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BNps B: #4417 . HL#E Caco-2 4H%} Gal-Tan-BNps FlkE JZ 4K (tangeretin nanoparticles, Tan-Nps) [FHLAE /1. SD K
i ig 45T Gal-Tan-BNps Fll Tan-Nps, WE MZRE, THEEBEIESEAMNEDFIHE . 4R Gal-Tan-BNps Fff:4b
778 PLGA 525 & 9.33 1 1, N-IhBE-D-F FLBE o 553 B8 0.33%, TSV 188 i & 734N 0.81%. Gal-Tan-BNps
M. e, KRR AT RN (84.76+£1.22) %, (8.04£0.11) %, (190.94+6.60) nm Al (~19.92+0.97) mV.
Gal-Tan-BNps #1301 £ [ JE B[ T, Gal-Tan-BNps 7 24 h N BABRICRIE 77.13%, BT NS Weibull B4, 5 PR
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KR FRIZGHEL, Gal-Tan-BNps BN ] (fma) IEJEE (3.06£0.75) h, FEH (1) EKE (5711147 h, KEKRE
(Cmax) BEINZE (1196.44+230.89) ng/mL, MIXMEVIFIHIESE =% 6.43 . Gal-Tan-BNps X £l B R AW L O e F2
=T Tan-BNps. £5i®  Gal-Tan-BNps B3 28505, & 1A% B 3R IMRE IO T VRSO AE DRI BE, s ST 78 B 5 Jk it
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Galactose modified tangeretin biomimetic nanoparticles: Preparation,
characterization and pharmacokinetic evaluation

WANG Gaili', GAO Qing', LI Xiaomeng!, ZHENG Yan', SUN Jinpeng?* 3, CUI Feng?*

1. Zhengzhou Health College, Zhengzhou 450064, China

2. Shanxi Jinsuo Biomedical Technology Co., Ltd., Jinzhong 030600, China

3. Bozhou Hi-tech Innovation Pharmaceutical Industry Technology Research Institute Co., Ltd., Bozhou 236839, China

Abstract: Objective To prepare galactose modified tangeretin biomimetic nanoparticles (Gal-Tan-BNps), and investigate its
physicochemical properties and oral pharmacokinetic behavior. Methods The effects of formulations on the encapsulation efficiency,
drug loading and particle size of Gal-Tan-BNps were investigated by single factor experiments. PLGA to drug dosage ratio, N-oleoyl-
D-galactosamine quality fraction and poloxamer 188 quality fraction were used as main influencing factors, Box-Behnken design-
response surface method (BBD-RSM) was employed to investigate the optimal prescriptions of Gal-Tan-BNps. Encapsulation rate,

drug loading, particle size and { potential were all determined. Appearance of Gal-Tan-BNps was observed by transmission electron
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microscopy (TEM), crystal form of tangeretin in Gal-Tan-BNps was analyzed by X-ray powder diffraction (XRPD) and differential
scanning calorimetry (DSC), drug release behavior of Gal-Tan-BNps was studied by dialysis bag method. The uptake capacity of Gal-
Tan-BNps and tangeretin nanoparticles (Tan-Nps) by Caco-2 cells were compared. SD rats were ig administered with Gal-Tan-BNps
and Tan-Nps, their main pharmacokinetic parameters and relative bioavailability were also calculated. Results Optimal formulations
of Gal-Tan-BNps were as follows: PLGA to drug ratio was 9.33:1, N-oleoyl-D-galactosamine quality fraction was 0.33%, and quality
fraction of poloxamer 188 was 0.81%. Encapsulation efficiency, drug loading, particle size and { potential of Gal-Tan-BNps were
(84.76 £ 1.22)%, (8.04 £ 0.11)%, (190.94 £ 6.60) nm and (—19.92 £ 0.97) mV, respectively. The appearance Gal-Tan-BNps were round
or oval vesicles, and tangeretin existed in an amorphous form in Gal-Tan-BNps. The cumulative release rate of Gal-Tan-BNps reached
77.13% in 24 h, and its release behavior accorded with Weibull model including rapid and slow-release period. Caco-2 cells exhibited
superior uptake capacity of Gal-Tan-BNps compared to Tan-Nps, and their average density value had significantly difference (P <
0.05). Compared with tangeretin, peak time (fmax) of Gal-Tan-BNps was delayed to (3.06 £+ 0.75) h, half-life (¢12) was prolonged to
(5.71 £ 1.47) h, peak contration (Cmax) increased to (1 196.44 + 230.89) ng/mL, and relative bioavailability increased to 6.43-fold. Gal-
Tan-BNps enhanced the bioavailability of tangeretin to a greater extent than that of Tan-BNps. Conclusion Gal-Tan-BNps had a
higher encapsulation rate, the cumulative release rate of tangeretin in vitro and oral bioavailability of tangeretin in vivo were improved
greatly, which laying the foundation for subsequent research.
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modified tangeretin biomimetic nanoparticles, Gal-
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Behnken design-response surface method, BBD-RSM)
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TR EEAN, TEE TR SCIANRNA F] s HDC-15K B
HEONL, FRRBRE R AIRAF; H/HWHS-
O0L ZUERTEIRAE, L SR & A RA A
JEM-2100 BUE S 7 2B (TEM), HASHF#
4 #:; Leica confocal 118 SP5 HYH: B 45 B sk,
M E kK /AF; RCZ-8N eI HIGA, B
TR EZS M AR A T ; D8 Advance &Y X HH2k KK
AT, FEE A& 7R A Al s OLB-WD1000 2475
WAL, 1L AR RKGEARAES A IR AT
1.2 ¥R

K5 E IR, 165 120912, 5853 % 98.6%,
PN A ar AR AR A JRa-1,2-2K 4
Fxt IR AL, LS 20240915, FiESr%99.1%, Liff
HCERMLER A RAR R RERZ, #ftS
20220617, FiEE 98.0%, VUJIITFH 2540 25k
HIRAF; N-HBE-D-F- 2L bk %, #5 20221025, i
JEBEERIL R A R A ] RARR- R ORI
) (PLGA), AHXI4r¥ &N 38000, #5475 !
25, {E[E Evonik Industries 23 & ; i FHEE G-50,
fit'5 230212, LW AR AR KD
188, #it'5 WPAKS24B, fH[E BASF A#]; Hi&
i, #5 H45020272, |74 RS T4 2E I 25 50T A PR
AT DIO JHHRER o EIRER (A5 C1038). 4%

EHEE (b5 0099). 4/6- kI -2- 2 FL 5] Ik

(DAPL, flt'5 0133), b= RAEVIEAR A A IR
NG
1.3 Sz

N5 7 I Caco-2 4HbEk, I B sl p i 58
AR AR AT SD KR, JEEH, MR,
R (200+20) g, R sh) 206 O fR 4t
[SCXK (¥ 2020-0001 ], SZH6 I8 AN 5 7 e
T R EA, LRSI E RSN
202412-01.
2 FAEEHR
2.1 Gal-Tan-BNps Bl

HURE B2 R 5k 2 30 mg, AbJ7 &1 PLGA BT
HEHEA, IMAVREVEA] (REE-28 7 0 3) 10 mL,
TERH Y 1000 t/min @198 HE R IE TS, ERNE
WA BUALTT &1 N-Jh I -D-21 LR R A% 7 i

188 VA TIE & Z&MB/K, FEHE N 1 000 r/min #7745
PR AR, BIASKAH . KB HUAHZE B N /KA
b, 4k SR 13 RE 20 min, EVEES4HE (0.07 MPa)
FHEZRREANIAEF, HAE 5 min, KA 0.80.
0.45 pm FUFLIERE, EIf$ Gal-Tan-BNps VB2 -

