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R EHNENPRIRRAEF . RIELE O RRWRBCEDF RN

FTLA, EHZ2, M AR, BER, EFRRS, ERE T
1. TR N BB =B, R A 450042

2. HMBEHEYSEERR, W AN 450064

3. dbRUREHMREERE, bRt 100142

i E: BN HIRSFHEHEMYKEHK (buddleoside sulthydryl-modified nanomicelles; Bud-SH-NMs), 5%2[1fk#j3)2
TN FE BB VA 4% Bud-SH-NMs, 5 [E 5 sE3 455 Box-Behnken W it-XUR [Hii% (Box-Behnken design-response
surface methodology, BBD-RSM) ittt 4b77 . X S 46¥r RKAiThTiE (XRPD) Z#r b2y, #5128 (TEM) W% Bud-SH-
NMs SMRIERS, BENTIEE%ELE pH 2.0 Fl pH 6.8 BERZERZZ M (PBS) HHHVREZI1T A, SD KR4 ig 46 T AL T IR 2
Bud-SH-NMs %4y, HPLC ¥EME M5k, THEFEEANZSH. FR  Bud-SH-NMs i Ty SHAEMG R gt 5L
BRI O BENE-58 2. K 2000 (DSPE-PEGao0o-SH) 5ZWH &L A 7.5 11, KEEN9.7mL, KEEE 45 C. Bud-SH-
NMs R, e, JIRRR. RRM AL AN (90.8641.78) %, (10.7610.24) %, (4.14£0.29) %. (49.27+6.82)
nm Al (=18.53+1.12) mV. ZFALHTE Bud-SH-NMs KT8 LATo @ BUR AEE, TOMAMRAERTE, 7 pH 2.0 #1 pH 6.8 PBS
HERRHIE R, B2 FERF S Weibull B8, 253245 R IR, Bud-SH-NMs F3H1 (n2) HINE (5.9340.96) h, iz
WREE (Coma) FURERE RIS DR BE S IR T 2 2.83 1540 5.10 fi5. £5i€  Bud-SH-NMs hife/h, Wi, ety
BEMH T ZT DR, )5 SR 70 5958 2l .
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Buddleoside sulfhydryl-modified nanomicelles: Preparation, characterization
and oral bioavailability evaluation

DONG Ya-nan'!, REN Shu-giang?, LIU Chao', LI Wei-hong!, DONG Jiao-jiao’, WANG Feng-yun!
1. Zhengzhou University of Industrial Technology, Zhengzhou 450042, China

2. Zhengzhou Shuqing Medical College, Zhengzhou 450064, China

3. Peking University Cancer Hospital, Beijing 100142, China

Abstract: Objective  To prepare buddleoside sulthydryl-modified nanomicelles (Bud-SH-NMs) and investigate their oral
pharmacokinetic behavior in vivo. Methods Bud-SH-NMs were prepared by thin film dispersion-ultrasonic method. Single factor
experiments combined with Box-Behnken response surface design method was used to optimize the prescriptions. Crystal form of
Bud-SH-NMs lyophilized powder was analyzed by X-ray powder diffraction (XRPD), and the appearance was observed using
transmission electron microscope (TEM). The release behavior of Bud-SH-NMs in pH 2.0 and pH 6.8 phosphate buffers were
investigated by dialysis method. SD rats in each group were administered intragastrically with buddleoside suspension and Bud-SH-
NMs lyophilized powder, respectively. The concentration of buddleoside in plasma was analyzed by HPLC, and main pharmacokinetic
parameters were calculated. Results The optimal formulation of Bud-SH-NMs was as follows: DSPE-PEG2000-SH to drug ratio of
7.5:1, hydration volume of 9.7 mL, and hydration temperature of 45 “C. Envelopment efficiency, drug loading, settlement rate, particle
size and ¢ potential were (90.86 = 1.78)%, (10.76 + 0.24)%, (4.14 + 0.29)%, (49.27 + 6.82) nm and (—18.53 + 1.12) mV, respectively.

Buddleoside existed in an amorphous form in Bud-SH-NMs lyophilized powder, and its microscopic appearance was spherical.
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Sustained release characteristics of Bud-SH-NMs were obvious in pH 2.0 and pH 6.8 phosphate buffer, and drug release process
conformed to Weibull model. Pharmacokinetic results showed that #12 of Bud-SH-NMs was increased to (5.93 + 0.96) h, Cinax and oral

relative bioavailability was increased to 2.83-fold and 5.10-fold, respectively.. Conclusion Bud-SH-NMs had small particle size,

high entrapment efficiency and good stability, and promoted oral absorption of buddleoside effectively, which laid the foundation for

the following research.

Key words: buddleoside; sulfhydryl-modified; nanomicelles; thin film dispersion-ultrasonic method; Box-Behnken response surface

design method; pharmacokinetic; bioavailability

ST NI HTE . B, W2
YRR — P RS0, TR T RAR B 2k
EW, RGN A. B NN 5T 4G
BRBS, I HRAYUNE. Prafh. k. 81
Y TSR UL, KR IR S AE T 2 Kk
St (median lethal dose, LDso) 1A 2 280.32 mg/kg!?,
TRETME, WK Ze RS, B& e
FRIFRMAG - ZEAEF K I RN 0.059
pg/mL), R[E pH A MK RE (gP) fEHTE
0.50~1.041), KIEHEMVEEEZED, BT EMZ
RIS RAGT IV 2498, FHFEBBET SR
AFRRVER, BN, HAZ P-BEEE (1AM
VEFI R0, e & S 800 IR AR YA BER R
1%, M SAEE AR AR, BT CA S A H
REZ AU, ARG AR EERE 7S . AT RESZ
TEALF R R R Z, AR R e
FEYIARERAR S

