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1 E B HES LM RAM ORI R (Hyp-FI27/TPGS) 5HEAL 41 & T ¥, F B I BORF . 7735 SRR IR o0k 4 &
Hyp-F127/TPGS, f£ % B % 5 3 F= Plackett-Burman 5 %3% ++ 64 S s b | 25 4 Box-Behnken »f 5 @& % , VA (L4 B fo 8,25 3 4 F 534
A%, VAF127-TPGS ft & bt ARACE 18] Hyp 4% 25 % 2 B &, RACH ) & T 2 5F 304k s WL 45 R K T 22 B4 Hyp-F127/TPGS 649 5L fit
WA A& E R A2 | § #3520 (PDI) fe Zeta W 4% ; # 222 G IR (F127/TPGS) #9 16 Fi R 7R (CMC) \Hyp-F127/TPGS #944&
SMEAAT A Fon H AL T, AR K RAER @ B AR A 3R Hyp-F127/TPGS BBl 4 v . 455 Hyp-F127/TPGS #9 &t 4 & T
2 F127-TPGS R 21 2: 1 RALAT 18] 2 h \Hyp #4225 & 9 mg; 3 R IHIE 36 4 R B 7, BT Hyp-F127/TPGS #9 613} 5 4 (87.20 +
0.99) % ,#.25 8 4 (5.02+1.20) % , 5 FURMELA 1 £ 53 H 0.92%F2 2.39% ., #HRKTEHIC R A FEBFENRR, LA BIF
TR R TERETERY , BALEKALS AL, 4424 (15.02+40.16 )nm, PDI 4 0.092 + 0.031, Zeta &, 15 %
(—6.67+1.47) mV;F127/TPGS # CMC 2 21 pg/mL, Hyp-F127/TPGS f& 4 °CF A% 4 /8 4444 52 ¥ R 4F ; Hyp-F127/TPGS #= Hyp *F
Wi R AR H) 4 (66.30 £2.93) % (96 h) . (99.24 £ 0.27) % (60 h) ; Hyp-F127/TPGS = Hyp X 18 b 12 & 1 B39 A ROk, £-%
FORERAL Ry = iy Ao+ =36 W, BT A 6 25 4 BORGR B SO ALK R ) 2% B T U5 4 (P<0.05 % P<<0.01). Z5if HALHT
#% Hyp-F127/TPGS %] & L 482 7T 47; i %] Hyp-F127/TPGS B A B2 R , e — A2 EAR 3 T Hyp 89 B0

KERIR AL RA YRR B & T8 M BOK 4 ; Plackett-Burman % 3 ; Box-Behnken v 52 0 3% ; S 1) 17 i iR AR A

Study on the preparation of hyperoside mixed nanomicelles and its intestinal absorption

ZHANG Yuhang, QIU Zhidong, QIU Ye, WANG Weinan, DIAO Yuanyuan, SHI Yuwen, JIANG Mengcheng,
LIU Weipeng, JIA Ailing (Key Laboratory of Traditional Chinese Medicine Active Ingredient of Ministry of
Education, Changchun University of Chinese Medicine, Changchun 130117, China)

ABSTRACT OBJECTIVE To prepare hyperoside mixed nanomicelles (Hyp-F127/TPGS) and optimize its preparation
technology, and to investigate its intestinal absorption characteristics. METHODS Hyp-F127/TPGS was prepared by thin film
dispersion method. Based on single factor test and Plackett-Burman design, combined with Box-Behnken response surface method,
the preparation process was optimized and validated using entrapped efficiency (EE) and drug loading (DL) as evaluation indexes,
F127-TPGS mass ratio, hydration time and the amount of Hyp as factors. The appearance and microscopic morphology of
Hyp-F127/TPGS obtained by the optimal technology were observed, and the particle size, polydispersity index (PDI) and Zeta
potential were also determined. The critical micelle concentration (CMC) of blank micelle (F127/TPGS), in vitro release behavior
and preliminary stability of Hyp-F127/TPGS were investigated, and absorption characteristics of Hyp-F127/TPGS were investigated
by in situ unidirectional intestinal perfusion model. RESULTS The optimal preparation technology of Hyp-F127/TPGS included
F127-TPGS mass ratio of 2:1, hydration time of 2 h, and Hyp amount of 9 mg. Results of three validation tests showed that the
EE of Hyp-F127/TPGS was (87.20 £ 0.99) % , and the DL was (5.02 £ 1.20) %, deviations from predicted values were 0.92% and
2.39% . The micelles prepared by optimal technology were yellow, clear and transparent solution, with good Tyndall effect; under
transmission electron microscope, they were spherical, complete and evenly distributed; the particle size was (15.02 + 0.16) nm,
the PDI was 0.092 + 0.031, and the Zeta potential was ( —6.67 £ 1.47) mV. The CMC of F127/TPGS was 21 pg/mL, Hyp-F127/
TPGS was stable after 4 weeks of storage at 4 °C, and the cumulative release rates of Hyp-F127/TPGS and Hyp control were
(66.30 £ 2.93)% (96 h) and (99.24 + 0.27)% (60 h), respectively. Hyp-F127/TPGS and Hyp reference were absorbed in each

intestinal segment, and the main absorption sites were jejunum

A FEATUA - 55 M B R R TR H (No.20210204004YY
No0.20200602034ZP) ; K A5 BR 25 K22 A pk 2 TR ——F AR R
%I F (No.QNKXJ2-2021ZR26)

* W BRI L W58 T 1« T 2 A R S T higher than those of the latter (P<<0.05 or P<<0.01).
E-mail : zhangyuhangxz@163.com CONCLUSIONS The optimized preparation technology of

B N = (e P YA BRI 56 7 ) s (0 e RE ST B s N Hyp-F127/TPGS is stable and feasible; prepared Hyp-F127/
B & . E-mail: cezyyjal@163.com TPGS shows a sustained-release effect, which promotes the

and duodenum respectively; drug absorption rate constant and

apparent absorption coefficient of the former were significantly
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intestinal absorption of Hyp to a certain extent.