BRASINAS B R Ah,  [FITH% 28 9K IR B
2.2 Gal-Tan-BNps RERPHEEEZSENE
221 ik ik Hypersil BDS Cis
(200 mm X 4.6 mm, 5 pum); KWK N 265 nm;
HEFER N 20 uLs WA L E-0.5% LR KRR
(60 : 40); AFREN 1.0mL/min; FEiE N 30 C.
2.2.2  Gal-Tan-BNps HEil iAWl & k53
HY Gal-Tan-BNps JE &3 1 mL 2 50 mL &4, hn
ZME 40 mL, A S min, JBUAJEINZHERREES,
PEAY G 0.45 pm FFLIEMEE . HY 2.5 mL 22383, &
T 10 mL &, I HE-0.5% LERIKHE (60 -
40), FkeEzs, EDEHRAM AR

2 YR VR A2 VR Pt VAR R 45
2.2.3 SR FEON IR SR G RS 2 R IR B
Zo0 IR 24.80 mg 2 100 mL &5, A0 80mL &
ORI S min, ff2 SEATIEAR, HOA G N CIERRE
TEZY, RI15 248.00 pg/mL 5 B 200 Al 2, 5%
HET-8 CuksET, #%H.
224 LMERFRFEL OREE WU, K 2000 HE i i
FWOER, IMOIEMRE, e R &IRE 7558
12.400. 6.200. 3.100. 0.620. 0.310. 0.031 pg/mL
(1) R B B 20 BRI, IR “2.2.17 TR o
FE, EREIE SAE R R EIRE (X0 Mg
(V), extfilbrkti e, FEATLMERIA, 75 FRiE 2k
IH77F8 Y=1 284.30 X+83.88, r=0.999 8, #iH %
HIAS J2 Z7E 0.031~12.400 pg/mL £ 1% R BRI .
225 LIRMEELE WHUE B POKIRE R AL S
TRV ARG B2 2 0 R AR (3,100 pg/mL) A1 Gal-Tan-
BNps SRR, A ldeeie, g3 0E 1, wr
DR B R e T4, TRt .
2.2.6 FEEREEELE WHUR EIKEE 12.400. 3.100.
0.031 pg/mL A f7 26 I AR, 4208 “2.2.17 TR
O3 25 43 T SR R AS I W THT A, 45 SR RSD 43
M 0.36% 0.22%- 0.37%, 4550 FR W% S0k
& R AT
2.2.7 FEEME#%EE B Gal-Tan-BNps R i iAW,
SR FHIE S 04 30 64 94 120 24h, %I “22.17
T Tl 2% A R WU 2 A R T AR, 115 RSD
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t/min
1 ZEPKERRBLRBR A BRENRRE
# (B) # Gal-Tan-BNps i @& (C) B HPLC
Fig.1 HPLC of blank sample (A), tangeretin reference
substance (B) and Gal-Tan-BNps solution (C)

fHH 0.84%, 255HRR AL EHAE 24 h IWHEPE
K47
228 HEEMWHL WIHLFE—1 Gal-Tan-BNps I &
W, AR “2.2.27 TR 7k 6 IR
I “2.2.17 TUR BB KRN E, SRR R
JR P HU RSD N 1.05%, 45 R 3% Mi% 5256 A2 M
K47
229 fOFERENLEELE  SRIFEERI 9 4 Gal-
Tan-BNps VEEW, &% 0.5mL, 70Nk, &1, &34
KA, r503% 50%. 100%-  150%b5s B i A K
R ENTHR S, HRIR “2.2.27 TR iR Ak
W, MEAEEREERE, HHEILMAERE., &
i B 2 ()3 A RN % 9 100.16%, RSD R
1.12%, 45 R BZ LI HERR B R .
22,10 FEAEIE B Gal-Tan-BNps VR 2, 1%
“2.2.27 WUF ik AR VA, HZHR “2.2.17 T
NSRRI E, TEEE RS R
23 BHER, FHE. WENBANNE

U] SRR G-50 K AR, IMAZifbK, =ik
i E 6h fliz WK, FakE )5 & H . N Gal-Tan-
BNps /& 0.2 mL, 3 000 r/min &0 (200345
6.8 cm) 30 s. RELiNZE1boK 0.2 mL 347 B/,
HEEVEM 4 %, 10 mL BERBCETBE, A S
mL VB AR (NER-ZBE 7 3), #A 10 min 55
BEERY, HM “2.2.17 IUN GG AR E B i it
YRR RS R IR (M ws)o BT 3 ENE
il % ) Gal-Tan-BNps W83, %M “2.2.27 TR 77
IEH ARSI, IR “2.2.17 TN GBS & 1F
JI5E Gal-Tan-BNps AR AR (M ww), tHHEA
A, FEEL 1 3 [FEH £ 1) Gal-Tan-BNps &K,
HEEGT, REiE (), HHEB%E.

AE R =M ww/M s

HAE=M us/Wo

HY Gal-Tan-BNps JE &0E &, {4 H a4 Kok
30 fi5, BT, e HRiam L o ida i
(polydispersity index, PDD) . 5 HU#% #¢ J5 1] Gal-Tan-
BNps RE G &, BT, W B, &1
FERIIIER 3 Wk, HCFIME.
2.4 HFEZEEE Gal-Tan-BNps &5 R TE
2.4.1 PLGA 5Z)¥)HREILINHESE  [Ew N-HE-D-
e FUME L 2 3 B0N 0.03% THIEVDIE 188 ey
¥ 0.80%. KAHEAENUAHELHI R S 01 HI%HET,
#%2 PLGA 525 H 2 LX) Gal-Tan-BNps f.E %
WA E KRR, SR W%K 1. Gal-Tan-BNps
B PLGA 525 = L hnm s, 4
MEIRT 10 0 1B, AR nE RS, 1M
i 2 N F#A . Gal-Tan-BNps Fif2ffi% PLGA 5
iV E LG N 258N E KB, W R
PLGA H & LUl /INeF, 2454 5 I 36 7F Gal-Tan-BNps
FIEUG, HRIREK; PLGA FAELFIR KR, 14
AHER K, Gal-Tan-BNps 2 [8] 5 K AERGED), T
FORLARIE K, K, PLGA 5254 & Xt Gal-Tan-
BNps s2MERK. (HEZGHL) 2025 FRRIU 9014
O R0 ORE ) 77 0 AT 80%, tHT-FH &
Et A 10 ¢ 1 B, Gal-Tan-BNps fERFAGFEER, K
eI Gal-Tan-BNps #k 25 & FRLAT, #E4E0) PLGA
S AR 10 0 1 AF0x 8 1 1~12 1 1 [X[H4k
gt

%1 PLGA 5Z4HELL3t Gal-Tan-BNps 8% . 2
ERRERFM (X+s,n=3)
Table 1 Effects of PLGA to drug dosage ratio on
encapsulation rate, drug loading and particle size of Gal-
Tan-BNps (X £ s,n=3)

PLGA 5%

——_ 3 5%/% HAE/% HifE/mm
6:1 58924201 8.16%£0.11 229.70+4.12
8:1 71.124£1.97  7.67£0.14 197.46+6.37
10: 1 82.46+0.68 7.3440.07 187.54+4.03
12:1 8331+£1.12 6.16£0.08 201.10+5.90
14:1 83.50+£223 5.4940.12 214.59+7.53

