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Preparation of cucurbitacin B nanosuspensions with PEGylated chitosan and
pharmacokinetics evaluation of its lyophilized powder
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Abstract: Objective To prepare cucurbitacin B nanosuspensions (CuB-NPs) with PEGylated chitosanas stabilizer, and oral
bioavailability of'its lyophilized powder was also investigated. Methods Antisolvent-high pressure homogenization method was used
to prepare CuB-NPs. Single factor experiments combined with Box-Behnken design-response surface methodology (BBD-RSM) was
used to gain optimal prescriptions of CuB-NPs. Particle size, polydispersity index (PDI) value and { potential were determined,
morphology was observed by transmission electron microscope (TEM). Lyophilized powder was prepared with 5% lactose as
lyophilized protective agent, crystal form of CuB-NPs lyophilized powder was analyzed by X-ray powder diffraction (XRPD). Release
behavior of CuB-NPs lyophilized powder in pH 2.0 and pH 7.4 phosphate buffers was investigated by dialysis method. SD rats were
given cucurbitine B and CUP-NPS lyophilized powder by instillation, concentration of cucurbitacin B was determined, and its relative

bioavailability was also calculated. Results Optimal formulation of CuB-NPs: ratio of cucurbitacin B to PEGylated chitosan was
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1.95:1, homogenization pressure was 100 MPa and homogenization times were 11. Particle size, PDI value and { potential were
(265.71 + 13.46) nm, 0.116 + 0.012, and (33.14 £ 1.39) mV, respectively. Morphology of CuB-NPs was spherical, crystallinity of

cucurbitacin B decreased in lyophilized powder of CuB-NPs. Cumulative release rate was more than 90% within 2 h in pH 2.0 and pH

7.4 phosphate buffer, and the solubility increased to 58.58 times. Pharmacokinetic results showed that relative bioavailability of CuB-

NPs (newly prepared) and CuB-NPs (accelerated storage for 6 months) were 4.87 times and 4.48 times, respectively. There was no

significant difference in pharmacokinetic parameters between the two samples of CuB-NPs. Conclusion

CuB-NPs increased

solubility and dissolution of cucurbitacin B, its storage stability was good, and effectively promoted oral absorption.

Key words: cucurbitacin B; nanosuspensions; PEGylated chitosan; Box-Behnken design-surface response methodology; dissolution;

pharmacokinetics; oral bioavailability

B % B (cucurbitacin B) J& T VUM =551k
“W), o] NE P RVEYE K Cucumis melo L. HEHL
=2, BAEPUME. PUR . RIS 2 R 2y g RS,
PEARIEWHT 2 B MK 2B R E0N 2.088+0.04, H
A EMsERRE, REANEEHSER B £ 25 CK
HHVA AN (9.6410.12) ug/mL, WKHIELI T2
Y. Hi R B £ PR RYL), £ Wistar
KRN EDRIHE 1.37%0, SRR
fl. HAT, #R B ABRESY. JEFgRHK .
It 1A 7 WA ST FT T, (HBEIRE S MRITER, &
WNEZWE: TRPUKRIRRIRZ, AT 5%,
WARAR: [ A BUASE B B v RENT &, AT FR
i T AEVIA T SR R R, HAS B B, AR
EVEZE .

KR EF (nanosuspensions, NPs) A {3 $2
e MEVA IR 2SI AR VA R K AR H -,
SR ARG T Al 2508 — R AR RS
TREREY. RME MRSy NPs i€ ), H
R TR SR ERCR A, RS A B
— AR B 2 R AR E R A
NPs EHH K& X, PEG X EH (PEGylated
chitosan) & — &2 MBS &, SR/KPE R AT,
TR B L SR A (A B A e HE R 15 2 AL
SRS E ML RAERE NPs (R PEI2), B T A e
FIFp R A&, #em#ZisE. PEG e A &t
A RN P-FE H 0 25 R HI0S 14, sEn 24
YIRS 5 H RTEE WK PEG 78 RBEIE AR E 77
il % NPs HIRIE, AHEFERM PEG 1525 pE A
E R #H R B 9IKIE &G (cucurbitacin B
nanosuspensions, CuB-NPs).

B LI e K30 (PVP K30) /& NPs # H
H—FhAs g P10, HARE RCRAL T HoAth b 2R 0 AR
SE NS OB 72 R PVP K30 Sy g 7 il %% CuB-
NPs (PVP K30), LA CuB-NPs (PVP K30) Jyxf

K #4¢ CuB-NPs (PEG L7eHE) TEff A7 Fae ik
T AR FE B S5 D7 T A . it 5 AR e R
BAERIRaET (PVP K30) HEATXTEL, SKiE/R PEG
TS MR NPs A28 R 77, HON# % B il
FHEHT Je 25 HEV PE R 3 () NPs B AR SR A 45

1 425, MRS

Agilent 1200 B S RGHAH (354X (HPLC), £ H
Agilent A 7]; Corona Veo ! LI 5 K6l #% . Thermo
Finnigan LCQ RV FHAY, FEBR KAXAS A F]; HI-
| BUIEIRINIRE P38, N T SEERA A TR
A F); MSE 125P-CE B HL7KF, 15[ Sartorius 2
Al JEM-2100 B35 T B (TEMD, HAH
TSt D8 B X SRR RATH, BRFIA
i gs /A BDF-86H50 AUBKIR VKA, (L4 19
RPNV RAR; ZL-10TD BAGHTFEENL, b
3 SRAX AR AT BR A W] 5 Nano-S90 ZUi BF /3 M, HE
DR SCHANRLA 7] AT612 BUE AL, B s
1 BRI A PR A F] ; SHH-SD-2TA Zfa 2 MR 644 ,
PR AR R B £ PR A F] ;s Ti-Lab B4 J5AL,
AR B A7 PR A Bl s HNDK200-2 B %0
U R IE AR A R A .