KEYWORDS hyperoside; mixed nanomicelles; preparation technology; intestinal absorption characteristics; Plackett-Burman

design; Box-Behnken response surface method; unidirectional intestinal perfusion model

4 22 Bk (hyperoside, Hyp) B KR BRI G4,
T Z AT SRR, A VRTT O IS B PR
O RE B PR Y IR K2 1
RSN A= R BEAIG, R R ) T LI PRI T8,
FR T T R Y, e R 2 A I iE
P4 W SIS 1002 P 2 A R P L ol R R0 TR v I DR T
RO RCT-B Y K Hyp il 0BT 71 89 f e 3 H: gy 3 Wi
W, X Hyp A= W0 FI R BGsmy T AR A B L

VER—F B TR 25 R G0, KIS R AE K HH RE B 425
TE R -7 G5 ke, NI SE BN BE s 1 25 W i 2k, 4
R E M 25 1 1 RO B A RGE AR . e e F127
(pluronic F127,F127) /& —F ABA %! = jix Bt tL 3R Wy
HAS W AEYAZ M ReRs e A fee tE A HA
WLEE M A e s Pk, RE ) 1z N H T AE W e 2 4
B, B2 1000 4E4E R E 32 A ( D-a-tocopheryl
polyethylene glycol 1000 succinate, TPGS) & HAT (0 £ 1
PR R AEA: R EBRHIRRERTIT A9, & 2 E & i 2
B4 MR (U.S. Food and Drug Administration, FDA ) it
HEM LRI Z —  FER ARG h 2",
TPGS HA R MGV R, T8 B K s A 2= 25
VS AR L, Rl 2 P9 | P WE & 1 (P-glycoprotein, P-gp)
HNHEZE RS TR AT 25 (W RE 1™ A9 B UORE
Hyp #X A F127 #1 TPGS H, 3% F Plackett-Burman (PB )
52 55 % 1 Fil Box-Behnken 1% 11 (Box-Behnken Design,
BBD) i 7 [ i L Ak Hyp 1R & 44 K i W (Hyp-F127/TP-
GS) 1yl 2 1220, X Hgb A7 B s A 5 (RIS, 3 2ok K B
T 1A 5 o) Ji 9 AR TR SR AN Hyp-F127/TPGS Y Ji7 18 W
WCREME , oA Hyp il 51 04 2E— 25 Ak & A, 22
1wt
L1 FENHE

AW FE BT FE B AR A LC-15 /5 30 A 8 3%
AL EEALAE B (H =) A BRZA 7] Zetasizer Nano ZS90
AU R B X (9 5] Malvern 23 w] ) | SpectraMax Para-
digm B Z I RERFHR X [ 45 4010 (L) AR A FIT .
JEM-1200EX 7Y 7% i HL 7 ' 73 5% (transmission electron
microscope, TEM) ( H 4% JEOL /A 7] ) \DF-101Z FIZE K
TH I g B FE A ( LR A ER AR A A
KQ-500B HYR 7 i v vt a (R 1L T A (AR A BR A F] )
Sigma 4K 15 % 5 25 32 VR 2 DML (T2 [E Sigma 24 ) |
MD200-2 T WAL (AT BB AT BR A ) \RE-52AA
Rl 7 g ( R R AEARALAR ) ) \BS100-1A Y fH
T (e AR A IR A R 4 o
1.2 FEHRBSIAF

Hyp % B8 it (15 AF2020041503 , 28 iF =98 % ) 14 [
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BRI IE A R AR R A W) s F127 (45 RA0213008)
TPGS (It 2 RJ0210731) ¥4 [ 74 22 sk A= W R A5 BB
SN R B AL (S S15GS161316) g [ FHFIE A= PRk
Fe AT BR2S | 5 B R — & (1645 20190219)  JE/K B R &
AR (A5 20200106 ) VLB (445 20190215) bR
(#1t'5-20200210) X0 A ¥ 245 4 H AR A IR A F &
JIE R B 4R i Al FLAx a8 R A B i, oK Sy
ZEIRIK
1.3 KN

AHIFFE i FH 5256 390~ SPE 2 it SD R R, i
Jg 2~3A R K 180~220 g, W [ K i 7 52
WS EARA BRTTEAA] WA VPl iE Sy SCXK-
(#)2020-0002, A58 I RAKFEPEZLRFhYe
PR 51 23 HAZALME , SEUES R 2021199,
2 FiEEHR
2.1 Hyp-F127/TPGS Kyl

K FH v JIE 43 i ) % Hyp-F127/TPGS. 43 Pk —
SE B 1Y Hyp X R 5 F127 F1 TPGS ¥ T N i v, 75 (3
%250 W, % 50 kHz, T [A]) %5 f# 5 min, & T 100 mL #f
FEM R, F 45 CoK I s HE e i 2% & DL L B HLIE
HEEMBEE N — 235 s RN e
T2 TR (=D h S, A AT RS pH
(7.4 + 0.1) B B2 £ 2% vl % (phosphate buffered saline,
PBS)3 mL, F 50 C KM, FiF 4 CFLL10 000
r/min B0 10 min, B FIE R, 22 0.22 pm A FLIE BEE LT,
Bk, [k 4 & Hyp 6925 FUBOR (F127/TPGS)
2.2 HypZENE
2.2.1 @R AI%FEh Agilent ZORBAX Eclicpase
Plus Cs(250 mmx4.6 mm, 5 pm) ; i SIAH A 2 E-0.1 %
PRI (18:82, V1Y) s Kl i 1 4 360 nm; #1324 30 °C 5
P A 1 mL/min; FFA£EH 10 pLo
2.2.2  VEWAGHIE (1) X BE AL AT - R % AR B Hyp X
I ity o B ) 5 Bk JBE 0 0.100 5 mg/mL 9 Hyp X
HESR VAT (2) B R T 5 2 1 e SR R < s 3 RS BT
il Hyp-F127/TPGS 200 pL, ¥ F 10 mL & A , i H
IE o, H AR PR 10 min, FHEEE S, $857,400.22 pm ffL
JERE LT U8, BIAS . KA BT F127/TPGS, [R)32: il &
23 IR W
2.2.3 JFEEEEE B M2020 4 MR E 2 ) (D)
LIPSl B EprRe =2 23

