- 488 - 2% %4 Acta Pharmaceutica Sinica 2025, 60(2): 488-497

TL RN Z2 -5 A /BB &L/ R 4E AE- K30 AR SR AV 4438 K X B HE 14
Fr 5 A Ry R P1E F

WIEW, AR, FALL KON, KEE, KEE"
(L KARPEEL R L 2, 0 K 130117, 2. AR —BEBRIRPRZG 30, 7 A 2% 130061)

WE: TEHEFA # (taxifolin, Tax) COAHIE S5 TAE Ny 24 € [RIVR I mT 6 YT, B GRS T AT 40 05 16 1, JR i HL ok
IKPE RS 3% 3 B 22, BRAG T Tax W I PR B o A BIF 70 i 46 7 78 ME R 3 - 0% IR/ #h/58 48 I -K30 (taxifolin-
phosphatidylcholine/sodium deoxycholate/PVP-K30 micells, Tax-MLs) 49K i %, % F Box-Behnken & 36 15 %) i £ ]
£ L2, LA S H il B 20 A1 15 25 ) Tax-MLs 3E 47 FAE 5 W5 1 571 AR UR BE ST 4887 T3 At 188 B ik 7K 43 e 3 i S 2
25, I A A AL 38 PR 5 Tax-MLs AR BOMER; RS M T2 075 B8 BLPR T Tax-MLs IR N 230 45 R
7R, Tax-MLs [I-FIRL42 2 43 BUPEF8 20 zeta FEA 23 5124 36.90 + 4.57 nm+0.194 + 0.01 [2=32.6 £ 0.35 mV, & I fL
52 WL £ Tax-MLs 2 30K /N5 —, 43 A 88 21 2R B, 22 A4 6l &2 2470 A R B 20 4156 335 %6 30F B Tax-MLs [ %
F; FRALAE 5T 7 1], Tax-MLs AH %L Tax 7E 7K H BV il BE 42 1 17 92.02 i, FLAE 7K o it 7K 73 BC 28 £t L 0.43 39 im 21
1.14, 1iE W Tax-MLs B85 £ 51 JL VA R 9B 15 1 5 Mk 25 300 25 B OR, 5 Tax 204 BL, Tax-MLs %« = 71 i 41 AT
JIE 5 50 % L o A B e Sl AN TR e A /KT 2 3 PRI (P < 0.05), 18 55 T 2H 23 il S8 A P I8 AL Bl 26 TOE R 17,
FEARTA KPR R BB 2 . Tax-MLs A 30 3E a1 1 25W0 IR0 B RIS 3 1k, 8 5 1 6 VERS P46 B 52 4 19 DR 1
o AT N B SE IR B T KRR BE 25 K it B 2% 5L S kit (dkitk 52 2023601).
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Construction of Tax-PC/SDC/PVP-K30 micelles and their protective
effect on alcoholic liver injury
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Abstract: Taxifolin (Tax) has been proved to be a medicinal edible substance with protective effects against
alcoholic liver injury, however, its poor hydrophilicity and permeability have hindered the clinical application of Tax.
In this study, we prepared taxifolin-phosphatidylcholine/sodium deoxycholate/PVP-K30 micells (Tax-MLs). Box-
Behnken test was used to obtain the optimal preparation process, and Tax-MLs were characterised by transmission
electron microscopy and fourier transform infrared spectroscopy. Physicochemical parameters such as proximate
micelle concentration, equilibrium solubility and oil-water partition coefficient were determined, and the release
pattern of Tax-MLs was investigated by in vitro digestion simulation. Alcoholic liver injury model to explore the
in vivo efficacy of Tax-MLs. The results showed that the average particle size, polydispersity index (PDI) and zeta
potential of Tax-MLs were 36.90 + 4.57 nm, 0.194 + 0.01 and -32.6 = 0.35 mV, respectively, and the uniform size
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and distribution of Tax-MLs were observed by transmission electron microscopy. The formation of Tax-MLs was

proved by differential scanning calorimetry and fourier transform infrared spectroscopy. In terms of physicochemical

