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Abstract: Objective To prepare galangin-whey protein-nanoparticles (Gal-WP-NPs), and study its oral pharmacokinetic behavior
and protective effect on the hepatic ischemia reperfusion injury in vivo. Methods Single-factor experiments were conducted to
investigate the effects of various formulation processes on Gal-WP-NPs. Box-Behnken design-response surface methodology (BBD-
RSM) was used to obtain its optimal prescriptions. Entrapment efficiency, drug loading, particle size and { potential were determined.

Gal-WP-NPs powder was prepared by freeze-drying method. Transmission electron microscopy (TEM) was used to observe the
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microstructure of Gal-WP-NPs. Galangin crystal in Gal-WP-NPs powder was analyzed by X-ray powder diffraction (XRPD).
Solubility of galangin and Gal-WP-NPs powder were compared, and drug release behavior of Gal-WP-NPs in gastrointestinal fluid
was determined. SD rats were administered galangin and Gal-WP-NPs via ig at a dose of 150 mg/kg (calculated as galangin), the main
pharmacokinetic parameters and relative bioavailability of Gal-WP-NPs were calculated. The model of hepatic ischemia reperfusion
injury was established, and then the protective effects of galangin and Gal-WP-NPs were compare on the hepatic ischemia reperfusion
injury. Results Optimal formulation processes of Gal-WP-NPs: the volume ratio of the anti-solvent phase to the solvent phase was
15.40:1, the amounts ratio of whey protein to galangin was 15.05:1, and the ultrasonic power was 82.00 W. Envelopment efficiency,
drug loading, particle size and { potential were (94.07 = 0.98)%, (5.76 + 0.09)%, (197.39 + 4.46) nm and (-23.79 + 0.75) mV,
respectively. Gal-WP-NPs are spherical nanoparticles. Galangin existed as an amorphous state in Gal-WP-NPs powder. Solubility of
galangin was significantly increased (P < 0.01), and the release process of Gal-WP-NPs in vitro conformed to the Weibull model. The
peak time (fmax) of Gal-WP-NPs was delayed to (2.17 = 0.64) h, half-life period (#12) was increased to (5.11 = 0.95) h, and oral relative
bioavailability was increased to 6.58 times. Gal-WP-NPs significantly enhanced the protective effect of galangin on the hepatic
ischemia reperfusion injury. Conclusion Gal-WP-NPs significantly increased the oral relative bioavailability of galangin and
enhanced the protective effect on the hepatic ischemia reperfusion injury.

Key words: galangin; whey protein; nanoparticles; Box-Behnken design-response surface methodology; pharmacokinetics;

bioavailability; hepatic ischemia reperfusion injury
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(aspartate aminotransferase, AST) AR IEFE
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B SD KR, REN (2204200 g, #f
SR, TR A8 B SE G H AR HEL VERTIE 5 SCXK
(%) 2020-0001], SEEGFIAEE 12h. SEeid B IETE
HIN (e R 2= B s BE S A 2 M G HLE , AR B AL
5 2023-SQLL-EC-20230915-1007-0000084 .

2 FESHR
2.1 Gal-WP-NPs B9

20 mg M RZRIET 2 mL 41, 1ERIER
Fo BUE T EFLIEE AV T — e M aith K,
FER, FAEEARS KN, ENRIERIE.
B IEFIME T 45 C/KE, 7E 700 r/min 1 7145
P, BEm RZRNE RIS &S E
E RIS AR, AR e 2 TR . R
WY —EWR A2, 4045 um HfLIE
JEBERE, *bnatith /K 2 RGN, BI18 Gal-WP-NPs
TR
22 SREZREENE
221 IR AIEHCA Agilent SB Cis k(250
mmX4.6mm, 5um); KNP 266 nm; ARFR &
1.0 mL/min; #1730 C; FshHl N H EE-0.2% R
KIEW (55 © 45, IR JGHRIEIBAT ) HEFEE 20 L.
2.2.2 PR SATR RG] RIS R 2R 0 I
SR, BERE, HRERG RS ERZER 200
pg/mL X R SV
223 MEAER R SRR Gal-WP-NPs
AV 2 mL & 50 mL &, IHEEEE S 10 min
(Th&FE K 250 W, SR A 35 kHz) Jakess, LA

10 000 r/min &0 (BOFA42N 54cm) 10 min, FR
FUUED . FEERIN 7SR 2 mL & 10 mL £,
0P BE-0. 2% B R /K VA TRUTR B VA 771 (55 ¢ 45) Bkt e
2%, AR A
224 LMERRFE WAL “2.2.27 TR &5
R 22 200 BRIV SR FH R RE-0. 2% B B /K VTR &
(55 2 45) Rk U B 43 7124 20.00+ 10.00
5.00. 1.00. 0.50. 0.05 pg/mL (K] 551 K 32 26 R
SRR, DE S BRIREE (O SR (D),
PLY X X BEATZRIERDE, 2RISR Y=20.654 7
X+0.6184, r=0.9999, ZERKIHEREZRLEMX
[8]°5 0.05~10.00 pg/mL.
225 LREMELE 5% Gal-WP-NPs 4R
TEEAMR, B 217 TR A R,
IR “2.2.37 TR 5 iEm 8 B ERE s . A
W HY Gal-WP-NPs fH i i 5.00 pg/mL 1wy B 22
FOO RSS20 ul, FZHR “2.2.17 T B 4R
HEEE, R aEE, SRIE 1. gRRE,
FAFEEAR T RER AR, TEME.
BREZ

O‘ow>
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1 Gal-WP-NPs (A). SREZ=ZXMRSA (B) M=AHR
&l (C) B HPLC
Fig.1 HPLC spectrum of Gal-WP-NPs (A), galangin

reference substance (B) and blank sample solution (C)