2.4.2  N-HBE-D-PILBEIZ 2 0 B %5 [ E
PLGA SZ5¥HELL 10 © 1. JHIBVOHY 188 &)
8 0.80% KIS AL S 01 BT,
H 52 N-JHI-D-- FLBE )0 & 73 305 Gal-Tan-BNps
2R A ERARN W, SR NE 2. BE N-
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2 N-HBt-D-HFTERR R E 5 X Gal-Tan-BNps B3
R, HBRNENEMW (X£s,n=3)
Table 2 Effects of N-oleoyl-D-galactosamine quality
fraction on encapsulation rate, drug loading and particle
size of Gal-Tan-BNps (X £ s, n =3)

N-JHiE-D-F 7Lk

VR A K% BEE%  HAE/ % R /mm
0.01 69.75+1.44 6.271+0.06 232.794+9.92
0.02 73.99+1.32 6.69+0.06 205.23+5.58
0.03 83.68+091 7.621+0.09 187.62+4.69
0.04 7895+1.10 6.924+0.10 185.44+£7.15
0.05 74.68+0.84 6.84+0.11 178.95£4.00

T IE-D-F- FLAE 5 B 3 213 I, Gal-Tan-BNps 2,
B MBI INE T B, nTREH T N-H
Tk-D-- U e — FhR g P00, & 2434 N-
T -D-F U R FE R TR AR R 5K 7y, AR T
B Gal-Tan-BNps, H.¥=FLH# L 42 (1) 2= (a7 BH
FITBEAEZ5 MR, AT A5 B df 28 AR 24 2 1 o

N-HTE-D-~F- FLWE i o B 43 H0sk IS, 2 FLBE < 1
25 A HERR RN S 5 Gal-Tan-BNps Fa5E 14 K B, 3k
SO LR AR & B N-THE-D-2- LR 5 =
S EUEE N, Gal-Tan-BNps Fifs 5580 K BE#a s,

AL, N-iHIE-D-F- FLE % 5 &% Gal-Tan-BNps 5
WA R o N-JHBE-D-F- LR 0 57 20 0.03%H

Gal-Tan-BNps fL3Z KT 80%, #H LA,

HRIAZRMIT /N, MCUFR 50 0.03% 4 0 Xt
0.02%~~0.04%[X [H] 4k 241k o

243 KU 188 RS HFE S [EE PLGA
S5 & 10 0 1. N-JHE-D-2- FURE L 5 2= 5 50
N 0.03%. KIHSHEHAHELBEIA S T 1 HET, o
BRI VDU 188 L3 H06) Gal-Tan-BNps £l
HR, AR LN, 4558 WK 3. Gal-Tan-

R3 HKIVHS 188 FRE S HXT Gal-Tan-BNps BLEF, #
HERKEHEM (Xts,n=3)
Table 3 Effects of poloxamer 188 quality fraction on
encapsulation rate, drug loading and particle size of Gal-
Tan-BNps (X £ s, n=23)

BNps iR L5, BE ISP 188 a4
Whn, BIMINENEES, SRR
i 35 £ 75 F) T Gal-Tan-BNps FrIF B K %% 24117181,
RV 188 a7 HUK T 0.80%K), A3t A%k
YR TR, X PTRERIE IO A 188 MR E I K 5
M Gal-Tan-BNps it 25, M 7E KK H R R 571,
M e RO 2459 B B 2 3V E R, NI 5 e f s
FRN# 258 T P, Gal-Tan-BNps Rtz b5 I V01
188 B HuE hnim Az, Pk, s b il 188 Jit
=806 Gal-Tan-BNps 208K . JHIE VD 188 Ji
B HON 0.80%I, Gal-Tan-BNps 3 %R KT 80%,
WA RATER, BRARA N, WU 55
0.80% A 10Xt 0.60%~1.00%[X 8] 4k 44104k

244 JKHSHEHAMHLHFIFELE  [EE PLGA 5%
IR &L 10 1. N-JHBE-D- FL T & 0 B0N
0.03%- & VDU 188 TEE 734 0.80% 12514, 437l
52K AH 56 HIAH L% Gal-Tan-BNps L4 % | £,
2y ORI AR sE e, S5 IR 4. Gal-Tan-BNps 4,
B R E, MEKMES AV S mE
NEEES, TR R KA AR T 24 5
PLGA #EHMEKFH B 425X B Gal-Tan-BNps!'°l;
IKABAR R KIS 22 25 4 58 %2 1R 25 1000, 33k v 5 i)
Gal-Tan-BNps # 25 %0% . Gal-Tan-BNps $i1ZFf 7 7K
FHS A HUAH EC B3GR R, AT RE R KA IR LK
i F#4I% T Gal-Tan-BNps 2 [B] [FPREE JLFRBB], HF
TREACKAR KA S A HUAHELH 9 50 1 FT 6 & 1 I,
Gal-Tan-BNps %, # & AARARI B BT,
AT T 5 B2k T4 ) % WOk B K AH 5 A LA L
K51,

2.5 BBD-RSM fft{t Gal-Tan-BNps 575

251 RTE %P PLGA 5WHEL (X)),

= 4 KHBSAENALLHIX Gal-Tan-BNps B3R, HHE
BRIREN (X+s,n=3)
Table 4 Effects of water phase to organic phase ratio on
encapsulation rate, drug loading and particle size of Gal-
Tan-BNps (X £ s,n=3)

ISV 188

KHEEH

R 4% RN  BZE%  Kiff/nm - BEE%  REGE% Rifz/mm
0.40 43824161 4.07£0.05 25591£545 301 46.174£0.92 4131006  248.62+5.00
0.60 72.70+1.85 6.26+0.07 235.86£3.69 401 75.01+1.63  6.9310.17  214.33+4.63
0.80 82.18+1.78 7.56+0.08 182.66+4.23 5:1 82494101  7.58%0.06  180.25+3.33
1.00 76.93+1.54 7.04£0.06 174.38+3.82 6:1 83.41£1.52  7.56£0.07  178.44+3.46
1.20 73.96+£1.84 6.66+0.08 171.96£3.42 701 7720+1.61  7.1940.03  170.33+7.15
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N-EE-D-2E AN R B8 (X)) ANAIBYLE 188 2.5.2 FRAYKESL LA/ OD HINE T FEN Y=

JREH (X3) X Gal-Tan-BNps S2MHE K, Xiv Xaon
XA E WL S, K. F =K Faab-1. 0.
+1 FoR. BHEFE (YO, BHE () AKE ()
S QUK 2 . ARE, B Y.
Y3 {4 Gal-Tan-BNps K285 . N 2KV Gal-Tan-
BNps i &, KH Y1~ Y2 /1 Y3 B PEIH—1E Coverall
desirability, OD) {4 BBD-RSM [ Ri{E, LA
OD fHE KEAE AL HAR. OD fHIH 5L R 3
A, BIOAE A3 diax= (Mi— Muin)/ (Mimax — Muwin) T
HaFEMELE, OMHAN dnin=Mnx—M)/
(Mivax— Mumin) 1T 5 Gal-Tan-BNps $i4%, A Mo
Mumin R0 M; 53 3R ERAE e/ MEFISSINNE ; @ E
., RAGEARAPEREHMF, AKX OD=
(d wssned woed ) FATTHE, SCB0 2 HE L5 R
* 5,
#*5 BBD-RSM iXIiRITRER (n=3)
Table 5 Experimental design and results of BBD-RSM

(n=3)