properties, the solubility of Tax-MLs in water increased by 92.02 times compared with Tax, and its oil-water

partition coefficient in water increased from 0.43 to 1.14, which proved that Tax-MLs could improve its solubility

and permeability. The in vivo pharmacodynamic results showed that compared with the Tax group, Tax-MLs low,

medium and high dose groups showed a significant reduction in liver indices and serum levels of aspartate

aminotransferase (AST) and alanine aminotransferase (ALT) (P < 0.05), and enhanced the activities of superoxide
dismutase (SOD) and glutathione (GSH), and lowered the levels of malondialdehyde (MDA) more significantly in
the hepatic tissues. Tax-MLs effectively improved drug solubility and permeability, and enhanced the protective

effect against alcoholic liver injury. Animal experiments were conducted with approval from the Animal Ethics

Committee of Changchun University of Traditional Chinese Medicine (approval number: 2023601).
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S S LY QTR QIR TR i N A i R AN R e
s H AT 7 0 SR, e A A 1) 3 A
W DRI 2 2 — 1200 22 VP e N G I T VP R AR e
PIVE L, 2% e ZREAR 8o S BUF IR 45451, LR
PR SN AP K 5 2= PR AR LA Bt 8L e 0, 5 3 I
A R 5 e A A 3 T A5 R JE 4 B, 5 0T 453 4% 9 6 1R R
AR, A BT R A 5T R D0 TR
A ) A5 A5

TEHERA 2 (taxifolin, Tax) X FREM A2 &K . &ML
PR MEEN AR EY, TR AET
TCHERN TE W FA R B T AR &, NS B ™
AFERR 2 N R 25 0T, A6 R A BRI PR
A MO H AR MY ORIFFE U4, R i (2 Y
WA SR R G S8 T KU I RS O T 2 A
7, BUE W YR BEAR, FELAS T 7 A 2 B IR
A E LN

JoE AR — Fh B A B K% AR K ST ) B 2 4K i
PATIORE, PR HE AT LR VA VE 25 W B B R K A AZ N, H
B A2 N T K AN PR 25 ) 25 ddk, HL5 oA
WL RGALE, PUKIRR E TR E, AR Wik R G
R, IR SR T IR A IR A, RetE
BOMEE VR, AT ME VA VE LI R, SR LS B
YL RE 7, WORE Tz AR KV PR VB 05 1 22 I 25 ) 1) 2
£ R N S PN B % P (397 o R LB 1T 11 | N 959
AL, FBURREEZ D, B> TAEE
F R0 VE ) — SR 4E Bl -K30 (polyvinylpyrrolidone
K30, PVP-K30), LA $1 55 2 254 . Zhang %4 i 4
T JIEL TR /P 123 Y 5 J o A 0 25 3, Ao HL Vi S
B (M 53.5 pgmL "3 H1% 10.2 mgmL™). 7E Wistar X
BRI B T R SRR U S T BB RIR G IR RS
WS, b, H5EERIBBRARL, 2 RS 251,
HIRERAH M AUC, o 380 1.5 75, T, 380 1.6 579,

max

W S5 VR 1) B R 3R/ K o TR A R A R R AR
BERTT.

AW TE LSS K PEANS & Dy B, & 6
Fr 2~ AR /E 5/ 98 4E B K30 (taxifolin-phosphatidylcho-
line/sodium deoxycholate/PVP-K30 micells, Tax-MLs)
AR TR, %ok JE T VA e A5 0 4 BEAT T AT, A
J& B4 i Tax £E I PR b 10458 A $ A 200 BL i

MR5REE

MR JEHERA K (20191208, 5 MRAE 4E KR AW
B A R 2 &1); 76 18 Fa 2 % FE O (111816-201102, 7
FE] £ o 24 A E B A Bt ); M S IH R B (2F) R 4L
K30 (A28GS159030.20210726, LIkl A
PR A7), K 5 HE W AR A (C10537755, b ifg 22 v Ak
A B A A, B AL B S R (Q12GF-2019.
202290529, RECEREAHA T ), VI Ak IR = -
4. (hematoxylin-eosin, HE) 4R & %4 | 7% ¥ 8 H iy
P A7) L A A P S A R L AR
A A I 5 A B L TR I 7 e H
5 R E (YA0011.20230818.20230831.20230907
20230912.20230806.20230911, db 5t LK £ R A R
AT, F (20221209, AL LR KA R A F).