K B PR EH A S v 2 T RHE KA v 4 3
TR -7 SE R I ANRRL T, Ride— B TE 10~100
nm, BAEAES. SfE i EmAn-s, my
BRI I 25D (P A s e S AR R P
Se— MR PR IS 28R . AR IR R ERE £
W - B8 2, i 2000 (DSPE-PEGa000) 1 48K 2k 4
WRAZAIE FE 38 iR, AR N — R SR R S TE K
FHH AT EUR TG BRI AR, I S AR FE AR 8.0
umol/LI'8l. DSPE % I uifi 7] J& A K JIE AR P i 7K 4
By, NG SIERSE, 1M PEG /K HL
FRRHFFM, AMUIEISEANE, A4 a4z H
gt e R 1 A AR YA B], CL 35 [ FDA it
HERLH T B2 5038, AWM v S e A

MENRED M EMF IR A, ikt
AT S RRZ 5 Bt I U DX 3 B o e T 4
iy B I (R0, S HA H] P-2R (A T A MR F R0,
B InAA PR o AT R FH S G U e i I
W Rk L BER%-28 £ —BF 2000 (DSPE-PEGa2000-SH)
N MR, A& 5 AR A g 0K RO

(buddleoside sulfhydryl-modified nanomicelles, Bud-
SH-NMs), VIVEEZ, #2j8 kiikEE  ighs, 5
= SLIh g 4E S Box-Behnken it -2 N T v
(Box-Behnken design-response surface methodology,
BBD-RSM) 14k, Bud-SH-NMs 4b 75 o #ill % K57 34,
HIZEZ YK IR (buddleoside-nanomicelles, Bud-
NMs), 35 Bud-SH-NMs #2550 244T 4, N
SEACE I SR AL BRI 25 TR

1 UES5RG

1.1 Y&

Agilent 1200 B4 S 2GHAH (4351, DAD il 35,
EE AT 85-1 BRIt vEs, KGR
IXESA PR AT s AR2140 i1 RF, MERF AL AS
AR AR; DS-5510DTH BUAERAL, FigEris
FANIEH PR AT]; Zetasizer Nono ZS-90 ki FF /i1
1, FEEERA R TGl6 B &G mdEe.ofl, &
g FIRASCE HAES A BR A R RT61212 B A,
YN BB 2GR A | JTEM-2100 A4 57 5 H
T RAEE (TEMD, HAR 74 HTM-BX 2
IR OKAE, 1L VAR EN I & A PR A 7] s FD-
1D-80 2 [ 5 Hff AR B 5V T, Y095 RAMAX
BEHRAT]; UGC-12MF BIEMWAL, bR ks
BHEA R A
1.2 #8

SEAEE AR, S 111528-201910, J5i 8403k
96.6%, HEE A RET AL ST R R,
fL5 20200617, 540 95.2%, A IEEAED)
FARBIRA T i BBt FE g, b5 201022,
JREA L 99.2%, il HEADREERAR;
DSPE-PEGa000-SH ($it*5 20200625) . DSPE-PEGa000
({5 20200408), JINBRAKFHEHRA R #ER,
b5 C12747030, b wMRAEALRHA IR A ]
IR — S0, Hit'S 20201015, [H 254 RIL2AR76G
BRAT; RN, k5 20191120, 1h%R
WA THRAR: HEREE, it 20210525, %
I IREREA TR 7
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2 FAEEHR
2.1 Bud-SH-NMs Ryl &

K FH V5S40 B3 75 V25 1) % Bud-SH-NMs?!-221,
K 5 mg ZAEH I 20 mL FEEH, 45 ‘C R
PR, HU DSPE-PEGa000-SH # BHII 10 mL &4/
R 7E AR S I AR TR, 800 r/min 4 /13
0.5 h, 45 CTEEREZAERIZAIEN. B
FHETEADER, e ZEW. B,
IIN—E MR . — B KT K, PR
(TN 250 W, TAE2sEE 1s), i 0.22um
TFLUENE, E175 Bud-SH-NMs JB 2. 2 HAGKK
W (SH-NMs) [RIiEd & CRInZ4ET), KA DSPE-
PEGao00 [F172: 1] % Bud-NMs.

22 FEEEIRENE

221 (g O3EHN Symmetry-Cis (150
mmX4.6mm, 5um); AN 30 C; WK A 325
nm; JEBIAEN H EE-0.5% MR /K IEWR (35 1 65); it
FEARARA 10 uLs AFBUAEAN 1.0 mL/min, g
R A AET T AET 6500

222 LMERRFEL FEERBEAETRNS 10
mg BT 50mL &+, A 45mL FHELHE 5 min
AR (D)% 250 W, TAE 2s 8K 1s), HIEERRE
E /1S 0.2 mg/mL S AE X HE S g 2. SR A
TS REBC I S EI EA 5,00+ 2.50. 1.00+ 0.25.
0.10~ 0.05 pg/mL — RFUNT RSN, BEREI 2 0%
A (V), IEFRAEFRERE O fELMERIA,
BEHJTRE: Y=42 370 X—258.2, r=0.999 9, ik
993 B TE B 0.05~5.00 pg/mL.

2.2.3 Bud-SH-NMs i sl mEc ) kG %5 i
Bud-SH-NMs JB & 1 mL £ 10 mL &3+, A
HEE-EATR AR (20 1) SmL, #8/ 5min (3
HA250W, TAE 2 [AlER 1s), HE 2 =GR
ER, B FEEEL 1 mL £ 50 mL &, i
AR E S, EN15 Bud-SH-NMs £ i V5 -
224 LREMEESR WEAYPKRITE “2.2.37 i
TR A ARE AT . BUE A REA . Bud-
SH-NMs A A . Bud-NMs i i va Al 52 4¢
0T R TR, F% “2.2.17 TR i S AT I R
R B, ERLE 1, #IFEER TS
tailkg, LERE.

225 FEEEHEE S PLORBERE N 5.00.
1.00. 0.05 pg/mL FISAETT X B IR, 4% “2.2.17
TR 3 S A HERENE 6 Y0, AR, T, KR

A
FAct

B
SALH

C
SALH

D

0 4 8 12 16 20

t/min
B 1 zZ=A#&H (A). Bud-SH-NMs i (B)» Bud-NMs
Hidd (C) MFEEWRBBR (D) & HPLC &
Fig. 1 HPLC spectrum of blank sample (A), Bud-SH-NMs
sample solution (B), Bud-NMs sample solution (C) and

buddleoside reference substance (D)

IR F A IS A RSD HKIKA 0.29%- 0.48%-
0.58%, Z5HRFRPKHERLF.