F5 X Xo/%  Xs/% Yi/% Yo/% Yinm OD
1 12:1(+1) 03(0) 0.6(-1) 78.21 5.93 210.44 0.000
2 10:1(0) 0.4(+1) 1.0 (+1) 71.52 6.41 174.67 0.000
3 10:1 0.3 0.8(0) 84.13 7.65 184.24 0.835
4 8:1(-1)03 1.0 7779 8.56 228.14 0.400
5 10:1 02(-1) 1.0 78.32 7.02 198.07 0.524
6 10:1 0.2 0.6 75.60 6.82 234.65 0.000
7 12:1 0.2 0.8 7823 6.05 207.22 0.211
g8 8:1 0.4 0.8 73.67 8.17 189.87 0.486
9 12:1 0.3 1.0 80.51 6.12 204.48 0.301
10 10:1 0.4 0.6 78.83 7.13 217.69 0.429
11 12:1 0.4 0.8 78.96 5.96 206.25 0.150
12 10:1 0.3 0.8 82.22 7.42 177.36 0.786
13 8:1 0.3 0.6 75.43 8.33 214.64 0.464
14 10:1 0.3 0.8 83.78 7.64 183.71 0.828
15 10:1 0.3 0.8 83.45 7.57 181.08 0.822
16 8:1 0.2 0.8 75.11 8.34 206.95 0.503
17 10:1 0.3 0.8 84.53 7.68 186.68 0.834

0.85 +
o o
8 8 0.83 3
0.01*
035 ) 1, 0.90 )
X/% 0.25 9:1 X X3/% 0.70

& 2

0.82—0.15 X;—0.02 X>+0.04 X3+0.22 X,.X,—0.01
XiX+0.09 XoX3—0.22 X12—0.27 X2—0.31 X32. %
TR R? FIl Raa? 5375128 0.996 8 F110.992 7, YK+
0.99, 15 B SEINE -5 AR T 2 1A) s el o A3
P<<0.000 1, Tt BHEE 7 (B 2P AR Y 48 T S o AR
RS AIR F 1 =0.1953 (P>0.05), @& M2 R,
U B T R 2 0 A B T 225 SR 1 s i ] R . g 22
TR 6, H, xo HAREMER (P<0.05),

X3 X1+ X023 X0 X323 Bl 3 11 22 7 (P<<0.01)

%z 6 ODEAENH

Table 6 Variance analysis of OD value

RERIR CFAM AmE ¥y F{E P
B 147 9 0.16 241.46 <0.000 1
Xi 0.18 1 018 261.07 <<0.000 1
X 376 X107 1 3.76X103 557  0.0492
X 0.01 1 001 2039 0.0027
XX 477X10% 1 477X10% 070 04296
Xixs 003 1 0.03 49.16  0.000 2
X2Xs 023 1 023 334.96 <<0.000 1
X2 0.20 1 020 287.74 <<0.000 1
X2 0.30 1 030 446.66 <<0.000 1
X3 0.42 1 042 613.43 <<0.000 1
B 475X107° 7 6.79X107
KT 3.11X103 3 1.04X103 253 0.1953
gifiz  1.64X10° 4 4.10X10™
MEE 148 16
253 i S sELTT KA Design Expert

V13.0 £ XiXo. XiXs. XoXs %t OD {8 =4k il 1A,
BEE AR 2 RIRMBEIN, Gal-Tan-BNps (1) OD {H 13
B KERNES, BIMMAES, 4R LE
2. Gal-Tan-BNps ] OD {HAF{ER = A, EL OD {E /Y
BAAEAE NI B AR, 73 Gal-Tan-BNps s fEAL T :
PLGA 5Z5%H &N 933 1 1, N-MiEk-D-2F 30
e S ECN 0.33%, KV 188 FiE N
0.81%, Tl OD £ K{EH A 0.867.

0.82 1

1n:1 )
X3/% 0.70

9:1 X 025 Xo/%

F/MmE Rxt OD &/ K E E

Fig.2 Response surface of influence factors on OD value
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2.5.4  KbJTIRAE 2 OD fEARN 22 T8 4% mAR
AbJ5 AT 4% 3 it Gal-Tan-BNps JR B, &% 1MFatbn
MAFEE RN 7, 3 #EFES 1P %R (84.76 £
1.22) %, “FH#ziEN (8.04£0.11) %, “FHHI%F
N (190.94+6.60) nm.

R “2.5.17 WUR kA 30586 OD {H>h
0.863. | OD {EAHX} i 2= = (523 OD {f — il OD
fE)/F OD {f, ARAEHIM OD A (0.867), TH5HAT
SN OD (EAI X 21X —0.46%, Tt IBUEH AR S
B,

®7 BIEABRER (X+s,n=3)
Table 7 Results of verification test (X £ s, n=3)

187 A 2/% A% HRAR/%
1 85974094  7.91£0.06 185.25+5.16
2 83.53%+1.17  8.12+0.11 198.17+6.74
3 84.77+1.13 8.08+0.09 189.41+4.89

2.6 Tan-Nps 9%l & X% 5 Gal-Tan-BNps & Ig#R
tLR
2.6.1 Tan-Nps il FHVEEVOE 188 AAE M-
Bt-D-F- 3%, HRIZ P Gal-Tan-BNps 477 T
2l Tan-Nps &, KIKIT 0.80. 0.45 um 1
FLIEME, R4S
2.6.2 FUHRIRAVELEL A THEAR WA 8, Gal-Tan-
BNps I Tan-Nps & TR AEECK % 5+« Gal-Tan-
BNps 8 FF1#24 &35 5T Tan-Nps, Fi42H1 PDI
KT Tan-Nps, CHAZEX{E/NT Tan-Nps, 7] G
334 Gal-Tan-BNps Vi &£ 52 € PEK T Tan-Nps &
=¥ . Gal-Tan-BNps 1 Tan-Nps #1253 A0 1#00 & €
R L 3.
2.7 Tan-Nps #1 Gal-Tan-BNps M55

Tan-Nps {3 0.1 mL B TEOLEH, MAS
mL Z&1RK, #5). BUE MR B, WA 2%
IR, R AR, T, TENETE
WA _E W %25 . B Gal-Tan-BNps 7R &7 0.1 mL
[EykElE, 4559 LK 4. Tan-Nps 1 Gal-Tan-BNps
T35 55 2 B s A

% 8 Gal-Tan-BNps #1 Tan-Nps EIEFRELEREE R
(Xxs,n=3)
Table 8 Every indicator comparison result of Gal-Tan-
BNps and Tan-Nps (X £ s, n =3)
PR BEE% BAEY% RRY% PDI  (H#fmV

Tan-Nps 80.37£1.06 7.72£0.12 176.70£5.04 0.109£0.008 -23.46%1.13
Gal-Tan-BNps 84.16+0.84 8.03£0.09 192.32£4.78 0.132£0.012 -19.92£0.97

A
Gal-Tan-BNps
)
I\
I 10 100 1000 10000
HiAE/nm
i Gal-Tan-BNps
B Tan-BNps [}
\
1
1
A}
1
f . ' - ’ - |
—-150 =50 50 150
¢ Hifz/mv
3 Gal-Tan-BNps 71 Tan-Nps B0 1257 (A) FCEE
iz (B)

Fig. 3 Particle size distribution (A) and { potential (B) of
Gal-Tan-BNps and Tan-Nps

200 nm

[ 4 Tan-Nps (a) #1 Gal-Tan-BNps (b) BJ TEM [£]
Fig.4 TEM of Tan-Nps (a) and Gal-Tan-BNps (b)

