HEE(%) =

M ZEE _ LyEyy } A~ EL

j&/\'”%%ﬁ/\%@gﬁ%% S 100%

A1)
N e e
k(%) = TR okt

A5 (2)

x 100%

T E 2GR 2R 2024 4 11 H 55 59 55 22 )

2.2.2  Zeta ifi FEHEIB-CD-HE-KGH
JC-PEG-CS 9K B P K, I 5% 7% 31 5y /R ST i A
it SR S AOG RO HOR M3 T8 = IR T
Zeta UAE . FTA AL 3 By kAT, DA 7%
(IERLZERan -
2.2.3 SEM fE 15 kV By &, i 44
L I U, ORI AL 2 [R)VR 25 ) B AR /R 2 ot
HilJ5 1) PEG/CS 9K f B AR B WA EEM o ¥4 i
T o B R T JE T [ A R B R AR W S s
4 3 I A AR BGOSR T SR S o
2.2.4  PHOPECME ORPEFREC10 mg B-CD-EHER-K
A IC-PEG-CS 42K i 4 BT /M, & F 10 mL4f
KL ARG LA 250 v - min ") BB A T BE S R IF
5 min I EEAE A IPRAR DL LR KN (A53) 6
RDI = D/D, A(3)
K, DR A TIRRTE R R - K T ok
anPIRAR, D ok B B TR E IR R - RO
TN P BRI P S kAR
2.2.5 T4 5 H (loss on drying, LD)  FRELZ
1.0 gORH 2 0. 1 mg) B-CD-E R &R - K & JT-PEG-
CS ZK i BT T 0 e TE RS b, SR 5 4 e
105 CHYTHAEHTHE 6 hy FPAEMR I 2=, K
R E (A 4) .

LD( % ) =t “TUERE 000, AS(4)
e}
2.2.6 FTIR FTIR % i} Spectrum Two %Y {8 H 1}

AL AN EIEAN , FH A0 42 BT (ATR) B AR 43 A
an BT AHEAE R o ZEESAT A BEAER , SBe R i e
TSI TT LA S L AB 2 43 HE 4 000 ~400 em ™' ) FIHHTE
N3k A5

2.2.7 #MESP(TGA) R TG/DTA6300
G3HT 2R GEARATRE 5 TR 1) G R il e 1 i 4
oA E P, DAPPAh B 20 S5 500 B2 ROV i e 4k
VR AT IS PEG-CS 40K R 25 B R - K
TGHIC.PEG F1 CS(0.5 ~5 mg) LA . AR5
SEELL 10 °C - min ', 10 mL - min 5P AR H
T e A R S A E A b, EAT 3 kA
PRAUE S 95 2408 (1) AT S

2.2.8 X BN (XRD) R XS ATHHMLGE
SRR R IG PEG/CS 4K &y | J5RL 245 55 iR %2 -
KEAIG . .PEG Fll CS 19 X-SFL 757 B , 43 D i
M4 SRR . X-BTRIE N Cu-Ko 28, 4T Ll 260 =
10° ~60°, $ 4335 H 2° « min ™', F|F MDI Jade
1 Origin 2% XRD 2R vEA7 A0 P, HOG %k 1%
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DU APRL Y A AR ZE R o ARBIIGEIESE T 2lb et 45
fm L, T BRI TG gk S iR AT
2.2.9  FUEALSZEG 1, 1-T R 2R LA
(DPPH) H 1 335 bR fig 1l & : Fl K 2 BE i &
0.05 mg - mL™"ff) DPPH ¥ o 4 it il 1 it 22 vk
JEN 1 mg + mL™ BB MR R -K A u 4k IR B
W, AR 5 HE AN W) o v B2 R 0.08,0.1.,0.2.,0. 4,
0.6.0.8 mg » mL™" A AN B MR R - K AT L4k f
PR . HU100 wL #¢ 4 5 100 L DPPHIE 5, T
517 nm MERSERE . DABTIR LR (Vo) 1 A BH 2%
WESPATINE 3 IR, # A S 715 DPPH [ 5t
HERAESI(% ) .
DPPH H f IR (% ) =