028 A PIE T4 (KQ200B, B 1L &34 R
A AN LA G EETE (UVS100, i o AT (X8
AR F]); O AR PR (85-2 ML M SE 56
ICERT); e 75 K 3% (RE-52AA, 1 0 56 A A A 3%
J7); EE G B DML (TGL-18C, L i 4 = Rl 224X 3%
J7); T RO AR €1 43 (Agilent 1200, 22 HE4E B AT BR
2w, {6 B AR 4 4T 40 ok B L X5 2R AT S A (FT-IR-
8400S. XRD-7000, SHIMADZU); # 7n 7 i & # 1%
(DSC 3+, MEITLER TOLEDO); i% i} H £ (TECNAI
SPIRIT, FEI); ¥i 4%l 52 A (Nano-ZS, I /R SCIHZARL A



< 490 - 222224 Acta Pharmaceutica Sinica 2025, 60(2): 488-497

]); BEAR 3 X (DR-200BS, 685 46 718 A 25 45 R
NCIDE

E14  ICR/NREEYE (K 20+ 5 ), 30 K, T H
LT KA EYEAR RS A R A A, YAl iES: SCXK
(1) 20230917050, Zh47) S5 A 52 77 VLKA KA =
2R AT T A S A, LA K 5 24 K22 5
B Bk, 16 HAL 5 09 2023601

To FE# 3= - 1% A5 /BB £h/22 4 Bl K30 409K B 3R 49 1
#FREMAT B Tax % 5 B JH 5% (phosphatidylcho-
line, PC). i %4 lH /2 %% (sodium deoxycholate, SDC)+
PVP-K30, IINI&E & T /K LB, 75 3 9 il 22 V3, Dk
JE e 28, EIE R NN E B A KoKk, B,
L 5], B4 Tax-MLs IR W o AN Tax £ 42 25 B A
[F] BIAS 25 40K IR (micells, MLs).

Tax-MLs & T Z 1R

HPLC 13 % F Agilent ZORBAX SB-C18 i il
F (4.6 mm x 250 mm); Fi A A ZHE-7K (viv, 30:70);
FEEL: 30 °C; Iz K : 290 nm; 3% : 1.0 mL-min™'; 3
FEEE: 20 pL.

P AR L O B AR A 30 A, i R
P s % A5 R R MR N 1.5643.13.6.25.12.5.25.50 Al
100 pg-mL" [FRE S, 0.22 pum JE fE 8L, B S IV,
P 0 S AR RE Sy T, 5 DN R =, 2 b A it
28, 19 m1AJ5 F2, RS AR AR AR ST IR (X), ALK
NUETH AR (V). Y =47.974 X — 11.689, H15% ZHR* =
0.999 5. Tax Xf il i JoT &K JZ A 1.56~100 pg'mL™" A
LR R BRI

f#+ % (encapsulation efficiency, EE) #Zj & (drug-
loading rate, DL) &i5J%% (leak rate, LR) [Pl 72 45
B0t R B Tax-MLs LA 14 000 r-min™ 2502 30 min,
By W, R, Bl 4S Tax-MLs, 0, il #F Tax-MLs
GER, BB IE 24 4% %, HPLC 30052, 45 A (1) )
43 B+ 5 EE% A DL%.

EE% = L x 100% (1)
m

DL% = L x 100% )
m,

Horh, BE N B3 3 DLV A & m NAEHERA &
R B 24 s m, D R AR TR 31 O 85 B m, AR
BT

% W Tax-MLs B F 4 °C Uk i 4 # 17 48 h,
14 000 r-min” 250> 30 min, B 3% 0, JEad, HUSE I8,
B[l 43 Tax-MLs, Il F %, B3R Tax-MLs 45 8, 3 B 18 2
&4, HPLCE, MR4E A (3) 1H5E LR%.

