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M E: BE HISAERLEIEF 4 (chelerythrine liposomes, Che-Lip) FIZE Z BH&1H A JE MRS Fifk (PEGylated
chelerythrine liposomes, PEG-Che-Lip), H%HARIMEARMAN DR FAT N, FiE  HEE A %H]% Che-Lip 1 PEG-
Che-Lip. F[HZE%5454 Box-Behnken WM EEALL Che-Lip AbJ7, BIN Mgtk fsit 2 B -2 2 K% 2000 (DSPE-
mPEG2000) #l|# PEG-Che-Lip. t.# Che-Lip fl PEG-Che-Lip fEAEHL B i AR . A2 AR SN 251500 1% 20 mg/kg
ig 525 (LAEAJESRLmR), ME M2, i+5 Che-Lip f1 PEG-Che-Lip % 25552 50U HAR N IR AL M0 ) FH 2
R AT TN Che-Lip 1 PEG-Che-Lip JMINERTE K2k . Che-Li Al PEG-Che-Lip 33558 (82.54+
0.62) %A1 (91.13+1.04) %, HZEN (7.6410.11) %M (7.55+0.18) %, “FHFiESHIN (148.15+7.63) nm F1 (159.37+
8.14) nm, ¢ HWAIHN (—342+1.1) mV M (—4.240.3) mV. PEG-Che-Lip 7ER. B e € = T Che-Lip, Che-Lip
H1 PEG-Che-Lip B 25 FE 77 & Weibull #5784 , 2452545 R IR, Che-Lip HIIAIEIREE (Cmax) RN H AR A= W0 F I FE 43
FIEINZ 1.55 £5H1 2.45 1%, PEG-Che-Lip M Crmax FUARXS O AR AR BE 43 BIBEINZE 2.08 £5A0 5.04 £5. 25i€  Che-Li
F1 PEG-Che-Lip 7] A 821 DR YL, PEG-Che-Lip #TEH R,
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Preparation of two kinds of chelerythrine liposomes and oral bioavailability
comparison
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Abstract: Objective To prepare chelerythrine liposomes (Che-Lip) and PEGylated chelerythrine liposomes (PEG-Che-Lip), and to
study drug release in vitro and oral pharmacokinetic behavior in vivo. Methods Film-ultrasonic method was used to prepare Che-Lip
and PEG-Che-Lip. Single factor investigation method combined with Box-Behnken response surface design method was used to
investigate the optimal prescriptions of Che-Lip. PEG-Che-Lip was prepared by introducing polyethylene glycol
phosphatidylethanolamine 2000 (DSPE-MPEG 2000). Solubility, stability and in vitro drug release of Che-Lip and PEG-Che-Lip in
simulate gastrointestinal fluid were compared. Blood samples were collected after gastric administration at a dose of 20 mg/kg
(chelerythrine), and plasma concentration was determined. Main pharmacokinetic parameters and relative oral bioavailability of Che-
Lip and PEG-Che-Lip were also calculated. Results Under the optimal formulation, the appearance of Che-Lip and PEG-Che-Lip
were spherical or nearly spherical, entrapment efficiency respectively were (82.54 + 0.62)% and (91.13 + 1.04)%, drug loading were
(7.64 + 0.11)% and (7.55 + 0.18)%, average particles size were (148.15 £+ 7.63) nm and (159.37 + 8.14) nm, and { potential were
(—34.2 £ 1.1) mV and (4.2 + 0.3) mV. The stability of PEG-Che-Lip in simulated gastrointestinal fluid was higher than that of Che-
Lip. The drug release process of Che-Lip and PEG-Che-Lip both conformed to Weibull model. Pharmacokinetic results showed that
Cmax and relative oral bioavailability of Che-Lip was enhanced to1.55 times and 2.45 times, and PEG-Che-Lip was enhanced to 2.08
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times and 5.04 times, respectively. Conclusion Both Che-Lip and PEG-Che-Lip could promote oral absorption effectively, and the

effect of PEG-Che-Lip was more obvious.

Key words: chelerythrine; liposomes; film-ultrasonic method; Box-Behnken response surface design method; simulated

gastrointestinal fluid; oral bioavailability
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SERIEIENE . AARFE DR, [ JE L0 E il
et Z, HoMEMA, DRRICERI A EACN
7.46%8, BRI T E SR LIS RORFE KR R o
i SR LT ) 71T 7 A [ 4 7 B4 LS. PLGA 44
KHKIPL, mPEG-PLGA KK, [ K7 H A 2
Gy RN, REBGEEAI. PLGA 49AKRLET K
PESR, S 45 e 5 2R P P i A R0 L5 T B )
PR RENY, XI5 B DO 1 i S LB mPEG-PLGA 4%
KRLFEAT T TE, (HGKRIR I PEG BB B2
SIS ANAKE 1A P I i 1131

I8 ffif& (liposomes, Lip) =44 2500378 2K 5
JRR ¥ IR T R — Fh oK 3830, ml$em 2540
R SEINARE IR fEHER . B SR R EEIA18,
ERE B N AR e 22, S5AE T WA, R TE
PAIF TA)AS 2 S5 R B PR T A= PR P R A2 e i 2 1)
R . (polyethylene glycol, PEG) #&—FhiE /K 4
RE&Y), PEG &ififlgH{A (PEGylated liposomes,
PEG-Lip) A 7ER P B — 2 KA e “ Mg R = 720,
A B FB5 1R BRI 1 2 v i S S5 B, A
T g et 388 IR o2 A () R 1 10) L s [R)IS) PEG 1211 IR
SRR T — € (oK, AR 5 Tt 15 i
R RS O i 20221,