(1) E @5 A0 BIFE“2.2.27 TR J7 v i 45 % B
i IR RS R RS, 2.2, 17 T 1 A
BEE e R aig a5 R R 1. RE LR, Rz
AT, Hyp (i I 2 554y, B F127 F TPGS Xf H:
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M2 TE TP (2) et RH L R B W R2.2.2(1) "I
T Hyp i B8 3 W, i A FR R i) g 5 VAR R 43 i Sy
80.40.50.25.25.125.10.05.5.025 . 1.005 pg/mL FY Z 51 %
HER . BL2.2.2(1) "I ) R I VRORT 3R R 5 %)
PRV IR, #2221 0T (a3 SR AR DN 22, LAV 1T AR
SHYNAER (Y) Hyp ot i B A A AR (X0 2l bR i £
5 Hyp B PE [ 15 )7 72k Y=20 893X — 2 396.5 (R*=
0.999 9) , $2&/5% Hyp Ao I ot £ ¢ 4 A 42 M T 1.005~
100.50 pg/mL. (3) K52 B 2.2.2(2) "I R Jy il
FAR S VR, T 2.2.17 01 R (38 A A T HERE 6 1K,
75 Hyp I TAIFR A RSD 4 0.25% (n=6) , W% Jr ek 2%
B R (4) R MEREL 45792.2.2(2) " TR ik A7
2 6 Uy HEIR R A, T 2.2.1 7 30T (83 SRR 5
1O T RO AE [BH )y B, 15 Hyp & =
FJRSD 4 0.97% (n=6) , £IZ kL EE M RIF. (5)F
FEPEZEL H2.2.2(2) "W N AW, /00 TR
B 0.2.4.6.8.10.12.24 48 hE#2.2.1 73 T a3 4%
PSRRI 5E |, 45 Hyp 0 T AL RSD 4 0.68% (n=9) , &
HZFE S AE 2500 T CE 48 h NFa M AT (6) ke[l
WA B8 S AT B9 M & B Y B H T R Y
Hyp-F127/TPGS ¥ & (0.02 mg/mL) 45 1 mL, ¥4 Ji i b
0.5:1.1:1,1.5: 1435 A Hyp % B8 547 0.1.,0.2.,0.3
mL, #% “2.2.2 (2) " W0 T J7 35 i £ A5t 5 U, PR
“2.2.17 TN A SRR A o AN T R A T
A& 30y, AR R [m1iR 24 100.35% (RSD=
1.01% ,n=9) , FHNZ I LR JE R AT

1251 Hyp
10.04
> 754
g
S 5.04
2.5
0 ! L
0 25 5.0 7.5 10.012.515.0 17.5 20.0 22.5 25.0 27.5
t/min
ARSI T
8
6 H
> yp
E4
S
2
0 fr
0 25 5.0 7.5 10.012.515.017.5 20.0 22.5 25.0 27.5
t/min
B AR
17.5
15.0
12.5
>
= 10.0
S 75
5.0
2.5
0

0 25 5.0 7.5 10.012.515.017.520.022.5 25.0 27.5
t/min
C28 BRI

1 Hyp 2ENEERMERZHNBNRERIER
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2.3 BHEMIFHENE

F42.2.2(2) 73T 7 P o A A A R, R
“2.2.17 0T gk SR UERR N A2 |, 15360 354 2R (entrapped
efficiency, EE) : [EE( % ) = i % b Hyp B9 i #/Hyp $ 24
#x100%].

¥ Hyp-F127/TPGS B T —80 “C k4 ff 7% 3 h, jik
AL T AR <—40 C, BE25 <20 Pa)12 h )5
B B i d, B R R T8 o R R IR R T
2 mg, BT 10 mL &N, i AGE & H B A 10 min
VISR AR 2548, PR R G 25, #8250 , 48 0.22 pm B LB A
YEAT, 472,217 WUR R SRR E L T 2 &
(drug loading, DL) : [DL( % ) = V< - s H Hyp (1) JiT it/
R IR i < 100 %19
2.4 PB4 Hyp-FI2T/TPGS HI & EE
M &l 2=
2.4.1 PBEIRBEIT ZSHEBAMRY Y, LLEE NHE
805, Xt F127-TPGS it Lo SR 5 e (LA il {4
BLEETE) Hyp 8255 KABIRIE KL R 251 7 5 R
EEE KFWNZKFEYPITHAEI R, &
F127-TPGS fiim b Ry 2: 1 B A YR 4 50 mg/mL
Hyp #2455 4 9 mg JKALILEE 4 50 °C KALIHAE] A 2 h,
PIHEAT IR 22 PB S e it AR PR R R B 25 3, R
Mintab 18 #4131 PB 5256, UL EE(Y) A AR, %54 i
e R Y 54N K [F127-TPGS it [ (4) RA Y Rk
JE(B) Hyp #2512 (C) JKALIRE (D) JKAkEa] (E) 1k
WEVERAE, ARG 2K, B K (+1) AU
(=1, FACEL AR 1.5~2 %, PBLERIEIT
FIR R 5KV LR 1, SER B A 2R S 25 R % 2,

®1 PBEEWIZITHERSKE

KT 4 B/(mg/mL) C/mg D/C E/h
-1 2:1 40 9 25 1
+l 411 60 15 50 2
F2 PBEWIFITHRHIEER
B 4 B/(mg/mL) C/mg D/t E/h Y%
1 41 40 9 25 | 7935
2 41 40 9 50 2 .73
3 4:1 60 15 25 2 65.69
4 2:1 60 9 50 1 86.94
5 41 40 15 50 2 65.70
6 2:1 60 15 25 2 7532
7 4:1 60 9 25 1 79.68
8 2:1 60 9 50 2 8271
9 2:1 40 15 50 | 83.18
10 2:1 40 9 25 2 79.84
11 2:1 40 15 25 1 80.50
12 41 60 15 50 1 73.46