Agr — Ay
(1 R J_l_liﬂ) x 100%
Aﬂﬁﬁéﬂ

~3(5)

Ay 1100 WL BRI + 100 wL DPPH 3R
BB IEA Ay : 100 WL AEFL K + 100 L 25
TR K B W Y B A 5 Ay 100 L ZE 4B 7K + 100 L
DPPH {5 1R WG (R

ABTS * 35 4 6E 7 - Bic /i 7 mmol - L™" ABTS FI
4.96 mmol « L~ ' B BN & A BUR &, fE = IR T
JEHFE 12 ~16 h,JE R, ABTS H i & &, AR5
FHTC/K CBERE TR A W B 22 40 A% o A it il 8 5T
WA 1 mg - mL™ Y EIR R K E A 04K iR
BRI, AR 5 T A ) o & v BE Ol 0.08.,0.1,0.2,
0.4.0.6,0.8 mg - mL™" { A I KE IR WL, T
734 nm b HROGEE  SPATIE 3 KRB AR 6 1
AL ABTS R % (% ) .

Appg —Ax
ABTSJr‘PﬁaI%E%(%) — (1_ [EiTE lrjéﬂ) %
Amazﬂ

100% ~3(6)
A Ay 250 WL RES +150 plL ABTS IR G
TR 3 Ay 0 50 L ARSI + 150 L 2548
IR B {E; A X RE 41 .50 pL 2548 7K + 150 pL
ABTS JEA WO G REE o
2.2.10  HIETEME KIS B AR B KK 4
B0 ) 2 K AT R0 AT T 70 )t P L R T P s B
WEAE A EIK L 1.5 x 107 CFU - mL™" B,
PTG BT H5 UE 40 R 20 e & A R Al b,
AR A AR O £ B /K i fa i
KEHITCHUK BRI B 72 8 T 37 “CHEEIE
FRAARESE 24 h U SR I0 SR S IR25 R
2.2.11 @ AR R ST I A AR A
AR B B AR R/ KRG H TTAK A, 2R FH R AR E AR AL
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NTARWE , % %% B-CD-55 #id Z2- K &1 J6-PEG-CS 44
KEHAERERA T pH A 1. 2.6. 8 F1 7. 4 @R L% vh
VA TR 25 3R, £ 50 v - min ™' YT
BITAI(37 £0.5) CHEEE T AT A . A58
Boks B R AR (100 mg &) , & T 300 mL Bl
A EIREE, F5.15.30.60 105 170 260 380 min
S AIBURE 5 mL, I BB AR FEAS 1A T 5 mL, B,
THE BRI S B2 it 26, LLVRAS 900K
mm YRR 2T BE

3 & B
3.1 RE A I

ARSI LIKIAR R Zeta LA R PR 545, PEG J&
YA RN E R A Y WAl
HFEIRY T PEG, Iy —Fe 0 R M e 5 50 56 = 50 7
feE ) 5. & J ik i e R ( PVP-K30) | 3R 2 I P
(PVA) 2, 6-MEIE — Btz (MSDS)  #ii i (PC)
RN (PAA) FI CS HJEA 7L, 255K L3 1, XJ o
T I F A AR TR, N I A BT ] L 2K AH A A Y B
B B R B T A5, WK 2, A SCHRFE
CS ' F LRV B2 SR AR BR 58— , Melo
A 1200 i F R348 0. 175% 2R A Li 2621 i RN
L. 000% ) LR AT e R0 (B A [Rl AR 43
B CIRES AT VAT B0R & W 0 K g RS W oy
i, TN PEG I CS BRI 43 F 00 401 2
ARSI R AR 0k 0. 175% Fil 1. 000% 1)
PR, 25 A S A5 AR AR IR R4 1. 000% 1) LR L
BIF, 90K A 2R 25 2 F AL B R f, Al dt RN
(78.39 £2.23) % , 325+ 0 (26.13 £0.74) %

