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# E: BR MWENLENEHEEASYWAEAYKR (taxifolin phospholipid complex albumin nanoparticles, Tax-PC/BSA
NPs) AL % T2, HRHAGRBEE. ik SRAEAHERIEE O E QPR &R (Nab™H A Hil &1
I EBRE AW EAPKN. KA Box-Behnken ¥ it-MiRi[i¥%E (Box-Behnken design-response surface method, BBD-
RSMD, A H A1l #5 L ZE L ; LUI% S s T 288 (transmission electron microscope, TEM). $i4% . £ 43 384U (polydispersity
index, PDD). { HAfZ « Z /13 & #42 (differential scanning calorimetry, DSC) . {# FLIH- A5 # 41 #h 1% (Fourier transform infrared
spectroscopys FT-IR) K X 274t (X-ray diffraction, XRD) $iARX} Tax-PC/BSA NPs JEATRAE, I %2 #AL BT 25 &l
FFRE M M AMSHE ARG BRI I FITE AR VAL IS R O s K SRAE A 5 1) [ E SRR BV AR Tax-PC/BSANPs JR
PR, Z58R Tax-PC/BSANPs [SBALHI4 TENZEAREL 103, Z4/BSAEL 1:9.39, Wikt 1 11.51, #ANE 7.76 min;
3 WRIGAESEY6 45 B 7R, Tax-PC/BSANPs [ILEF A (86.1410.38) %, #ZEN (7.27£0.03) %, BIKFEN (0.871£0.04) %.

AL S LB Tax-PC/BSA NPs 7£ TEM F 22850IR, Pk (184.90£0.98) nm. PDI 24 0.275£0.010. ¢ HIAA
(-36.6+0.53) mV, DSC. FT-IR. XRD #—#5581F T Tax-PC/BSANPs [{J/k; Tax-PC/BSANPs MM BAE A AR T
T 3848 1%, lgP{H>1, JEvatkBl RIS, Tax-PC/BSA NPs Wi TH7E 4 C FIEM 3 MHIEERIF; EEMZK. Tax-PC.

Tax-PC/BSANPs ZRFFEHCR /> B (48.2640.71) % (71.86+1.83) %. (82.73%0.62) %; Tax-PC/BSANPs. Tax-PC Fl{E
TR BAE S R BEA R, 2 BRSO 40 B+ ZHe i, Tax-PC/BSA NPs MR ISCIH 35 SR 2 W I R 5049 8.3
T Tax-PC FIFEIEMER (P<0.05. 0.01). 251 LTS Tax-PC/BSA NPs il % T2 nI47; Jirifl Tax-PC/BSA NPs
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Abstract: Objective To construct taxifolin phospholipid complex albumin nanoparticles (Tax-PC/BSA NPs) and optimize its
preparation technology, and investigate its intestinal absorption characteristics. Methods Tax-PC/BSA NPs were prepared by solvent
evaporation method and nanoparticle-albumin bound technology (Nab™). Box-Behnken design-response surface method (BBD-RSM)
was used to optimize the preparation process and verify it. Tax-PC/BSA NPs were characterized by transmission electron microscope
(TEM), particle size, polydispersity index (PDI), { potential, differential scanning calorimetry (DSC), Fourier transform infrared
spectroscopy (FT-IR) and X-ray diffraction (XRD) to determine the physicochemical properties and to investigate the stability of the
formulation. The absorption characteristics of Tax-PC/BSA NPs were investigated to investigate the release rule of the preparation in

human digestive environment. The intestinal absorption characteristics of Tax-PC/BSA NPs were evaluated in rats with unidirectional
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intestinal perfusion model in situ. Results The optimal preparation process of Tax-PC/BSA NPs included drug-phosphorus ratio of
1:3, drug/BSA ratio of 1:9.39, oil-water ratio of 1:11.51, and sonication time of 7.76 min. Results of three validation experiments
showed that the encapsulation efficiency of Tax-PC/BSA NPs was (86.14 + 0.38)%, the drug loading was (7.27 + 0.03)%, and the
leakage rate was (0.87 £ 0.04)%. The Tax-PC/BSA NPs prepared by the optimal process were spherical, the average particle size was
(184.90 £ 0.98) nm, the PDI was 0.275 £ 0.010, and the  potential was (—36.60 £ 0.53) mV. The formation of Tax-PC/BSA NPs was
further verified by DSC, FT-IR, and XRD. The solubility of Tax-PC/BSA NPs increased 38.48 times compared with Tax, IgP > 1, and
lipid solubility was significantly improved; Tax-PC/BSA NPs lyophilized powder was stable at 4 ‘C for 3 months. The cumulative
release rates of Tax, Tax-PC, and Tax-PC/BSA NPs were (48.26 +0.71)%, (71.86 + 1.83)%, (82.73 +0.62)%, respectively. Tax-PC/BSA
NPs, Tax-PC and Tax were absorbed in all intestinal segments, and the main absorption sites were duodenum and jejunum, and the
absorption rate constants and apparent absorption coefficients of Tax-PC/BSA NPs were significantly higher than those of Tax-PC and
Tax (P < 0.05, 0.01). Conclusion The optimized preparation technology of Tax-PC/BSA NPs is stable and feasible; prepared Tax-
PC/BSA NPs effectively improved the liposolubility and water-solubility of the drug, and enhanced the absorption of the drug in the
body intestine.