B F LU PR IE ] Dy A R &6 1 A
JE S 218 5 4 (chelerythrine liposomes, Che-Lip),
SN HE AR B AR B £ B - 28 £ I8 2000 (DSPE-
mPEG2000) il 4% 58 £ — B i 1 S 209 o A
(PEGylated chelerythrine liposomes, PEG-Che-Lip),
% Che-Lip Al PEG-Che-Lip faE M. RAMNEZG K
FURMSCAE IR IR, O B S 2L K 1 5B 72
SRR, WO — PR 25 U VR BEE S
5 HE A

1 UESHHR
1.1 {¢&8

FA2204N B HLF 34T R, 82 RIS A
Ay 1200 Y 0B AH (A (HPLC), SEE %46
/33 Nano Series-2590 3Ry FEAY, JEE B /R
HIRAF; CD-X15 BHEAEN, HINTIRNSDIA
PRAF]; HS-100 BYE.0ML, 18 E THF BFEAES A
Al UV-1900 BUE AR 0] WA HOGEETH,  HAR B
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RUEIREVRRIGAE, RIERE IR A A
LGJ-12 BUAETFHL, I =FiRHE AR A s RCZ-
SN RE eI I A, BUMNR TR A R A
Al; NEC160-2A RS, BREHE ILAREGRR
/NCIP
1.2 RASHY

FSELOmT IR, S B042021, s
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SRR, b5 20200722, JESTEL 96.4%, LifE[F]
HAEMEAR B ARAR; AR OFESG, it
5 110726-201617, J5i &4 % 99.8%, 11 £ i 24
e i sebe; REREREE, #t5 20201012, FLhiFd/RA
H); AR (A5 PC-98T, #t'5 20210318). —ffifig
i g I ok 2. T - 5 20— 1% 2000 DSPE-mPEG2000,
fit5 B67412), i b IEARAR AR =
RO, 5 20201022, FiFHRSEL THRAR;
LB W (AT 220714)  BERUZIR (5 220620),
KMl R EARAR; AR, s
191120, Jbp RGP AIRA R H b,
L5 20200626, DY) 1HEFE 251 A FRA A o

SD KR, JHEES, MR, W B rEE )
SEIG AR [SCXK () 2020-0001 1, 5E56 == 4]
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2 FEEHR
2.1 Che-Lip &1 PEG-Che-Lip 8931231

B 20 mg EEELAHIET 5 mL oK OB, HL
A 77 B HE A B REE T 10 mL &7, PiE&9F
JEHEEA S min (THFEA200W), BHTRERM, T
Te % 25 A IR T A BR 2 A MR CIRE N
45°C, ## A 60 r/min), 15— ZH50EHER . N
N 30 mL B Eh 2% v (PBS, pH {E N 6.8), 45 C
TEE KA — e I a], A (TR A 200 W), i 0.45
um FFLIENE, BI£3 Che-Lip {R&#. PEG-Che-Lip
(% DSPE-mPEG2000) 17 (4 g o s [F] v il 4
2.2 Che-Lip 1 PEG-Che-Lip FHENAWE 2
ME
221 g iR Waters Cis A (250 mm X
4.6 mm, 5pm); Ry 282 nm; FiAIAHNH
fi-0.05 mol/L ] KHoPO4 ¥R (35 1 65); A=
N 1.0 mL/min; #Ei§N 30 °C, #EAEARUA 20 ul.
RS EEARCE LA A S L0 0% AN T 8000
2.2.2 PR AVEINHI S RSB FRE 20 mg 1 JE SR
ZEB IR E 100 mL &R, 0N B R A
R (DR 200W), HEMBEER, B4, WA
200 pg/mL [ i 32 L0RIN HE i il 25 TR o
223 ZMEXRRFER  HUE T A L0 R i
KW, CATRBIABE R, R T ) s o R T
43574 10.00. 5.00. 1.00. 0.50. 0.10. 0.05 pg/mL
(1) — 25 A JE L0t B AR, 4% “2.2.17 TR
RS SR AR E o DA SR L0000 BRI FE A A
B QO, BN AER (V) BHATLLPERNT, #3[E
TR Y=22.3672X+0.6144, r=0.9995, %1%
HH B SR LB 2 175 A 0.05~10.00 pg/mL.
2.2.4 Che-Lip Al PEG-Che-Lip /5 VA 1) #4145
% B B Che-Lip J2 27K 1 mL & 50 mL £+,
I 40 mL HEEEA 5 min (ZIFEA 200 W), JIAH
FEFRREE S, 1T 0.45 um FRFLIEME, 1982087, HU
SEPET 2.5 mL & 10 mL S&HEF, MR EZ
B, #%5)R145 Che-Lip fLi/i# ¥ - PEG-Che-Lip Al
2 R AR PR B 3K A VR RV o %
225 LEMEg WEAMEREISER. @
JE S LL R VAR . Che-Lip #1 PEG-Che-Lip it
WA, A “2.2.17 T ik SR
ZEROLE 1. 150 45 SRR W i SR 200 (0 3 DU T
KL, R BE IS TR 2 7.6 min, i F55RER T30 (i g,
LB R