2.2.6 FfaEtE%E  HBud-SH-NMs il iR E
F=iE, T 0. 2. 4. 8. 12, 24h 4% “22.17 WK
O SF AR ERE , MAS ZAE WA A RSD N 1.62%,
[FVEIAS Bud-NMs AHK i 8 52 16 I AR (1)
RSD M 1.19%, &5 33K 8 Bud-SH-NMs 1 Bud-NMs
BRI AR E T R 4.

227 HEEMFES  HUE—14 Bud-SH-NMs ¥ i,

2 “2.2.37 BUR 545 PATHI % 6 il i i,
e “2.2.17 TR 1 25 AR DA 52 46 8 5T & 4 B0
RSD K 1.80%, [[7%1S Bud-NMs At & i
SFACT 5> 200 RSD N 0.89%, 45 RK 1%L H
HYERLT,

2.2.8 MERAEHEE HL 9 {7 Bud-SH-NMs JREM
0.5mL, ZHET 10mL &, AE. B, K
34, SRIIMASFAET I & (0.2 mg/mL)
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0.8. 1.2, L.6mL, Fffill &bl midl, % “22.1”
TR B AR e F TS 8. 4RER, =
TEE P InEE RDCE N 100.16%, RSD N 1.34%,
[FEMAS Bud-NMs A 5 246 -3
FERIR Y 99.40%, RSD N 1.71%, 4% F2 W v
FER S
2.3 BEHE, HHERTERSIFNE

F52H 1 mL [ Bud-SH-NMs V&2 & T
E GRS FHE 25000, N B SO HL
GEEN4 C, B4 8.6cm) 12500 r/min &L
15 min, BUAMEIE, 1% “2.2.17 TN G540 e
WEFHHNE (M ys). %I Bud-SH-NMs Ji
AW 1 mL I “2.2.37 TUNERAE, % “2.2.17 UK
O RE AR E SR AE R (M ).

B =M e —M ww)/M

HAE=(M o—M we)/ (M oW i)
W 441X DSPE-PEGa000-SH #i14 &

HUH 1) 4% () Bud-SH-NMs YR B E 26 H &
B My, BTUKH7d GREN10 C), BHE
i 0.22 pm FUSLIERE, BRENTHIZY), EELIER
HERENE R H R (M7, THH Bud-SH-NMs 7T

DU R=(M & — M7 a)/M &
2.4 KRR ¢BEALNE

H{ Bud-SH-NMs JRBEK 0.1 mL 225 [ 5058
W, ALK SmL, FRGIRST, TROBRAC R
TERIAE. 24 EUEEL (polydispersity index, PDI) A&
¢ HAT.
2.5 HBEZESIER Bud-SH-NMs HI&4FTE
2.5.1 DSPE-PEGa00-SH 556 H & %52
EFAH RN Smg, KEREN45 C, KA
FUA 10 mL, KEREA 2h, #AERTEA 10 min 5
KA, 5357682 DSPE-PEGao00-SH 55164
=B s, g5 0K 1, Bi# DSPE-PEGao00-SH
AR EAR N, Bud-SH-NMs G 46805
Fa, SERAWIZEHEBANRE, {H Bud-SH-NMs #
IR . RIS S B R R,
Ut B3 i1 DSPE-PEGao00-SH A& H & 1] #215 Bud-
SH-NMs ffa g 5], DSPE-PEGao00-SH 55 {6+
MBI E 2, HAERMPTEREWHER, f5
ZERTPRE LG 5 0 1~10 ¢ 1 3T
252 KEBEBRKESR EEFEHEHERN S mg,
DSPE-PEGa00-SH 5 5L R LB A 8 1 1, KE

#* 1 DSPE-PEGuo-SH SREEHRAELLMFIG (Xts,
n=3)

Table 1 Effects of dosage ratio of DSPE-PEG2000-SH to
buddleoside (X £ s, n=3)

DSPE-PEG2000-SH

S A R b BWEER% AR TIEER%
3:1 52.0310.89 12.4240.34 23.4240.36
5:1 66.03+1.27 10.75+£0.25 16.87+0.22
8:1 74.6611.63 829%0.19 5.42%0.16
101 7447£1.58 6.78+0.17 4.79£0.11
12:1 75.08+£1.69 5.71£0.17 4.28+0.13

IREN 45 C, KEWEDY 2h, EEAERE Y 10 min
LR, BINFESORE R ZIRNE
2. WA KA, Bud-SH-NMs 3t 5 f%k
AR R FEEDL, ATRER BT KA
RURE /N SEME K 5 RS, AR T 3 AR 4024
Yo KGRI RN BARIRIE N, SPEEAH
BHEEZWRE S R, FRUI#ER E7, 38 Bud-
SH-NMs Fa @ it TR, AT KEERBI AR, 3
SR APTREREMBOR, JF 8K G 5~15mL
BEATIRAL -
&2 KEWFHHEM (X£s,n=3)
Table 2 Effects of hydration volume (X £ S, n=23)

KEBML BHEE%  RAEE%  TFEER%
3 52794087 6472014 18.10%0.30
5 6546140 72442023 12.16+0.36
8 7007+1.52  7.69+0.15  9.474+0.21
10 73.82+123 8224022  5.13+0.13
12 70214134  8.03%20.17 11.54%0.19
15 67.80+096 7.722020 15.1940.14
18 64.06+1.04 7.18+0.14 16.80+0.23
253 KERENESR [FEEZEHEHERN S mg,