LR% = 2= Mss o 1900, 3)

m

Horb, LRANBIRE, m, NE 48 h LI 5 4K IR
PR 25 5 m NIRRT R TEIA R & &

Box-Behnken (BBD) Wi B [ % L4k ik 38 AR 4%
Hassan VP71 545 2 ) &0 3 —{H (overall desirability,
OD) 1E A L 2RI VP 845, R B it B
—1E (d), EE%H A1 DLY% {F 88 o 6 W 94 2K Jig o 1) i 3
S A2 1 BE R AT, LR Yo 8 /N 1t B 9 K IR o 95 T bk >
RS E, IRAE A3 (4) (5) AHlitH d, d, d,.

v Y, - Ymin

dlﬂydz - leax - Ymin (4)
— Ymax - Yl

d3 - Ymax - Ymin (5)

Hr, d~d,~d, 5 # & Tax-MLs [f] EE%  DL% J%
LR% 3 —1H; Y, N &AL J7 i se e Y, A Y, N
Mk 77 52 B AR R 0 B R AB RN B /ME, & TR AR I
dERE 23K (6) THFE OD.

OD = (d, x d, x dy)"” (6)

T 5L R 3R SE 50 1 B6 Al b, B 2% 0% % Tax/PC+SDC+
PVP-K30 Jii & tt (A).PVP-K30/PC+SDC Ji & tt (B).
PC/SDC Jfi & Lt (C) 1 N BBD 2 I =N &K, & &
=K, WA

Table 1 Response surface experimental design and factor levels

Factor
Level
A B C
-1 1:3 1:1 1:2
0 1:4 2:1 1
1 1:5 31 2:1

IOUESEES NIRRT 2 nl 5%, % BBD
SEUG A B (1 S L A& L2 R b, il 4% 3 4tk Tax-MLs,
EL AL 52 Fr OD E 5 Tl OD A .

KB R A RAE 4

WO LA RAE B SCHF IR TBAE AR N _E, 73 75 B
FEE 5505 12 1B ORI Tax-MLs T 38 L, 3%
BEES R YL (1,90 s, T1R 5 M AL S E AR AR |, T3&
SR T M OIS .

FiAE  zeta LA 2 70 BUFR 2 (polydispersity index,
PDI) fJll%E  HUMLs.Tax-MLs ifi &, & T30 &6 #UH
ACAE it T M 52 MLs. Tax-MLs 7 4%  zeta B A7 &
PDI,

Il S A B e BUE & e P 4L, R T —
S e, i R E N 1 pmol L A, BT 6 MR
BTG, 25N 20 pL FIRIEHR, & . %
LR, Inglifk /K B SDC.PCPVP-K30 iX 3 Fft 8 4
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JiR R E N 0.5.1.5.10.50. 100 ug-mL", 343 54 H
IINZE FIREEAG 20 pL Jé B 40— G0H fe i3 WA A% 5 75
MO, T8 25 A N R R I 1, A B A G 2
IR A [R] 5 AR FE GRS ) e B, T B UK
KN 550 nm- 5K A 630 nm, 1R L B AR AR N 4K
2 TR FAD R B VAR T, A A AS TR R R S TR 7 ok
S, P2k VI ZR I A 5 R Il S R AR %

{8 B 21 b 6 3% (Fourier transform infrared spec-
troscopy, FT-IR) 7> #1 % | KBr [& Ji % ¥ Tax. PC.
SDC.PVP-K30.MLs ¥ + #1 . Tax-MLs % + ¥ 70 7 5
KBr LA 1:100 EEEIRFS], e #EAT I 5E o

7= 7~ P13 & # (differential scanning calorimetry,
DSC) 7+ #f  HX Tax.PC.SDC.PVP-K30.MLs % F#; «
Tax-MLs ¥ T8 3& & T3 38 T, 3250552 B T 46 i
52 25 °C 45 IR FE2H 350 °C i #4280 B 43 S Tt
I 10 °C, N, ¥t % 79 50 mL-min.