ST ik
D
C
B
A
0 4 8 12 16 20

t/min
1 ZABEREER (A). AEFRLHEXERRA (B). Che-
Lip #£iX5 (C) #1 PEG-Che-Lip i (D) A% HPLC
Fig. 1 HPLC of blank liposome sample (A), chelerythrine
reference substance (B), Che-Lip sample (C) and PEG-Che-
Lip sample (D)

2.2.6 FfREMEHEE  H“2.2.47T N Che-Lip M1 PEG-
Che-Lip BHAMER, 70T 0. 2. 6. 12, 24, 48h
& “2.2.17 TR B ZAERENE, THEAR AR
LI THI AN RSD 4314 0.47% 0.85%, 4iH%E
HA RS e T R AT o

227 FEEEHZE HL0.05 pg/mLUK).1.00 pg/mL
(H) A1 10.00 pg/mL CiEp) SR L1 HE S TR
gyt “2.2.17 TUR EISFARNE 6 I, THEIHK.
W R IR E U SR BE AR ) RSD 43 A
0.42%- 0.36%- 0.26%, ZFFH{CHKEZE RIT.
228 EEMHEE & 2247 WUNFEEEE o
54741 % Che-Lip Al PEG-Che-Lip i/ V7R 6
B, 3% “2.2.17 TURBRERARIERENE, THEAE
JE SE LU S IR BE Y RSD 23518 0.94% A1 1.16%,
KU ZLEE M RIT.

229 INFEEIYEREELE FHHOEEI 0.5 mL 1)
Che-Lip JR 2 & T 50 mL &I+, Lo 4, N
K. P EREIREES 34, BN (A SR
X B A AT R VRE 200 pg/mL) 0.8, 1.6, 2.4
mL, JE8:4% “2.2.37 T 7744 Che-Lip i i
W, BEFEIE, TFEAR T A B R A
100.67%, RSD N 1.60%.

[[]32:% %% PEG-Che-Lip FIINFEEICR, 55
HAP S IMABE RIS ZE S 99.14%, RSD A 0.83%, itk
&8 T R TR P 2 e o
23 BHER, FHE. WNEMCEMANNE

FE%HL 1 mL ) Che-Lip JR 2 EHIEE OF
PR BEAXS > 7R 10 000D, 8000 r/min 0> 10
min (BOFFH 8.6cm, IRE N4 C)H, WELIEK
D2 728 A 40 (WD. B 1 mL [ Che-Lip
F “2.2.47 TR VAN 2 B A R SRR (W),
J3HX 1 mL [) Che-Lip HEAT, FRERE (W, it
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S5 Che-Lip 3 AN 2 &Y,

AL R = (Wo— W)/ Wo

R BE=W— M)W

PEG-Che-Lip /G135 R0 % 24 & [R5

HX Che-Lip JEE7K 0.1 mL, 1A ZEE/KFEE 40
T, WA E 3 s RS, BUE E T RAR T EIE Che-
Lip ¥ifet. £ BEFE%E (polydispersity index, PDI)
A1 ¢ HLA7 . PEG-Che-Lip [FJFL4% . PDI Al ¢ HLA7 [Rli%:
IM5E -
24 Che-Lip T Z8ERER
2.4.1 BEESHERE BRSSO SR Z
BN 20mg, JEZ5EL RN 10 1 1 (M ERERIE S5
[ i i &), K AL E) A 25 min, A ] A 20 min
AT TSR NR S5 IH[E B L5155 Che-Lip A3 221
WM, ZRNE 1. FEEBEE R
Che-Lip R ME LB NG T, "TRER
PR o B 2 IS, BE R 5 SR LD R R 38 4
BERE 7y E A 04, AR T3 24 . fH i 7 AN
JEI Che-Lip #a g MEZE163), 25W7%5 ittt e . ANIF)
1 M 5 R [ i L7 1143 Che-Lip BIRAR35/NT- 200
nm. ZRGHEE, EHEEHESHERE G 40 1~6 !
1 BEATIRAL .
242 JRAWHEL HIEXLHILEN 20
mg, B SR BELL G 5 0 1, AKAKETE] D 25 min,
JEB B 8] /9 20 min 2544 T % 8252 L X Che-Lip £
BPRMBLARI, S5RNE 2. BWERIHE
(390 Che-Lip fLEFFIZWH N, 258 20T
JEYER, TSR R X i Tl Y 0 R o &
HTHEIN Che-Lip BEFH, EfFFHEL LN
fi& Che-Lip ##j& . AFNEZHI4S Che-Lip HI¥L
/T 200 nm. ZREHSE, LIRS L 1~12:
1 BEAT AL .
2.4.3 KALIFTAIEIEEI B SR LLBIZ EY 20

F 1 WEESMEEEZLLAIMNER (Xts,n=3)
Table 1 Investigation of phospholipids to cholesterol ratio
(X+s,n=3)