Key words: taxifolin; phospholipid complex; albumin; nanoparticles; preparation technology; intestinal absorption characteristics;

unidirectional intestinal perfusion model
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TEHERA Z XIS, b5 111816-201102, HPLC
W 5E T B B0 =98%, I E [ il 24 Sl A 8 Bt 9
Bis {EEAARIFERIZ), it 20191208, FiEsnE=
90%, I HHEMWEAERREVRHARAF; KT
UEREE (fit5 S30870, FiE73%0=90%). BSA (4l
5 812012, AW, BiESE 98%). HEEM
(#'5 S10027). JREHAM (5 S23119). R —
28 (it5 S24278, srifral, FEE 99%). Bk
FRE AT (b5 S24279, 4riral, FREHE 99%)
B E EHREN AR RHA R AE, HEE. O
R, TKOEE. “EF b EERELSA ST
ai, AKRgithK.

1.3 SEIGE4)

AW FEHT FH S5 sh P08 SPF 2R et SD KRR
BN 180~200 g, W H L T AE AW A A
BIRAF], siAr=VFafiES v SCXK (i) 2020-
0001, BTG KA IR 2K SLR BB S
e, #HESCE 2023191
2 FAEEHR
2.1 TEFEMRBBEE A (taxifolin phospholipid
complex, Tax-PC) HJH|&

K FHVEFIFE R i) % Tax-PC. BUE BAEHIIA &
ARG OPBERRIE TANLVER, fERM B — By
[ fG, WeZ8 R EANVER, AERE &b
S, HhIE, WETEE, BEIfS Tax-PC.

2.2 Tax-PC/BSA NPs K H AT #89HI%

S AT EASRIR R, SRR AL B R E KR
ZHAR (Nab™ $ A ] % Tax-PC/BSANPs. H Tax-
PC DA SAH eid iR, 15AH; HUE 7721 BSA N
NAEKIER, 19K K. KPR S, K&
U AN R OGRS — e i R), B A R BRI
%57, B115 Tax-PC/BSANPs. [FFEJ7EHI /A2
YIH)73 F PC/BSA NPs. #f Tax-PC/BSA NPs & T
—80 CUKFEH T 24 h, FRANAHTIEN GRE<
—40 ‘C, EAE<20Pa) 36h JFHH, MEFE,
BP1$ Tax-PC/BSA NPs ¥T¥1. [FFETEHI&AS
251155 11 PC/BSA NPs 1% T4 -

23 THENARISENE
231 BiE%ME DL Agilent Zorbox SB-Cis A
R OME-K (22 1 78) NIRENAH; AT K 290

nm; FEL 30 C; #FEE 10 pL; A E 1.0
mL/min.

232 XTHRSETRHI S BRI XA 2.5
mg BT 25 mL &K, HEEMEIEER, B,
0.22 pm FUALIEEEIE, RIS LA R 0.1 mg/mL
IORORHERTN Sl

233 A VEI S & B Tax-PC/BSA NPs Vi
2 S mL, BT 25 mL 2=RAN, INE B AR E
2%, $E51, 022 um FFLIERESES, U
[ 925 ) 4 2 L

234 LREMEESR USRS RSER. 5
WA AW, 4% “2.3.17 TR NEATAHT, i
SEEIEE, SRILE 1. 45RO pE g
RAF, HlE A ZHeAE R, ©RERIT.

TEHERA %
A
TEHEhA %
B
C
0 2 4 6 8 10

t/min
1 ERRMEEER A #HAmEE B) M3
& (C) B HPLC
Fig. 1 HPLC of taxifolin reference substance (A), test
solution (B) and blank solution (C)

235 LMEXRARFEE REEIRI “2.3.27 TURXHE
RO B, 4 0 R A R R S R FE AR N
100, 50. 25. 12.5. 6.3, 3.1 pg/mL, 4% “2.3.1” Wi
NN E S TR RS TR SR, DA =
WEERAREALRR (X0, WETRCNAARSR (V), Zilbs
M2k, AR R IERIA A Y=47.899
X—0.035 1, R?=0.999 9, fE/RILIEMZRIE 3.1~
100.0 pg/mL ZeM56 R R i

2.3.6 FEEEWRE H “2.3.37 TN IEGE
T, S0 R AR R 2 P R R SR 75 504 25
ug/mL, £ “2.3.17 WG4 F 1d RIlE S K,
H PRS2 RSD 43508 1.75%- 1.25%. 1.42%, %
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237 FasEtEiREG H “2.3.37 BN RSB OE
&, REERTREO0. 2. 4. 6. 12, 24h, 1%
“2.3.17 TUR AR S A AR E , 25 RACTERS 2T
U RSD A 1.25%, R M RLT,
2.3.8 EEMRE % “2.3.37 W iEH AR
SRR 6 0, 1 “2.3.17 TR ik SR HERE N
SE IRAL TR R T = 20 200 RSD N 1.06%, RIAET
PER T,
2.3.9  INFEEICRIREE B “2.3.37 TR A
WOE R, RIAE. . S R e
FA AT IR S, MRS EIRERREEN 80,
100+ 120 pg/mL K RICRRE IR, % “2.3.17 1
NG RAAEREINE, THEINAE R, S5 ST
AR BISCRIE 97%~101%, “FHIhnee mli A
99.22%, RSD A 0.82%, FRIZ T ERF AR E K .
24 SEEERNE