B B MR (k5 980524, i AL
98.5%) Wi &K B JREIZG (L5 211224, FREHEL
97.5%), PZICMAEYFRIEAIRAF; PEG sk
Wi, 2R /BE =90/50, #L5 202205, PUZE:
¥R AR A A R, #S
20221017, FiEDH 99.0%, AR B4R A YA
HIRAF; PVPK30, fits 20201101, EigE Sk
TR EHEBR AW FLBE, i'5 20200514, #5IHF
BB AR A .

36 R SD KR, T, HiiEHRN (220420) g,
MERE SD KR % 18 K, 114 H AT rg 7 5 DL A=
B R AR, GRUEd 58 SCXK () 2020-
0005, FTA 4 S s g e B 2= 2 = 55 TR 2R
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2.1 CuB-NPs #ll& T2 RigHrE

2.1.1 CuB-NPs #l% T2 ¥ 5 Bk dl &
CuB-NPs. HU 30 mg #i/& B FREIZ5E T HM, I
A 20mL KO, FBAERESA VA BRI TT
HWFEAINE 50 mL Z&18K, BT 60 C/AKiftH
WS FE (600 r/min) ZEETE KA. A WA
A KA, WA 2 hy FEIREIFEUK, 0.45 um
AL uEE gL, *MnZ&IE/K S 50 mL BI#3 CuB-NPs
TR

2.1.2 CuB-NPs¥ife & CHALIE  HX CuB-NPs Vi
VUE R, SRR 40 £, BT Nano-S90
RUREFE 73 B 3G 5 R AR AN 22 73 BB 4L (polydispersity
index, PDD) fH, HHU&EE CuB-NPs BB E T
HALRE A, e C R ARSI 3 vk, B
SPIIME

2.2 CuB-NPs H#5% B 2 2E

221 ik ik iA Agilent Eclipse Plus A4
(250 mmX4.6 mm, 5 pm); VSN 0.1%H /K
-1 (40 T 60); AHIEA 30 °Cs AR 1.0
mL/min; KN 228 nm; FEFEEN 10 ul; FIE
BB LAHI % B HAMK T 6 500.

222 LMK RFEL KEWNEH R B AW
10.0 mg & 50 mL &)+, INONGE A EE, 1950
BN 200 pg/mL #%2 B W g . R
ZERFEK 0.05.0.10+ 0.50+ 1.00+ 5.00+ 10.00 pg/mL
BYIREIREE, % “2.2.17 TR i 55 & #i
B SHEKE (O Mg (v, BLyxt x it
TR, BRIETRE Y=3537 X+2.69, r=
1.000 0, Z5HRFRFH 2 B 7£ 0.05~10.00 pg/mL
LMERR R

223 MEMIER Mm% K% CuB-NPs &
1.0 mL & 50 mL SR, I EEE A AR T e
2%, 0.45 um FUALIEEEE, B SmL B 10 mL &)
o, B AR R E 2 R4S CuB-NPs fia i A
224 EEMEEL B PEG e R FLRES AR
BCHIBAPERE S, 3% “2.2.37 TR J5 30 1 B PR RE
. A 2 B W RR AR (IR E RN 0.05
pg/mL) Fl “2.2.3” TR CuB-NPs il i, 4
A% “2.2.17 BUR g AR E, AR AE 1,
SERRPH R B ISR Z ISR T, Z
LR RLT.

W #E B

0 6 12 18 24
t/min

1 ZTE#HMm (A #HAEBRME (B) 1 CuB-NPs £
m (C) A HPLC
Fig. 1 HPLC spectra of blank sample (A), cucurbitacin B
reference substance (B) and CuB-NPs sample solution (C)

225 HMEEEEL BUREIKEH 0.05.1.00.10.00
ng/mL #i2 B X RREIAW, oAl “2.2.17 TR
AL E 6 Ik, THEAFHI & B WG
RSD 4354 0.63%. 0.43%-. 0.82%, 45 F3% ks
FE R 4f.
226 FEMES  H CuB-NPs SR AR, 77
THI%J5 0. 4. 8. 12, 18, 24h, 4% “2.2.17 WiF
g EE, THEAH R B MM RSD A
1.25%, #5510 CuB-NPs il fiis 7R 24 h E&
EME R
227 HEEMEZ H CuB-NPs EEM, 14“2.2.3”
WUR 7 PAT 4 6 il ISR, 3% “2.2.17 T
TS FARINE, tHEASEI R B BUE Y RSD
N 1.50%, &5 FRHIZ000 EE R AT,
2.2.8 NFEREMGEFES  FEEIL 9 AR 0.5
mL [ CuB-NPs JR &, BT 50mL &+, 554
i i 3 41, 43 RS S I N B 200 pg/mL
Hir g BT EMIAER 1.0mL (K). 1.5mL (1),
2.0mL (), % “2.2.17 TR il 24 I e b 75 &
B & &, tFEAFHI & B P EIUEh 99.48%,
RSD 4 1.12%, #5REB M ZITIEMERER S .
23 BEZRER
231 FREFIMEELE  (EH A E B HE N 30 mg,
FE R &N 30 mg, )5 E 7724 100 MPa, )5k
R 10 IR N B SRR S R R s, 2553
W2 1. KM TPGS. #EEL PVP K30 1F A it
1 TEREFNENE (Xts,n=3)
Table 1 Effects of different types of stabilizers (X £ s, n=3)