AR5 RH

<2 PEALLMER (Xts,n=3)
Table 2 Investigation of lipids-drug ratio (X s, n=3)

ettt EEE% BAE % CFERAR/m
6:1 56.14£1.08 6214022  183.16+£8.47
8:1 62.96+1.12  576+£028  188.89+7.27
10:1 77.09£1.30  6.16£0.19  173.23£8.19
12:1 82.82+£1.47  5.68+024  162.90£8.22
14:1 83.98+£1.64 4994020  175.15£7.56

mg, BEfESMEFERELEIY S 11, fRZitEv 10 11,
A I 1A] Y 20 min 254 % 2K AL [E] %) Che-Lip
AL R E R, 458 WK 3. Che-Lip £
AR 24 B A K A [H] ) S S I S n )= T B
THEOL, AT RER H T KA IS (BB N i Jod JE R e 78 70
WK, AR TR, glefEE A, Kk
I F) 5K 2 5 3 B i B A AR T, S B it %
MITEEM Che-Lip Gl M EZ & . FE KA [H]
15~45 min BPRARI/NT 200 nm, LRG58, L%
IKAGHT (] 15~45 min FEATHRAL

2.4.4 AN HESRABIZEA 20
mg, BEESMHERELGIA S D1, JRgtk 1011,
IKAGESTE] 2 25 min 2544 T 25 888 75 5[] Che-Lip £
BPRMBLE R, S5RNE 4. BEE @A (R
H4)M Che-Lip 03 R ML RIIGINfE TR, HH
IR A, AR A2 R R, B R
FEIN[AI AT 2% Che-Lip P ABEAEH, S
Tt 2 o LA A R P I TG 2 S /N S 1 K 3

*3 KUETEEIER (Xts,n=3)
Table 3 Investigation of hydration time (X £ S, n =3)

AKAEESE/min - BdER%  RAE%  CFERE/mm
5 6032+1.42 5214028 227.84%11.11
15 75.184+1.08 6.06+£0.19 182.1746.97
25 83.74+136 6.59+023 170.75+8.44
45 74.06+1.65 5.96+027 172.9247.86
55 70.87+1.49 5.64+024 1855619.13

F=4 HBEMEEZE (Xts,n=3)

Table 4 Investigation of ultrasonic time (X + S, n=3)

Ry e AR R A /M GEH%Y%  BAEY%  TERE/am
3:1 50.21£0.92 4.03+0.27 198.73+9.23 15 80.40+1.67 6.26%+0.25 203.29+12.05
41 58.09+1.19 4.72+0.18 183.09+7.80 20 85.12+1.43 6.55+0.20 165.71£8.12
5:1 71.94+1.38 5.541+0.24 164.24+8.11 25 83.04+1.29 6424028 176.72+£9.36
6.1 69.02+1.23 5.47+0.20 179.75+7.72 30 73.09+1.31 6.16+0.18 208.02%£9.93
701 61.88+0.99 4.80+0.19 182.22+8.98 35 66.65+1.07 5.34%+0.19 231.64%10.84
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FH F-H 75 5 (8] 24 20 min I Che-Lip B3 2 A3 2 &
FEXTR, RLAR A XS4 /)N, w5 o s 75 B[] 24 20 min
2.5 Box-Behnken fj i E A4t Che-Lip &7
251 R HE 247 OURRKHREBRGER,
KBRS EE LA (XD, IRZHE (X)) Fizkik
BFE] (X3) Xf Che-Lip B3 2% (Y M#EZiE (1)

SRR, MOEHE X oA NAZE, YA Y,
MR, Wil Box-Behnken MiRi[H Lt Che-Lip
W77, SRR RERERE BEREKEILE 5,

R4 Box-Behnken Wi 5 [V 45 H 50 77 Ze i) 4% A
[[4L77 Che-Lip, & MMALITEIFAT 3 4y, 23 5IE
Che-Lip tlr M2, BCOFIME, ZHRNE S.

% 5 Box-Behnken iXIGiZiT4ER (n=3)
Table S Experimental design results of Box-Behnken (n = 3)

F5 X X2 Xymin YW/% Y% | TS X1 X2 Xs/min Y% Yo% | TS X1 X2 Xa/min Y% Yo/%
1 50) 10(0) 300) 8517 663| 7 5 10 30 8274 663 13 5 8 15 7044 7.14
2 41 10 15(-1) 72.56 6.04 8 5 8 45 6587 564 14 5 10 30 84.67 6.61
3 6(+1) 8(¢1) 30 69.83 6.42 9 6 10 15 7042 589 | 15 5 12 45 7698 4.92
4 4 12 (+1) 30 7453 534 10 5 12 15 73.81 539 16 6 10 45 72.82 5.26
5 5 10 30 83.25 6.52 11 5 10 30 82.45 654 | 17 6 12 30 76.45 5.14
6 4 10 45 (+1) 69.63 5.21 12 4 8 30 68.99 6.47

252 MERPESI DA PR 5 SREUE,
BEEE Y ZRZTRIETEN ¥Y1=83.66+0.48
Xi+3.33 X,—024 X;+0.27 XiXo+1.33 X1.X3+1.94
XoX5—5.81 X12—5.39 X;2—6.49 X3?, R2=0.988 7,

R.?=0.974 3, B P {H<0.000 1, Kk F H=
0.8504; #H & Y2 ~IRZIRIATTEN ¥2=6.59—
0.04 X;—0.61 X,—0.43 X;—0.04 X;X2+0.05 X.X3+
0.26 X>2X;—0.46 X;2—0.29 X2—0.53 X32, R?=0.993 7,
R.?=0.985 7, B P {H<0.000 1, Kk F H=