2.4.2 ¥HEHr % F Minitab 18 #4426 2 5256
A5 AT L 53 A, 45 2 81 7 #2528 Y=0.770 08 —
0.044 074 + 0.002 92B — 0.030 33C + 0.002 78D —
0.035 10E, ZMERIfY R4 0.983 8, Fe W A& 3 RLIF;
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W IE P RE 230 (R%g) R 0.970 3, BEBH XL R %35 T
97.03% MBIV . HH 7 2253 4l 2R (3R 3) Al A, F G 36
1) P<<0.001, U B Z B RITE e 112 b AT B 4k, Rk
B T LA SR R R . R Minitab 18 F /44
AR E AL A B2FE (Pareto) B (& 2A) FIEZSE (K]
2B) QERE R B Z 5 bR IChRic) , 456 20 Pras
AL, % EE S8 R R Z 4K F127-TPGS JE L
JKAR A Hyp £ 24548 (P<<0.001) , T K AL T EE FNER 54
R X EE To B 2 20 (P>0.05) .
#3 PBEWIZITHAESTER

KR Al OREENEETR RRROESEELIR OF P
i 5 0.0493 0.0099 786 <0001
4 | 00233 00233 17212 <0.001
B | 0.000 1 0.000 1 075 0419
c | 00110 00110 8155 <0.001
D | 0.000 1 00001 069 0439
E | 00148 00148 10920 <0.001
WERE 6 0.0008 0.000 1

BHE 1l 0.050 1

ES
KA ]

0 2 4 6 8 10 12 14
FRUEALA;
A. Pareto [¥]

- 504 uC
i 30 =g

L]

—15 —10 —5 0
FRAEAL AL
B.IE&A

2 PB I ITHIERAE L 3N Pareto B F0IE S E

2.5 BBD IR E ALK Hyp-FI27/TPGSHIFIETE
2.5.1 BBD il 78 PBSZIG O EEAE [, DL EE(Y)
FMIDL(Y.) APER TR, B2 KALIREE N 50 °C R AR
IR R 50 mg/mL, PR HAY 34X BE A B i
K Z[BI F127-TPGS i [ (4) KALATE] (B) \Hyp $£ 2}
1 (CO) 1T 3 Z 3K /BT 58 . BBD SR i1
R 57K W 4, LR L HE S 45 R L& 5.

2.5.2 BBD LIRS ff ] Design-Expert 12
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#F4 BBDEZIZITHIERZESKE

KE A B/h C/mg

-1 111 1 6
0 21 2 9
1 3:1 3 12

R5 BBDRWiZITHLHEER

it 4 B/h C/mg /% /%
1 11 | 9 69.18 390
2 301 | 9 7542 296
3 21 2 9 §9.82 5.14
4 B 2 12 5829 493
5 2:1 3 6 6027 232
6 21 2 9 88.45 502
7 301 2 1 5091 286
8 21 2 9 86.96 494
9 11 3 9 66.78 381
10 3:1 3 9 67.10 378
11 21 3 1 59.73 445
1 21 | 6 70,34 wn
13 21 | 12 60.75 317
14 2:1 2 9 8175 497
15 11 2 6 4993 192
16 21 2 9 90.50 513
17 301 2 6 65.06 25

AT 2 5 Bl A Tt AT AR B Y Y R 20
B R4 90K+ Y1 =88.70+1.794 — 2.73B—1.99C —
1.484B —5.634C+2.26BC—12.904>—6.18B*— 19.75C"
(R*=0.996 3,R%;=0.991 6) , ¥,=5.04—0.314+0.20B+
0.74C+0.234B — 0.67TAC+0.42BC — 0.774* — 0.66B * —
1.21C*(R*=0.992 9, R%4=0.983 8) . X [l I )y FL 4T
TN AR INFE 6. T HR,, BRI P/ T
0.000 1, i BB LA G it 24 Lo RPLIE) P>
0.05, LIRS B, EE DL R348 0.991 6,
0.983 8, Pt I A Y 5 ISR e L G AR B R AT, LA 4R
FEX,ATHAFSH BN L T2 . & Design-
Expert 12 55 {22 ] 45 i 24 P 0 — 2 i 1o g 1], 235 5 L &
3.4, M3 EAFTR, A CHRZE EAE &R, %5
A S U] RAGIEIE . A4 Design-Expert 12 304X} ik
TR Z IR RER A i e T2k :F127-TPGS
it 1.923: 1 KABAFE] 2.014 h Hyp £%24 2 9.349 mg.,
FELAAE TR BB T i) EE 47 88.00% ,DL 4 5.14 % .
2.6 ‘mLAHT TEWREIE

HR AR KA O 25 5, 2564 50 b T 20 ml A7k, i &
PLF127-TPGS JF & [ 2 1 K AL INHA] 2 h Hyp £ 2558 9
mg AT 3R UESLG . S5 8RN, 3 IRIIESL A5 EE
(87.20 +0.99) % , DL 2} (5.02 + 1.20) % , 5 4 51 F5 0 {15
B 22 43 SR 0.92% F11 2.39% , B BT8R i ab 5 T2
FE AT AT o
2.7 Hyp-F127/TPGS KR E1EM
2.7.1 JEAMES Hyp-F127/TPGS R & {0, , ¥ 15 % W ;
TEROCRES T, W AT 0L — 4500 S e i, oA R4
)T I8RO0 (B 5A) o kR i B 2 1 mg/mL, B 10 uL
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36 BBDXWiZITHHERER(Y)

JiERR it A iE F P
JEl A 3005.48 9 333.94 211.83 <0001
4 25.60 1 25.60 16.24 0.005 0
B 5949 1 5949 311 0.0005
C 3168 | 3168 2010 00029
4B 876 1 8.76 556 0.050°5
AC 126.68 1 126.68 8035 <0.0001
BC 2048 1 2048 12.99 0.0087
£ 700.73 | 700.73 44448 <0.0001
B 160.58 1 160.58 101.86 <0.0001
¢ 1 642.04 1 1642.04 104157 <0.0001
T 11.04 7 158
SR 255 3 0849’5 04004 0.701 6
e 849 4 212
At 301652 16