K1 AREREANFL, n=3,xxs

Tab. 1 Screening of nanocrystalline stabilizers. n=3,x +s

Stabilizers Potential/mV Particle size/nm
PVP-K30-PEG 2.13 +0.33 75.93 £18.22
MSDS-PEG 1.00 £1.05 305. 07 £69. 90
PC-PEG 5.27 +0.82 805. 07 +69. 90
PAA-PEG 0.932 £0. 65 652. 667 +48.91
CS-PEG 32.5£12.8 459.0 £99.6

3.2 Zeta B fiL

R T R PEG-CS 44K Fh Y Zeta Hy (37 LKL
A AEERIH , ZABUECH 1. 000% F1 0. 175%
HEHIH L4504 (28. 1 £7.2) F1(20. 4 £6.4) mV ki
Ay 50 (334.2 £28.7) F1(550.3 +77.72) nm,
FRAE S 0] 41, PEG-CS 4K fiv o & M R,

o 2575 2024 47 11 55 59 45 22 W)
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PO BIOVE S 00 2 PR UE 25 9 T f8 2 S P Ay
I ER PR AT R . hiER 2 45T, B-CD-
BARR-KEFFIC-PEG-CS 44K i RDI Hidli4i3r 1,
TERNIK G 2 IR I2 B SRR A 0K A 2548, 3R W RLTE
VR P B3 5 43 FRORE BERRAT o 38 3 A3 M SE B IR Uk
FORM 3B RE . 40 FCPE RE AR AT, B AR A5 B T 47 3
OYRAE AP T, B2 )7 i B SR RO PR RE . 23K
() Y5 S I LA S L BRAAFR B X T 4K i
IYHRTE RSN 2, R A R B E RE AT o
35 THRAE

TR R A R AN TR Y — R A
2, 50K rPERE T FIOR B SR U IY OC
R, Y THRREES RS SEGORS 2 T,
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Fig.3 PEG/CS nanocrystals with different volume fractions of

acetic acid before and after drug loading

REARAEAF DR BN IR . 275 (o [ 24 41) 2020 4F iR 5
= m U 0831-F M Ok B I A vk ZAR AT
1. 0% A, % W] B-CD-E MR &R - K F 41 J0-PEG-CS 44k
a7 LA 1 T2, LT R Ok E (AT A 2K,
W2,

R2 TRERLHCEH B-CD-BRF-K T H T-PEG-CS 4
KEBELMAK(RDD) AT RAEHME, n=3,xxs

Tab.2 Redispersed RDI and drying weight loss of B-cyclodex-
trin-puerarin/daidzein/PEG/CS nanocrystals with different pro-

portions of crosslinkers. n =3 ,x +s

Material RDI Drying weight loss/%
Drug loaded-acetic acid of 1. 000% 0.95 +0. 002 0.90 +0. 002
Drug loaded-acetic acid of 0. 175% 0.99 +0. 003 0.91 0. 002
Unloaded-acetic acid of 1. 000% 0.93 +0. 008 0.92 +0. 006
Unloaded-acetic acid of 0. 175% 0.77 £0. 002 0.93 +0. 004

3.6 FTIR 4 4F

1 3 LT 6 EE AN, KBr R AR 12 55
I 4, B EALE3 400 ~3 000.2 930 ~2 850 cm,
1500 ~1700.1 6201 500 ~1 300 cm ™" 77 7E W] i 11
O — HipZ 4R 3h . C — H {453 ) .C = O 45 iz 3h
C = CgifRsh .C — H ZphiRshg =™ . KRG IofE
3400 ~3000.1 500 ~1 700.1 600 ~ 1 580 cm,
1300 ~1 000 em ™" 4347 FEFFAE PE B3 A O — H fif
aPRah .C =0 Mgk shig J5 K C = C iRz .
F5 A E C — H &l 3 3, CS 43 il 7E 3 400,
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Fig.4 FTIR spectra of B-cyclodextrin-puerarin-daidzein-PEG-

CS nanocrystals
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