0.0942). Ji#E Vi Fl Y2 (1) R? Fl Rag? (E32 KT 0.95,
B P AR AR B2 5, A0 FAES KT 0.05
CEREMEZESR), ALK Vi MY, B sin]
T Che-Lip #77 TZHF, wEEMEG. T
iRk 6, XT v kit HEF X X6 XX
X2 X2 XA X REEWNER MT Yok,
TTREF Xoy X3v XoXa X2 X2 Xo? X2 R B
PEZ S

253 MMNEMASTHI  FEE X XM X IR

*6 BHEMPABHFESN

Table 6 Analysis of variance of entrapment efficiency and drug loading

5 i (kg W
B M ¥ FlE Pl BT ¥175 FfE PfE

A 9 606.83 6743 6829 <<0.000 1 7.40 0.82 12333 <€0.000 1
Xi 1 1.81 1.81 1.84 02173 0.02 0.02 2.30 0.173 5
X 1 88.71 88.71  89.85 <<0.000 1 2.98 2.98 446.25  <0.000 1
X3 1 0.47 0.47 0.47 0.514 4 1.47 1.47 22046  <<0.000 1
XiXo 1 0.29 0.29 0.30 0.603 7 6.25X107%  6.25X107 0.84 03890
XX 1 7.10 7.10 7.19 0.031 4 0.01 0.01 1.50 0.260 4
XoXs 1 14.98 1498 1517 0.005 9 0.27 0.27 39.76 0.000 4
X2 1 142.22 14222 144.03  <0.000 1 0.88 0.88 132.40  <<0.000 1
X2 1 122.53 12253 124.08  <<0.000 1 0.34 0.34 51.45 0.000 2
X3 1 177.16 177.16  179.44  <0.000 1 1.17 1.17 175.97  <0.000 1
W7 10 6.91 0.99 0.05 6.67X1073
KA I 5 1.13 0.38 0.26 0.850 4 0.04 0.01 437 0.094 2
gl %= 5 5.78 1.44 0.01 273X 1073
B 19 613.74 7.45
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2z —, XM Design Expert V8.0.6 X %K 25 2 [A] ]
AE AR BT 538, 2 9 9 DR 30 3 R M 245
%E’Jgé’ﬁﬂjﬂﬁ@l: /D%JLAIEI 2. P WG -5 IH b

/%
(EES BT

375~

e I8
= =
X 90 45 X

&2

X3/min 22:-5\-1“"’" 25 X

X3/min 225«

gl i 24 LB K AL RS ] A 389 0, Che-Lip 693 2 Al
jﬁéﬁii’ﬂ%ﬁ'%ijﬁ):ﬁd\%% b ke A SIE 2P IE N
P23} EEi'jﬂEjﬂjEﬂiEﬁ, 4% Che- L1p AR TN

AL 2%

110

55 375~ =
920 X>

Xs/min 22 5 —~

AR/ Y%

110
920 Xo

45 X Xy/min 225

EERREWMNEN=4E

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

Wefe SREFEEE LGN 491 01, JEZGHE N 9.58 1 1
FKACIS TR] Y 26.69 min. FE5Y T 460,355 R 2 24 &
AN 82.70%K1 7.79%.

2.6 Che-Lip RELZHIARRE

A F4AF, ¥ Che-Lip e fE AL 7 W 1 1 5 G

BRI T 1%, RIBEG S 08 [ 5 LG5 5 Dy
NEZ5LEN 9.6 © 1, KALES AN 26.7 min. ]
#% 3 4lk Che-Lip Ffih, M GERMEBLAE. LA
3 DA 28 = (SR — TOMEL Y A ] T+ AH
Sz, ERFHIR 7, SLhME S BCEEA T
DIE AR i 22 XN T 5%, T B B Y
X} Che-Lip 475 T2t B A BR AR FE L.
2.7 PEG-Che-Lip B &

S “2.6” Tl NHiE N Che-Lip &b77, %8
FEVI R B 70 b (0.5%- 2.5%- 5%~ 7.5%. 10%)
I DSPE-mPEG2000, J54:4% “2.2” TifridJ5ik
#il#% PEG-Che-Lip, &I RMELE, 4R
% 8. [% DSPE-mPEG2000 FHj & H14 /1, PEG-Che-
Lip LB A2 RGN G N &, T

R BHRNHBEBENRELR

Table 7 Results of relative deviation for envelopment
efficiency and drug loading
WiH BE /Y% WHE/Y%
Tt 82.70 7.79
S {E 82.54+0.62 7.64+0.11
i 22 -0.19 -1.92

#* 8 DSPE-PEG2000 FAZ2MER (Xts,n=3)
Table 8 Investigation of DSPE-PEG2000 dose (X £ s,n=3)

DSPE-PEG2000 JH /% /% B/ %
0.5 80.19+£1.16  7.27+0.21

2.5 84.07+£1.03  7.33%+0.18

5.0 90.98+1.57  7.56+0.23

7.5 86.12+£1.38  6.72+0.17

10.0 82461125  6.24%+0.18

AeZ T Che-Lip RAZE R DSPE-mPEG2000
B fE P PHIE R Z Sk R = 2 82, AT
f R N #2458, {H DSPE-mPEG2000 Jf] & it Kt
NEP AT PEG K4k A HE R H 0% 1 R
ERMM B, YRR A s, i Kk
258 N, 24 DSPE-mPEG2000 JIAEA 5%t}
PEG-Che-Lip L3 Z LGB AN e ey, e
DSPE-mPEG2000 FH & AR &= 5%.