2.8 NFBoH

2.8.1 X HEMAATH (X-ray powder diffraction,
XRPD) 4341 43 HL Tan-Nps &K Gal-Tan-
BNps VBB HGUKRL O EHE 2D IR 2R E
R (OAIMGETRAPFD. AfZH: BKh
0.02°, FIHEHEZF N 4°/min, FFE (20) N 3°~45°,
Cu-Ko #. 73 B 22 S EPURR AR V3
BEY) O F 2 5 4k L1 [R] Gal-Tan-BNps #3 K,
AR LIRS ) Tan-Nps # KA1 Gal-Tan-BNps #
KiE &, 753 T XRPD 94, S5RKE 5. &%
FRIE7.7° 9.2°, 12.2°, 14.6°, 27.7°, 29.4°%54bH
DUFFAE S BYAT S0, X SERT S I AE R & P AT)
I, VLB 259 5 R BOR G R T ER A
VIR RETS A 2 2 AR . Tan-Nps 1 Gal-Tan-
BNps ¥ A XRPD I bk Bz 2Rk df AL 035070
&, ULBRS R AU AT RE R A U

282 % x H & # % (differential scanning
calorimetry, DSC) Z3#1  HU “2.8.17 T N &ANFE i
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S T, 1 N

(') I ‘ llS I ' 3I0 I Y 4I5
26/(°)

5 Gal-Tan-BNps (a). Tan-Nps (b). #13EEEH (0~
FERMKRER (@) BEREEFERZ (o) B9 XRPD 4R
Fig.5 XRPD results of Gal-Tan-BNps (a), Tan-Nps (b),

physical mixture (c), blank nanosuspension (d), and

hesperidin bulk drug (e)

WA, BT, KSR, DSC a1
TR SRR, FIER 25~350 °C, n#udE = 10
"C/min. 45K UL 6, K5 B ZRAE 160.6 C HIBLE i,
{EAEY R S rh RS R R T 2 146.9 °C,
AR VB G PLGA 15 UK, IFAR B IR
W Tk, PLGA Jef7)dmt s m s, 2 s
JZFIE STIESERT . Tan-Nps F1 Gal-Tan-BNps # K 1]
DSC Kk 5 EEA P DSC KA R Kz,
HEMIAE B2 = AE Tan-Nps F1 Gal-Tan-BNps H#77E 24
BIRAE T %

2.8.3 [ EMABHRINEIE (Fourier transform
infrared spectroscopy, FT-IR) Z70#r 7 3Bk 2 &=
JFELZG . PLGA. N-ilBE-D-- LR PR &Y
(F Bz & RG] ] Gal-Tan-BNps #y oK, X fE

5‘0 ' 1;0 ' 2.’%0 ' 3.’%0
1/°C
6 Gal-Tan-BNps (a). Tan-Nps (b). HIEEAH (o)
FAMWKERR (@) BHEREFERZ (o) B DSCEHR
Fig. 6 DSC results of Gal-Tan-BNps (a), Tan-Nps (b),
physical mixture (c), blank nanosuspension (d), and

hesperidin bulk drug (e)

FLYRA ) Tan-Nps #3 Kl Gal-Tan-BNps 3 Ki& &,
L 10100 IOANIRACERAT B setid . He v U
o WK TH2 K, HFF N 40em™, Fd
FHERECH 16 K, J6lE N 100.0. 4558 WK 7. KK
Z FT-IR i, 2800~3 000 cm™ 4bJ& T C-H %
R ZEIR NI, 1652 cm™! 4bJ8 T B L 4 PR 5h i
N-THBE-D-2- U IEAE 3 100~3 500 cm™! 40 HLE
T N-H B 43R 8% . 7F Tan-Nps ] FT-IR K
o] LA B BRI IR B, (HR I N-TT%-D-
P FLPENE N-H SRR IR 2004 i 7E Gal-Tan-
BNps ] FT-IR B3, B 7S R RISk 20
AN TT WS 2] N-jiibE-D->F FLEE I 1) N-H AL
YERENE, HEM Gal-Tan-BNps 6 [Hi 78 o5 2 LB i
F:[H]. b4k, Tan-Nps F1 Gal-Tan-BNps #3 A [ FT-IR
S8 JLR R ARG fe AR PLGA Z 18] FFJCH 11 7
FIAAHEAER -

f \,A\,WW

e
d
c
b
aﬁ/ﬁf__—_—vw,\[ww
4000 3200 2400 1 600 800
v/iem™!

7 Gal-Tan-BNps (a). Tan-Nps (b). ¥IIEEE4 (o)~
N-HEE-D-FFLFERZ (d)- PLGA (e). #EREERRZ ()
FT-IR 5
Fig. 7 FT-IR results of Gal-Tan-BNps (a), Tan-Nps (b),
physical mixture (c), N-oleoyl-D-galactosamine (d), PLGA
(e), and hesperidin bulk drug (f)

2.9 Tan-Nps # Gal-Tan-BNps 5T} H0I&F

HY Tan-Nps {R&W, FEHEEEMR, IMAHE
B, ERATTRE BN 4%, BRERERS,
¥ 2 mLA RPN . R R P A
THET-FRBT B, SR T 8] 48 h, %R T F2 7 (0~
2h, 0~-35 ‘C; 2~12h, =35 C; 12~14h, —35~
-30 C; 14~16h,-30~-20 ‘C; 16~24h,—20 C;
24~30h, —20~-10 C; 30~36h, —10~25 C;
36~48h, 25 C) AT, 33 Tan-Nps 4141,
4, [FyEH] 4 Gal-Tan-BNps i T4 o

RIS JERE AP LI 8, Tan-Nps 11 Gal-Tan-
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8 Tan-Nps (a) XEHZEF# (b) 1 Gal-Tan-BNps (c)
REFTH (@ W5
Fig. 8 Appearance of Tan-Nps (a) and its lyophilized

powder (b), Gal-Tan-BNps (c) and its lyophilized powder (d)
BNps JREBIE T O, RTH AP 2AEHOIRAS .
Tan-Nps 1 Gal-Tan-BNps T3 5 ¥ ) Il 72 75 Il $a
bR, SiRNE 9. HUETHT (38 8) ML, Tan-Nps
A Gal-Tan-BNps Tk @ 25H T T, (H
Gal-Tan-BNps % T¥rBE IR T 80%, #5& (F
[E 25 88) 2025 FERPYFE 9014 TR K fuohs il 71) (. dt
HMER CRT 80%)-

Y4k, Tan-Nps Al Gal-Tan-BNps 4 T¥rkiiaH
Frsin, {H¥5/hF 200nm: PDI{EA B in, (247
NT 0.3, RUPRIARE — AT R 4T
210 FINBRHITARBRENE

RS B R J5RHA 20 mg, 43 80T S mL (¥ pH 2.0
%9 Gal-Tan-BNps 1 Tan-Nps FT# Ei8 /5 & TIEHREL

BER (X+s,n=3)

Table 9 Every indicator comparison result of Gal-Tan-
BNps and Tan-Nps lyophilized powder after redissolved by
water (X +s,n=3)

i BER% K% PDI ¢ HA/mV
Tan-Nps 41 77.43+1.13 188.9616.14 0.12840.010 ~20.7110.86
Gal-Tan-BNps ~ 82.10+1.04 198.5015.08 0.144+0.014 ~18.58+0.56