Yl i f%/mm PDI { ¢ B A/mv
TPGS 866.78+56.17 0.496+0.022 —22.82+1.01
{3l 1181.24478.49 0.558+0.030 —11.79+0.84
PVP K30 717.79+21.98 0.414+0.016 —15.924+0.95
PEG {hie %M 344.83+13.12 0.190+0.017 33.27+1.78
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CuB-NPs 7121 PDI {HAHNT K, € B4 485 HE
¥J/NT 30 mV. PEG H5eRBEIE iz e 7S CuB-
NPs 4241 PDI AEAHX &N, ¢ FAAYIERME, H
LGB AR (>30mV), #iE$E PEG 1h5% FHH
Y5 CuB-NPs F45E 7.

2.3.2 #iE B 5 PEG Wi A H = LBl 52
P E B FHE 8 30 mg, HIE /14 100 MPa,
B IRECR 10 IRBI A FHE#Hi % B 5 PEG 1k
Fe R E LB, &R IE 2. PEG h7EH
i FH BRI CuB-NPs Ri42H1 PDI {E #1480k, 7] fg
& Fl 5K CuB-NPs 74 2 24 5 45 5, 520 1 CuB-
NPs ()il 4, SFERALE KRB MALS . PEG
72 B0 Bl B /s CuB-NPs K421 PDI (B K, ¢
HLALZENHE RN . PTILEA 3 B 5 PEG Hh5e b
EEBI%T CuB-NPs §EMHACK, JE2ent i FHELL 1 :
1~3 1 @47,

233 PIRIFENFEL  (EH % B HE N30 mg,
HiF % B 5 PEG (Loe RBERHEILFIN 2 1 1, ¥R
RECN 10 IRIVZRAT T B LRI H520, 45580
% 3. BE Y RIIRAIE N CuB-NPs ki {21 PDI {H
oL N =S N =y 3 53R B S N KL
AL, S5 CuB-NPs k121 PDI 45K, HIH
%Ik 120 MPa i CuB-NPs %42 KT 300 nm, PDI
HRT 0.3, {HALEXMAMET 30mV. FFZFH )
X} CuB-NPs A1 KFEMA, J5 42 n] X8 Ji T % 90~

#*2 REFAEEMW (Xts,n=3)
Table 2 Effects of stabilizers dose (X £ 5,n=3)

#ir#% B 5 PEG

(AT L i /mm PDI C #HA7/mV
1:2 549.874+64.26 0.279+0.033 33.14%£1.49
1:1 448.18+56.17 0.197£0.021 31.99+1.26
21 287.05439.41 0.172£0.023 33.19£1.24
301 334.84431.72 0.199+0.020 28.08+1.48
41 402.06+13.82 0.254£0.029 23.07%0.95

#£3 HMIRIFEMEMW (X+s,n=3)

Table 3 Effects of homogeneous power (X £ S, n=3)

« 5053 «
110 MPa #4744k .
234 BIRIRERIEE AR B HE N 30 mg,

B % B 5 PEG (WAe RMERELLLEI N 2 1 1, B
DZH 100 MPa 251t N5 883 LR 52, 45
R 4. HEIREEDE CuB-NPs fi1% & PDI 3
R, (HES R R BGE 2 I CuB-NPs K% Jz PDI ¥ H
P ss, H QAL E TR, 0L, SAREL
X CuB-NPs A 8K, J5 22 A] R 33 J I E 8~ 12
AT -
T4 BBRRBEEME (Xts,n=3)
Table 4 Effects of homogeneous times (X £ S, n=3)

BB IR Fi4%/mm PDI ¢ AL /mV
6 368.74%18.40 0.2494+0.011 29.9340.93
8 305.434+17.65 0.197+0.015 31.27+1.24
10 282.90+14.64 0.174+0.013 32.45%+1.31
12 298.73+13.71 0.188+0.016 32.02+1.48
14 329.461+15.48 0.205+0.019 28.7310.94

YJ R Th# /MPa BifE/mm PDI ¢ B/ mV
80 340.654+26.99 0.281£0.015 32.54%1.19

90 314.014+29.58 0.226£0.017 31.19£0.92

100 287.054+23.41 0.179£0.025 32.44%1.60

110 270.844+19.20 0.207£0.014 33.01%1.14

120 302.904+17.49 0.309+0.018 29.76£1.07

2.4 Box-Behnken i&it-lgiZ @ % (Box-Behnken
design-response surface method, BBD-RSM) ffi{t
LBEIE

2.4.1 BBD-RSM ikZe it K455 KA PEG L3k
W ATERRIR T, KM &R B 5 PEG b
FERPEH R A (XD BFIE (X, MPa) Fily
JRIREL (X3, KD X CuB-NPs $if% (Y, nm) 50y
BOR. IRYERRRFBRLER, &8 % B 5 PEG
e B ERALTEREY 10 1~3 1 1, BRLHRMR
1LIEEN 90~110 MPa, ¥R IEAALTEE )y 8~
12 %, BFHRFKFERENE S, 2alfl&ARLLTT
T2/ CuB-NPs, ll5Ekif2, BBD-RSM i35t
MEARNE 5.