HW Tax-PC JIT H Bt 75 VA A, P RRIE A58, gk
FEME, dsgEmf, HASXTEEAE,

HE&F=m/mo
my P IERERA i, mo B2
2.5 ZREtLRITHIE

45 Tax-PC MEAZE, MAFZMEL 2 11,
1101020 10301 4370k, 458 mE 17
N, BEBENE 5 LLIG S R S FREW R, MRtk
1:3 )5, EEFMKBE. WS HH T H TAX-
PC, BElEHEN K, EEWTERICEREIC, HAH
MM . GREFIEME 1 0 3 AmIEL R
2.6 BEHE. HASMSRFENNE

LRSI 5, R Sl B O, WE K
B0 FEE 14 000 r/min, 250 [A] 20 min #E4T Tax-
PC/BSANPs 3% | EGm SRR E, 5%
FAE T YUK B A2 T A&, FRA

F 1 PBELLHFRLER (X+s,n=3)
Table 1 Screening results of drug-phosphorus ratio (X £ s,
n=3)

2} HEH/% #llatt HEH/%
2:1 60.72+0.28™ 1:3 89.1240.69
1:1 70.83£0.60™ 1:4 89.6910.69
1:2 84.60+0.18™

52Zfigte 113 A P<<0.01
P <0.01 vs drug to lipid ratio 1:3 group

SN GRS H AR e . X Tax-PC/BSA NPs 1 mL
THEBIEE O, FEEMAIES, 5, 022 um i
FLUEMEE, e B SR EE MR R DA &
(m); Bl Tax-PC/BSANPs 1 mL, & EP &, 14000
t/min &0 20 min, HUEiEW 200 uL T 2 mL 2=,
T, WEFSAE (nyw), HFENESE,
AT HEHERME A E.

AR =m—m w)/m

HHE=m—m w)m 4
m ¥ Tax-PC/BSA NPs % T-¥ i &

Iy BCHT BRI BT 4 CUKFRNGELE 48
h J5 1] Tax-PC/BSA NPs JR&, 7E 14 000 r/min %%
N EG 20 min, EARIHEYOKKLS RS .

BIRE=(mas—m w)/(m—m )
mas A% 48 h Y% 5 ) Tax-PC/BSA NPs R ERZ M & &,
2.7 BBD-RSM 1ft{t Tax-PC/BSA NPs {45 TZ
2.7.1 BBD Sl H45 PLEVVEIH—E (OD)
BN T 2RI PR R bR . KRBT H—
B (@, HABREIUE NN, RN =
BUE KA. A mmlun .

d1 5% d>= (Y1 — Ymin)/(Ymax— Ymin)

d3=(Ymax— Y1)/(Ymax— Ymin)
di~ do~ ds 53BN Tax-PC/BSANPs [ | 258 MBTR
FHA—H, Y1 HEIE, Y Yoo 2B BEE, 824
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W &AabRI d (3% R ARTHE, 15 OD fH.
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2.7.2 BBD sEEeditEdEafr  XER 2 iRty
Guit o, BEMAER o2 W IET7E A OD=
0.768 04-0.206 2 X;+0.058 8 X,—0.062 5 X3—0.002 5
X X2+0.040 0 X1.X3—0.225 0 XoX3—0.132 8 X2 —
0.242 8 X,2—0.300 3 X32, R2=0.9902. Xf o] 77 FE
BEAT T 20, S5RANZ 3 fraw, BT @i el 4
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Table 2 Arrangements and results of BBD experimental design
Fe Xi X2 X3/min 3 2/% AR/ % BIRE% oD fH
1 1:7.5(0) 1:11(0) 8 (0) 85.36+0.39 7.18+0.03 1.10£0.03 0.78
2 1:5(1) 1:11(0) 10 (+1) 80.3940.45 5.59+0.03 3.49+0.04 0.00
3 1:7.5(0) 1:11(0) 8 (0) 85.5440.13 7.19+0.01 0.98+0.03 0.79
4 1:10(+1) 1:14(+1) 8 (0) 82.0140.11 8.734+0.11 7.98+0.10 0.61
5 1:10(+1) 1:11(0) 6 (-1) 83.00+0.02 8.84+0.23 9.06+0.01 0.59
6 1:7.5(0) 1:11(0) 8 (0) 85.134+0.25 7.16%£0.02 0.91+0.02 0.77
7 1:7.5(0) 1:14(+1) 6(-1) 84.84+0.12 7.14+0.11 7.16%0.08 0.59
8 1:5(-1) 1:14(+1) 8 (0) 82.01+0.11 8.73+0.11 7.98+0.10 0.61
9 1:10(+1) 1:11(0) 10 (+1) 79.67+0.19 8.48+0.02 5.29+0.11 0.56
10 1:7.5(0) 1:8(-1) 10 (+1) 78.16+0.36 6.57+0.30 4.00+0.04 0.31
11 1:7.5(0) 1:14(+1) 10 (+1) 83.02+0.08 6.98+0.07 12.59+0.09 0.00
12 1:5(-1) 1:11(0) 6 (-1) 81.67+0.02 5.68+0.13 6.93+0.03 0.19
13 1:7.5(0) 1:11(0) 8 (0) 84.3940.32 7.01+£0.03 1.09+0.07 0.72
14 1:7.5(0) 1:11(0) 8 (0) 85.2240.07 7.17£0.06 0.81+0.05 0.78
15 1:7.5(0) 1:8(-1 6 (-1) 77.01+0.26 6.48+0.02 2.31+0.07 0.00
16 1:5(-1) 1:8(-1 8 (0) 81.5240.25 5.67+0.18 8.00+0.06 0.17
17 1:10(+1) 1:8(-1 8 (0) 78.49+0.12 8.35+0.01 1.44+0.02 0.52
<3 BBD XWIZITHHESHLESR
Table 3 ANOVA results of BBD experimental design
KIR CTOTF BHE B F1E P REMW| KRR CFHM BHE ¥ F1ii P REM
BR 13800 9 0.1532 63.8300 <<0.0001 #E¥F|x:? 00742 1 0.0742 309100 0.0009 ¥
X1 03403 1 03403 141.7500 <0.000 1 #E ¥ | X2 03670 1 03670 152.8900 <<0.0001 #ZiE#
X> 00338 1 0.0338 140800 0.007 1 #E¥|xs? 02584 1 0.2584 107.6500 <<0.0001 #iZ#
X5 00253 1 0.0253 105400 0.0141 &3 |#%%= 00168 7  0.0024
XiX> 00049 1 00049 20400 0.1962 KIHT 00137 3 00046 59400 0.0590 REFH
XiXs 00002 1 0.0002 0.0937 0.7684 40iR2 0.0031 4 0.0008
XoX3 02025 1 02025 843500 <<0.0001 HEZE|HEZE 14000 16