#F7 BBDEXWEITHAEDHER(Y.)
TR TFHH Ll ik F P
[l 19.81 9 220 108.80 <0000 1
4 07442 1 07442 36.80 0.0005
B 03240 1 03240 16.02 0.0052
¢ 440 1 440 2734 <0.0001
AB 02070 1 02070 10.24 00151
AC 178 | 178 88.12 <0.0001
BC 0.705 6 1 0.7056 34.89 0.0006
£ 248 1 248 12263 <0.0001
B 183 1 183 90.69 <0.0001
¢ 622 1 622 30733 <0.0001
T 0.1416 7 00202
FAR 0.1082 3 0.036 1 43 0.0057
iz 0,033 4 4 0.008 3
Ait 19.95 16

3.00

2.50

IKAGE /b
g

—
w0
(=}

T T H 1, E B 10 min J5 W E 24006 5, B NS
FRYLW 10 pL g 1 min, WoEZ R, BT, & T
TEM F W%, A W, Hyp-F127/TPGS S 3kIE , Akl , B
Aotk oAl s) (K 5B).

2.7.2 KifE A EETE RO Zeta AN E B Hyp-
F127/TPGS ifi 5 , JIN /K& &4 B, SR ORI SGm)
IZAKR R RIAR 2 HiHEFE 2 (polydispersity index,
PDI) M Zeta Hifi . 455 BN, PRI AHRIAE R (15.02 +
0.16) nm, PDI 3} 0.092 + 0.031, Zeta B {ii }y ( —6.67 +
1.47) mV, £ ILE 6

2.7.3 WA B E K F127/TPGS il PBS il %
BRI B4 500.,100.50,10.5.1,0.5.0.1 pg/mL [ i 5
W BUIRTRIE e 2 4058E B Mo ehnicy , N
i I 1 5 B B ol 1x107° mol/L I Je B 418 . TEA# R
PEMI I _FiR Je B 207 7 0.1 mL, AR AR T,
PN B4 % 58 4 o S TR 49 391 A TR 1 e 1
0.1~500 pg/mL BRI 2 mL , {EREG 514 N S i
12 h AL, FHES ARSI 5 2 Snm BE GO I 4K 550 nm, &
S 630 nm) , 25 R WL 7, B TR, R R4S
T , For JE 5 211 5 5t Wt Jg o I Y 5 114 58 o v 14
SR, A5 S AR 58 5 B K F127/TPGS Fr il U o v Jis
(critical micelle concentration, CMC) , }y 21 ug/mL, $£/~
HHA BRI AR

2.7.4 WA EMESE: W3 /3 Hyp-F127/TPGS, & T
4 CUKFAPAEAE 4 T8, 3 FHCE S5 0.3.5.7.14.21 .28
T B LA IRAR 2 | 22,37 350 F Jy 0 5 L EE #1

EE/% EE/%

1.00
1.00 1.50 2.00 250  3.00 1.00 1.50 2.00 250  3.00 1.00 1.50 2.00 250  3.00
F127-TPGS i i Lt F127-TPGS it It IKALET [E]/h
AHFEASHE B LA B.HZE A H5HE CEmkE C.HZE BHHZE CEmLkE

EE/%
EE/%

0 .
e, 150 : L
g, 100 100 1-2‘127,1?68ﬁ 2

6.00 1.00 ¢\21°

EE/%

2.
2.00
150 - xpG®

D.[FIZ A R 2 B =20 i €] E.RE A 5 C =2t ) imiEl F.H % B 5% C =4k &l
3 BEZEX!EE #2060 S 2k B R0 = 400 iz m E

T2 20224F55 33 5 10
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DL/%

DL/ %

DL/%

—
=4
(=1
(=}

Hyp %2} iit/mg
©
=)
S

8.00
7.00
: ; 6.00 +—
1.00 1.50 2.00 2.50 3.00 1.00 1.50 2.00 2.50  3.00 1.00 1.50 2.00 2.50  3.00
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(FREA 4> 548 000~14 000 Da) PN, Bl 5 B T34 7
A 5 (PBS)50 mL BHEIE N o 1T Hyp AR 124
W, R LR BT A S5, T A 1% 3R ILALER 80 7%
WA R 22 TR A R O BT R R ik R
(37 °C, 100 r/min) , 23 % F0.5.1.1.5.2.4.6.8.10.12,

tREZG G 2022 4E55 33 445 101



6x10°
5x10°4

4x10° 1
=
;—3 3x10°4
K

2x10°

1x10°4

—4.0 —3.0 —2.0 —1.0 0
JEE RO L X K

E7 FI127/TPGSHICMCIUELER

%8 Hyp-FI2T/TPGSHWMTREUERER (X ¢,

n=3)
gt d EE/% DL/%
0 87,99+ 1.4 5124010
3 877124086 5.09+0.08
5 86.782.50 5.0440.09
7 86.75+194 497+0.13
14 8607125 494+0.07
2 85.8941.20 496+0.12
2 85,13+ 141 4874027

24.32.,48.60.,72.96 h i} HUEE 500 L, ] ik b 75 A ] 14
PRI BT o ORI 2. 27 T ) 0 5 e v o
Hyp 98 &, #4%F 20T 545 i ) sl 19 R BURE R

(0):0.09%) = (V'S CHVCOM (R, VA

(B IRAARTL, COMES § UIRURE IR BORR VA T I 25 0 TR
Vo R REA ART, C, R 565 n YR BURE IR R JCAY 5 v iy 24
W B, M o b S Hyp 19 7 1) , >R FH Origin 2019 #X
PRz RN R, T4 i T 2 ) 8N 1% . — R B
J1%F Higuchi HFEIUG o BELFEMFATHI 4 3 0. 45
R, Hyp TR RTE 60 h N EEAR I oE 4, BRUBR L
F3RF(99.24 +0.27) % ; Hyp-F127/TPGS JIi 13 Wk 14 ¢
il B Sk 2% L, 96 h P 1) SRR BRI M (66.30 £2.93) %
H B £54 Higuchi 77 F2 (R*=0.905 8) , i B iZ i o H AT
ZRAER  RERERK 29 P E R R] . 255 LRI 8 3R 9.