242 TIRZIURIABA P K B E T AT
Fil Design Expert V11.1.2.0 BiAS H48 & (Xi. Xon
X MRFAZE (V) #7H0E, 5 kZ0RIATE
N Y=279.33+0.45 X;—6.20 X,—15.58 X3+10.52
XX+ 13.01 XX+ 1.82 XoX; +47.92 X2+ 34.13
X2 +30.14 X352, ARG TR X X0y X3 RECKD
AR, ARSI NIT A X3 >Xo> X, 158 R?
Al Rag? 735124 0.992 9 F10.983 8, KT 0.98, iF
RS R TR 5 S BB ) & FE A o 1AL P <
0.000 1, HAWEZEEZER, mARMIWY P E=
0.177 4>0.05, FEHHA KNl R 28 00 45 SR TP ] 2
W&, ERARE R TS B s, ] FF CuB-NPs 45 L
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Table 5 Experimental design results of BBD-RSM

R Xi Xo/MPa X3/ Ymm |35 X1 X/MPa X3k Ymm | RIS X1 Xo/MPa X3/ik Y/nm
1 2:1(0) 100(0) 10(0) 281.87 7 2.1 100 10 274.23 13 2.1 110 12 321.77
2 201 90 (1) 8(=1) 369.06 8 2.1 100 10 279.38 14 2.1 110 8 354.04
3 1:1(-1) 90 10 375.26 9 301 90 10 360.92 15 1:1 100 12 333.62
4 3:1(+1) 100 12 (+1) 354.74 10 2.1 100 10 283.76 16 2.1 90 12 329.51
5 301 110 (+1) 10 368.55 11 2.1 100 10 277.43 17 301 100 8 355.14
6 1:1 100 8 386.07 12 1:1 110 10 340.80

ST T 2250 BT AR 6, Ho Xo\ X5\ XiXos WEL,

XX X XA X EMEEE R (P<0.01).
243 WMNHEREEELTTZ AEE (X,
X X3) H5HARE (Y) =4kl & LA 2, CuB-NPs
FARBEE 74 2 R0 S 000 R B Ja 36 K
#, WK BBD-RSM 4k CuB-NPs &b 77 T. 212

W E CuB-NPs fifz /NN B b, BUE G
N 200~400 nm, 75 CuB-NPs figfibJ7: #r & B
5 PEG (e B LG X0 o~ 1.95 ¢ 1, HFIES
X279 100.92 MPa, $3J5iR# N 10.63 I, TRk
N 259.74 nm.

*6 HESHER

Table 6 Results of variance analysis

K CPAEM HBE Bh Fla PlH kIR PR BAmE B Fli PlE
B 23 823.77 9 2647.09 108.90 <<0.0001 | X 9 669.95 1 9669.95 397.83 <0.000 1
Xi 1.62 1 1.62 007 08037 | X2 4903.37 1 490337 201.73 <<0.000 1
X 307.40 1 30740 1265  0.0093 | X3 3823.78 1 3823.78 157.31 <<0.000 1
X 1942.83 1 194283 79.93 <0.0001 | ¥ 170.15 7 2431

XXz 442.89 1 44289 1822  0.0037 | AU 114.45 3 3815 274 01774
XX 677.30 1 67730  27.86 0.001 1 | Zlifmz 55.70 4 13.92

XX 13.25 1 13.25 0.55 04843 | BEZ 23993.92 16

FifE/mm

g— -

X/MPa 95— 15 Xi

Xal IR

"5 11—

~105

X3/ 9 95 Xo/MPa

— 15 X

B2 BEES5MEEMN=4#E

Fig. 2 Three-dimensional plots of independent factors and response values

2.5 CuB-NPs 275 T ZH#iE K IHIE

AEERAEESE, )0E J1IR %N 100 MPa, )
JRCECAEE R 11k, Wi % B 5 PEG 152 5EMEH
wH)1.95 0 1 gEREAAL, 474 3 #it CuB-NPs,
AT 50048 M (265,71 +13.46)nm, RSD A 1.19%
(K 3.

TH5 CuB-NPs FifRdEx iz [ AR 22 = (5
BB — TOIAE )/ FME 1 4 2.30%, R I7E 7 15
BRI AE R . 4h, MI1§ CuB-NPs H°F-13 PDI

B4 0.116£0.012, RSD 5 0.67%; T34 AN
(33.14%1.39) mV, RSD 5 0.77% (& 3).
2.6 CuB-NPs i TEM M 52

HY CuB-NPs V2 1 2 5 mL &K, #2
SETHRMM b, 1.0%B SR, BT 30 C
HATEAT 30 min, BT TEM FH%E CuB-NPs
AN OROKAEECN 13000 £5), 4558 0 4, H
F PEG (LK HEMI &£ CuB-NPs £, A&HEH
— B, MM E CuB-NPs 2 8] & 437 Blel,
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1 000 10 000
HifE/mm