2.2.6 FEEEEL  HUREIRFES A 0.05. 5.00.
10.00 pg/mL 5 [ 22 20 B RIAW, 20 Bl SR 6
W, THEAS R R EZZRIETAR R RSD 7374 0.60%-
0.44%- 0.42%, ZE5RFIAOEREHE R
227 FawtEEg E“2.2.3700 R Gal-WP-
NPs (., 700 TH#& 5 0. 34 6. 124 18,
24 h FRENE, THEAS R ZRIEMARM RSD N
0.83%, 45 AR R AAIA M IEAE 24 h WA EME REF.
228 HEEMHEH HFE-— Gal-WP-NPs i,
el “2.2.37 TR EPAT IS 6 otk i,
IR “2.2.17 TR g R ERE I, ARIEBEAT b
AEM 2T AT = R Z R P EIKZ Y RSD 4 1.19%,
SERRIIZSINE R M R .

229 INFEEWCEREFELE KSR Gal-WP-NPs 0.5
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mRZRECER, 9 MRS TE R ZRIFIINRE
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L A3 E
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JEL, KSHWREC 1.0 mL EHIEE LT, 10 000
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ODENEREZRNE (m), REFGRERXLESE
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FUEE A S E () THEEZ & OWFE S 11 Gal-
WP-NPs V&, 18R o st P kifz
Z 5 EFEE (polydispersity index, PDI) Al § HLAZ .

T E =mi/mo
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2.4 Gal-WP-NPs &b 5 T ZHAEFRERE
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AL ), AR R CEELLEIEAR, o T2
TEFALAE FAUSY, Hfdifdsf 2 K % 24 & T Ff - Gal-WP-
NPs {3 ki42 1 PDIE SR 2 R EEH, nTRe
SORFIA SRR Bk, AR R s AR
K, WD T Gal-WP-NPs M IRl &+ K% ) LR FTE.
C M AENHE 2 /el s FRE&ES, v KM SH
HUFEFR LX) Gal-WP-NPs S2M#g K. SOBEFIAHS
EAAAREL A 15 0 1 R, R B L
dHE AR, HoR AR PDI AR, s &5
PL 15 21 Jyrbs, X SO A S5 i mAR A AR L 10 ¢
1~20 : 1 #4704

242 FHEEASESREZHZERNFERE RG]
M SEFIAERLL 15 0 1. BAEITIER N 80W, #H
a2 6 min 2644, FRABEAOEERERH
LA Gal-WP-NPs B3, #Zi&E. IR,
PDI F ¢ HAZ[I5em, 25 0L% 2. MEAEEN
HEREZZHEIAHM, Gal-WP-NPs A% 5
RIS, EEGE AR NS, Ui
mAEEAS s RERHRRAR TREEEE,
ENEHAEEAHE, DigmEdE. Gal-WP-
NPs PR 42 A1 PDIAE A8/ EHE K, (HXF § AL
SMAFE AN AEEASEMREZZARILAN
15 0 1 WHE . 28 ¢ A 48X HE AN OR,
HARAZA PDI AN/, BUSZELL 15 01 i,

®1 RIBFIESRFBEIRELIS Gal-WP-NPs B33, HZHE. FIPKIE. PDIM BRI ER (X£s5,n=3)

Table 1 Effect investigation of volume ratio of anti-solvent phase to solvent phase on encapsulation efficiency, drug loading,

average particle size, PDI and { potential of Gal-WP-NPs (X £ s, n =3)

SRS AR AR L BEE% BAR/% - H4E/mm PDI ¢ Hf/mV
5:1 64.67+0.79 4.07£0.05 306.24%10.51 0.319£0.016 ~20.55+0.41
10:1 70.65+1.60 4.41£0.03 250.1144.00 0.23340.008 —22.80£0.91
15:1 88.54+1.71 5.48+0.03 217.9549.19 0.1160.005 —25.41£0.69
201 82.77+0.56 5.06£0.04 205.23+4.66 0.11540.008 —24.74+0.92
251 78.661.65 4.76£0.05 204.30+8.68 0.115+0.010 —24.18+0.97

*2 FBERSEREZZRELLX Gal-WP-NPs B3R, HZAE. FHNE. PDIM (BAMNEMWMER (X£s,n=3)
Table 2 Effect investigation of amounts ratio of whey protein to galangin on encapsulation efficiency, drug loading, average
particle size, PDI and  potential of Gal-WP-NPs (X £ s, n =3)

AIFEA SR ERA R BE % AR/ % FEpRiAE/mm PDI ¢ Hf/mV
5:1 41.74%1.50 6.71£0.06 337.21%6.15 0.226+0.007 —23.39+0.19
10:1 68.101.77 6.08£0.04 258.8947.22 0.123+0.004 —24.25+0.89
15:1 88.75£0.94 5.49+0.08 207.86+3.25 0.114%0.010 —24.16£0.91
201 88.88+0.87 4.27£0.05 228.8243.07 0.11740.008 —24.21%1.12
2511 89.65+0.43 3.34£0.10 245.254+5.90 0.1260.004 —24.38+0.65
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243 MFERMESE AEEASSRERHE
EEoA 15 0 1 RIEFAHSIERAARLL 15 1, A
I (8] 6 min 2644 1, 552 D)2 %) Gal-WP-NPs
BER, HHE. FIRE. PDLR ALK,
5 WAL 3. A A DG, Gal-WP-NPs 4
BIRME BRI RGN, AR 5 DRK

/NEF, RENA T VI RN B P B A A R AR AR
FE3Y, s a2y s R DA K, AT RER IR
Gal-WP-NPs &4, {1 2543t &5 33 A\ KAH, st
HERME R . R PDIE 256/
s, A DRGSR 2 S8 C AT ARHE N .
R TR 80 W R ELE R 2 EA A 4E%)
AR R, FLRIARAN PDL RS EL/N, #E2:LL 80
WAL, XA TIE 60~100 W ETHLAL.