100 4

— Hyp

80 -+ Hyp-F127/TPGS

1S3
60
=
Ji
= 404
S
20
0 T T T T T 1
0 20 40 60 80 100
[} [E]/h
E8 Hyp#lHyp-F127/TPGS HIFIMERM ML (X +5,%,
n=3)

HEZED 202245 33 5 101

&9 Hyp-F127/TPGS EIMEMIERIIU G ER

HAER IR R

TR 0.=0558 1+26.543 07333
—Rh 0.=61218(1—¢ ") 08907
Higuchi /i 0,671 1*+14.733 09058

2.8 KRTEMIZWIL LI

2.8.1 MLRAEWAEI & S B E R ARy vk B
Krebs-Ringer’ s (K-R) #F #2143 AIFREL Hyp % BE 5 il
Hyp-F127/TPGS ¥ T ¥y i & , ] K-R & I € 725 2 50
mL, il % % Hyp 30 pg/mL (% Hyp ¥ W& 1 Hyp-F127/
TPGS ¥ -

2.8.2 VEWWH Hyp S kS 25 WL i
B 200 uLE T 2 mL EP 45 P4, i FEEE 800 wL, T
4 °C"F LA 10 000 r/min 250> 10 min, B I , 13 0.22 pm
AL IS, BRI W, 42 “2.2.17 3 €833 4% 1 pERE
FE o 2 MR 2020 47 bz 24 ) (DU ) AR S Wik A 7
Perp g SERL R Hyp A6 55 vk B 1 £R Y 1l
7 1.251~125.1 pg/mL, H (8] 5 )5 #2 / Y=16 701X —
4 089.4(R*= 0.999 8); JiAAE % HE M Faetk(24 h)
P R O I IR B Hyp JE Tk

2.8.3 KRERZEMKBMZHERIE  BC2.8.17 5 T ki
W50 mL B TR0 W, T(37.0£0.5) C/REH i
o PR MENE SD R, BB OREEK 18~24 h, i
FE TR M A 20 % SR (6.5 mL/kg) BRI,
W AR PR BT 29 3 om, B B (251 AL HE ] 15 cm
AEFER 2510 em, [l H B W FAT 20 em ZR4EF 29 10
cm) , TEM B P YT, IF46 A 3 mm B S5FL. SeH
3T CAEMEIKIHHE N, PR A B K, 54k
K-R & I8 , 3T I % L) 0.2 mL/min %% 15 min DL
i i B, P48 18 AR A 1) R VT A 30 miin, B S5 7E
TR e b 05 o 9 2R A BV VR 5 mL 1 EP 7 F
A HETE , [R) B 78 H V1T 4 L 290 5 o 19 EP A IRCAR I 1
W o TP 15 min BT —UEE FAY EP &, [WIRHIRCEE TR
O BRI AT EP A i 25 R . S
LV 90 min, ALV ORI HHR AR “2.8.27 WUR
AT A PEIE AT . ARSI R, K U R
i AR BEER 7K IR 04 JE i R L, st S5 v Y A 7% 2% A
Pk, KREAIE)E & HEBE T, g LK S
PR

2.8.4 Hyp-F127/TPGS iF i fa e PE %5 ##“2.8.17 1
5 BT 45 Hyp-F127/TPGS VAW 57y, & T (37.0 +
0.5) CAKWEHH, 43517 0.30.60.90,120 min 75 BUFF: 1
mL, $% “2.8.2" W T Jy ik AL BEIF A A o S5 R R A
(37.0£0.5) °C'F,Hyp-F127/TPGS % ¥ 1 Hyp 1) & & 1E
2 hINTCH] 2251k (RSD=1.06% ,n=5) , Fa & 1tk BL T
2.8.5  JAREYIEL IS BYHUE VLS A R i B
10 em, FH 3% 36 4506 2 B5E 2 0 1, 23031 B F 30 pg/mL 1
Hyp-F127/TPGS il i, 7E(37.0 £0.5) “C/KiHHHE

China Pharmacy 2022 Vol. 33 No. 10 - 1195 -



IR, 05T 0.2 hIURE , #22.8.27 1 T Jr ik Ab Hi -4y
Mr AT AR (BRI T 2 h i) Hyp-F127/TPGS iR
W Hyp & S AHXT T 0 h B v o Hyp & 19 A 43
). BRSEIGEEEAMES IR 45 RN, 2h N+ 45
W .25 W L el S5 ek Hyp FEASTCW I, 3 26 10,

FR10 HRFEE3 Hyp-F127/TPGS H1 Hyp IR MHER (x +

s,n=5)
il HRE % il FRE/ %
T4 98.77+0.88 Bl 98.95+0.97
= 99.3140.75 i 98.05+0.60

286 HpBWIEN  BSD R EL 40 2, BEHLS N
Hyp + 4844 Hyp =S4 Hyp BIA 4 Hyp 251441 .
Hyp-F127/TPGS -+ 4§ W 4 .Hyp-F127/TPGS %= i 4
Hyp-F127/TPGS [l 520 .Hyp-F127/TPGS 4% 2H , 4541 5
Ho Fe 428,370 F Jr ik b A 14548 , 3 B3P 15 min HUF:
1Yk, 23 7 90 min, 4% “2.8.27 T K 77 ¥k HE4T Ak B 543
Mro ZRABTRE", 3% T T2 RS %5 £ (K. Fl

S TR R (P 1 K= (1 — 2 Loy Y

C. Va 'L

COIH VOLI[
—yxIn( c X v )
Py= 27r:L 12N, VI VoS AR

AR IRV RAAT (mL) v HERGEE (0.2 mL/min), G,
I Cou 3 ) A7 A2 5 YRR O 11 VA P 245 0 1) O ik A
(ng/mL) 5 L A7 43 5 A9 37 A B B8 (om) A 38 T
242 (em)]. R SPSS 20.0 84X 8 a0 47 48 M,
BAE DL x + 5 2o, SRR 2R 5 28 70 A A ) 22 5
P<0.05 &R 25 BA G