JHIZKEG 12 11.51, FEFES[E 7.76 mins
2.8 Tax-PC/BSA NPs {5 T ZHIIE

FRHE B SR Ae 28 B, R MR A T2 AT &
3 #it Tax-PC/BSA NPs iREH, 45Ru%K 4w, 3
it Tax-PC/BSA NPs JR&K-F15 OD {HK 0.82, 5
Titill OD {f 0.85 AHXMW 240N, Tl R4, 47 F
W Tax-PC/BSA NPs sl & T 240 & Al 3¢
2.9 Tax-PC/BSA NPs HJZR{F
2.9.1 TEM W% 4 5HU% 1 PC/BSANPs &5 Tax-
PC/BSANPs ¥, T I0T-78 s i A =, DL 2%
BEFS IR S th 3 min, THRJ5T TEM FWIEE, Af 07
I PC/BSA NPs #2444k KL (Tax-PC/ BSA NPs)

VIR ERY, IR EREN S (F 3).
29.2 fifg. PDI 5 ¢ HAZIIE  HU Tax-PC/BSA
NPs K72 HAPKRIB OGS &, B T3
ath A, e HokiR . ¢ HEALBL K PDL. 4R AR,
%254 PC/BSA NPs M F-¥kitehy (158.00+1.55)

nm.PDI 4 0.190+£0.010 % ¢ A7 8(-32.6040.35)
mV, Tax-PC/BSANPs [P35k %4 (184.90+0.98)
nm.PDI 4 0.275+0.010 % ¢ FEA78(-36.6040.53)
mV, WK 4.

29.3 DSC HUEiEIER. KEUNEEE. BSA. ¥
FHIR &4\ TAX-PC. %5 4 PC/BSANPs % T-# . Tax-
PC/BSA NPs % T3 5.0 mg BT, DxH
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Fig. 2 Response surface and contour map of various factors affecting OD value

x4 WIEREERER
Table 4 Results of validation test investigations
BEFR RAE BRE/ oD {4 AHXT
% % % - SENME BUIME W%
1 85.70 7.24 0.82 0.80 0.85 3.59
2 86.33 7.28 0.88 0.83
3 86.38 7.29 0.9 0.83
FEIME 8614 727 087  0.82

fLik

B3 ZAYKK (A) FEGPARK (B) B9 TEM E
Fig. 3 TEM of blank nanoparticles (A) and drug-loaded

nanoparticles (B)

WAz, #AN Ny, AEURE 50.0 mL/min,

FHR#EEE 10 C/min, JEFE 30~250 C, #17 DSC
ShTe Wil 5 BN, KEUFBERAE 129.17 CAI
180.17 ‘CEAFAE 2 MIKTRE . TEM I, KBRS/
P E X I K4k . TAX-PC FRAEHERA &AM 0

A-1
B-1
1 10 100 1000 10 000
RifE/nm
A-I1
B-II
-200 -100 0 100
¢ A /mV

&l 4 ZH PC/BSA NPs (A) # Tax-PC/BSA NPs (B) Ui
7o (D) FHBAL D

Fig. 4 Particle size distribution (I) and { potential (IT) of
blank PC/BSA NPs (A) and Tax-PC/BSA NPs (B)
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BSA B e

WENREY | e———
Tax-PC

PC/BSA NPs

-
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Tax-PC/BSA NPs

50 100 150 200 250 300
W/ C

5 TEMEMAER. KZONBLAE. BSA. ¥IERES
PC/BSA NPs. Tax-PC/BSA NPs & DSC iZ[&|

Fig. 5 DSC spectrum of taxifolin, soybean lecithin, BSA,
physical mixture, blank PC/BSA NPs, and Tax-PC/BSA NPs

SIE Y, MTE 174.50 CHl253.83 ‘CAEAE 2 A5
FEMR R, R T 2R R, BEIATEIEIA R
KOG YRR 2 (A7 (6 1 dn e F B A )25 5
o3 (AR LA A 38 456 T8 U R 52 &4 - BSA
fRH LI 2 9/ 94.31. 220.50 °C, fEMERA R AE
231.25 CHbA 1 AS5mi A, 5 BT s 7B
BEY), RS EAREY, SR, 1§
SRIEFEK, REVEIR S EAMMEE, 24531
5 Telange S5k —F. 1Ml Tax-PC/BSANPs % T
K[ DSC g rh, FERERA 22 M ri i p 4 75, HL
L1 ALHTIRR R, WEE R 78.83 C, KHH [ Tax-
PC/BSA NPs .