) |
|
\

-100 0 100
¢ HA/mV

3 CuB-NPs FYRIfZ5370 (A) F AL (B)
Fig. 3 Pictures of particle size distribution (A) and {
potential (B) of CuB-NPs

& 4 CuB-NPs i) TEM [&

Fig.4 TEM of CuB-NPs
2.7 CuB-NPs EERET ARSI RIS HRENE
271 HTHHISE LS BCEHE NG 228K
fift, JNZ CuB-NPs W, FAMINZLTR KL FLbE
JRE N 5%, IR G/ R B VI, I
FE¥Z) 1 eme —50 CEARIRIKAR 1 48h, BT
=35 CAGTIENLHT 48 h, SRET 6 h WLEIZ
JHREZ 25 C, B EIfS CuB-NPs % T-#}, CuB-NPs
TR RIS LR T A A LI 50 B CuB-NPs %187,
MZEBKE G, MRREHN (283.74£14.06) nm
(n=3), PDI N 0.136+0.012 (n=3), V¥ { HfL
N (31.85+1.27) mV (n=3),
2.7.2 CuB-NPs #TH#BESEMNE K5
CuB-NPs T4 10 mg (M), JIAN 50% FHEE /K%
W 10 mL, HiA 10 min W fF, K% 2 1 mL & 50
mL EH, WAHESR, BAENEH~SE B &
B (M), 5 CuB-NPs i TH R EAHL AN
JREN B =M/M . 53R EIR, 3 it CuB-NPs 41
FrFEIRE S ECN (1.1720.01) %,

El5 CuB-NPs ERi& (A) REFKTH (B) 53U
Fig.5 Appearance of CuB-NPs suspensions (A) and its
lyophilized powder (B)

273 #fENE BUSESH SR B IREZ . P
REY (i & B+ T8, HifFl[R] CuB-NPs
ZRFH) F1 CuB-NPs T3, Il 10 mL 7878 /K 159
B, BHEEEAERE G L RFFREZ N 25 C),
60 r/min %% 2 do HUREW 12 500 r/min B0 (55
242N 8.6 cm) 20 min, WIEFH R B i EIRE .
g% GR7 WoR, #E B 1E CuB-NPs T4+
IR R 2 FRIZ510 58.58 %, MiEMHIE S
HOA R A /INIEFERS N, AT RS PEG b e b
TR B RN SRR A .

=T BEENE (Xts,n=3)
Table 7 Solubility determination ( X £ s, n =3)

FE i VB E (ngmL™)
R B R 9.64£0.12
EIREY) 12.01£0.18
CuB-NPs T4} 564.75+5.41

2.8 CuB-NPs ZT#mEHAR

X SR RAT S (X-ray powder diffraction,
XRPD) %:454%: Cu-Ko #8, FAHGMAE (260) Hy 3°~
45°, FARERN 4°/min. B R B FEZE. ©H
TR RS2 B, 4EHHBI[F CuB-NPs T
¥ WIENREY (BAF R B+2 A% TF, Ll [E
CuB-NPs % T-#1) il CuB-NPs 4 T-#5 %£) 30 mg,
BT X FEB RIS OGHTHER, SR NE 6. &
PR B EREIZHAE 7.8°0 9.1°, 11.5°, 13.8°, 17.0°.
23.2°, 25.0°\ 27.7°% HIURHIE i YU, FEV)BRIR G
) XRPD 475 ] SRS BIF 7 3% B RHE d AL, B
faj VR A R ARSI PR B bl . 7E CuB-NPs 4T
¥ XRPD [ At a2 2 7 2 B £ 7.8°, 9.1°,
11.5°, 13.8°, 17.0°, 23.2°. 25.0°, 27.7°% kb HIHFAE
em AU, ER SEREAIE i AU B B R R B (SR



* 5056 * PER 2024488 B55% HI15H  Chinese Traditional and Herbal Drugs 2024 August Vol. 55 No. 15

M

WEIREY)
25 R
ik 9]
0 10 20 30 40 50

20/(°)
6 XRPD £33
Fig. 6 Results of XRPD

REVIAHED, WRER#Hi R B 7£ CuB-NPs {5 TH
PR AR i T R A5 5 A B
2.9 CuB-NPs FETMAIMNERE R

CRGIF L E . IHIERIL, 5ol 25 545
pH 2.0 1 pH 7.4 IR ER G2 il (PBS) HOREIUIE Ot o
I#Hi™ & B ERZY. MHERAY GHS R B+HEA
TRy, EeBIF CuB-NPs % T8 Al CuB-NPs ¥4
FHiERE (Hi%E B S EHN2mg), MA pH 2.0
PBS (5 1%SDS) 5mL, % TiEN LS GREMXT
4y F i E 8 000~12 0000, FL%. KA pH 2.0 PBS
(% 1% SDS) 1 000 mL AREZG AR (HEML ),
HMOWE N 75 v/min, FEBEAN IR ZE 37 CH
TR%. 225F 0. 0.25. 0.5, 0.75. 1. 2. 4. 6.
8. 10+ 12 h BUFf 3 mL, FFAMINZS AN 4Edr B
N FRFAANAS, FEFE 0.45 um JEIEDER 5052
B BRI . RV E SR 7R pH 7.4 PBS
(% 1% SDS) RN

SER A 7. #Hi R B IREIZGTE 2 FA
12h BRBRCRANE 55%, Al GES IR 250 TR
K BiKHEREGREA T, 1 CuB-NPs T-# 1£
pH 2.0 1 pH 7.4 PBS ' 2 h BRBHCR Y KT 90%,
Vo5t T 2R R A 3 B R MG
2.10 PVP K30 ARREFIA CuB-NPs BEEGNE
FEF#HEIEIE