2.8 Che-Lip #1 PEG-Che-Lip &1E

2.8.1 RiAR R CHIALIMIE % “2.37 WU HATT
%, W43 Che-Lip “FHKif2 Ny (148.15+7.63) nm,
PDI{E 4 0.1061+0.011, { HAH (-34.2+1.1) mV.
PEG-Che-Lip “F¥#7%i42 A (159.37+£8.14) nm, PDI
{8 0.940+0.012, ¢ HALA (-4.2+0.3) mV. Kife
I3 AR ¢ AL T L 34 4.

2.8.2 HAMRWOLIEFELE  HUE 2L R 24
Che-Lip fl PEG-Che-Lip iR B, & & F EEM,
BTN T R, I Y 200~
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400 nm, S5 ILE 5. A JESELLH] £ B Che-Lip Al
PEG-Che-Lip J5 % #MRWSOEE AR K A 23, Ui H
M2z R AL .

A
1 10 100 1000 10 000

Fif%/nm
3 Che-Lip (A) #1 PEG-Che-Lip (B) HYKIZ 5%
Fig. 3 Particle size distribution of Che-Lip (A) and PEG-
Che-Lip (B)

A

—-150 =50 50 150
¢ A /mvV
4 Che-Lip (A) #1 PEG-Che-Lip (B) A% { B{iL
Fig. 4 { potential of Che-Lip (A) and PEG-Che-Lip (B)
— FIJE AL,

— Che-Lip
— PEG-Che-Lip

200 250 300 350 400
A/mm

5 ZSMRUETE

Fig. 5 Ultraviolet absorption spectrum

2.83 ENHBEMEMUEA 7 H Che-Lip
PEG-Che-Lip JBE 0.1 mL, MAZZIBKFERE 40
T, Wi 3 s RS, TAEMM b, 55 # E 10 min,
KA 2% RN AL, EAANET 5 B TS st
b, JBOKRZ 14 000 £5 %2 Che-Lip #1 PEG-Che-Lip
WA . 253K 6, Che-Lip 1 PEG-Che-Lip £
(5] % BIAHR 5 TE ZER
2.9 Che-Lip 1 PEG-Che-Lip AT} R &
WUARTFORA0) CH R IE-FL0E 2 0 1, BIEHD &
R AR, WRIE 30s IR, M Che-Lip

TRRI, REINNIE & AT K A VR T OR3P 77 B %
BIRER 4% DB VEMIE T, —45 CHiE 2d,
LRI VR TR 2 d, BUHRIAS Che-Lip ¥R T, %3 .
]34 % PEG-Che-Lip #1471, MW LKl 7. Che-Lip
H1 PEG-Che-Lip TR &K 2% I 706, Che-Lip Al
PEG-Che-Lip % TR MWL, (3 —.

El 6 Che-Lip (A) 1 PEG-Che-Lip (B) H9iESIEEE
Fig. 6 Transmission electron microscope for Che-Lip (A)
and PEG-Che-Lip (B)

7 Che-Lip (A)~ PEG-Che-Lip (B). Che-Lip F&F% (C)
#1 PEG-Che-Lip A F# (D) 531

Fig. 7 Appearance of Che-Lip (A), PEG-Che-Lip (B), Che-
Lip lyophilized powder (C) and PEG-Che-Lip lyophilized
powder (D)

2.10 Che-Lip 1 PEG-Che-Lip /IS . iR+
BRERREMER

2.10.1 RWE . Wb g R R g2 Bt E
B SE40 08 R B 25, Che-Lip 1 PEG-Che-Lip 4T
¥, BT 37 CHEE T (pH2.0), 75 r/min f#
FiEHE 24 ho BUHEFES T 12 500 r/min 50 30 min
(BN 6.8em, WA 4 °CH, B EIBHEEFE
WE A SRR EE), 2L E kL 245, Che-
Lip 1 PEG-Che-Lip # T8 7£ 37 “C I (pH
6.8) Wil B2 [FEE 52, 25 R W3R 9. Che-Lip 1 PEG-
Che-Lip #4335 ] KR FE 52 e SR 25 FE AL 5 1
T A DO

2.10.2 BPLE G P RRE S S B SR
JE 24, Che-Lip Al PEG-Che-Lip % T-#5i& &,
ANELE W (pH 2.0) A5 1 i SR LLHI 29K FE N 50
pg/mL, & 37 CAKREPFHATIE, 75T 0. 0.5,
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# 9 Che-Lip 1 PEG-Che-Lip HIRfREERER (X £,
n=3)

Table 9 Results of solubility test of Che-Lip and PEG-Che-
Lip(X£ts,n=3)

R/ (ug-mL™")

FE i - -
(L EPN=F(T RPN
e S LR ) 24 156.74+1.62  59.68+0.94
Che-Lip ¥ T#1 716.98+3.73  607.61+3.13
PEG-Che-Lip #T-#} 757.45+3.61  630.42+3.29

1. 1.5, 2 h BUFEIE e SR 400800 9Kk FE, 1 58
REBRATTE T, ERNE 8.