R3 BEINEI Gal-WP-NPs B3R, HAHE. FHNRE. PDIF CBAMNFMER (X£s,n=3)
Table 3 Effect investigation of ultrasonic power on encapsulation efficiency, drug loading, average particle size, PDI and {
potential of Gal-WP-NPs (X + 5, n=3)

A /W L% BRI % SEH 42 /nm PDI ¢ B /mV
40 76.50+0.58 4.65%0.06 286.689.40 0.253+0.008 -23.86+1.22
60 79.76 £1.04 4.8940.09 246.97+3.39 0.192+0.007 -22.74+1.13
80 88.0110.29 5.50£0.05 204.05+8.45 0.11440.007 —2424+121
100 82.71%+1.24 5.02+0.08 228.77£9.72 0.13140.006 —24.26+0.84
120 77.29+1.40 4.67%0.09 245.62+7.87 0.13940.006 -20.33+0.38

244 EFEEEPEE AEEASSRERA
BN 15 01 RIEFIESEAABARIL 1501, 4
FIIR 80 W S AF T, L4 I X Gal-WP-NPs
AER, HE,. FIRE. PDLR C BALIKR M,
SRR 4. AEATHIFER, Gal-WP-NPs £ 27
BRI BAR, RAAMNTER, ¢ BALEHE
BN, BTLAHI 4G Gal-WP-NPs I 5] AHE A T2 2 i
B o B A I (R 380, Gal-WP-NPs 3 %1

ARG T B, TR 7 I [A) 0 I 52 ]
T BTN B FUIE 3203, (R R e fa) it
Kf, ATREREIR Gal-WP-NPs 4514, S35 M .
BEE B A I A ZE K, Gal-WP-NPs K422 8148 /)N
Jai&ks, T PDIESEAE /NG K. T8 A I e
4min [, Gal-WP-NPs f3# % KT 90%, #Z5EH
SR, R AT 200 nm, W0 2 5 R S I 1]
N 4 min.

F 4 BEMEX Gal-WP-NPs B2, #i#i2. FRE. PDIA (BHAMNEMERE (X+s,n=3)
Table 4 Effect investigation of ultrasonic time on encapsulation efficiency, drug loading, average particle size, PDI and {
potential of Gal-WP-NPs (X £ s, n=3)

B FE I 1] /min B Z/% HGE/% S RIAE /mm PDI CHAL/mV
0 83.16£0.95 4.98+0.10 307.05£25.27 0.316£0.013 -16.38+1.43
2 86.34+0.54 5.2940.08 261.65+12.77 0.197£0.008 -2236%1.15
4 92.17+£1.03 5.66+0.05 204.08 +4.30 0.118£0.006 -23.56+0.64
6 89.58+1.35 5.46%0.11 207.65+10.11 0.147£0.006 -2391£1.14
8 86.66+0.66 5.224+0.04 206.52+5.28 0.148 £0.005 -23.55+£0.99

2.5 BBD-RSM 1fift Gal-WP-NPs &t 5 T2

251 REHTE KEFIMHSEFEERE (X,
AFEASFHREZZRARI X)) FEFIIE (X3)
X Gal-WP-NPs 36, #0245 PR s 0 L
K, 4alfER 3 AMEEE, SHEEMK. P &3
KPFRENE 5. EATEMMX AN C HAAEL
FERHEL N, T PDIAER/NT 0.3, SN € HLAZ
A PDIEAE IR bR . KA (YD, RAE
(Y2) FIF5RLAE (Vo) VR NSRS, HEE Gal-WP-

NPs {35558 [ 8 247 B A &, [RIIREREAR AR BN,
WMAEH X 3 AN ERARKIE—{ Coverall
desirability, OD) #4744k OD it HidHE AOE
F R E A XA dmax= M — Mumin)/ (Mimax—
Muin): BB A N dinin= Minax— M)/ (Minax—
Muin)s H Miv Minax F1 Minin 73 SIARESZIME
KAE S e/ IME s @OD=(d s+ X d gz X d i) o 45
R 5.

2,52 BMIE . ANiE AUE R [ Design
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Expert X (V11.0.2) #37 [H A48 & 50 R A 2 [8] )
Btk &, 510G 72 OD=0.76+0.03 X; —7.06 X
1074 X240.04 X5+0.06 X1.X2+0.10 X1.X3—5.75X 1073
XX—0.21 X12—0.29 X2 —0.37 X32, {ENEEsA
TZEIM AR 6, ZH R P=0.0003, HAWRE

FMEZER, KPI P=0.0669, LRENZER, R2=
0.9628, Ru?=0.9150, HIKT 0.9, RKIFIZH A
T ReAERHh TN SEES B, WEERSENES.
FeE g, XX B B R L (P<0.05),
X2, X2 X AR E R X (P<0.01).