H435 CuB-NPs (PEG 1L3% B0 AHFIki4%
f] NPs, 7E#l|% CuB-NPs (PVPK30) I/ 7 PVP
K30 &, HA#% 125 CuB-NPs (PEG {L7 %
W PR¥FE—2. B 30mg #1&K B BT, A
20mL JorK ZBE, HAE S AN FREL 130 mg
) PVP K30, B 50 mL Z48/K, FHF 60 C/KG
rRRESHEEE (600 r/min) EEEEKM. BAEPAHE
WnZ KM, W/4EE 2h, 100 MPa 25 Ik /1 R 16

100 P/,}i ;4 DPH20PBS
[ -+ HiFER B JERY

80
- —— YEIREY
;\@r 60| | ~=~ CuB-NPs T8
E |
K40 {
Bk ]

20 |

0
100 pH 7.4 PBS
20 | — iR B R
—— YIHIREY

RS —8— CuB-NPs % T8
A 60
=y
o
X 40
Bk

20

04 . . . .
0 3 6 9 12

t/h

7 FHAZEB. YIEEAY. CuB-NPs ZT#7E pH 2.0
PBS 71 pH 7.4 PBS HFSMNERREZE (X+s,n=3)
Fig. 7 Release curves in vitro of cucurbitacin B, physical
mixture and CuB-NPs lyophilized powder in pH 2.0 PBS
andpH74PBS(Xts,n=3)

IR 114K, 0.45 pm FSLIEIESE, *MINZETRK
% 50 mL, B3 CuB-NPs (PVP K30) JEEK.

F42.1.2700 R AR RAE 9 (272.11+15.38)
nm (n=3), RSD & 1.28%; PDI{E A 0.12940.014
(n=3), RSD 4 0.29%; T ¢ Ay (-30.64+
1.40) mV (n=3), RSD H 0.53%. %8 “2.7.1” I
T [E%AH] % CuB-NPs (PVP K30) W%T-¥r, M5
BIRESHN (1.17£0.02) % (n=3),
2.11 2 #h CuB-NPs ZTF#faEit£8

73 BB CuB-NPs (PEG fL5e M) WT-H Al
CuB-NPs (PVPK30) #+-# & & Tk, &1
8 CUKFH. Fi CHEFE 25 C. MXHREE 45%) F1
g GREE 40 C. MHXNBEE 55%) &k, T2
6 MNABCSHFES, IANZERK I ERiE
IR FEAI & 8, 45 LR 8. CuB-NPs (PEG {4
FEIRBE) VRTIE 8 "CUKFR AT 251 R iR
FEARAR R/, 3K 72 BT R TR e A T 9K
Kriash FEEER , AR A% A Al s ad T R i S i o
R, FBUMARERKIEEZRFL, R CuB-NPs %
T8 B AEAR IR S F N4 IdE S F T CuB-NPs
(PEG 72508 VR TR EEE 6 A H AN, ki
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#*8 2 CuB-NPs ATFMREMER (iEF 6 N, Xts,n=3)
Table 8 Stability investigation of two kinds of CuB-NPs lyophilized powders (storage for six months, X s, n =3)

CuB-NPs (PEG b7 288

CuB-NPs (PVP K30)

flfe At Fi4E/mm BRE/(ngmL™)  FESE/% Fi4%/mm B/ (ngmL™) RS E%
8 ‘CUKFH 281.43£33.61 558.07%5.12 1.17%0.01 670.151+78.74 467.77£5.03 1.1440.02
=i 409.79£52.70 540.161+4.90 1.18%+0.01 1188.72+152.13 381.34%+4.19 1.1040.02
JiIpr3 493.06 £57.34 508.29+4.86 1.154+0.02 1516.48+178.96 276.051+3.80 1.0240.03

BAT/NT 500 nm, B HIEAR R, HEMHET
%% (508.29+4.86) ug/mL. CuB-NPs (PVPK30)
YRR EAR R A7 25 SRR 10 KT CuB-NPs
(PEG 7e 5D 41, FLT S 2 BRIV f7
B 5 R RE

212 HEFHAR

2121 (il R WA 0.1% K
-2 (40 1 60); il Perkin Elmer Cis £ (50
mmX2.1mm, 1.9 um); #EA 30 C; AR EN
0.2 mL/min. FEH{% (ESIY) &, B FHIE~E A
450 C, WiZHJE N 5000V, AN 206.843 kPa
(30 psi), Kl B 1XF 73 78 m/z 581.2—>521.3 (il
P& B) Ml m/z 269.3—~145.2 (HERYERD.

2122 A RIMITE KM 0.5% CMC-Na /KiF
TRECHIH & By CuB-NPs % T-#; (PVP K30) All
CuB-NPs #%T-#1 (PEG L7 W) ig Wi, (/%
B JREREEAN 0.8 mg/mL. 25 12 h /) SD K
18 H, A3 4, 1% Smgkg & (LLEAS R B
SEID) ig4hh. T 0.5, 1. 1.5, 2. 2.5, 3. 4.
6. 8. 12h HUMMZ] 200 uL EE O (& 2 RN
0.5%HZRANEWD, 3 000 r/min B0 (HOF4E 5.5
cm) 4 min, BUH M FEAGARAT . RIS NTE %
PE RS 2B AT N

2123 IMIEFEMIAEE  H ZBEECH] 800 ng/mL
SE TS A VA A ARV . B 50w IS A i 28
OEH, A 50 uL WFRETRAN 0.5 mL LB, g
2160 s, MIAESER 4B 0.5 mL, JWiEH2S] 60 s,
6500 r/min &0 (BEO¥4E 5.5cm) 5Smin. HU i
WEREOES, T35 CEAI FXT, nsoul &
EiRE 60 s A, 6500 r/min 550 15 min, B FiE
woEE, B,

2124 ZMHKFRFLE  HOMERH 1000, 750,
500. 100. 50 5 ng/mL #{/% B XTH SRR, &%
FUEWREE 100 ul, 35 CEASH FWT, A 100
L FEMKER, BRFEERES 1000, 750,

500, 100. 50 5 ng/mL &% B MLIEAE IR

% “2.12.37 TR J7iERRAE, £ RO SV
DLHE R B 5 ARG L A ALRR (V), REIR
JENREAA R (XD, 18EIH77FE Y=0.003 X—0.172,

r=0.998 2, ZEREWHFER B MRS AL
PEE A 5~1 000 ng/mL.