X B R AT 315 (Xray diffraction, XRD) 43 #1 %K
FH A I 2% 14 O A i/ TR (20 mA/40 kV), fiT 410
3° <20 < 45°, 31353 & 8°-min” 435I % TAXPC 4 F
TR A ) 1 Tax-MLs 747 XRD 43 #7

LR BS SRIB XM R A3 E

TR R e B & Tax & Tax-MLs i T
By BN B 44k 7K L pH 1.2 #6582 ¥ A pH 6.8 T 1R
ZZ MIEICR, IR HETR A 10 min, B 37 °CHEHIEIE s,
100 r-min™ J%E£24% % 72 h, #£ 3 600 r-min” 25 F &0
10 min, B _F 35 8000 B RE AR BRI 24 A5 4, 0.22 pm JE 5
JEIE, AR 5, V15 Tax B Tax-MLs [P 187 75 il -

WA EC R B E 43l &K S pH 1.2 iR
VR pH 6.8 B IR #h 2% i W 5 1E = I 1) PR AR T A
Witk & . U@ & Tax . Tax-MLs 4> B0\ _E 3R A8 [7] 7K AH
YA IE F B P, 85, B45 Tax Tax-MLs 1E ¥ %
. K EBBGZIEW 5 mL, 5 5 mL 1F 3% BE 1 AR
[ KAV WOR A, THIR KR (37 °C, 24 h), B0 (%%
3#: 3 600 r-min”', B [7]: 10 min), 43 H B 2 1E F B
WORNF J2 KV O 18 4 R 5 T e & & (O), IR &
3 (7) T4 LogP.

LogP = Log% (7)

Ho, ¢, LR A & & CON R R NKH

RONBIARSY 1438 2 (R 1 26 1 i B A0 B T
FORESL 7, 23 AL 2 mL &6 15 mg Tax {7 2 A1
A 15 mg Tax [ Tax-MLs &, 5 2 mL 480 B R
A5, AT pH £ 1.2 (1 mol- L' 2h/2) J&, #E NEHT AR
(MWCO 3 500 Da), 3 & T4 100 mL Bl A it (2 1%

5

il

5ARE B EAMOEILE R 11 SR E)
IR A, TH R IR % W Ak 2 h, 90 °C il #4 5 min 2 1E
AL

Table 2 Simulated digestive solution composition and digestion

conditions
Simulated gastric fluid Simulated intestinal fluid
Factor
pH=12 pH=17.0
Formation 2 gL' NaCl 6.8 g'L" KH,PO,
3.2 g'L"! Pepsin 1 g-L"! Trypsin
7 mol-L" HCI 5 g-L" Bile acid salt
Conditional 37°C, 100 rrmin”, 2 h 37°C, 100 r-min”, 4 h

W4 mL B 4k Sa s I 2= 5 A Bk R i)
FEHTEE T, BT A 150 mL BB (L 5 A&
AR Z 1 SAREURA) MR+, 18
AR A 4 h; A #2530 7E 10230 min 11,234,
5.6 h HUIE &R T, I b e IR J R [R) & 0 RT E A
i, BUFETE 4 °C N ARAF o

Tax-MLs X1 E1E 15 S BT AL 3545 B0 4R 4P 1E A

YR @IS SISO VR IR AT 2L
R, B30 HAENE ICR /N R, WIS A2 8 12 h, & B 1A 77
7R, SATALORAIE B OK S, & MR S, BE L
R6H, FH S A, 3R N IE R BT 2H | Tax 4 | Tax-
MLs i 71 & 41 . Tax-MLs 1 7] & 41 | Tax-MLs & 7 &
o Horh Tax ZH A B 45 2557 % 9 5 mg kg, Tax-MLs
S A s 25700 B 40 il 1,525 mg-kg!, TR 4L AR
MAHAVVERREE T/KER, BELEH TR, )5 —
WeEZi4 h)E, BRIEH A4, HR&HE R/ EL56%
TR A 14 mL-kg ' WEH, ES:3 R, @2k
R A . RIRVE B 56% & A J5, H S hiH
JoR I, 474 FIR BR B IS5 25 0 (4 °C, 3 000 r-min™) 10 min,
W ML, PRATT-—80 °C; 43 &5 I HE - Bk 2, 340 20
[i] 5 T 2L 2R [ v, AR I UE B T -80 °CiR A7 -