RS5 Gal-WP-NPs L 5 TZRITRIAELEER (n=3)
Table 5 Process design and test results of Gal-WP-NPs prescription (n = 3)

e X Xo/% X3W  Y/% Yo% Ysimm OD/H|F5 X Xo/%  X3'W Yi/% Yo/% Ysnm ODf{H
1 15:1(0) 15:1(0) 80(0) 91.15 5.63 209.98 0.693 | 10 15:1 20:1(+1) 100 85.85 4.05 23595 0.226
2 10:1(-D)15:1 60 (-1) 81.34 5.02 241.18 0263 | 11 15:120:1 60 83.94 3.81 246.12 0.000
3 10:1 10:1(-1) 80 79.81 7.13 236.78 0326 12 20:1 10: 1 80 7836 7.29 22539 0.218
4 20:1(+1) 15:1 100 (+1) 83.17 5.22 243.94 0300 13 10:1 15:1 100 82.11 5.13 256.38 0.000
5 15:1 10:1 60 78.04 7.04 250.86 0.000 | 14 15:1 10:1 100 79.61 6.96 250.77 0.203
6 15:1 15:1 80 92.94 571 196.75 0.780 | 15 20:1 15:1 60 79.47 4.32 239.74 0.154
7 15:1 15:1 80 93.44 5.74 206.71 0.763 | 16 10:1 20:1 80 83.46 4.22 246.83 0.185
8 15:1 15:1 80 92.23 5.64 20449 0.740 | 17 20:1 20:1 80 84.98 4.27 218.96 0.329
9 15:1 15:1 80 94.07 5.79 198.13 0.822

=6 FESH
Table 6 Analysis of variance

WE P HEE ¥17 F1H P1E iH  CFAM BHE ¥IJ7 F1E P1E
R 1.31 9 0.15 20.13 0.000 3 | X2 0.19 1 0.19 26.41  0.0013

X1 647X1073 1 6.47X1073 0.89 03759 | X2 0.34 1 0.34 4734 0.0002

X2 3.98X10° 1 3.98X10° 550X10% 0.9819 | X32 0.58 1 0.58 79.97  <<0.000 1

X 001 1 0.01 1.68 0.236 4 | 72 0.05 7 7.24X107

XiX2  0.02 1 0.02 2.20 0.181 7 | R4 0.04 3 0.01 533 0.0699

XX 0.04 1 0.04 5.79 0.047 0 | #a5tiR2Z  0.01 4 253%X10°°

XX 1.32X1074 1 1.32X10* 0.02 0.896 3 | &iAll 1.36 16

253 WM RERELTTZ XX X5 X0XG5 ODE, FELAEMA4 T T2 R OD {3 (0.834)

OD E M 1A 43 3 DL 2, 35 2 g0 K 26 7%
A, OD {HAFER A M. #4F OD [ K{EH
Ak B bR, Gal-WP-NPs sl T2 RIGFIME
WHIMARRIEL N 1540 0 1, AEEA S RERM
N 150501, @BAEIIEN 82.00 W, HFHEA
Tt OD {E 0 0.834.

254 KT TZEUE  PATHIE 3 # Gal-WP-NPs,
e A 2 SRR AR, TR UE S 1Y)

90

17511 .
Xo/W

125:1 X%
&2

NBH, SRR IRIERL OD 5 AN R Z
g5 3K 7. 3 it Gal-WP-NPs 3&F iR 56 (K) OD {HAH
X ZE A —1.56%, 15 B E0 AR AL S AN B =7 - Gal-
WP-NPs ¥ fuds, 2im Lohifzsr il (94.07+
0.98) %. (5.76+0.09) %A1 (197.39+4.46) nm.
WA R LA 3-A, PDI{E N (0.10940.007); ¢
AN (-23.7940.75) mV, WK 3-B.
SO O 2 = (SR B — FOU A2 )/ T 1

17511

70 12511 X

FRIEZEST OD BRI E

Fig.2 Response surface of different factor on OD value
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*®7 LHEELEREEMNRE (X+s,n=3)

Table 7 Results of prescription validation and relative deviation (X + s, n=3)

X 3 2/% HAE% F-¥ki£2/mm oD & OD #J1H OD B AN Z/%
L BE 93.89+1.01 5.75£0.09 197.161+4.22 0.818 0.821 -1.56
#24H 94.90+0.78 5.79+0.04 201.88+5.17 0.818
334t 93.42+0.92 5.74%+0.07 193.134+4.06 0.826
IR AR R, W LIS R AR R TR
A 7. B Gal-WP-NPs JB £ 5 % P, I\ 10%
FLIEE A, £-50 CHRREIKA F A 3d, 25
4 BUKERES, B T-40 CAGETIENL, 3d JFEULH
1. - - — - BI7S Gal-WP-NPs ¥ K. FESAMILILIE 5, Gal-WP-
% /nm NPs JREW N R EH G AF0%, Gal-WP-
NPs ¥3 R 2 BANIR, 51— R 1. B Gal-WP-NPs #;
KEHIGTREW, RS OBOCEN RS, "W
? B, BT A RBLE, B Gal-WP-NPs 4
REBF IR AFAE RERGIKRL . Gal-WP-NPs
MARRR G FEE R, RAGE. REM EAY
. : ‘ : : ‘ : W (92.96+1.13) %. (5.6410.06) %. (203.16+
0 by . 7.65) nm fl (—24.06+0.17) mV, S THIHLL 4

3 Gal-WP-NPs fif2537h (A) F1CEBLL (B)
Fig.3 Particle distribution (A) and { potential (B) of Gal-
WP-NPs

26 EHTHEFEMIE (transmission electron
microscope, TEM)

B Gal-WP-NPs VR EK 50 uL 28 L, 4
JE TGN 1.0%BE S RN AW S0 uL, WRES,
BT, BEE TEM FEG G b, A TROCREEL,
HAEMWEE| Gal-WP-NPs 5. 45K WK 4, Gal-
WP-NPs 4Mi 2 KK .
2.7 Gal-WP-NPs ¥ KAV &

FLIE R AR R, BT E TR,

E 4 Gal-WP-NPs fJ TEM B (X 14 500)
Fig. 4 TEM image of Gal-WP-NPs (x 14 500)

MR A RFE A (P>0.05), WHET
FEA R #E R Gal-WP-NPs ik, A 5k
RE.