2125 LEMAESR WTEAMK. #H~% Big4
24 8 h I IEFE SRR 22 5 IR S (Hi R B
JREWRE N 50ng/mL), % “2.12.17 Wi Ktk &1
BEATIE, SRWE S, RPEEMR .

a

X Jfﬁ%%s ﬂﬂtﬁ%ﬁﬁ
j\ﬁﬁﬁ%s J\ﬂtﬁ%ﬁﬁ

C

13 s 7 9 1 3 5 71 9

t/min
Elg =HMK (a). #HAE Big A% 8 h (BT, b)s 50
ng-mL™! M3 RBER (2AFF, ©) B UPLC-MS/MS &
EE
Fig. 8 UPLC-MS/MS chromatograms of blank plasma (a),
intragastric administration of cucurbitacin B for 8 h
(including internal standard, b) and 50 ng-mL~! plasma

reference solution (including internal standard, c)

2.12.6 FEFEFERLE B S5. 500, 1000ng/mL I
SRR SR VE O E AR . R EIREE, HERR
WK B 5HPRIGEER, E5 6 IR, HHMAWHE
ELAE Y RSD 20514 5.28%. 1.68%- 4.11%; 4K
WK, LMK 6 d, THEAS M LB RSD 4>
AN 3.79% 4.16%- 4.82%, RKEIHW. HIEKE®H
B R AT

2127 Rt BUmREESEWRT 04 3. 6.
9. 12. 24 h #FEME, HHHEMAHER B 5AkRIE
AR LLI RSD A 5.90%, 4 F3 B I 0 A% i i A
EPER LTS

2.12.8 EEMRE B CuB-NPs % T# (PEG 1k
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T IR AN ig 1 h M IMSEAE S, 4% “2.12.37
TR 7 B AT % 6 40 SRR S, HERED
e THEAFHI 2= B FTEIKFEN RSD N 6.36%, &
Wiz kR R AT,
2.12.9  FREURIMCRFISE ROV S L 5. 500,
1 000 ng/mL #i/ % B X HRSIER (ks 1ER
Ry A BFTRIREE, % “2.12.37 Wi R ik g
MBI R (a); HX 100 uL 55 A, 1% “2.12.3”
TR 7 b B 5 19 5%3E, IIN 5+ 500, 1000 ng/mL
B B W BRSO N AR, IR BE 1 min S5 EEREI
SEVETAR (b)), $EE S =a/b. G5 5K BIRG T,
R EIREH R B A bR ELENCER 2 R
98.04%- 96.79%- 97.32%H11 95.99%, K BHFEER [k
R . BUREIRE N 5. 500, 1 000 ng/mL i/
F B ARSI (B AR, e g (o), FER
RN =b/c. FERTRML. . BFEIKREH KB
Joe N ARFE RN 43 BN 101.08%- 97.29%- 99.48%
F1101.76%, FRIIZIEIETN ).
21210 ZiahEaE R Wi % By CuB-NPs 4T
(PVP K30) F1 CuB-NPs % T-#} (PEG k7% %6
] A RS 2R E T i PR 24 -1 T 2 LI 9,
KA DAS 2.0 #A-AE 55 =R X 24 3 S H0d 2y ) i3t
179307, R WE 9.

5P B R, B & SOnE ST
f) CuB-NPs (PVPK30) F1 CuB-NPs (PEG {£L7¢%
BB SRR BN AT NI R A TR, KRS
6] (tmax) IR ZPEFEAT (P<<0.05). 2 Fl CuB-NPs
RS B M ZGRE (Crmax)~ ZiETHHZE T
U (AUCo— F1 AUCo-) BIHE MR EMERE (P<
0.01), AHXTAYIFIFH EE 2 ml s hn % 4.81 i1 4.87
o 2 M CuB-NPs %258 =2 2 [A L B #1725
(P>0.05).

1.0 A

- W EB
—= CuB-NPs (PVPK30)
-+~ CuB-NPs (PEG L7 EH)

- MK B
—=— CuB-NPs (PVPK30)
- CuB-NPs (PEG fL5% 0

M2/ (ugmL™)
o
Iy

t/h
9 CuB-NPs #Fl&H#R (A) FMMREZG TR B)
B Z5;K E-AfEl %% (X £ s,n=6)

Fig. 9 Blood concentration-time curves of CuB-NPs newly

prepared samples (A) and samples under accelerated
condition (B) (X £ s,n=6)

I 244 T itA7 6 A~ H &, CuB-NPs(PVP K30)
) Cimax~ AUCo— il AUCo-/1 B E MR E (P<
0.05), {EAHXT A=W F FE S i B2 R B, A G hn =
2.30 f%; 1l CuB-NPs (PEG HLE M) ) Coax-
AUC o Al AUCo-A135 4 W i 2 P42 5 (P<<0.01),
FEXTAE YR FH EE RGN 28 4.48 1%,