DSPE-PEGa00-SH 556 IR N 8 1 1, KA
BN 10mL, K& EA 2h, AR TEA 10 min £
KA, 73 B EKERE R, SR I%K 3.
bE % KSR TH i, Bud-SH-NMs A3 425
RSN, UL A IE K AR E R T DSPE-
PEGo000-SH B 3259 . (R IR E] 55 CHlaE =,
WARYHIE TR, VREREHE LA, fEnid
1= R T e A R R M AR e E TR, Z4%%
Gyt gERA, n] LK AR R OR, e Sk T KA
IR 35~55 CHEATMRAL.
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#3 KEBREMEM (Xts,n=3)
Table 3 Effects of hydration temperature (X £ S, n =3)

#5 BEME/EM (Xts,n=3)
Table 5 Effects of ultrasonic time (X s, n=3)

KEWRE/C IR/ % AR/ Y% T2 /% AR /min BEFR%  REEY% TIREER%

30 51.944+1.03 6474017 10.12+0.16 5 72.73+1.54 7.86+0.18 17.2440.23
35 62.71+1.65 6.99+023  9.88+0.20 8 74.594+1.03 8.16+021 11.01+0.13
40 7043+1.03  7.724+0.14 10.04+0.14 10 79.11+1.26 8.81+0.16 7.06%+0.14
45 72974094 826+0.19  7.47+0.19 12 83.694+1.40 924+0.19  5.1940.19
50 78.724+0.92 8.76+021  5.91+0.21 15 78.90+1.08 8.67+0.12 16.274+0.24
55 73.14+1.08 83240.16 1027+0.18

60 64.26+1.31 7.06+0.18 17.42+0.23 R, G RRER AN, SOk H E  JE)

254 KEWFEFIFESE  [EEFEHHEN S mg,
DSPE-PEGao00-SH 5L HHE N 8 1 1, KEIR
JEN 50 °C, KMIARA 10 mL, #8724 10 min
HRMAR, AFESOKERRI R, 4558 W3R
4o &4 1)K IR T ZAR A RHE KA 78 73 &7
J& , TR L) o KB I TR] K IS AT e 20 DSPE-
PEGaooo-SH Eii& M Bl ESE 1, FEZYittes, UIF%
K ETFbo KEWHEIZE 1.5~2.5 h B, BB FRMEZY
BELEBEMZER (P>0.05), HKERE N 2.0h
DURRZRELN, W K G IEELR 2.0 he
x4 KAMEREN (Xts,n=3)
Table 4 Effects of hydration time ( X £ S, n=3)

KERE/M BEE% BAE% TIREE%
0.5 66.47£1.05 7.94%£0.18 10.17£0.12
1.0 71.26+£1.58  823%£0.17 8.24+0.16
1.5 79.181£0.99  8.66x0.20 6.27£0.19
2.0 79.14x£1.15 8.73%0.24 4.79+0.20
2.5 79.05£1.29 8.70%x0.15 7.20£0.19
3.0 68.49t1.36 7.87%£0.21 13.39%0.17

255 HEREBIELEE T D RAT 75
%, RIGEFBIIRAT 300 W I R, #24
BITE I TSN, MOERBEA IR N 250 W
AT, FEAE LG 75 D) 22 T 2 S48 7 I JA] PR 5200
il %€ 246 H BN 5 mg, DSPE-PEGao00-SH 55 4¢
HHEIN 8 1 1, AMEF N 10mL, KEEEN
50 C, /KAEWTEN 2.0 h Z4M4ARAE, 455558
I [ R AR R R, SR AR 5. B R A A )
(FI3G 10, Bud-SH-NMs )63 22 R4 24 &3 Sl
JE IR, Uk B I R 7R R R SR R 25

{EHE PSS TE)IE 15 min B P95 35 FRERA S, HPTRER
Fhim, Ut B I K R P I R 9K e R L IR
FHRY, FEEME TR 4SBT 12 min B, £

N 12 min.

2.6 BBD-RSM 1fL{£ Bud-SH-NMs &7

2.6.1 WAV HE 257 TN RNERBEEL IR,

DSPE-PEGa00-SH S5 b HRHEL . KEEBAIK
AR N Bud-SH-NMs fldt 2 325 & MY E R Y
MECK, W RERAEE X Xo M X3, A,
WABMPIER S HENRLE Vi Y2/ Y5, &4
HA S K2 6.

N TR R 325, RN

/N Bud-SH-NMs &b 7 T2, #gaE R, Sz
AR RAE I — b, T HE S PEIH—{H Coverall
desirability, OD): ORI R ML B WAL, Tt
HARN dnax= Mi— Min)/ (Minax— Mmin) s Minax H1
Mumin 73 5 912 2HAR GG P B KA B /IME, M SR BR
B, @UUMFRB/NELE, HHEARN dnin=Mnax—
M)/ (Mmax—Mumin) 115, @OD fHITHAXA OD=
(dido+d)"*, k NFEFR %L K ] BBD-RSM 1t4k Bud-
SH-NMs 475, 255 WK 6.
2.6.2 BAIMLE . BNV ERA S T fE
Design Expert V10.0.3 B4 7H0 &, 15 OD 784
OD=0.960—0.010 X;—0.034 X,—8.880X 1073 X3—
0.170 XiX2—0.120 Xi.X3+0.130 XoX3 —0.420 X2 —
0.300 X22—0.420 X32. 7 ZENHT R MK 7, BALA
HWEEEZESR (P<0.0001), R2=0.9989, R.f?=
0.997 5, KIUE N 0.1763>0.05, LREMEER,
Vi IH L I BCAR A n] e =7, v AT Bud-SH-NMs
WbJ5 T2k