El5 Gal-WP-NPs B2 (A #K (B) MMRERE
(©) SMRBRETIERIK (D)
Fig. 5 Appearance of Gal-WP-NPs suspension (A), powder
(B), powder reconstitution (C) and its Tyndall effect (D)

2.8 XRPD 3% Gal-WP-NPs ¥} K G 7S

2% Gal-WP-NPs 477, 43 AR ECALIE 8 E Al
mMRZRIERE, FHNEHELN 15051, UERH
BB, WMERER. AEED. MEEEY. M
Gal-WP-NPs # Kid &, f§H Cu-Ko $EX 3°~45°5
17 XRPD 34, 45 R WK 6. 5 R EHRTE 5.8°, 8.0°,
12.0° 13.1°, 25.9°, 28.0°%5 4k tH FUARFAE 5 BY A7 S,
FLIE 8 FANAE 10,5981 22.50 2 Ab HH 30058 1 bt (0 7 S5
U, SR ISP AT G, UIAALEE AR —
FhOC AR . BV AW XRPD 1 o A7 T Al 5%
1 R ZRMRBURFIE M 800E, T7E Gal-WP-NPs #;
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Gal-WP-NPs
M
Lyje NERE ]
| FEEA
1l i R ERERZY
— U A N Nt '
0 10 20 30 40 50

20/(°)
6 FHMHmAEY XRPD £5R
Fig. 6 XRPD result of each sample

K XRPD &3 AR WS R B i 0, A ILFLIS A
XRPD REAHEER, Uil R 250 e LAARSE el
FAAE, SR TT RS M R Z 3R o e ARG E
EE-YEICAR
2.9 Gal-WP-NPs ¥R AMRENE

WO B e R 22 R YR A YR Gal-WP-NPs
FaA, 3 BT 281K & pH 2.0 A1 pH 6.8 IR #h 2%
ik (PBS) Hi, F 25 CIEIRIRG 8 H % 3d W
H, 10000 r/min 250> 10 min 42N 5.4 cm), I
E RIS e RZRIRE. R/ WL 8, SER%E
FAHLL, i RZ RV IR G il A 3
i (P<0.01), WREZS5AIEEARA RIFHIF
ARE 7 DRI, AT v R 22 3R B 1B IR
e SIS, & R 23R /E Gal-WP-NPs it
(VA Al B8 Tk — AP AR B PR I (P<<0.01), 1i ¥ Gal-
WP-NPs S5 11 iz s TV EIRE Y.
*8 TRNRTEHMPERERABMRE (X£s5,n=3)

Table 8 Galangin solubility of each sample in different

media (Xts,n=3)

iH RV I (gL )

i 25 o)
K pH 2.0 PBS pH 6.8 PBS
FMRERERLE  1.9610.04 1.08£0.07 1.17£0.05
PR A 5426+£234™ 36131130 40.87+2.45"
Gal-WP-NPs  684.14113.68"# 547.524+12.65™# 633.07+£7.19"#

HrREEFERGWE. “P<0.01; SRS #P<0.01.
P <0.01 vs galangin bulk drug; #P < 0.01 vs physical mixture.
2.10 Gal-WP-NPs BZ51T AR
B 22 R R 24 W BRIR A Y0 A Gal-WP-NPs
WAREE (MRERTEAN 10mg), BTENME
PRE MR GEUREA XS 737 &9 8 000~12 000D,
BIA 5 mL pH 2.0 PBS (% 1% SDS), Ml &%
#. HL 900 mL pH 2.0 PBS (& 1% SDS) 1 N2
N, AN FIERE 37 CREITEIELA, HBiEE

N 75 r/min, 43 H)F 0. 0.25. 0.50. 1.00. 1.50.
2.00h BUFE SmL, #Min5SmL 25 A . 2h 5k
254 JFUE i 900 mL pH 6.8 PBS (% 1% SDS),
SR 3. 4. 6. 8. 120 18h [ENEREEIF AN (1
M. BAFEST 10 000 r/min B0 (BOERN
54cm) 10min, WMEFmREREE, SRILE 7.
mRZFR 18 h BRBEBENCH (17.71£1.90) %,
MR SRR ERIBME L. REK. B 5 R
SRR, mRERAEYIRAYH 18h R
BIERINE (36.11£2.36) %, ILIEEEAA
W R ZERBUE . Gal-WP-NPs 7 18 h 2R
ERINE (83.46+3.15) %, A THEREZERNM
HYFIRAY) . Gal-WP-NPs F:2517 45 Weibull 1
RISA B B, S5 IL3R 9, KW Gal-WP-NPs 144b
B2 G XU BN 1 ZFAFAELT

100 -

80
< - EREBRERZ
560 - YIFREY
fﬁ &~ Gal-WP-NPs
= 401
i

20

0 :
0 6 12 18
t/h

E7 BMEREOBARL (X£s,n=6)

Fig. 7 Release curve of each sample (X s, n=6)

®9 Gal-WP-NPs YR BUREL AR X R %
Table 9 Fitting release model and coefficient of Gal-WP-

NPs
Y WE T R2
—2R In(1 —Mi/M»)=-0.098 3 t—0.413 8 0.8415
Higuchi Mi/M»=0.193 4 £'240.153 1 0.898 4

Weibull Inln[1/(1—M/Mx)]=0.604 3 Ins—0.9355 0.983 2

¢ HURERS ) M, O ¢ I () SRAVREIREE s ML ool BRBVRETRUE 5
MM ¢ TR BRI 4R

t is sampling time, M, is accumulative drug-release at time ¢, M., is
accumulative drug-release at time oo, M/M, is accumulative release

rate at time ¢.