HTh

IR SR 2T (PBS), # R R IENTR R AR5
TR 100000 o, JER4RIL B MmN, B TR .
KRN 1.0L. &N 37 “CHI pH2.0PBS 1R
A, VRS 75 t/min, 43 H)F 0.5. 1.04 1.54
2.0~ 3.0 h BUFE, FEAMnRIAF pH 2.0 PBS. 3 h I
F] R TE R JE, SERE R B E# ) pH 6.8
PBS, 3T 4. 6. 8. 12, 18. 24 h BUEE, HMnE{k
1 pH 7.4 PBS 8 500 r/min 3£ F, KA O (5
04 6.8 cm) Smin, WIERE K =&, FEHE
Tan-Nps % T3 #1 Gal-Tan-BNps % T-¥3 B 25174,

SERUE 9. R IERIZGH TR 2 KR
R RS B R BB AL 23.71%%1 . Tan-Nps Fll
Gal-Tan-BNps 7E 0~4 h FEZj AR, J& T PR R
Zi; 4~24h BT OB RA, RSN
86.09%7%1 77.13%, Z5:RFKH], Tan-Nps Fl Gal-Tan-
BNps HRHE R T 3 BRI . B2 A
H 53R W3R 10, Tan-Nps 1 Gal-Tan-BNps #2413 2
5 Weibull BEAHE FEfmr, Ui W42 I HH LAY 1)

MAHRELAT N
100 1
80 1
=
601 - R R R
ﬁ —4— Tan-Nps
B
404 —=— Gal-Tan-BNps
B
20 1
0 T T T T T T T T
0 6 12 18 24

t/h
9 Tan-Nps #1 Gal-Tan-BNps FFjjipi%k (X +s,n=3)
Fig. 9 Drug release profiles of Tan-Nps F1 Gal-Tan-BNps
(X+s,n=3)

%10 Tan-Nps #1 Gal-Tan-BNps BRI S 4 R
Table 10 Drug release model fitting results of Tan-Nps and Gal-Tan-BNps

METiE

g 2t
Tan-Nps

Gal-Tan-BNps

— AR
Higuchi #%  M/M»=0.177 1 £2+0.100 6, R>=0.927 4

In(1—My/M)=-0.078 3 t—0.309 6, R>=0.920 1

In(1—My/M~)=-0.058 2 t—0.233 7, R>=09115
M/M»=0.162 8 £240.055 4, R>=0.9463

Weibull B%! Inln[1/(1 —M/Mx)]=0.634 3 Int—1.230 0, R2=0.985 6 Inln[1/(1—Mi/M»)]=0.662 4 Int—1.582 0, R*=0.974 0

M M, 5355190080 ¢ I 18] (K R AR URE s MM o IR T) SR BV IO 20

M, and M, are accumulative drug-release at time o and ¢, M,/M,, is accumulative release rate at time .

2.11 ZHREALIAR
2.11.1 DiO #5ic Tan-Nps fil Gal-Tan-BNps 1] &
Bk e R R 30 mg, %8 PLGA 525 H &=k

9.33 : 1 #HX PLGA, DiO % Y¢#4t 3.0mg, —[A &
FHHEHHE, IMNEEER] (RER-28E 7:3) 10
mL, TEHEA 1 000 t/min L P HE 1A ARV,
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TENBHAH. BOEE N-JHE-D-2- FUFE R 3% 70
188 BT 50 mL 7KAH, {8+ )& 75805l
0.33%71 0.81%, 1000 r/min 5535 i /145 5 2 15 %
B, AERKAE . B NABZNRE KA T, 4h4:
W5 71454 20 min, 7EJRJE (0.07 MPa) 2544 R iEzg
B E AR, A5 5 min, KIYGE 0.80. 0.45 um
LB, R ZRREEEE G-50 &£ & (1) DiO,
R145 DiO #51c ) Gal-Tan-BNps.

FHRE VDU 188 AR E N-JE-D- A pEE, H
Y22 DIO Fric ) Gal-Tan-BNps 4bJ5 1.2 kil
7% DiO Fric ) Tan-Nps.

211.2  SEEIEAE HUARAERT B K IR Caco-2 4H
M, FHREEE ARG, AT pH 7.4 1) PBS ¥
s, BTl s 0 Bl 10 000 r/min &0 5

min 7340 LB . BN R LLRRFL 2 X 10° H2Fh7E
6 LI, BT 5% CO 37 CHiFREFAET IR

FERFEWL IINE DIiO #5ic i) Tan-Nps #1 Gal-
Tan-BNps FI5E: 52 (DIO 2 &Rk N 50 pg/mL),
BT 5%CO0, 37 CHFMH 6he A LEBEFW, H
Ti¥s pH 7.4 1) PBS WM 3 Ik, BREAREEAN
Caco-2 4UREAIZ5%), NN 4%% B EE[E %2 15 min.
74 pH 7.4 1¥] PBS ¥R L5

<3 %, Fl DAPI Xt4H

o - - -

DAPI

Mz Gt 15 min, FEAITIA pH 7.4 ) PBS ¥ ML
% 3K, PLEERZ 4 DAPL H A, IR EER
R MBIEAT IS S i B IR AL (pH 7.4 () PBS
WO, FEEAT IS

2113 4 4k & WGV WG BE Caverage
absorbance, 4.) HHE LR O RIMBIMERL
W 10, S5 GHRAE Caco-2 Al I
. AU N ARRE ks . X IRZH TSR 1980, Tan-
Nps %} Caco-2 4 EA — MR GLRE 1, 1E4H L )H
BB Ko PN B Y IR (.55 ) . Gal-Tan-BNps %< ' 5i & B
5% T Tan-Nps, 18] Gal-Tan-BNps Lt Tan-Nps H
HHERM AN LEE ). XN Caco-2 Aliffdrh
SGLT1 A4 %ﬂﬁzwm Wift] Gal-Tan-BNps Higi
NN ER, #2180 1 28R, HHT
E DE&E&WEEO WG AT TT R HN R
sk U BENLPkIEZ D 3 S 200 5 EFBEATHARE, i
HEAFHIE, (RIES5L—3, B Image-Pro
Plus 6.0 AT 04T, 43t AR BE (cumulative
absorbance, 4.) {14 ZUZ 2 [H #1 (tissue pixel area,
TPA), A.=AJTPA. 25 7R, Tan-Nps F! Gal-Tan-
BNps ) 4. 57524 0.011£0.002 F1 0.019+0.004,
Hm#E Z RBEAREEZER (P<0.05).

o - - -

Merge

B 10 Tan-Nps 1 Gal-Tan-BNps 5 Caco-2 AR & FFHZ N B REERIR
Fig.10 Fluorescence microscope images of Tan-Nps and Gal-Tan-BNps after incubation with Caco-2 cells

2.12 Tan-Nps #1 Gal-Tan-BNps ‘A F#ia EME &
HUH #1145 () Tan-Nps A1 Gal-Tan-BNps 4 T-¥7,
ARSEEH TS, BT 30 C. 60%HE

mAET, 20T 04 1. 20 30 6 DHEGRE, 2B
EMER, HAGEMAGE. ERNE 11, F6NA
ff, Tan-Nps T4 L RALT 80%, AAE] (H[EH
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< 11 Tan-Nps #1 Gal-Tan-BNps AT M2 E ML R
(X+s,n=3)
Table 11 Stability results of Tan-Nps and Gal-Tan-BNps
freeze-dried powder (X £ s, n=3)

Tan-Nps T Gal-Tan-BNps T
N asem wim R BHEM SHEM R
0 77514052 749005 205.284522 8325+ 128 787012 202.44£5.09
I 77.6820.60 430,06 206.64£7.70 83,1106 7.8820.10 209.98+385
2 76542106 7335006 214241415 8196%122 7725007 215472541
3
6