BT X0 XiXos XiXss XoXa X2y X2 Al
X2 KW EEZSR (P<0.0D). FIHHRZER
HAEMAWE 2. 5%/ Bud-SH-NMs ffEab 5N
DSPE-PEGa000-SH SR N 7.51 1 1, /KAHME
BN 9.69 mL, /KEHEE 44.80 C; FlEE A
89.22%, HWZHE N 10.58%, VIFER N 4.26%.
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# 6 BBD-RSM IEERKFIRITELER n=3)
Table 6 Factor level design and results of BBD-RSM (n = 3)
T Xi Xo/mL X3/C Yi/% Yonm Y% ODME | JF5 X1 Xo/mL X3/C Yi/% Yonm Y3/% ODIH
1 100(+1) 5(-1) 45(0) 77.55 618 1293 0427| 10 75 10 45 8519 9.92 420 0.950
2 50(1) 5 45 4562 5.86 1751 0122 11 75 15 35 6074  7.01 20.83 0.099
3100 15 (+1) 45 71.08  6.63 2092 0.000| 12 50 15 45 5267 8.84 1648 0.392
4 100 10(0) 55(+1) 62.01 5.46 1846 0.000| 13 75 15 55 63.86 7.52 1899 0.320
5 750 10 45 84.81 1009 860 0975| 14 75 10 45 8356 10.11 431 0974
6 5.0 10 55 50.16 7.94 1934 0229 15 7.5 10 45 8574 1023 442 0.970
7 15 5 35(-1) 61.84 721 1569 0409 | 16 100 10 35 7346 656 1991 0.236
8 5.0 10 35 4209 656 1698 0.000| 17 75 10 45 8325 993 490 0.944
9 75 5 55 47.11 5.82 18.14 0.124
xT1T AENH
Table 7 Analysis of variance
WERWE PR BEE BT Ffi PIE | RZERE CEHM HBE Fii PlE
LY 236 9 026 710.16 <<0.000 1 | X2 0.76 1 0.76 2055.13 <0.000 1
Xi 8.00X107* 1 800X10* 217  0.184 5] X2 0.39 1 039 1045.43 <<0.000 1
X 9.18X103 1 9.18X1073 2486  0.001 6| X32 0.75 1 075 2028.60 <<0.000 1
X 6.30X10* 1 6.30X10™* 1.71 0.232 7| 5% 2.58X107% 7 3.69X107
XX 0.12 1 012 328.89 <0.000 1|Z#I  1.74X10° 3 501X107 275 0.1763
XX 0.05 1 005 146.38 <0.000 1| 45xfi% 8.43X10% 4 2.11X10*
Xo X 0.06 1 0.6 173.34 <<0.000 1 | &A1 2.36 16
0.98 | T B o [ ! |
ml ol | ﬁ 9
3 "] 2 N

KR
208

ooty octytoteioes
EXLKRE?
SRR

125

500
75 X

X/Ca00

X,/°C 400 63 Xy/mL
E2 BETE (Xiv X2. X3) SMN{E (OD) HI=4E
Fig. 2 Three-dimensional plot of independent factors (X1, X2, X3) and response values (OD)

5~ 63 XymL

2.7 ITEWIE
N T AETHAE, % Bud-SH-NMs [H14b 75 % Ky
DSPE-PEGx00-SH 5 &N 7.5 1 1, KEK

8 FUNMEASCPRERELE (X£s,n=3)
Table 8 Comparison of predictive and actual value (X £ 5,
n=3)

Al 9.7mL, KAWE 45 C. FATHI% 3 it Bud- BiH QERY%  WAR%  TIRER%

SH-NMs, MEE%., S8 LRTBEE, iHE& PR E 90.86+1.78  10.76+0.24  4.14+0.29

FRRRIRDRT 2 [REDR(2% = (Sbrfl — By By POV 89.22 10.58 426
FXRZE/%  1.84 1.70 ~2.82

M ] S5 R WAR 8, &Aabs AW 21/ T £5%,
DAL bt 3 57 A R W SE P sy . III4S Bud-SH-
NMs FIFH%i %N (49.2746.82) nm, 255 LK 3-
A, Z5rEdE% (PDD B4 0.08240.009, ¢ HLAHN
(-18.53+1.12) mV, Z3 LKA 3-B.
2.8 TEM W&

HY Bud-SH-NMs 7R &3 0.1 mL, IIAZE1R/KH

B 50 %, WRMM L, KH 1.5%B IR,
HA T 5 E T TEM T, JBUKZE 13 000 fi5 R AW
%23 Bud-SH-NMs FIROWAN, $HiR. 253 LA 4,
Bud-SH-NMs Hi§ Z [MToRhE . BOLRLEE 73t A
R KEE, T TEM TR FE 5T e, #os
SR 3 BrACIAS R AR — 4 KT TEM.
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A
1 10 100 1000
H4E/mm
B
-150 =50 50 150

¢ HA/mV
3 Bud-SH-NMs FIRIER D (A) 1 EAL (B)
Fig. 3 Particle size distribution (A) and { potential (B) of
Bud-SH-NMs

& 4 Bud-SH-NMs B4 TEM [&
Fig. 4 TEM picture of Bud-SH-NMs

2.9 Bud-SH-NMs HZF##IZITE

K H 58 B A AR TR 3777146 Bud-SH-NMs
T H . B Bud-SH-NMs V2R, K% 0w A F,
TN EIREEN 5% H R, BGEREET, 7
MRS . T-25 CHEIRIRIKFEFTTAR 3 d, H
W, SZEPREIDE T 25 CETHLE, MES, A%
T 2d, B EI4S Bud-SH-NMs % T} . Bud-SH-
NMs IR 2 TR A& K ZEya /b LA 5.

A-REBW B-ETR  CEBKEMR
A-suspension B-lyophilized powder C-redissolved by distilled water
5 Bud-SH-NMs #9580
Fig. 5 Appearance of Bud-SH-NMs samples

3 #it Bud-SH-NMs T4 2 f5 15 H-1 356
HFHN(90.384+1.69)%, #2558 N(10.511+0.17)%,
DURERA (4.54+£029) %, FifdN (56.91+5.89)
nm, PDI {HN 0.097+0.009, { HAA (—17.94+
1.20) mV.