FHFREIE R BRI, RSP AR, AR YR
X 8) IFE a2

et cory — MEHTIR 400,

FFEFE 2L (%) = e 100% (8)

AEAFRFR AT B, TR R S B A
122 R X8 I3 1 43 P % 2B (alanine aminotransferase,
ALT) 2 H%: % B (aspartate aminotransferase, AST). A
“.f#% (malondialdehyde, MDA). % It H ik (glutathione,
GSH) A48 & Y 1L B (superoxide dismutase, SOD)
SEEPERAT I E . R EXCEL H 4G 36 3t 47 I 35 14
I3 .

TR LGRS, A58 A A ot
FrA AT G 3, IS AT U0 Fr, 4% i fr, 8 FH HE
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HEAT Qe )5, W e €0 5 AV s A ) 2% BRI B FE AR,
TEN 2 A N AT WS T o

WiRAIE MALREDREL IR, ERERRN
P ME + bruEZE”, K Origin 2019 341 &, Excel
ol ab 3, Govh %2 Rl 5 R 2 7 % 95 BT (ANOVA)
i 5, {4 X 1F Design-Expert 12 5 Hi )37 [ £18 44 52 56 %5
AT 54T

R
1 Tax-MLs#H|E&LZEMKL
1.1 Box-Behnken N EHiXIE R Box-Behnken M
RIS, HEAT S0 LTS B i H b gy K il 4 T2, 4558
F 3B, KR AT o A s SR AT BRI PR
13.97 (P < 0.05), RAITFE N 4.11 (P> 0.05), Rl
AR RIS, WA TR A R b, B LA S R
“RIEIHJTFE N OD =0.874 0 — 0.147 54 — 0.136 2B +
0.103 8C + 0.010 04B — 0.300 04C + 0.112 5BC -
0.168 54— 0.173 2B> - 0.253 2C* (R* = 0.947 3).
HESNERARR, HEEA.B.C.AC.A*\B*.C°
XfOD BA B, Bk A0 = S, 2 id J
BT RAGAR B R A Ak 5 9 AR T R 2/ IR +IH 2R+ PV P-
K30 Jfi s bb oA 114 . PVP-K30/8 IE+1H 25 i /b v 203

ISAseaseRiet
SOSRINS
:““\“’
e’

0. -
A:Tax / PC+SDC+PVP-K30 O'BSZPC+SDC /PVP-K30

Table 3  Box-Behnken experimental design and results. EE:
Encapsulation efficiency; DL: Drug-loading rate; LR: Leak rate;

OD: Overall desirability

No. EE% DL% LR% OD
1 72.05+0.03 18.01 +£0.01 0.57+0.13 0.31
2 81.40+0.04 16.28 £ 0.01 7.73+0.28 0
3 98.61 +1.82 14.10 £ 0.26 7.36+1.04 0
4 95.34 +2.05 13.63 +£0.29 2.71+091 0.26
5 72.05+1.15 12.03£0.19  20.19£2.63 0.41
6 92.90 + 0.56 13.28 £ 0.08 5.79+3.78 0.52
7 87.70 £ 0.90 17.54 £ 0.18 2.01+0.94 0.64
8 9293162 2323+0.40 246+0.12 0.83
9 82.93+0.29  20.73+0.07 3.52+0.74 0.79

10 93.56 +3.42 18.71 £ 0.68 247+0.28 0.77
11 90.49 + 1.56 18.10+0.31 0.78 £ 0.05 0.95
12 80.44 + 0.49 16.09 +0.10 7.32+0.02 0.67
13 90.05 +2.09 12.88 £ 0.30 2.74 +0.05 0.86
14 91.57+1.03 18.31+0.16 5.34+0.17 0.6

15 96.53 +0.06 19.31+0.13 2.27+0.06 0.72
16 9290 + 1.12 18.58 +£0.06 291+0.25 0.87
17 97.39 +0.79 19.48 £0.12 4.67+1.01 0.92