45 9L 5 7%, Hyp Fl Hyp-F127/TPGS 1E 54N i Be 447
W, BAE+ 48 1 2 T o A AN K I R
J& , Hyp-F127/TPGS 1E 4 I Bt 1) K. Fl Py, 24 0. 35 5 T
Hyp(P<<0.055% P<<0.01), HH75 11774 Hyp-F127/TPGS
WG . AR 1L,
11 Hyp #1 Hyp-F127/TPGS 7 7~ [5] 7 ER O IR U 5 31

(xts,n=5)
P Hyp Hyp-F127/TPGS
I K/(x10™/min) P‘,,?/( X107 cm/min) K/(x10™/min) P‘,,?/( X107 cm/min)
+oHl 8801052 1.36:+0.04 10.01+0.22° 1.80+0.06°
) 819042 1163025 11.83+1.08° 201 £0.04°
[l 1 5074055 0.90+0.04 980+033° 1.69£0.56°

i 5594065 0.61+0.06 8441186"

a: 5 Hyp He#8, P<<0.01;b: 5 Hyp b4, P<<0.05

3 ITig
RS2 d5 A i LR 265 24 =X, I R AT L = il
WA, DMERRETE SRR, Hyp /5y B0 1 38 i o)
TE4$ 1 BOS A W, 4n Li S5 98 & 30, Hyp 76/ BUAR
PN 4 IR 24 Bl 2 R i Ay SR e [ 7, 4 68 11 ik A= 0 0
JEAUA 1.2% , 475 11 AR e 22 , 40 H )it X AT BB 5 Hyp
H S 4540 S ORGSR AT G o AR IO — Rl B 2

1.4010.04

- 1196 - China Pharmacy 2022 Vol. 33 No. 10

GRG0, HoRNEE A AL I TR - 1
il B, AR T 5 25 R A TT B 5 T SR OK APSERE
5 A7 245 G 32 VR BRI B R s i) B L 2590 5 55 S T
PR A3 A B R, DA LA — 8 B R N A R PR
AN, B/ NI R AR A T 25 )7 I A BR 45 B I
[) , B A A S EURN 58I 7 B e B 10

F127 R AR L e-RIFE N B - RIS L e {poly-
ethylene oxide-poly[oxy (methyl-1, 2-ethanediyl)]-poly-
ethylene oxide], PEO-PPO-PEO} 2H i , L 1 PPO & i /K
Bt i BB 30% ; PEO &5 /k B, (i Be L By
#)70% . F127 HA K CMC(0.003 1% ,m/m) Ak K 4=
YIARZE TN A N85 T 10 2 4, 2 BIARL A i o AR,
SR, PR F127 AHX 2K B REPE | X5 P-gp ZMHEAE 1 5 M AR
IN AR TF 25 s S 260 R, A T R4 AL
ZA R ORI FO R R B, th F127 FL ) —Fh 2
A B M 1) 2 TR T 1 2R W L s R A T AR AR aE —
HAGE . TPGSAE R — A 80 A4 e p P8 15 57) , RERS
P P-gp SMHESE , 9/ 25 AR RELIAE HY | 18556 24 A )
i ffL B B A BE 1. (AATBIFSRE AR Y, TPGS 9 CMC AR XS
3755 (0.02% , m/m) , iX W] GEF B TPGS i A 7E ML 3K v fi
B[] A AR SR A A 2 A TSI 06 RN AH S BF 9 R K
B, Y F127 B3 i, B CMC AR B4R, 31 R AR
PR P I N N 71 S D= I ol a1 8 o 7 R
Hyp-F127/TPGS, il i PB S K% 111k & BBD S5 1 it
ARSI A AT il 25 125 : F127-TPGS it b 2: 1K
AR IE] 2 h Hyp #6254 9 mg., 3 I UESZI 45 0],
Hyp-F127/TPGS [ EE 4 (87.20 £ 0.99) % ,DL 4 (5.02 +
1.20) % , 5 BUMEANLE , UEIZH 4 128808 Alf T, %
IR T2 Hyp-F127/TPGS ki /N JE A 528 434
¥4 H R B2

B 55T 2R, Hyp 76K B B il A Rl
{ATE MRS 4T . ST U, BT R F R AR A
B[ A E AR AR | D G AR ADLA P i T I 5 A T
WA DHE KA 12 B B, 50T S B2 e /N
o N CIE " SE B 45 R w] AT, Hyp-F127/TPGS 7£
o E R R RS R AT, HAE S T BEC W B B S: . F
Hyp % B8 M L, Hyp-F127/TPGS Y K, Fil Py, 34 i 25 T
s RIS s AR s W . TR, S5 AT
ARSI 45 R W], Hyp-F127/TPGS (RSN ik 22
15 L W IS v 16 W 25 TR 5 S RS L Hyp REBE
JiA RE SR I, WS BT /57 , 1T Sk Hyp il 550 (R 2 — 25 F
PRSI EE A S Sl . (AR TR 58 T B REXT
Hyp WIS 520, R gk 1 i 18 9 25400, 6 T i 1 R
(A SE I 1 AT R IR o R, AN IR ZH I AR 20 7 2
X Hyp W WS s ma gt 5y, DL B 4 3 ) B Hyp-F127/TPGS
PR A 5 A AR 7R I Se i o vh S iE— 2525
XK FRHE E Hyp-F127/TPGS J& 0 AE MR, LSS ]
A HEH:

FPEZG 2022 4E55 334555 103



S2% 30k

(1]

[11]

[12]

[13]

[14]

[15]

[16]

JANG S A,PARK D W, SOHN E H, et al. Hyperoside
suppresses tumor necrosis factor o-mediated vascular in-
flammatory responses by downregulating mitogen-activated
protein kinases and nuclear factor-k B signaling[J]. Chem
Biol Interact, 2018,294 :48-55.

TR R BB 22 B ARk A DL [l HEWFFE (D]
T ERRE, 2015.

T, BRI, AR R R, A5 B R SR I b 6 A S B
53 VAR i W AU AU BF 5 [9]. 24 27 24 4 , 2021, 56 (6) »
1689-1695.