53145 CuB-NPs (PVP K30) L, s
PR 77 6 > J5 CuB-NPs (PVP K30) ) Ciax-
AUCo- 1 AUC-¥JH PR Z 1 T (P<0.05).
5 ¥4 CuB-NPs (PEG fL7e M) MLk, hnids
T %1E 6 > FJ5 CuB-NPs (PEG L7550 2453)
DR TR EEZER (P>0.05), I CuB-NPs

9 CuB-NPs it EHRAMMBEFH THRNAGHFSH (X£s,n=6)

Table 9 Pharmacokinetic parameters of newly prepared samples and samples under accelerated condition (X £ S, 7 =6)

0] 4% I S A R
S8 B M E B CuB-NPs CuB-NPs T E B CuB-NPs CuB-NPs
JF 2 (PVPK30) (PEG b7 %) kL2 (PVPK30) (PEG b7 %)
fmax  h 2.58+0.79 1.434+0.48" 1.55+0.51" 2.4940.63 1.50+0.43" 1.56+0.53"
Cmax  ngmL™l 20643+54.71  834.594193.12" 787.33+£200.29™ 213.58+60.79  481.05+95.14**  826.11+139.89**#

AUCo-+ ng-h-mL™! 580.444138.90 2 791.18+680.63"" 2 826.47%664.52"" 612.19+144.08 1 408.56+403.27"* 2 551.63+614.48""*
AUCo-» ng-h-mL™! 603.274152.16 2 849.92+719.01"" 2 960.54 4 724.83"" 623.81+158.02 1 489.24+419.90" 2 796.75+633.46""*

5% B FRIZEE: "P<0.05 *P<0.01; 5 CuB-NPs (PVPK30) Lt#: #P<<0.05; 5% CuB-NPs (PVPK30) HL#:: 4P<<0.05.
"P<0.05 *"P<0.01 vs cucurbitacin B; *P < 0.05 vs CuB-NPs (PVP K30); 2P<<0.05 vs newly prepared CuB-NPs (PVP K30).
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(PEG L7e M) (RS A B8 s e vl 5 .
3 g

R - B vk 4 7 CuB-NPs, HiE
AHIF R B AU G A 8 R /KR,
T2 R FE R FEA,  ATRTATT HH T BN &
ERGEFIEH N AL NPs!7), PEG fb5e R pE A
A Z RN AL, RTINS A A (R BE
J1 B HE R ST, BRI GeKRR RS . H4h PEG
TS TR 25 (G AE AR T-VRv8 Vb 1R 188 5
L A4EE 80 SER TS TER], A B T8ES Ostwald #44k
REFEOT, AT I IR e . CuB-NPs e
THIF R B NIEAREE, 7T ReS 254RLEERR RIS |
bl 2 T AR S R R S5 R 3 A k100, o R v L
HIH R U R L (R IR B A

B TR TR SREAT T iRk, PR e R
H RIS MR T 2R, FERMAET: I
PERCR I, (A& B DT, MU IR RN E TR
F4#45). CuB-NPs (PEG 750 hT-Htas
YT CuB-NPs (PVP K30) %143, "lfRe&HT
A C AT ZE0HE K T )53, PEG e @)
HROR B B AL A A A7 BH R i R 1% 2 N AR e
HUHI SRRk A8 2 ED2, PVP K30 7EB /K254
W Bt e 7508, 338 CuB-NPs (PVPK30)
5y A REARIE R VR FE T B SRS 0  H T CuB-NPs
(PVPK30) % T-#h PVPK30 FHERK, SH04T
¥ 5w, i Kk B — e B AR R B K
AEBEARDS), AT R BN

CuB-NPs (PEG HFETEME) ) fimax 2 PEFE AT
(P<<0.05), AJRE/ZH T CuB-NPs M AHuHE = 1 #f
PR B HERG G, ik T NI E]; Crnax A1
RIS AE M R AR B B 25 M 1K (P<<0.01), AT
AEA JLJ7 TR PRI 0120210 CuB-NPs Al K HBIS AN 1 #
FIER B ISR HEE, RV T IRSORS; 9K E
MEAWKRWERTR, 75 BRER s, A
FITF- 25978 9IS ; PEG Ab5e BAEINH] 7 #1755 B
MR, RTINS A
B LA 22231, CuB-NPs (PEG LB R 7
IS T iEAE 6 A S EA BRI AEA,
HEE& TR CuB-NPs (PVPK30), A
fiE/2 CuB-NPs (PEG th 72505 BA R m iz e i,
AR T RG] = SR L2220, PEG f7%
SRR 5 AT e P-REER AT R B 1
SMEETERT, S8R R, @it 5 CuB-NPs (PVP

K30) XfHA[ %1, CuB-NPs (PEG L7550 A7z
EVERE . R R AR e T, R R 2 PR B
£, YR PEG 152 SEBEAE A NPs F2E L PVP
K30 %A

Zx b, RH PEG M5B AT E % CuB-
NPs Al ff KHum /b f e FIH &, HE T iErte e
PERGF, &M MEfE 6 N HETEA B MR
W ER, R BEAT . T ME. ASEEN
NPs Wit T HMMARI S HE TR, 5 225 i)
FIFFHLSE . ZCF AT AL, DMESkSE5E3 CuB-
NPs (PEG fL525HE) 7T vtk
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