1 i /RE R A B F EE A 90 10, T OD {4 0.95.
12 SMAFEIEKILER  hR 5 a5, 3461 OD
843924 0.95.0.97.0.95, “F-1 OD 4 0.96 + 0.1, #H %
THAE 0.95, i 22 0.01, i 22 5 /), IE B mi B T VAL A6
i Tax-MLs il # T2 A B G LT, BEAIATSE,

o
SR
S
o0

RIS
SO
CRSSIRS,
SRR,
CSIREKIN

9% % g
0. 9,9.9.0:0:9% %S

1.0-1.0 ATex/PCISDCHBVER30 | 01 0 CC/PVPE30 mecssoc/pveo - ® 05 cpe/pvekso
Figure 1 Three-dimensional response surface plots of factors on OD values
Table 4 ANOVA results for Box-Behnken design. ‘P < 0.05, "P < 0.01, "P>0.05
Source of variance Sum of square ~ Degree of freedom Mean square F P Significance
Model 1.39 9 0.1543 13.97 0.001 1 *E
A 0.174 1 1 0.174 1 15.76 0.005 4 ok
B 0.148 5 1 0.148 5 13.45 0.008 0 ok
C 0.086 1 1 0.086 1 7.80 0.026 8 *
AB 0.000 4 1 0.000 4 0.036 2 0.854 5
AC 0.360 0 1 0.360 0 32.60 0.000 7 *E
BC 0.050 6 1 0.050 6 4.58 0.069 5
A? 0.1157 1 0.1157 10.48 0.0143 *
B2 0.126 4 1 0.126 4 11.45 0.0117 *
c? 0.270 0 1 0.270 0 24.46 0.001 7 *k
Residual 0.077 3 7 0.0110
Misfit term 0.058 4 3 0.0195 4.11 0.102 7 #
Pure error 0.018 9 4 0.004 7

1.47

—_
N

Total deviation
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Table 5 Examination results of the validation test

NO. EE% DL% LR% OD

1 95.16 19.20 1.26 0.95

2 96.63 19.42 1.45 0.97

3 95.97 19.31 1.54 0.95
Average 95.92 19.31 1.42 0.96

2 PRRRHTRIES

2.1 i& &t B $% (transmission electron microscope,
TEM) R o L8045 R & 2A frox, TEM F W
%%, MLs fill Tax-MLs 35 4 JE 345 AU ) 2K 8k00%, H O %E
REMNS.

2.2 RIR.PDI5S zeta BAUAYME Tax-MLs {713
RN 36.90 + 4.57 nm (P 2B).PDI 4 0.194 + 0.01 &
zeta L7437 N -32.6 £ 0.35 mV. Hif% .PDIHTFF A %
3K, zeta FELALZESHE KT 30 mV, YK IR AR R E
23 IGERFKE  H2C 45 2 EW, Tax-MLs (111 F
Jie B R N 27.78 pg-mL, R AE R R IR E N
27.78 pg-mL™ B BI 0] % B I o, EL I 57 e ik FE AN,
F B Tax-MLs B A R U (52 5E 11 S P Be e

24 FT-IR 4 FT-IR 3% & 41 & 3A fior, Tax o
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Figure 2 Characterisation of taxifolin-phosphatidylcholine/sodium deoxycholate/PVP-K30 micells (Tax-MLs). A: Results of transmission

electron microscope for MLs and Tax-MLs (Scale bar: 200 nm); B: Particle size distribution of Tax-MLs (n = 3, x % s); C: Critical micelle

concentration map
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Figure 3 Characterisation of Tax-MLs. A: Fourier transform infrared spectroscopy (FT-IR) spectra of each substance; B: Differential scan-

ning calorimetry (DSC) plots of each substance; C: X-ray diffraction (XRD) plots of each substance
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Figure 5 Effect of Tax-MLs on alcoholic liver injury in mice. A: Liver index of mice in different groups; Expression of AST (B), ALT (C),
GSH (D), SOD (E), and MDA (F) in plasma of different groups of mice. n = 5, x £ 5. P < 0.01 vs normal group; P < 0.05, P < 0.01 vs