2.11 Gal-WP-NPs #} KiaE4E R

I Gal-WP-NPs ¥y K% &, BE+-8 CUKFE, 4
AT 0. 1. 3. 6 N HEUE, nalifkok =%, e F
BT AR AR S BRI, 45 IR 10, B 6 N A
I} Gal-WP-NPs ¥y K 5% Jo B3 2 Mg 24 B 3
TFE, EAERTAT 90%; KA K, (Hi
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#*10 Gal-WP-NPs 3 RIZEMER (Xxs,n=3)
Table 10 Stability study of Gal-WP-NPs powder (X £ s,
n=206)

tH BERY AR KAmm  CRMMY RRBERE%
0 92.96%1.13 5.6420.06 203.16+7.65 —24.06+0.17 83.46+3.15
1 92.5940.80 5.6520.07 201.22£5.22 —23.86£0.45 82.96+4.19
3 92.19£1.07 5.5820.09 208.85+6.88 —23.27+0.66 82.70+4.02
6 90.74%1.19 5.5420.05 211.76+1.66 —23.13+0.86 82.03+2.99

KFAL 4.23%; §HEALNEF 18 h REVEBUE AR
KA R, £ Gal-WP-NPs ¥ K AEMKIR &1
TR,

2.12 ORRZAShEMR

2120 AR WERZR YIRSV Gal-
WP-NPs ¥3 K, 735l 73802 7 0.5% 1) CMC-Na ¥
o, REAIEE ig W, SR EZZRFEIREN 20
mg/mL. X 18 A SD KRBV NE RZRHA. V)
TR B4 Gal-WP-NPs 2 (R MERER-F), ig
FIEIN 150 mg/kg (PLERZEZRTT . mRERM
YIEIR S 55T 0.5, 1.0. 1.5, 2.0, 2.5, 3.0,
4.5, 6.0 8.0h, THRAE/SHEHIKMRIML] 0.2 mL. H]
WITRSZIG K IN, Gal-WP-NPs f kiR & T m R E SR
25T, 78 12 h I AT AT A okl ke, O Sk
Gal-WP-NPs & N 52 R 248 #1500, #rH8n 12.0 h
B g AR E T 220 ) 208, 3 000 r/min
Bl (BOEAEN 5.4cm) 3 min, BUMLIEAHEIRAE .
2.12.2  IMUZRFE S ALERDY 2 SO R R
500 ng/mL ¥ F N R IETR, A . B ILIRAEE &
FER R 100 L 3858 20 R SV 100 uL
MRS E T 08, A 1L.5mL 4, WS
min f# 25 (AYTHE, FHIRER 10 000 r/min B0 (B0
H45 N 5.4 cm) 10 min, B EIEWREHESWR T,
A 100 pL ZFEE 5 5E .

2.12.3 i 0T HE VA B R T ) B b o 2R R A
S A A RS R R 22 R IR N 2 500,
2000. 1000, 500. 100+ 25 ng/mL I %F 1 5, 5
SRS 2L 100 pl, 4408 “2.12.27 TR 77 ¥ il 4 i
SR LT, HEME “2.2.17 TN (il S i
TEEOF i R 22 E T AR, A 2 e AR B A AN vy
K222 RIS AR RN AL R (YD IR AL FR (X0,
B FE: Y=0.002 6 X—0.501 9, r=0.998 4,
AL DL 3 N RIS L, 1 R 223 AE 25~
2500 ng/mL 2 RAFHIZRITER R

2124 LREMEER ITEAMEK, BRAMEER

Ab, F B “2.12.27 TR I AR 46 25 MR

FEE R ZRMEAEGER (RERAEREN

500 ng/mL) F 25 ng/mL [ 5 R 22 2 12250 B 5 i

W CERBERFEIKES 500 ng/mL), 45 # H

“2.2.17 TR (B SRR EREDN E . (i R LK 8, 4h

REYm RER MG E R OISIEL BIER.
HEE |

6 ;1 I 8 I 12 1‘6 2I0
t/min
8 M¥REM (A). MEMEH (B) FZAMRHRE
& (C) # HPLC
Fig. 8 HPLC spectrum of plasma sample (A), plasma

control sample (B) and blank plasma sample solution (C)

2125 KEEHEHEE WUREIRE 73709 251 000,
2500 ng/mL 5y [ 22 3 MR B SV, 20 il i 2]
SE 6 I LR RN E REZRIEMIAR, WHEIE
[£) RSD 43 AN 4.14%. 2.89%. 2.90%, 455H %%
AR B AT

2.12.6 FaEtEHE%E [l 1000 ng/mL = R ZE KM
KA GRERPTEIKE N 500ng/mL), BT
-8 CUKFEH, 43T 0. 2. 4. 6. 8. 12d HUFE,
il MR R R VA, MR E R RER
W T AR AR P RSD 9 8.03%; K vy B 28 2 I 3¢ i 4%
FEfh GEFRTREIRE N 500 ng/mL), KE G 6
I, A& MR AR I, TSR R A R
L HHEA RSD N 7.33%; 5 R R MK AR
B (B R EIRE N 500 ng/mL), 435 F#1 4%
JG 0+ 3+ 6. 9. 12, 24h #EFEIIE, BHENER
L ZRIEMA AR RSD N 5.81%. AJ WLIfIL 3K 5 # K
SUKARIRAE 12d. IRERNE . FERETREEIE 24 h
TRAFI 35 B R pfesE .