2.9.4 FT-IR 747 KM KBr [EFiE, BAETEM K.
KIZ UG BSA. IR A Tax-PC. %1 PC/
BSA NPs % T¥+ Tax-PC/BSA NPs % T-¥3 455
KBr LA 1: 100 ELBIBEE], &R #ATIE . WK 6
RIL, PVEREYRIL TR A A A e
FAZE, 3549.02. 3402.43 cm™! J& T-OH WUSCERE
g, KSOPRENE T, 2924.08. 2852.71 cm! MHEN;
PR IR -CHa- (AN FRIR SR iU, 1230.58. 1058.91
e K S BRI P =0 JE [ 45 PR 51 . Tax-
PC [{]-OH ERHEH 2%, JFAE 340436 cm ™! AL 7R 1
KFEwE, FIRe2 REIREEIEE) P=0 HEHA 501
HKI-OH 454, #Ud-OH 162855, I 5 K S UpiEig
1) 3396.64 cm ™! AT () SEEAHEE S . PRLIG,  HENNIAE
TERA 25 5 B AR 707 [R] AT eI S B E T R T Tax-
PC. #24J5 1) Tax-PC/BSA NPs H{{ A & (K § 3
I (3 549.02. 3 402.43 cm™). FEIELRIE

=

BSA
YRR G

TN ™

Tax-PC
PC/BSA NPs
Tax-PC/BSA NPs
4000 3000 2000 1000

viem™!

6 TLIEMER. KZONEEAE. BSA. YR &Y. Tax-PC.
ZZH PC/BSANPs. Tax-PC/BSA NPs #J FT-IR i&[Z]

Fig. 6 FTIR spectrum of taxifolin, soybean lecithin, BSA,
physical mixture, Tax-PC, blank PC/BSA NPs, and Tax-PC/
BSA NPs

(158548 cm™) #edfEas, ZJWRICRFIEEN ok, R
RGN 25 LR AEGRRL

29.5 XRD 7 RHEWR/EE (20mA/40kV),
FTHHE R 3°<20<<45°, FAFEESE 8°/min MIKEIIZ%
XA A 25 K9P/ BSA . Tax-PC. Tax-PC/
BSA NPs % ¥ #E47 XRD 0. W 7 fios, 1€
TEERA 25 A7AE B S ) AR AR BT S g, R BRI 22 DA
48 S RVEAE IR o 10 Tax-PC 1, R K 45
o TOE R, R\IEIEM RS KGO &
e T BEIRE G . B BBk — P
B, VIR E R ME, WESERTEERL
TR 25 00V A FEE FHORE TBO 28

NG

BSA

Tax-PC

Tax-PC/BSA NPs

5 15 2'5 35 45
20/(°)
B 7 FEREHAZER. AZUP#AE. BSA. Tax-PC. Tax-PC/BSA
NPs ) XRD i&[E
Fig. 7 XRD spectrum of taxifolin, soybean lecithin, BSA,
Tax-PC and Tax-PC/BSA NPs
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2.10 IRALMRRME

S22 SCERARE D), SR BRI 2 I A 2 AR
MK 23 (gP) . BUd EfEEFA 3R . Tax-PC.
Tax-PC/BSANPs 737l INA 22646 7K . pH 1.2 ZRERE
W pH 6.8 BERELZLTIAM (PBS) 1, WWiEIRG
10 min, # 37 CHHIEIRZ & H, 100 r/min LR
% 72 h, £E 3600 r/min 54 &0 10 min, BRI
WO RERS RIS A, R, HERRNE, TR
JERA Z A RS . A BCE R 2 . Tax-PC.
Tax-PC/BSA NPs Z3 il NN b2 i ¥ (0 Y A0 1 3 i
b, ERAVAE. JERE (0.45 pm SFLUERE) 1SAE I
FIEFRRET . KR IOZIER 5 mL, 5 FR1EM
FREPAAA K AR pH EHZEMERIRE, T
37 ClER/KIBIRY 24h, HE, SnETZE,
FEE, THE 1gP. R 5 453 R, Tax-PC/BSANPs
£ Tax-PC W2EAE b, t—2088m 7 e = 1
WIAMEE, 167K, pH 1.2 $hERVAW . pH 6.8 PBS
K5 TEMEMZE. Tax-PC. Tax-PC/BSA NPs B9IE{L M BN
ELER (X+s,n=3)
Table 5 Physical and chemical properties of taxifolin, Tax-
PC and Tax-PC/BSANPs (X +5,n=3)

b MR WM /(mgmL™") IgP
TENER 2 K 0.888+£0.009  0.79
pH 1.2 #EFR¥AW 0.785+£0.052  0.56