2.10 SEAR

X BB R AT (Xeray powder diffraction
method, XRPD) X} Bud-SH-NMs ¥ T i B 3E47
W5, KM Cu-Ka #, 9 H53H A 8°/min, M (260
H 3°~45° ML ERIZ . = a4k, YR EG
) (Lel[F Bud-SH-NMs 4 T3, X HIES) Al
Bud-SH-NMs - T-Frid &5 T Has g, s
JEHPEE, B LM 2 RN E T X 8K
TS, R IE 6. FHFIRBAERZ
s, Bl 12,10, 15.6°%5 b g . MIBIR-E )
FE S AT AT SR BIX 2 AERFAIE f B0, {H A i 2
e oty H 5% B 254 R 8 55 . Bud-SH-NMs 1% ¥ 1
XRPD BTN AT W %2 38 25 (1 4k () s R A g, 33
A SR AT AR o 8 B AT AE

Bud-SH-NMs % F-#

YRS

=k C

N
N
0 10 20

AT B2

30 40 50

20()
% 6 Bud-SH-NMs ¥mHAI XRPD £553R
Fig. 6 XRPD results of Bud-SH-NMs samples

2.11 BERERNE

B ES A FRZ . MERAY (W5
ELEE A7) [F] Bud-SH-NMs % T8 ) #1 Bud-SH-NMs %
FHET 5 mL ¥ pH 2.0 PBS 1, T 37 C/KKH
Fg F3 B EE 48 1, 12500 r/min 250 (B 02F4% 8.6 cm)
25 min, B EIEBEAEDE SRR . [FEDE S AR
T JERL 24 YRR A YA Bud-SH-NMs % F-¥ 76 pH
6.8 PBS HIFMASE, SR WK 9. FHILHEY RS
YIRS — XN, 75 DSPE-PEGao00-SH
SEAEHG AR A OG0T, AL H £ Bud-SH-NMs %
TR A3 B ORI, fE pH 2.0 PBS fll pH 6.8
PBS ¥ il 53 A3 iR A2 29.88 fi5 11 27.94 5.
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R BMENELER (X+s,n=3)
Table 9 Results of solubility determination (X £ S, n=3)

AR E/ (ng-mL ™)

e
pH 2.0 PBS pH 6.8 PBS
SAH 0.2410.02 0.31£0.03
YEREY) 0.6310.04 0.860.05
Bud-SH-NMs % T4} 7.1740.12 8.66+0.15

212 RIMEHIEREE

WS RRL 25 SRACE AW (DMSO i)
A1 Bud-SH-NMs 4 T-Frid &, (1 586 H % 84 5 mg,
A 4 mL B JE B T @ sd GEEA A 45
TR EN 25000, LA pH2.0PBS (1% 0.5%
SDS) 900 mL, JMiafEN (37£1) C, kN 75
r/min, HUFERACA 00 0.5 0.75. 1. 1.5 2. 4. 6.
12, 18 24, 48h HUFE 3mL, #MINZEABZNHE 3
mL. FEAHZE 12 500 r/min &0 (B0¥4% 8.6 cm)
25 min, 3k HPLC 5 & & . [F7%% %4E pH 6.8 PBS
(% 0.5%SDS) HREZIENL, 2RILE 7. ZEHE
AT 2 PRGN PR 2GR, RIABTAS AR
W B 24590, (R SRR T TR 2 R TR AN A2 15% - Bud-
SH-NMs T 7E 2 FloRE 2547 Jit o 2RI H BH 5 (1) 2%

100

pH2.0

80 -
RS
60
§ —=— Bud-SH-NMs T
K40 —— ZEHE
Bik —— R ERIZ

20

0 &

100 pH 6.8

80 -
. ]
# 60
B y o
s —s— Bud-SH-NMs T4
511?2 40 - —— T

—— TR
20
0 - - ‘ - ‘ !
0 12 24 36 48

t/h
7 RAEEHRRZA . REHRRM Bud-SH-NMs FFH7E
pH 2.0 PBS #1 pH 6.8 PBS AFEI{RIMNEREIZ (XL S,n=6)
Fig. 7 Release profiles in vitro of buddleoside raw material,
buddleoside solution, and Bud-SH-NMs freeze-dried powder
in pH 2.0 PBS and pH 6.8 PBS (Xt S,n=26)

FEFFAE, 48 h REVEETHE S 7 80.46% A 69.57% .
BRI A 45 5 LK 10, Bud-SH-NMs R 4MNEZ
LR Weibull BAYHE RS fermy, Ui AR AMEEZY
T FR AU IR AR
Fz 10 FEpuRd
Table 10 Fitting release model

IR AT WA IR R?
pH2.0 EJMHEA  MJ/M.=0.0104¢+0.1963  0.798 4
PBS it In(1 —MJ/Mx)=-0.023 7 t— 0.952'1

0.240 5
Higuchi B%! M/M..=0.095 6 24-0.089 7 0.952 3
Weibull #£%  Inln[1/(1 —M/M<)]=0.634 4 0.964 9
Inr—2.003 6
pH 6.8 FHMHM  MJ/M,=0.0132¢+0.1725
PBS —ZifEH  In(1—M/Ms)=-0.024 11—
0.185 4
Higuchi #%! Mi/M.=0.107 3 1240.046 3 0.946 2
Weibull #£%  Inln[1/(1 —M/M=x)]=0.630 7 0.954 3
Inr—2.020 8

0.765 5
0.876 7

AT, MR T RV, Mo Aot RAVEEINEE, M/M.,
o ¢ I A] S ARRE TR B 3

t is time, M, is the cumulative release rate at time ¢, M, is the
cumulative release rate at time oo, and M,/M., is the cumulative release

percentage at time ¢

2.13 Bud-SH-NMs A F#iaEMHER

HUH i % Bud-SH-NMs % T8, %, HTHE
IRIEIRAE T GREEE 30 °C, B 65%), BUFEAN 0.
5. 15, 30, 45. 60~ 90d, 45l A3t A A
K, GERILE 11. 90d J5 Bud-SH-NMs % T4} L 3f
FAIKT 88%, VL2 /NT 5%, 1] W, Bud-SH-NMs
VR e t R 4F
2.14 Bud-NMs M EFTF#HEIHIZ