76.42+1.28 7.35£0.09 222.30£4.96 81.69+1.29 7.7010.06 218.16+5.25
73.35+0.90 6.87£0.04 236.25+3.84 80.5610.74 7.65+0.09 223.26+3.96

2 L) 2025 FERRPUES 9014 T T GOk i) 771 40 3
KT 80%IE K ; 1M Gal-Tan-BNps ¥ T-¥3 .3 ]
W SEAH TR . Gal-Tan-BNps % 24 & T B 1G5 FkE
FyE KM E Y /N Tan-Nps % T8, AT B /& T Tan-
BNps 4t 757 S VO U 188 B Bk A 1E
5351 2 Tan-BNps &= 250 HE N KR, [RIIZE IR
FEEEDRAE T Tan-BNps W B2 AR 2T B, 4%
T Tan-BNps W50 A0 KA 0% KR e 1~
F%. Gal-Tan-BNps 4b77 H 5| Ni& == 1 N-HiEE-D-F
FURERE , FRAR T VAU 188 X Gal-Tan-BNps 4544
Fraseteisem, Bk, Gal-Tan-BNps 5 EL & 5T
CINIER

2.13 ORRZAShEMR

2.13.1 GE%A @ik AN Hypersil BDS Cis A
(200 mmX4.6 mm, 5 pm); KKK 265 nm;
HFEERN 20 uls FBIAHA £ 1E-0.5% LR K
(42 : 58); AR E N 1.0mL/min; #5530 C.
2.13.2 g VEMECH] ORI T R I 18
R SD K, BEALSS Ak B 2 4H . Tan-Nps T4 4
F1 Gal-Tan-BNps #4341, FRALEME. %3 K,
6 R. FH 0.5% CMC-Na iEWRECH] ig Wi, ig 7
B USRI N 50 mg/kg. ig 520 BT 1.04 1.54
2.0, 2.5, 3.0, 4.0. 5.0. 6.0. 8.0, 10.0. 12.0h ¥
F CRRRIEE AT IRIRE, {50 T 22027 B B B 2
BT HRIE 5 BB AR IZ) 0.2 mL, S7ED7E DLRRERIE
I, 4 AT 3 000 r/min F08 N O (EO17 6.4
cm) 3 min, B EZEME, AIHERG .

2.13.3  IfRAE B AL REE AR K -1,2- 2K
CFATIE A, SR B R I 1 B IR R 600
ng/mL, TENHNFRER . BESER B 1mL, BT 5
OEF, SRFEEMNAN 100 pL MEFES AT 100 pL
WFRIEW, IR 60 s, T 12 500 r/min 738 K B0

(F02F4% 6.8cm) Smin, fHHEHZEAFUTRE N 2.
WCEIEWT 37 CRMACHIRT, AN 100 pL 1
e 60 s, VAR 12 500 r/min B0 (B0
£ 6.8cm) Smin, 335 K-1,2- K LIENARIY
I HR A ot VR

2.13.4 FrdEfi R R RFEER R SD K
s 4% 0.005 mL/g FEF S 1%)50 B HG 22805

PRI fE O L, BT RRIENECE Y, ET
BB, L3000 r/min B0 (B02F4R 6.4 cm)
3min, B2 A MIK . R 2 A MR ECHIRS B 20
IR 534 1600, 800 400, 100+ 50, 25 ng/mL
(RIS RE i, 508 “2.13.37 T0 R 5 ik Ab B4 31 i 3¢
o R VAT, HEME 921317 TR TEEIE . DA
FARAA1,2- R G T AR LR AR (D),

5 K R R BONR AR AR (X0, BTN, 15
[0 977 FE 8 Y=0.001 7 X+0.064 5, r=0.9980, %
TR WAKS e R 2 TE A 25~1 600 ng/mL.

2135 LREMER WO MEFEMR, %
“2.13.37 TN HEACERAR B2 (A MLIRIEW 5 U
R R MR (25 ng/mL) FILEAE FIE W RS
FEREZ 120, /el “2.13.17 TR ARk
HERENE o RE B LA 11, F R 2k g ok 52 44 R
T, RZIEL B

2.13.6 FesEtERIG  BUM AR SARL 4T
BJG 04 3. 64 9. 120 24h HERENNSE, S5HRREE
A A-1,2- 2R C M TIAR EL I RSD N 5.57%, 45
SR BRI RE SRR VRALE 24 h WRRGEPE R IT

2.13.7 FEEERLE  BUREIRERN 25, 400+ 1600
ng/mL [P FHEFE M m E R Fy K, 4300
ME 6 Uk, MASAE i A 3R-1,2- 2K 20 T AR
EL 1% RSD 1573 51N 6.18%. 5.06% 1.87%; &L
i 6d, BERMARA 1 MAFHS e e -1,2- =08
LIGETHARLLIY RSD {E53 708 4.70%. 5.86%-

4.89%, 25 R M2 BRI H (8] H A% RS
R4f.

2.13.8 HEMRE HUREIKE 400 ng/mL 1)
FRAARE N, %R “2.13.37 TR I7iEHI4 6 4 LR RE
AT, M AS R AR -1,2- R AR A, 1
ARG R R EIRE Y RSD N 5.19%, 45K H %
S A ME R IT

2.13.9 [EIERE 2R A2 B SR A R
FREWREJY 25, 400, 1600 ng/mL F] I3 6] BE 7,
W (BERA12-ZR OGRS, & 34, NE
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Wz

C

BR#E
T T T \A T T 1
0 4 8 12 16 20 24

t/min

11 =EMIE A, BEEWVB&E+AER (B) MMRE
f (B RS 12 h+RIRER (C) B HPLC
Fig. 11 HPLC of blank plasma (A), tangeretin reference
substance + internal standard (B) and plasma samples
(orangenin administered for 12 h) + internal standard
solution (C)

i R TR, DL SEBRC il 5T SRR (25 400
1600ng/mL) NZ%, iHEEIWER, ERER, 7
BIESE N 95.15%, RSD K 6.14%, 4% B HIi%sL
B A B R

2.13.10 Zjsh2 et R MR E k). Tan-
Nps. Gal-Tan-BNps [#]2-i5 i 2k WL 12 ffiFH DAS
2.0 A AALA RS R 2 kL 24 . Tan-Nps Fil Gal-Tan-
BNps EE %54, 4R IE 12, SFEEE

1.6 7
- KRR
1.2 -= Tan-Nps
’é -#- Gal-Tan-BNps
&n
= 08
a0
¥
R
E 041
0 T T T T T ¥
0 2 4 6 8 10 12

t/h
12 #EZEE#RZS. Tan-Nps. Gal-Tan-BNps FIZ540i%
FE-RE)RLZ (X+5,n=06)
Fig. 12 Drug quality fraction-time curves of citrinin bulk
drug, Tan-Nps, Gal-Tan-BNps (X £ S, n = 6)

12 HEZEERZE. Tan-Nps. Gal-Tan-BNps BIZ5a1%
B (X+s,n=6)
Table 12 Pharmacokinetic parameters of citrinin bulk
drug, Tan-Nps, Gal-Tan-BNps (X £ s, n =6)

Y Bl BEEERY Tan-Nps Gal-Tan-BNps
fmax h 1.95£0.68 2.89£0.82" 3.06£0.75"
tn h 3.54%0.61 4941136 5711477
Crax  ngmL™  411.76+105.23 698.05£173.12" 1196.444230.89™"

AUCo- nghmL™" 1102.261184.70 3 773.14£529.97" 7086.72+949.15"#
AUCo- ngh'mL™" 1153.204190.55 3 856.01£648.86" 7 181.14+1003.74"*

SRl EFERZHE: *P<0.05 *P<0.01; 5 Tan-Nps HL#:
P<0.05 *P<<0.01.