model group; “P < 0.05, ““P < 0.01 vs Tax group

TR A P SRR SR S T GSH 3 M BE 5 77 B 1
P P S B R 2 Y SOD v P 2 B el AR T I ik
A 5k S AR SR B 72 ) MDA 1, 45 5 4 /8] SD~F B
TNe WEFLRW, AL /N BR 1 MDA 48 b5 i T 1E # 4,
GSH f1 SOD 8k T IE W 4, ZR AR iF & X
(P < 0.05), X /NRIAT AR UG, 5HAA L, /D
BRI 3% GSH 7 & W 35 42 &1, 5 Tax 4 #H LL, Tax-MLs
i AR /N BRI IE GSH & & B e S5
Y ZH AH B Tax 2H., Tax-MLs 20 35 %5 /N B L35 SOD &
BB E R, Horh Tax-MLs 5 718 4160 /)8 B 1375 o
SOD 4 2 [ AR 2% 5 fe o 2 355 558 70 41 Eb Tax 41 .
Tax-MLs i 7 & 41 6] /5 B i% MDA 25 & 1] & 3 41K,
Tax-MLs 1 & 71 & 260 /) BRI o MDA 75 & A
N,

gk b ah R R, Tax 0 /N R T 105 — & 11
R4 E L, $27R Tax AT $2FHF 45 4 A i B 8 R 77K,
AR 1 T AT B 5 0 5 BT 41230 5 B AL B OK S
Ko WG AR IR G, 1097 RO L, BCR &
T Tax 20, 0] Ae A BT 1 g KB R JE A B /N
LR, f Tax VA MRS B35 42 mr, HOk B i IR e £ ae %
R i7iEBIE, DR APNIBE M, WTIA 23
s AR E
53 NERAFBEMNRBIERT /B IEHRA ML
W 6 fTzRs, IEH /N RATH LB A 52 8 450, B

HAMpIEARIN TR T, X5 1EEARMEEY G, M
TUZH vhoRT DU 21 B S 1R 28 1 IR, T U 2H 23 45 4 1 A
IR, Tax 4H . Tax-MLs 1% « 1 « /5 771 12 25 1 AU 40 90 4 3
13 3 % f#, H Tax-MLs ik« H « & 57 & 4135 5 Tax 4148
U SR B R B 3, (B A5 7 B 2 2 Tax-MLs KT &
I agft T ik B LY Tax 4150 4 () 2R, Tax-MLs 7 2 21
SEAH 2%, I 2H 23 9% 14 4 P s 10 A0 I 0 A o AR R B A
AT P R TN FE A A AR, L5 AR Ak AR b I 5 45
_ﬁo

g

R VR A EH R A PR 2R S AN Plackett-Burman 356
ST RN FE B B[R] 98 JE B B T 7K A BN ]
S R =4 Tax-MLs L3 26 #0258 DL B IR R 172
Wi, 5 2% R AL T AR 22/ g+ H 2R +PVP-K30 i & L
PVP-K30/8% i + 17 £k 57 & LU ANB /10 8 B0 o = bL Xt
Tax-MLs H A & 3 4 52 M0 (P < 0.05), J& 22 31T Box-
Behnken Wi 5 [ 8 46 #ff € f ££ 4b T7 K il 4 L2, 19 31
B4 5 1 EE% N (95.92 + 0.74)% DL% N (19.31 +
0.11)%- ¥ LR% A (1.42 + 0.01)%, i i FAF 56 I Tax
5PC.SDC.PVP-K30 7} [f] 7] Gl i B AE T 1
Tax-MLs. A Tax (1975 7K H 1 i B2 52 &0 1 92.02 1%,
BACEA RBEIRE &% A E a9 e s 2 A
BV AR KN S A VT R R B R .



496 - 2% % Acta Pharmaceutica Sinica 2025, 60(2): 488-497

Tax-MLs (Low)

Tax-MLs (Medium)

Tax-MLs (High)

Figure 6 Effect of Tax-MLs on histomorphology of alcoholic liver injury. Scale bar: 50 pm
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