%% Bud-SH-NMs s fEAL T T2, RAIARSHE
TR FAR 4 8L DSPE-PEGa000 fill % Bud-NMs Y27 -
MRS B 2N (92.4741.24) %, #H5EN
(10.94+0.21) %, VRN (4.76£0.22) %, “Fi

R REMAELSER (X£s,n=3)
Table 11 Experimental results of stability (X £ S, n =3)

#d  AEE,  UIEERY% |vd BEERY% TTRERY%

0 90.38+1.69 4.5440.29 (45 88.931+0.94 4.73+0.27
5 91.09+1.03 4.06+0.32(60 89.07+1.69 4.69+0.31
15 89.72+1.44 475403690 88.16+0.92 4.76+0.34
30 90.35+1.01 4.44+0.26
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it N (53.61£5.90) nm, § AN (-19.25+1.09)
mV. i Bud-NMs B &, 1% “2.9” T~ LR,
il % Bud-NMs 185, 2K Z 3 5SS e E T
FEEEFN (90.77+1.51) %, EZhEN (10.72+
0.19) %, VRN (5.04+027) %, FHKEN
(60.22+6.19) nm, {HAK (-17.85£1.31) mV.
2.15 HERIFAR

2151 ig BHAEAIECH] BGRAETERZ) . Bud-
NMs % T3 KA Bud-SH-NMs ¥ T8 K& &, 435
KH 0.5% CMC-Na 7K VA0 BC I B i IR .
2,152 SEEST5%E HLSD KRR 18 WA, MEREIRA,
BENL > N R R 2540 . Bud-NMs % T8 KAl
Bud-SH-NMs &R A, RRAHAMRES Y, dx&
HORRARE, # 40 mg/kg 7lE ig 42 (LLZEAET
R . FEFERZY 0.25. 0.5, 1. 1.5, 2.
3. 4. 6. 8h I, Bud-NMs #l Bud-SH-NMs #H4}
UGN 10 h A1 12 h B AL, B2 0.25 mL,
BT HEREMECEY, 3500 t/min B0 (B0
Y42 6.8 cm) 4min, ik, B EEMIEKEE T —
THEOLET, BIHRRAT.

2.15.3  IFERALER R AR EUAE i R TR HE
16 mg ##54 100 mL 2, I FHEEMRE 2 2
IR FH FFEERG RE 22 800 ng/mL BN7S Y FRiAW . I3
FESE T 37 CoKIEH R, 5% B PUM R 100
L R FR M YRR PV SO uL 2 B0, I
2 mL FEERGEVRS] 5 min, 6000 r/min 250 (BSL»
F-4% 6.8 cm) 20 min. HU LiEH, BT 37 CAKBH
BAZENEKT, A FHE 100 L @€ 1 min Bi%,
6000 r/min Z5.C» 20 min, H_EiE 7 R AS IR S0,
2.15.4  MZEN IR AR AE 28 RV BUR &=
WEEN 10 pg/mL ZELEH X RE S, FF s PR 15 il
2000 1000, 500. 250 100. 50 ng/mL [1]— &4 i
FRBON IR, SRR A & 100 uL,
BT 37 CRBPEIKEERT, MAKRZAIM
H 100 puL Jw i€ 1 min B2, 195840685 T EKE 5
A 2000, 1000, 500. 250. 100 50 ng/mL I %}
HBR I o 4% “2.15.37 TR J7 v A i 25 15 Rk i
T PR (1 I 2RO B VAR, 3E HPLC U it
T AR A ST I THIAR o AR 2 W T A EL A 2 A4
W (YD, ST RERE AR (XD, LPERIH
Ja 8 ¥=0.987 5 X+7.156 2, r=0.9958, 4%
RBWAZAETAE 50~2000 ng/mL fFEEL ML R
2155 LREMEES A MR EN € RH

“22.17 TR RS At o B IR L IS0 R I
A1 Bud-SH-NMs ig 12 h 3% F¢ 5, 43 3% “2.2.17
TR i A AT, SR 8, RN
JEPEV AN AR IS AR = A0, T8

ERETEE

A
Wz
B
AL
Ea
C
FALH
0 4 8 12 16 20
t/min

8 FHMEK (A). MRITBRIFR (B) MMEHER (C)
i HPLC
Fig. 8

reference substance (B) and plasma sample (C)

2.15.6 NEHEEFELE ST ERZ ig 1.5 h AT
JREWE Y 504 500, 2000 ng/mL I3 % HE 5 VA,
A 1 d PESHRE 6 I, RN S E G
FRELF) RSD 43514 9.16%- 3.83%-. 4.27%, F&HH
PRGSO JELRINR 6 d, THEE NI ST
U THIAR LL I RSD 205 6.42%- 5.67%- 7.25%,
BH I TAD RS 2 R Ao

2.15.7 FREMEHEE  BEEGE)ERZ ig 1.5 h i
WRES, T 0. 20 4. 8. 12, 18. 24 h HEkEIISE,
THEAR NI S ZAEE AR LI RSD 4 6.09%, #&
BRI 2R A e M R4

2.15.8 MERRFEFELEE BUREIREZ N 50, 500, 2000
ng/mL ZFEACTFEXT IR, 4% “2.15.47 TR J7 ik &
TR AR, i “2.15.37 TR I VAT A TR S
HPLC & WAR 5 SACH AR, IEiH B m tfE,

HPLC spectrum of blank plasma (A), plasma
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N Y=0.987 5 X+7.156 2 J7 FE 1T ELME R ER
AN AR5 Ak P55 S o ot B vk P A LU R Tl R
SRR N 96.17%, RSD N 2.97%, 7% W R
LIg=TR

2.15.9 EERMNRES WEEIREA 50
ng/mL [RIZEAEH M0 B SRR, BB Rk, DME
WE LGN 10 1S E R A 8 ng/mL, {ERELLN 3 I
AN PR 9 4 ng/mL.

2.15.10 Zigheai i At R 9, M2k
FEHHEH DAS 2.0 #ARAE 5 = 85880 B E 347 45
M, ERILE 12, 5FHEE taaxs t12+ Cimaxs AUCo

1.8
_ 1.5 —i— Bud-NMs % T8}
TTE] 121 —=— Bud-SH-NMs T4}
63‘2 0.9
=
®
iR 0.6
=
0.3