"P<0.05 P <0.01 vs tangeretin bulk drug; *P < 0.05 *P <0.01
vs Tan-Nps.

BLIZGAHLE, Tan-Nps FEWER ] (e B E VLIS
(P<0.05), F¥HEH (1) BEMLEK (P<0.05),
IEVEIRFE (Cuax ) FIIIL 25 3R B2 - 1 (8] il 28 7R TH AR
(AUCo-») FEiEMSEmE (P<0.05. 0.01), FHXA
VIR BE RS N2 3.42 £i%, UBH Tan-Nps {23 715 5
F RIS . S5 R 2R IR B2 A L, Gal-Tan-BNps 1
tmax~ t12n Cmax M1 AUCo— S8, Yk AR EH R
W 5B M B3E (P<<0.05. 0.01), XA A
INZ 6.43 £, I h0ME 2 = T Tan-Nps. 5 Tan-Nps
FHEL, Gal-Tan-BNps ) Cmaxs AUCo—+ AUCo—55
ZHAEAE W B R 2 5 (P<<0.05. 0.01),
WEBH, Gal-Tan-BNps X4 J K 245 8l AT N 52 5
K, WA EFHEE B
3 g

N-HBE-D-- LB R g5 A & 1 A FURE G G
AKERST) R 1AM CRIRM ), BA RIFmw
e, BARmEHEERUY, TR 58k
Ji% BNps I FEH R T5K 7, Fitk, N-JhEE-D-2F3
W e ] N FH T 40K 45 25 R G0 5T o N-TH BE-D-2F- Sk
Jie 2t bl L B R o NEtE, SRRt ak
PLGA Z [A] 55 A4 R 4 US-161, - BRT b 1 25k o v 4
A Gal-Tan-BNps B4k PLGA B, Mk )
1B FLRE 1) B 1 N-JHBE-D-21- FLBE I 4546 _E 2R K
3T Gal-Tan-BNps T, MY T Gal-Tan-
BNps 57K, FEAR 27 3% 1118 22 BH /512021, 1 H.
AW i b Rz 4R SGLT1 5 e iR ), 35 3 5hi
B T HE— 2 I 25 P i el

Tan-Nps 0 35 28 F1 25 & (K T Gal-Tan-
BNps, AJfEA& Tan-Nps AbJ7 A& VDU 188 X254
A ERE KT N-BE-D-- b, S 2499
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HENKAHH, 52007 Tan-Nps [#25%0% . Gal-Tan-
BNps $i42 KT Tan-Nps, 7] fg/Z Gal-Tan-BNps 3£
R E A FURERE AR 8, (R s | RifR 35—
P, 53 Gal-Tan-BNps [J PDI { KT Tan-Nps.
Gal-Tan-BNps 1]  FLAZZEGHE /N T Tan-Nps, 7] HE
ST AR THE A (1) 2 FLHE XS HLAT R B T — 2 1) BF A
FH R 3200,

¥ ¢ R AE Gal-Tan-BNps H i BDIR &S KA T 4
A, SFGVITEAREE . PR . BRI S AR AR R
2017, Gal-Tan-BNps R H XUAHBE 2517, R
PO B2 M Z B R 2], PR 54 X R Gal-Tan-
BNps it A K. oA {E Gal-Tan-BNps 7% 3£ =
25PN TREZBH MK R/, bR IR RS R
PRIUOT, S SR PR 255t )T PRdtas 21 i 75 1ML 24
WPE: 1045 T Gal-Tan-BNps N E8HIZ54), B0
MREAR BB, BRI il 5 2590 4 Re BT
200, BRI SRR A, R T4ERF 2GRS, 42
E IR, H9RZG30. Gal-Tan-BNps ZERERE
fEPLT Tan-Nps, Al fEL Gal-Tan-BNps K [HIf& i)
PFUERAG G, BN TORZGE T .

12 3.0 glkg 7ilE ig 6 T KRA K Z, 2 AL
R I B 1 B BT, U BAAS R BB MEAR /N . 2R
TR, KRG ZFIE RN T 10 mg/kg, RIAT
KU BRI 2558, RIS HPLC A0 I 5 A B
RIMES IR, IFai G = 2430 ot e ts i),
Wk #E 50 mg/kg ig I EFAT BN F T GRE K &R
JERIZG M EE, Tan-Nps [ fimax 235 1 22 )5 (P<<0.05),
AlfE 5 Tan-Nps A & BAAZRRHMEA K, XFEZ
FRAE RIS X 110 F=AE T BORGEMA, AT £ 0 251 AE
J& (P<<0.05), F|T-#% B & 78 70 Wi 23-24, Tan-Nps
A R AR AR G I 22 3.42 i, WRESE HI
T Tan-Nps B4 145 5 20K PR IBURE SR FERR BEE
F)F AR WL : Tan-Nps RifR8/N, BRI
TR R ER AR, 380 15 B i R sGEAL Y
L%, FTamaaitiz. HEH%isFEgs
BENARGERACY ;K5 B N B ) s B 250, T AR
Tan-Nps WA TCE T4, ToE TR HE d Y
25 Gy i), A3 T Tan-Nps B EI 2547,
FERARRI PR EF NS T pH H. WALBESERT 24
YIRORJUZR, R T-3GINAS e s AR i BRI 2 22
FARIF ZILFEAEH T Tan-Nps AN A5 &R
1 AR A 126271,

5 Tan-Nps tHLt, Gal-Tan-BNps {24 B 244

IR IRR B N i, 25 Gal-Tan-BNps K[ 1Z
T AR B AR AT O¢, A {# Gal-Tan-BNps #1718 |
B SGLT1 /3K 1 58h ¥ iz 2SI Gal-Tan-
BNps PRl i, FEAK T B R seba e, gk 14
JZ#AE B iE 285 ) L% ; Gal-Tan-BNps K [H2 111
FFUBERCARSR AL T 2 AL RHES, BRAR T M iE AT
Gal-Tan-BNps £ 14 (IR, 390 1 A20€ 7%, AT Gal-
Tan-BNps K HEGK 75 P« B SR BRI SO L
AT 3 10 A= 4 R 20300, A5 7 S5 I 2% 1 AR 4L
= (IR R GPKEMNRTEE, AT AH]
FH R 51 4.59 fif: MRS O 8 A B 2= ] 44 i
JLNAKRL, FCARXT AR B iR v 4.10 i, (HA
& P I T A 5T 1 Gal-Tan-BNps (6.43 £%5),
It Gal-Tan-BNps 5 EAF 54 H .

AT 5E T Gal-Tan-BNps 475 T2 2545
B AR RAMREZG . FRoE . DR BN
P, &I Gal-Tan-BNps t R85, & (0
2 2025 FERRVYH 9014 T X ek il 71 2%
REER CRT 80%), HRT-#ftifete ek R i, Hik
KEEw TR =R, & BT Gal-Tan-
BNps FRZTESRHE TRFTC TR, ARSLIGHID R T
Gal-Tan-BNps %7 6 ™ H ke it ot J5 824k
SR HAK IR E . Gal-Tan-BNps /MR, Hik
SHRE S ANE, 460 i gs G
Hl %S5, FAE Gal-Tan-BNps X 57 2 [ B |
B 5 E 2800 s, @ —BFEE Gal-
Tan-BNps B 71 %kl

HBAR FIAEEHYFARGEAZFR

SE R
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