[F275 5 1 JE R0 R 2 . Che-Lip A1 PEG-
Che-Lip £ 37 CHANIZE (pH 6.8) FaE M, HUH:
BN 0. 20 4. 6. 8. 100 12h, ZREWNE 8. AJE
SEZLHH. Che-Lip Al PEG-Che-Lip ZERE# Bt 2h
JE S B A T FEZE 91.47%. 93.34%. 97.22%; (LM
P 120 J5 5 &5 0 TR 66.08%. 76.95%
93.27%, i Che-Lip 1 PEG-Che-Lip 4 7] 14 i 4
JE S ALRRAE AL i (A e £, {H PEG-Che-
Lip fLHFE K.

2.11 Che-Lip 1 PEG-Che-Lip ZEE#IE . iR+
NEZREMER

HY Che-Lip 1 PEG-Che-Lip 4 T-#ri& & N 2%
K, BEEW, BT 37 CHRAEW (pH2.0) |
HHATE, 28T 0.5, 1. 1.5. 2h BUEENE Rifz
2h G 37 CHREIZH (pH6.8), 437TF 4. 6.
8+ 12h BUFEMlE R . S5 WK 9, Che-Lip 7£ 8h

100 e I
S
& 901
R —— [ E SR AL B
IE 80| = CheLip
iz .
PEG-Che-Lip
70 | : r :
0 0.5 1.0 15 2.0
th
100 n
S
2 80 N i
& —— [T,
@gﬂ 60{ —=— Che-Lip N7
<
PEG-Che-Lip
40 ‘
0 2 4 6 8 10 12

t/h
8 Che-Lip 1 PEG-Che-Lip &5 | & B B34
WRETUER (XLs,n=3)
Fig. 8
gastrointestinal fluid of Che-Lip and PEG-Che-Lip (X £ S,
n=3)

Chelerythrine content changes in simulated

1600
| —*— PEG-Che-Lip
—#— Che-Lip
1200
=)
£
& 8001
ia
400 -
0 T T T r T !
0 2 4 6 8 10 12

9 RUBBRPREREMER (X£s,n=3)
Fig. 9 Comparison of particle size stability in simulated

gastrointestinal fluid (Xt s,n=3)

IREAE KT 1000 nm, A FIE: PEG-Che-
Lip 7£ 12 h BP¥RIR N (594.79+84.13) nm, ikt
Bf] PEG-Che-Lip fERHL B « il R A e s T
Che-Lips

2.12 Che-Lip 1 PEG-Che-Lip x4 MEZ51TRLLIR
BARBIH &

B 8 32200 )5k 24 . Che-Lip A1 PEG-Che-Lip
BT MIERE (HJEEOE A =8 20mg), A
SmL 2 AN T REW, 7738 TiE S (B
FHXT 2T B 8000~14000), JE 4EFL % . HL 900
mL BB W (pH 2.0 1E AR/ i, I H 37 C,
58N 75 v/min, T 0.25. 0.5, 1.0, 1.5, 2.0 h BUFE
S5mL, HAMIZEEWER SmL. 2h GRBEAN
JRE BTN 900 mL. #EFEAN 37 CHIB IR
(pH6.8), T 3. 4. 6. 8. 10, 12, 18h [FEHEE.
FEST 12 500 r/min &0 (HO¥FEN 6.8 cm, 1B
£ 4 °C) 30 min, U EIEWIE EESRL S =
SR WK 10, B JEELE R Che-Lip 1 PEG-
Che-Lip 7£ 18 h RFABEIHF 531 35.20%- 62.89%

F 72.58%. Che-Lip A 10h &% 15 RANBEHCR B T
80

RBBETE%
£

—#— PEG-Che-Lip

201 "I/ —#— Che-Lip
A AL
0 T T r T |
0 6 12 18
t/h

10 REE. FHRPEREIZIELER (X£s,n=3)
Fig. 10 Comparison of drug release profiles in simulated

gastric and intestinal fluids (X £ s, n=3)
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PEG-Che-Lip, {H 18 h RFBHEALT PEG-Che-
Lip. Che-Lip fil PEG-Che-Lip B 24 BRI 0 & 45 5 I
#* 10, HAHKFRE R? K/NATAI, Che-Lip il PEG-
Che-Lip B 241t #2 5 Weibull #8445 i s, BT
SRR BB ) 2 R AIERT-28
2.13 Che-Lip 1 PEG-Che-Lip 5T #12 E MR
H{ Che-Lip % T-#3 1 PEG-Che-Lip % T-¥3 43 51
HEE TN 4 CUKFET, T 0.5, 15, 30, 45,

60+ 75+ 90 d HUFE S I E Bl ds FeFRiAR . 45 5L
# 11, Che-Lip %TH#37E 90 d B, BEHETFHESR
(70.91£0.79) %, FifEMEK % (215.96+9.02) nm;
1M PEG-Che-Lip 1 Tk 6, 35 2 FRLAZ 1 2 e B
B8N, W W PEG-Che-Lip % T-HHif /7 fa e AR T
Che-Lip #%T¥7, W BE/ZH T PEG-Che-Lip [
PEG KBS 7 25 [ Az BHAE A, mRHIE g 5 i 2 1)
B MG, dEmigm TR .