El9 ZREhZ (X+s,n=06)

Fig. 9 Profiles of plasma concentration-time (X £ S, n =6)

Fz12 FEHAHMFESY (X£5,n=6)
Table 12 Main pharmacokinetic parameters (X = S, n = 6)

24 LA AT Rk Bud-NMs T4} Bud-SH-NMs % T4}
tmax h 0.931+0.32 1.60+0.51" 1.56+0.46"
tn h 2.61%0.88 3.87+0.74" 5.9340.96™
Crnax ng-mL™! 445.79+81.06 1182.34+392.07™ 1259.46+413.28™
AUCo~ ng-h-mL™! 1239.444389.12 4 456.91+576.95™ 6324.90+689.21""*
AUCo-» ng-h-mL™! 1280.151+403.34 4 601.36+594.68™ 6 588.75+766.52""*
HREHFERZHE: *P<0.05 “P<0.01; 5 Bud-NMs H#%: #P<0.05

“P<0.05 "P<0.01 vs buddleoside drug substance; *P < 0.05 vs Bud-NMs

A AUCo 5258 =24, Bud-NMs HH &%
PEEAE (P<<0.05. 0.01), 4531 Bud-NMs 448
TR EEEANAEN AT, B e BEVERESS 2
(1.60£0.51) h, t1p ZEK 2 (3.87£0.74) h, Cinax Al
R 1 AR ST A6 A0 ) FH BE 4 ol 4 v 22 2.65 A% 1 3.60
% . Bud-SH-NMs 8% S5t A B E 8 (P<
0.05. 0.01), HA fme BEHIEFE (1.56£0.46)
hy tip EKZE (5.93140.96) h, Crax AT AR
AR B S IR A 2.83 4540 5.10 £% . 5 Bud-
NMs #HEE, Bud-SH-NMs ] t12« AUCo, F1 AUCo-0
B SEMZES (P<0.05), ¥t Bud-SH-NMs &
W VE F K
3 g

SEACTT VS R FE AR 22 , i3 8 SR i v i 22230
ROTRERHR-RARILRY L RO FERON
P UOSE R4 RL R ) 25 DK IR, H 325 3 3K T
DSPE-PEGa000-SH » #f #3251, 1l Jig Bt AEL AR ] 5 X i
PEZIVZ M S — PR &, 3 e VP v A
5 . DSPE-PEGao00-SH 45 14 H A T NS IOE E Bk BEAZ 25
M, TIRES N SEACH A —E FISEEIER, dimiAR T
WA TV NI

BT A3 0 FUAL -V TR R i AR o) -

TREEAT T ER AR, 25 R B oy B e )
R ER e, HEER R, EEMERLF. AR
& T 245 IR SRS K A R EGUKIER T
21T 5y TR R B R A KL DSPE-PEGao00-
SH 5 /KB (DSPE BEBL), HE M A& AE B[R] £ 2|
G T BRURR T 45K (P K e R4,

Bud-SH-NMs % T3 ¥ XRPD Hff 7t 45 R IR,
FACEHIAAERE R AR RS, HSAOIRES TR
T BIRAS, FITVMEE . W AR )
a2, AT AE Bud-SH-NMs V4 T 1A i FE 4551
WRIE S, TTREH TR K TR JoE A TER
A LLJ DSPE-PEGao00-SH A EHEIA SR KA K. 7]
A& H T DSPE-PEGao00-SH MR BEIEH, 239
BERANTRH B, BagmTFHEATS
DSPE-PEGao00-SH # K} 2 [H]JE i 1 HEA0AE F 71201,
XT3RS B T BRI BHIRAE A, AT S 2L Bud-
SH-NMs RS2 HAA R I RERHIE, 1R 25T
AT RE X 2 A 2580 24T = A 5

A R R, Bud-SH-NMs Y fomax 525 P
LE J5 7T R 5 A M R B E A L7281, Bud-
SH-NMs KiA25/N, 25 55 W BT B T 5 5 A Tfi 2
2% NI, 33410 [ DSPE-PEGao00-SH #4414 A]
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5 RN B 5 1 I R DX I3 Fs o e 3 T 38 o

FE I RU921, R 2 B tmax KAEBEVELESS -
Bud-SH-NMs (1] 11 KAEREFEVEEK, ATREfH T

Bud-SH-NMs Zitafa e hiim, nlpe iR Rt

NIRRT, 7F Bud-SH-NMs F i) PEG K%

FIKAEIAEH TN S 6 K, FIT4ERFZY

W FE . Bud-SH-NMs (1) Crnax FIAHRT RIS A4 F)

FEE AR B2 A S, W RESE T8 RE T

GRS A G52 A N & Pl pH B 55

DRI R (P52, 35N 24504 9 A2 € 1424 Bud-SH-NMs

BN T SRAE IR RE S MBS, T 2504k N T

W 1 SR VEREAIG N T 25D AEAAR N 1) I 24598 FEE /K

¥, BT EEMFIAE; DSPE-PEG0-SH #4

BErRSEE T 0] P-2 3-SR AMEE R Bud-

SH-NMs K [H¥) PEG KEEIE N 1 58K, FT %%

B T8 R N MR IABY, &3 m T 24 1)

RIS A=Y R . 5 Bud-NMs #HEL, Bud-SH-

NMs { R USAE B K, UE A 51 NS 2E 40 F1 8L DSPE-

PEGa000-SH & 21129301
2i b, AWI5ENR T Bud-SH-NMs 4bJ5 T. 24

T, RGUOKGIFARSME R RHE A 2, BERH T

RIS, (EAF3E— 2090 . o S 75 3% K77 4k

ST H R A RSB E . U 2R

T, FEAZEAEEHF A TR A4
FBAR ALY EAREEAZFR

BE 3k
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