pH 6.8 PBS 1.43340.005  0.75

TAX-PC K 1.936+0.018  1.41
pH 1.2 #iFRIAW 1.743£0.002  1.12

pH 6.8 PBS 2.82340.035  1.30

Tax-PC/BSANPs 7K 34.167£0.037  1.39
pH 1.2 BhFERVAW  25.68440.003  1.15

SRR T 38.48. 32.72. 4831 ff. ZKHEAYK
b — D EREERR, SBEEAMMET
lgP [H KT 1 HERRRFE, EH TR, Bk
PEAT AR BIAR B
211 REMER
2.11.1 fiEfFfaENE U Tax-PC/BSANPs % T-F) %
BFrARmS, 29T 4 CREERE 3 NH, W
STCERT SN, HIE BCE RT 2R RAR.
PDI Fl ¢ HEA, DABGIEGRRIRRE M. #RIER 6 7]
A1, Tax-PC/BSA NPs £ 4 ‘CHI=IREM T2 5k
17 3 N H G & DB AR BE e v Va1, 1145
BN, RGURRIR TR B A7 Fa e e R, A
FARPREE RGN, URRITE 4 CH&MF s T
IR, R Tax-PC/BSA NPs % TRy RifE 4 CHET
EAE o
2.11.2 %4biEH  HX Tax-PC/BSANPs ¥ T T/K 4
Pt RSP BRIV, 0 il e A 233 nm J¢ 215
nm OGRS, THESEAIEEL, 3 #t Tax-PC/BSA NPs
AR HUE 22 5029 0179+ 0.179. 0.181, H47E 0.2
PAF, 756 B UORE il 77 S AR
2,12 RIMERGECTERL

S CHRIRIEDS), BT R AN LR
P AT L SR A S5 AN 3R 7 BTz, TiSEH 3 mL
TEHEFA &K . Tax-PC Fl Tax-PC/BSA NPs £ 5l I (13
TR 5 mg) 3315 3 mL BHE W (SGF)
7R E, A pH 2 1.2, HAFENTEE (Mwco 3500),
IHFETHA 150 mL BB (CESASHEEA
I SGF 4% 1 1 1 SARURS) KRR AN, HIR
PG WA 2 h G 58 S EL 6 mL AU (SIF)
SRR EH LRIEEMNZENTEES, 75 pH E

pHOSPBS 6923040009 132 70, B 44 150mL B R (2B
6 HRNIEFEREM (Xts,n=3)
Table 6 Storage stability of nanoparticles (X £ S, n=23)

T b $if%/mm ¢ HA/mV PDI BIRE %
EAETT 184.9040.98 -36.60%0.53 0.275+0.010 0.46%0.10
4 ClitfE 3 MH 185.70+0.33 -36.00+£0.24 0.280=+0.020 0.4940.08
s 3 MH 188.1040.08 -35.20%0.20 0.298£0.040 0.614+0.29

=7 ERUENRERIEE S
Table 7 Compositions and digestive conditions of simulated digestive fluid
AL H AR H A AR AT
SGF pH 1.2 2gL'NaCl, 32gL'HEHAM, 7mL-L'H#HK 37 °C, 100 rmin~!, 2h

SIF pH 7.0

6.8 gL' KHPOs, 1 gL' EEEARMY, 5gL ' HER

37°C, 100rmin!, 4h
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HEABER SIF 32 1 0 1 BARBURA) MHERIRN, 18
IRIRZHA 4hy 22 HI7E 100 30 min A& 1. 2,
3. 4. 5. 6 h HUG SRR L, F4h7e A A &=
HIEET AT, BUREFE 4 C T R1E. B 8 G R,
22 h Bl i, {EHEFAZ . Tax-PC/BSANPs R
BRI (20.56+£0.35) %. (18.89+0.37) %.
(11.21£0.65) %, BMHMEIIE 25%LLT, 459
TE B HB RSB0 AR . #5822 11 T AL PR A
WAL (3L 4 1), FEEFA &K L Tax-PC. Tax-PC/BSANPs
(1 Rz 38 T AR TR R 38 5, FEREAA 25\ Tax-PC. Tax-
PC/BSANPs fx 2 BB 7] 1A (48.26 £0.71) Y%

(71.86+1.83) %. (82.73+0.62) %.

100
—o— WM E

804 —® Tax-PC

—¥— Tax-PC/BSA NPs
60 A

ABBHEY%

40 4

20 1

t/h
8 TEIE#AZE. Tax-PC. Tax-PC/BSANPs fEIEHLF-/\iF
HURPEIRHER (X£s,n=3)
Fig. 8 Release of taxifolin, Tax-PC, Tax-PC/BSANPs in

simulated stomach-small intestine digestive fluid (X £ S, n=3)

2.13 KBRAEKFRILSEIE

2.13.1 ARSI Krebs-Ringer’s (K-R)
R BUEALES 037 g AALEN 7.8 ¢ & ALHT 0.35
g ALBE0.02 g FAHE 1.4 g BREREAN 1.37 .
e &40 0.32 g, 4ifb/KERE 1L, #25), Wi,
2132 XPRREEAIHIS RS BRI AL NS
A S mg, BT 50 mL &R, Mnid=E KR Wl
VEIRIFESS, $25), 0.22 um AL IENEE, HI/54E
TR 206} B A VA

2.13.3 S RERA R H R FREUE =10 E
FAZ . Tax-PC J Tax-PC/BSANPs % ¥, A K-
R PR 1) 52 25 A6 s 25 A [0 Jofd 2 94 BEE 1 AR T A
2. Tax-PC. Tax-PC/BSA NPs #iE ALK o
2134 FHWRERE B 37 CHiE K-R AW, 2t
TTHEARRER 5200, 53R 2 h, AR, 4 C¥
% o

2.13.5 EBEMEHEE UG EX IR S 24

TAARB LT A RER #2 “2.3.17 BUH il
AT oM, eIk, 4RIE 9. 45 RIEH
FAR IR L AF,  FERBU 1 IR I oo 18
JERAZITE T, LRI R .