2.12.7 EEMEHEEZ HL1000ng/mL & KR
RS GREZRTUREIRE N 500 ng/mL), ~PATHi
2% 6 MR R ST, ME R RN RZER
TR, FRIEREATARMER R A R R B R E S
[ RSD N 4.19%, 45 FRIZH HEE M RIT.
2.12.8 TRHUBICRFIIL AN 5 HL 25,1 000,
2500 ng/mL 5 R Z MK T GRIERTER
J£3%78 500 ng/mL), il £ B ML IR B4 S i,



PER 2026£9H B57% B 18  Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 18

* 7343 »

JE 1y R 2 W AR I TR (4); B 100 uL 75 [ 1fi
W 1.5 mL 85, %8 “2.12.27 TR LA FE AR
TR, MR R 22 2R 20 R VA, s R
FZEFEIWRE N 25. 1000, 2 500 ng/mL (EE R
JR R P4 500 ng/mL), HEREIGE R K 32 A
FRIEMA (B), KM A/B 15 2 Rl sy (R E ]
xR, GRER, K. b BRERERRERL
B R M IEHUESCRE 08 96.11% 104.03%-
95.20%- 101.97%. 15 FH ZFEHECH] R EIKFEA 25.
1 000+ 2 500 ng/mL 5 R 22 20 M SR OB i
K, BERFEIRELN 500 ng/mL), & & K 3%E
RAEERIEMM (O, BICHHIEFHN . 4R
B, R L SR EIRE S R 2R KRR R
R 53 3N 101.09%- 96.63%- 103.72%- 97.05% .
DRI,y R 22 2 R R R e vy, HL i A

NN,
2,129 ZishEgE R [ DAS 3.0 ZishE bR

D SRR T AN, Z5-mPEh R LI 9, 258 S
W& 11,

v R 2R A, YR A (R IA I 5] (peak
time, fmax) AREZEH] (half-life time, t1p) AR K4S
HEMHAL (P>005), HIEWEIKRE (peak
concentration, Cmax) £ . MRS (P<<0.05), 0~

t P IR]-B 2k T A Carea under time curve, AUCo~r)
FI 0~ ool [8]-#H 2k N AR (area under time curve,
AUCo-») AR SRR (P<0.01), AHXF IR
WAEPIFI R A 1.63 5. Gal-WP-NPs (1 fmax
WML 5 (P<0.05), ip B FE VLK (P<0.01),
H Crax~ AUCo-in AUCo-33H 2 M I (P<
0.01), AHXF H AU AR FH EESE i & 6.58 £ 5
YIRS YA L, Gal-WP-NPs [ foax fE1E BB 12
5 (P<0.05), 1M tins Cmax~ AUCo—n AUC-—o354F
EWREEEER (P<0.01), ¥ Gal-WP-NPs X}
e R E AR E R,

2.0 1
= PEREY
—+—  Gal-WP-NPs

RERUBICR (ug-mL )
I = -

N
~
L

(=}

6 8 10 12
t/h
B9 BHMEMA-ATHL (X+s,n=6)
Fig.9 Drug concentration-time curve of each sample
(Xts,n=6)

(=]
o 4
EN

x1 BITIERNEBRANFSY (X£s5,n=6)

Table 11 Main pharmacokinetic parameters of each sample (X = s, n =6)

FF it fmax/h tin/h Crax/(ng'mL™) AUCo-/(pg-hmL™) AUCo-/(ug-h-mL™)
FRFEXRERZ 1434051 2.80+0.62 477.14495.83 1 032.57+£201.46 1 088.12+£223.57
YBRAY) 1.53+0.55 3.024+0.69 626.78 +164.33" 1681.03+327.17" 1719.99+363.04"
Gal-WP-NPs 2.1740.64% 5112095  1671.50£316.98#  6798.16+966.43**#  7110.90+1078.55"#

HERFERERAGLR: "P<005 "P<0.01; SYBLREEWHE: *P<0.05 *P<0.01.
*P<0.05 P <0.01 vs galangin bulk drug; P < 0.05 *P <0.01 vs physical mixture.

2.13  Gal-WP-NPs %f HIRI {R3F{ER A5

2.13.1 HIRI #A# 5504 SD KR w2t e,
1% 45 mg/kg FIE ip SCE LLZANRREE, [ € 7E LRI
b, HFRIIIEIE R AT IR, 2 B
FOFE 22 A 5 AL S0 e PR 355 o ORI 30 min
JE AR A e, PRSTIMHER,  PORR AT LA ZH 21l A
R AR 2, LRGSR, FBUREEFA
X3 BRFARLAFT GRS, 85 SRR .
%A SD KA G RIEMFE, FHk SR E 3 &
RI% . ¥ 36 HORERBENL A AT AR (0.5% CMC-Na
WO . B (0.5% CMC-Na 30D 21 BT
M CBEZEXUEE, 150 mg/kg) HM, HRZEXR (150

mg/kg) 44, Gal-WP-NPs K& (75 mg/kg) &
s (150 mg/kg) H, A 6 H. FARFEIRHEZ,
ig WEIIEF 0.5% CMC-Na vAWicH, 9 H ig 1
W, E4Lig14d. RIRGZ 40 )G, BRI
HE SN BKE L 5 mL, 3 000 r/min 550 (BI0242K 5.4
cm) 2 min, FFITEREA . AR SE KRR, 7 BT,
AR KBV R IR AR T, ORAF T 4% 2 FKHE

2132 AEAGTRAAREI BUMIE, AR BT AR
I ALT. AST. P _H1 SOD /KF, ZERIE 12.
SFARAMEL, BRI ALT. AST M K
PI EE ETHE (P<<0.01), 11 SOD 7K~ i 25 1k
TP (P<0.01), UBHERIR DN, R ARLL,
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F 12 BEKRIUEIENR (Xts,n=6)
Table 12 Serum indicators of rats in each group (X £ s, n=6)

451 7 &/(mgkg™) ALT/(U-L™ AST/(U-L™) P4 —/(umol-mg ™) SOD/(U'mg™)
BER - 68.48+6.46 104.234+15.65 43.87+7.37 458.784+27.50
ieis) - 730.72+52.47" 13732011294  414.024+49.20" 132.48 +17.84"
[HEREROPHE 150 204.65+19.03# 276.13 £35.59* 145.80+18.15% 434.08 +48.12#
mRER 150 472.324+19.41% 588.424+79.58# 328.78 +24.96" 241.40+14.18%
Gal-WP-NPs 75 355.40 26,6144 380.32-44.807484  261.70 419,124 346.6226.20%44

150 222.63 25 4084 285.52-19.57% 176,68 21.17%84 404.37+23.16%44

H5®RFARALE: "P<0.01; SHEAHELLE: #P<0.01; SEmRJRALE: *P<0.01.
*P < 0.01 vs sham surgery group; #P < 0.01 vs model group; 2P < 0.01 vs galangin group.