KA I BERT T, S5 20 e PR A 1) 7 SR M - AR TR
PR R 3R VIR SR AZ RN K S R B 1 95 RAE S e
TEERIFFE[I]. 5525, 2020,51(21) : 5440-5446.

GAO L, WANG X Q,MA ] L, et al. Evaluation of TPGS-
modified thermo-sensitive Pluronic PF127 hydrogel as a
potential carrier to reverse the resistance of P-gp-over-
expressing SMMC-7721 cell lines[J]. Colloids Surf B Bio-
interfaces, 2016, 140:307-316.

LIANG L N, QIU LY. Vitamin E succinate with multiple
functions: a versatile agent in nanomedicine-based cancer
therapy and its delivery strategies[J]. Int J Pharm, 2021,
600:120457.

YANG CL,WUTT,QIY,et al. Recent advances in the
application of vitamin E TPGS for drug delivery[J]. The-
ranostics, 2018,8(2) : 464-485.

[l 58 25 022 b1 23 b A IR ILR [E 2 i« PUTR[S]. 2020
A AL 5T R R 2R H REE, 20202 466-472, 480-
482.

FERC, B TR, 45 G R R -AEAE R B BEHIR G-
B2 B 1000 44 3 E 37 512 1g 44 K 1 i ] £ B
FE[0].H 524, 2017,48(9) : 1766-1772.

MRS Bk, Ji 1, 4 RERIR/PF127/TPGS- 2 LA
TRG AUR A il 25 K LA R P (0] PR [ 24
F7,2019,30(20) : 2789-2795.

RAH VT, F48, 55 H 5 MR-F127/TPGS IR 540K
B SR ) 5 K R R A T W e 5 [0 P B 2Y , 2020,
51(7):1845-1851.

JaEAE RN SRR A, 45 B R - LR £ 3 pH UK
SR W e ARl - ) R0 2 P B D). VR BH 2 B R
#,2016,33(9) :686-695.

SRF  RLIR MR, A DGR R A 2 8 L A AR A
JB R AE MCF-T7 i 40 i 16 97 Hh 93645 0 [0]. 252
#2,2018,53(7): 1169-1176.

MG, SR, TR, TR R LR E A GURRLR ] %
Je 22 A BT R T RS (0] b 2 s, 2022, 33
(1):58-63.

TR AR, 2R I AR SORTT-RON 1A P Ak pH
(L) 1 R e (A 1] XL ) B 4 22 Bk 1 R B IR 1y b s
HARIMTAN[I]. 74 525, 2020, 51 (23 ) : 5934-5942.
PN, BRI AR, A5 B 5 D 3R BEE R
ATEAIAOSRHIERISE 7] IE 2457, 2019,30(6) : T57-764.

HEZED 202245 33 5 101

(20]

[21]

[22]

(23]

[25]

(26]

[27]

[30]

[31]

WK AERN, A, 55 AL T AL S 2
PSR R B3 1 WA ) 31 02 53 M (0. v S 36 5 9] 2
43k, 2018,24(3) : 30-35.
FE it ity PR AR ] R i o A DK 11 1 2 M A P T
WIS E D] AR - ] R B2 B, 2015,
TERSE , /N7 A, % AT H Rz P A 4K,
T TN H 5 3 BRI R TCRI i WS 5 i [ ], o
Zj)5,2022,33(3) :338-343.
% JiE CYP3A F P-gp: I RZ5 4 (W57 Wz 7], v [
2y FE3E i, 2003, 19(11) £ 1216-1219.
LI Z,MENG F,ZHANG Y, et al. Simultaneous quantifica-
tion of hyperin, reynoutrin and guaijaverin in mice plasma
by LC-MS/MS: application to a pharmacokinetic study[J].
Biomed Chromatogr,2016,30(7):1124-1130.
LU Y, PARK K. Polymeric micelles and alternative nano-
nized delivery vehicles for poorly soluble drugs[J]. Int J
Pharm, 2013,453(1):198-214.
PEPIC I, LOVRIC J, FILIPOVIC-GRCIC J. How do poly-
meric micelles cross epithelial barriers? [J]. Eur J Pharm
Sci,2013,50(1) :42-55
WEI Z,HAO J G, YUAN S, et al. Paclitaxel-loaded
Pluronic P123/F127 mixed polymeric micelles: formula-
tion, optimization and in vitro characterization[J]. Int J
Pharm, 2009,376(1/2):176-185.
BATRAKOVA E V, KABANOV A V. Pluronic block co-
polymers: evolution of drug delivery concept from inert
nanocarriers to biological response modifiers[J]. J Control
Release,2008,130(2):98-106.
DEHGHAN KELISHADY P, SAADAT E, RAVAR F,
et al. Pluronic F127 polymeric micelles for co-delivery of
paclitaxel and lapatinib against metastatic breast cancer:
preparation, optimization and in vitro evaluation[J].
Pharm Dev Technol, 2015,20(8):1009-1017.
MENG X, LIU J S, YU X R, et al. Pluronic F127 and
D-o-tocopheryl polyethylene glycol succinate (TPGS)
mixed micelles for targeting drug delivery across the
blood brain barrier[J]. Sci Rep,2017,7(1):2964.
ZHANG Z P, TAN S W,FENG S S. Vitamin E TPGS as a
molecular biomaterial for drug delivery[J]. Biomaterials,
2012,33(19):4889-4906.
SUN CY,LI W J, MA P, et al. Development of TPGS/
F127/F68 mixed polymeric micelles: enhanced oral bio-
availability and hepatoprotection of syringic acid against
carbon tetrachloride-induced hepatotoxicity[J]. Food Chem
Toxicol,2020,137:111126.
TRABSE , 5K R 350, XUE, 25, 2 A1 bR B 3 J 00K B
B A B0 A R (). R S 38 7 )24 2%, 2014, 20
(17):121-124.
BMRET, MR B2, S S e R AT AR S R i
A3 R DR BRULE MR R SR A O 5 (0. v TR BT 24 2%
2020,29(9):1045-1051.

Sy H #91:2021-12-27 181 H #1: 2022-03-19)

(Dl - R 25

China Pharmacy 2022 Vol. 33 No. 10 - 1197 -