TR R |“|

t/min
B9 FEEMEMBRIAR A SBHERERRZ B)
THFERAK (C) B HPLC
Fig. 9 HPLC of taxifolin reference substance (A), drug-
containing intestinal perfusion test solution (B) and blank

intestinal perfusion solution (C)

2.13.6 ZMKRELR FEWRN—ERE “2.13.27

TR 0 RR ARV, I K-R AR 1154 524

25, 14, 7+ L4 ug/mL, FUEIR KR5S IR
& “2.3.17 TR S KA E &R B TR
&, PUGHHR s B IR AR (X0, ISR A
Ay (YD), ZefilbrdEtiZe, 5EIET7HE Y=30 446
X—23658, R?=0.999 5, &5 LRIATLTHINZHTE 1.4~
117.0 pg/mL £t X R R 4T -

2.13.7 FEEFEERL L “2.13.37 TN SRR
BERGE R, 20N K-R RRRE 2 i IR iR
N 75+ 50, 25 pg/mL, % “2.3.17 Ti RGBS 1
d WlE 5 I, HWKE%E RSD 2519 0.87%:

0.09%- 0.07%, FKHHWKE L RL; ESME 5
d, HIAHE% B RSD 43 AN 0.22%1.0.10%- 0.06%,
B TR)A 25 B R4

2.13.8 faEMidie  H “2.13.37 W NS H4 R
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PERWOE R, ATEERTHE 0. 2. 4. 6. 12,
24 h, % “2.3.17 TR AE SRR E, RSD A
1.25%% B FaE PE R UT

2.13.9 HEEMRKE B “2.13.37 TN SZmER
BORTE R 6 17, 1% “2.3.17 TR (i SRS
T, S5 RAEHERA R EWR LN RSD 4 0.97%, &M
ZARIG H A M R AT .

2.13.10  JFERIBCEREE  HC“2.13.37 T R &2
ERAERE R, 2K, . BRI RER
FEFRAETEERA 20T R VA, 19 20 2 B IR B
N 60+ 50+ 40 pug/mL [ [EISCRFE AR, $% “2.3.17
TR G SRR e, THEDINRE IR, TEREAS
K IINRE RN ZAE 98% ~102%, I INFERIT &Ny
100.11%, RSD N 1.50%, &5 REKHZ I ERF AR
21311 KEAEA S A e se e i e R
SD K& 60 H, BENLAELS 20 H LR A,

Tax-PC #H. Tax-PC/BSA NPs 4, &R4MR¥E B
WEENL Y 2=+ 6. =W Flig. 8% s H.

SCER T 12 h KEREEEAZEIK, KH 20%5 H$H i1
VRS RER B GES57IE 7 mL/kg), BT 37 CHE
TN b . g R AE RS B BT 3 em
My, S ARmE (. S, B,

YERD, 1EREBI BRI A B — A R DU
0.3 cm EARBIER/ND, AR KEF AL
[l 5E . 1B FEFEANEFIEK (37 CHiHO DIEH
B, BEAERHEBRICRIRATILSY (B 10).
VR AT LR EL K B e M A S5 AE DI 4 1 Ak, fR%E
JTE R IR AR R . B b
SEEEEREE, NFERE, PL0.2 mL/min fEi#

T

1 IIRE37 C
I B)5E ‘
= m
1EHEFA R . Tax-PC. DJ IC

Tax-PC/BSA NPs ¥
D-+—48l I LEE C-4h
D-duodenum J-jejunum I-ileum C-colon

10 KRAEKREpERIER

Fig. 10 [In vivo unilateral intestinal perfusion model of rats

FEM K-R VK 15 min, FifiJ5 EHNIEIEIA R . Tax-
PC. Tax-PC/BSA NPs [ FFE#ERAEL 1 h,
WA . R A AR AR AT AR I
SR, BNAERMBE, WEEKESNH
0,
2.13.12 EHMpREERBAaEt 21337 0N A
ZiHRER, 1E 37 CAKIFM FIEE 0. 30, 60.
90. 120 min, &KFA]SHUFE 1 mL, #EFEIE, #4 0
min I 2590 i IR FEN 100%, 50 & 5 1EIE A
RAMFRE (AW E RS R P e RS
BEH . G558, 1L Z . Tax-PC. Tax-PC/BSA
NPs EFRFIRZE TN (99.79£1.96) %.
(100.48+1.42) %. (98.41+1.50) %, RSD 43Jill A
0.97%-+ 0.46%- 1.05%, I ZRERMMBE K-R iR
WA E N R I .
2.13.13 SRR R B BT EUY B
10cm, AEFREKEER MG, KEBEEMGH, BT
JERA K L Tax-PC ., Tax-PC/BSANPs & 2 I #E it v
& (37.0+£0.5) C/ARBHIEEIFE, 7H7E 0. 2h
HORE, dEREIE, THERRZ. 45K, 2h Wi
JEFAZ . Tax-PC. Tax-PC/BSA NPs EJT i 5 42 24
=N (100.90+£0.60) %, (101.24+0.75) %-
(99.8540.98)%, RSD 435129 0.43%-0.33%+0.62%,
B B X RE O 25D R AR TR R, IR
ME Tosem o
2.13.14  FWHERISIESL B HUETERA 2 Tax-
PC. Tax-PC/BSA NPs & 254zl “2.13.6”
WUR 7384, B8 LA 2 | Tax-PC. Tax-PC/BSA
NPs 7467 =W [ AN g B etk i .
N AR OR R E A (KD M2 RV
WEREL (Papp)o SR EIR, FEHEFAER . Tax-PC. Tax-
PC/BSANPs fEHAM 7 B A W, HAE+ 4RI
Wetslr, ik, FP\TEHAA TR FEWBGH A A
i b3, A Tax-PC. Tax-PC/BSA NPs J&{£ i
P2 AE & I B RS 38 45 31 2 g 5 (P<<0.05.
0.01). Z5ERIFEKS.