B4 ALT AST FITH - /KF- b 55 35 v 1 1%
(P<<0.01), SOD 7K Pl i & s (P<0.01), ikt
B HIRI BT S0 43 20 R i S m R 2 K (150
mg/kg) AL, Gal-WP-NPs fik71& (75 mg/kg).
E IR (150 mg/kg) 4H ALT. AST I g /KF1
W SR R (P<<0.01), T SOD 7K F-#% 5 2 4 T+
B (P<<0.01), ViHJ Gal-WP-NPs 58 T R 3E R
235

2.13.3 FAKE-HZ (hematoxylin-eosin, HE) %4t
BURIBTE 4%Z2 KRS, B CREK
(70%- 80%-~ 95%), AlEtuil, ¥k, PBS ik,
HE 4uft, B0, B 5 TO6% B~ S0 B 1S
Wy G5B 106 P ARAE K BATHLUR IR,

R ZEE 150 mgkg™!

Gal-WP-NPs 75 mg'kg ™!

UML), TR, HEAE P . BERLARER
JHFZHZ3 A 98 P 0 B e ™ B, A A S PR AN BH 2
KB B SRR SRS I 5, Ui HIRT fTEX
JFR R E . mRZEE (150 mg/kg) AR,
RYEAMIZ I G, 5 40 S RA R, 138
o R R AR HIRT T gUats, (B E
/R fE. Gal-WP-NPs {75 (75 mg/kg) &7 &
(150 mg/kg) ZHANAIL Ty A, AL ZA4GH MR i AR
MR TEmREER (150mg/kg) 4, FE#E Gal-WP-
NPs %5 24775 X 16 0 BT 20 2400 i V2 ) 2 FEE 30 1457 Ot
B2, RWIRRIG, EIREZMCK, U Gal-WP-
NPs 13 34 Zfif T HIRI BT 4545 . Gal-WP-NPs 5
FUEZ (150 mg/kg) I BRAE Bl 4230 T FH A5 R AL

E

Gal-WP-NPs 150 mg-kg™!

10 HE FBLER (X400)
Fig. 10 Hematoxylin-eosin (HE) staining results (x 400)

2.14 FHirESDH

SKH SPSS 24.0 BAF AT G 20 M, AR LA
X +sHEmr. Lh Turkey’s A5 JE ke i) 5K 2= 7772
AT TR AP ES, WA ¢ ki
T m2im i 22 5, P<0.05 HsE dlIaf7{E

EER.
3 T

HIEERAE S 8 AL TR IER L5 Fhid
W, DRGSR AW, ATBGsR % 1. SRR
7 DA FRIHE. PLASED, HEIRENE R
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WiE, AR THBINUARSIRTT . FIEEA LRI
LTI FIRRE R, SRR RIS R & NS
FRH R E T AR ThReR M, LI B R
TAMEIE SRR — 2 e, AohTiEsd
BB RG22 At BRI R AL, 5
Hofh B AAELE, FLIE S AR B S] & GRL
BAAERE S, RAAENERA, TEHET K
T E -

Gal-WP-NPs 27K | FLiH 85 E 1 H 20280200,
AT Gal-WP-NPs £/ H R AR FEAR AN,
Gal-WP-NPs o RHe T R EZE RIS, F%
S RERBE TR AR SRR NS A
FAH KO, SDS If A AR EE A 0.22%, 1EBBN
JRAETRIN 1% SDS Il SREATE B L5141 SME
2550 2K Gal-WP-NPs & TiENT RN, A
KB Gal-WP-NPs ZiEMTESHE NN, B2y
IR I AR AR TR I BT AR N I, S TR
WL Gal-WP-NPs Fa g PERIZ I, i ATERR L
A BAEANIN 1% SDS ANE 521 Gal-WP-NPs 45 #4171
Gal-WP-NPs F 24 1t 12 2 #0284 1) BURH 2 77 224k
XA T A 7E Gal-WP-NPs %28k E£Z M
24 5 E R A S S JIAHRT LSS Can LR b
&) P21 HE G SR E R, BT
FEXTEUN, RefE IR IA AR BN TR Sk, [
MAEREZG W IO RE 21 L. FL2E7E Gal-WP-
NP A 501 2447 75 22 e IR LT 2 1 R 358 ot P L v
TER, BRIMRE 2GR I AH AR, AITITE i 9 HE B
g BRI B .

YIFR AW — R B TR R ER DR
W, IR B T AIEEEBRA — M AIEE T
WEEAER, SEINT R EBRIIEEE AR A
T B A ] BRI AL BRE MES, BRI TV AL R
FRMIBEAR, IR RER Cux BEMER S (P<
0.05), [AIIH# AUC- Fl AUCo-# 23 TR (P<
0.01). S5¥HIREGYIALL, Gal-WP-NPs 52447
NEAET ERAL, trax BB PELE ST, — 7T A RS
Gal-WP-NPs ZZREid#2A 5% S —J7 Al st Gal-
WP-NPs X = [ 22 2 AL 1F I R T T AL X 24
VI BEAR L2, BE N T J5 BRI &, e 40 Gal-WP-
NPs [ tmax 724 T 52000, [FIA 45 Gal-WP-NPs 1)
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