Koa=(1—CoutVio/CinVou) Q/nr’L

Papp=—0In(CoutVin/CinVout)/2TrL
Cinv Cou JitEy HUBEREIITEIRIE, Vine Vou N,
TR, O RMERARIAE, A1 L 2 BB
MK E
3 Wig

PR AT IS 2 T ZFhilil & 5% Tax-PC #,
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#= 8 THEMZERETRESIFIEARBELL KaFl Papp (X £S5, n=5)

Table 8 Absorption rate constants of taxifolin and its different preparations in different intestinal segments Ka and Papp (X £ S,

n=>5)
- Ka/(X 1073 min) Papp/(X 1073 cm'min ™)

e Tax-PC Tax-PC/BSANPs PIAI/ N Tax-PC Tax-PC/BSANPs
+=¥hH 68.1+4.5 120.947.5™ 137.642.2"# 8.940.8 23.0+3.4" 31.9+1.7#
= 60.2+4.5 114.8+8.5™ 135.842.1"# 7.640.7 20.6+3.0™ 30.6+1.47#
E)i7] 55.8+2.1 90.2+3.5" 131,331 6.940.3 13.3+£0.8™ 27.9+1.7#
217 28.1+£7.2 37.6+2.0° 50.9+4.5"% 42+1.2 59404 8.941.2%

SICiEm FAE: "P<0.05 "P<0.01; 5 Tax-PC 4Lt *P<0.05 *P<0.01

*P<0.05 P <0.01 vs taxifolin group; *P < 0.05 *P <0.01 vs Tax-PC group

NEAEAGRR T, B3 REFIE . 9eRTiEik.
PR W T RE . H 3SR Nab™ $R %
CRE R4 7, Nab™ AR R I H i oy 5 HE 1)
RF, IS RIGRRRAR /N TR 2
Y, (A e i o i S5 2R R S e . AR
HEMER S Nab™ ERFIH T A8 AT,
TER B R Pe A T RSN - A T
I A ST R I BT e, ESRIETEAA R RT
ECHEE B I i, B R S5k, HAr,
Nab™ FRTE H & HPKRL i £ 24 b TR
AT,

Fkgh Zi e i FHIRIR G 277 50, 94
S5 38 TR/ NI, 1S R 2 5 AL,
B REAIT. IS4G, reitEs
Vsl s SRR AV RE 71, Tax-PC B B4R &
T AEHERA 2 /K A Fe B oL, e it A 8 A gRRE
s E, K 1gP 5 HIEE GMEARE,
& BT 25 ClgP>> 1), ] TR W 2 g 1 13
PEFE Tax-PC/BSA NPs a8 2R, AEAN
KRR E &Y, WIRN 2 X KENEASS
ZIE R, ASRRENE F %S, TGRS M. Tax-
PC/BSANPs 7£ Tax-PC [E:Al b, #E—Pm 1718
TR RSP ETA AR, OB 29 IR

PRAMERLTH A BERGS FE H, Tax-PC/BSANPs [1)
B RFRERCR I AR TAE A 2, i X 2 5
F LR AT RESEAEREAA R AR . 2R IS AR AXUZ
WA AE, 7 REE LR T YRR g R e
P, 2B EAMHEIER)S, # BSA fi82 5
fift, TEHEAS A BRGNS PRI . [RILAE B BV AR B
Tax-PC/BSANPs Bef% 2 (ETERA 2= B F T
T8 X 24 (T R VSCRI R FE o 1 7 Y AL A S AL
1B}, Tax-PC/BSA NPs WRISCIR BL B AR T AL HE A

% Tax-PC, BSA T2k (B /KM, HERHHBIA
Wi, ARSI, 25 PRERe T, 1
BENESE MR R B A7AE, MR & IE L. B
BN Tax-PC/BSA NPs 7E— @2 Li/b T 254
12 B RO 1 98 1 25l e MR, A R
FETEAR R ISR o

FETF I, ACHIF TR K SR MR B [ i EE A 7Y

DU S MBI R N B 3R, BN IR] 7R B 0f AL T

FA SR B RS BB IR L 1) B LA 8 fi B MR A

fiE. S5RERW], TEMA ALK RS B A I,

il 2 B R GV A B A AKRLE, Z5WTE & B

IS A 4R (P<<0.05. 0.01), Tax-PC/BSA

NPs MHELEHIA R, Ko AE+ 3650 2. .

SEW7 o e 2,024 2.264 2.35. 1.81 f%, Papp 53731

P 3.58. 4.03, 4.04, 212 f%, BiH Tax-PC/BSA

NPs AEW 808 29 AEAR I SCIR DL, AT e R 3R

7L B RIE ARl PR 5 B2 FH A (8T B 1B %
BeAh, ARPRBAE Je SEmt Fe it — BB R

i ig Tax-PC/BSA NPs JafIZEVIFIHIE, DASGEH]

IR B .
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