®10 HYRBIEEMBEXAY

Table 10 Fitting release model and correlation coefficient
FE i it WA TR R?
Che-Lip TR Mi/M.=0.029 t+0.253 0.618 7
— AR In(1 —Mi/M)=-0.052 t—0.318 0.6963
Higuchi 57 MiM=0.157 t"240.099 0.869 4
Weibull 17! Inln[1/(1 —M/M<)]=0.484 Int—1.172 0.918 6
PEG-Che-Lip T Mi/M.=0.036 t1+0.173 0.8317
— AR In(1 —Mi/Mx)=-0.069 t—0.164 0.9380
Higuchi #57! MiM=0.179 £240.018 0.977 4
Weibull 7 Inn[1/(1—MJ/M-5)]=0.683 Int—1.648 0.987 2

t RANFTR], MM ¢ B TR RAVRE U 70 38, Moo Noolb) RBVBETRA, M,y ¢ ) [] REVEETRR

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

% 11 Che-Lip 1 PEG-Che-Lip FF#HiaEMHE R
(Xts,n=3)
Table 11 Stability testing of Che-Lip and PEG-Che-Lip
lyophilized powder (Xt s, n=3)
Che-Lip % T-¥} PEG-Che-Lip ¥ T-#}
Wi 2/%  FRAMm  BiE%  SFRAA/Mam

0

5
15
30
45
60
75
90

79.64£1.06
79.92+1.58
79.57+£1.92
79.08+0.63
77.97+0.74
76.62+1.28
72.40+0.87
70.91£0.79

161.04£6.89
161.77£7.50
162.80+7.41
166.56+7.57
169.11+8.16
180.58 £7.99
193.42+8.17
215.96+9.02

88.59+0.95
88.03+1.32
88.48+0.96
88.06+1.05
87.69+1.17
87.37+1.82
87.41£1.06
86.87+1.26

172.90£38.05
177.54£7.65
175.681+9.24
178.22+8.26
180.56 =7.93
181.631£9.40
183.47+7.63
189.58 £8.68

2.14 ORZATHEMR

2.14.1

[ELTIES

A RS LR £ 24 . Che-Lip
A1 PEG-Che-Lip % T-Rrid& &, I 0.5%] CMC-Na
HFIRHEB W BEEE 12 h 1) 18 A SD KHEENL T
B0 h 3, SIS MERER R, 103k
H SD KA =G, (A% B 5% 20 mgkg (LA
1 SELLART Dig 25 24 o 1 SR £L08 5k 2 41 A Che-
Lip 253 5 F45%5)5 0.167. 0.5, 0.75. 1. 1.5, 2.

4. 6. 8. 10, 12h ZEERREE AR, SERDT-HRHE 5 &%
Jik MBI %] 0.25 mL. PEG-Che-Lip 4135 T4 245 )5
0.25. 0.5, 0.75. 1. 2. 3. 4. 6. 8. 10, 12. 18h
FEVEECL, IMFEE T REEECEY, BAE
3000 r/min &0 2 min, B EJEREEMF RS A
OE T, AR

2.14.2  IfHRFE S AR ER SRR RO B = IR
R, FEEHL 100 uL ZEOEH, I 20 uL P bR Al
0.8 mL & 10% = LI NG, TwiE 30 s 157 &
W, A 5 min (ZhFEA 200 W). 8500 r/min 5.0
(B02f4% 6.8 cm) 5 min, B EEHHMEFHES
ZEMBIRT CGRFEN 40 CH. O 100 uL FFEEE A,
8500 r/min &.0» (F0r2F4% 6.8 cm) 5 min, HU Ei
TR E -

2.14.3 [MZWREMTE G4 AN Waters
Cig#E (250mmX4.6 mm, 5pm); KA 282
nm; M ENHH A H EZ-0.05 mol/L F KH,PO4 ¥ (33 -
67); AR EN 1.0mL/min; FiRHN 35 C, 3EFE
FUR 20 pL.

2,144 ZMERFRFEE HEEEIEREN 1200
ng/mL 1L R L RN HRIETR, TEAWNPRIETR . B
JR R E N 1600, 800, 400, 200 100, 40 ng/mL
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(AR LIRSV, & R IR B 0 Tl K
FHL 100 pL BEOE T, BAZBEWRT REA
40 C)H, A 100 uL =AM FIE 30 s, %M
“2.14.27 LT ALBR TV LR VAL 530
2 “2.14.37 TR 38 25 R ERE NN E o SR R SEAL
TR B R B AR AR (XD, FESELI SRR 2
RGNS (YD, FEATELAERA, 51
T Y=0.0025X—0.167 1, r=0.9962, FW
SELLHRAE 40~ 1600 ng/mL £& 1155 2 B It .

2145 LREMAEFES BB A MK O ESRLLIRK
X R SRR (T REBA R 4R ARV D A1 Che-Lip ig
12 h KPS (EREHR RN, 530l
B, #%42.14.37 BUN g % 40E, ik e e 11,
REBAZR £ F AN i SR L0 1 e 35 A 52 HoAth 2% i 5
W, KL

LR F
I S
C
A
0 4 8 12 16 20
t/min

11 ZFAME (A). MEE#ER B) MMRENEHE (C) B
HPLC
Fig. 11 HPLC chromatogram of blank plasma (A), plasma

sample (B) and plasma reference substance (C)

2.14.6 FEtEEE  BUMKEESERE T =R
B, 25T 00 24 4. 6. 120 18h % “2.1437 T K
R AR, IE AR SRR E R O &R
WETHIAR, 1A AL LB A RSD N 9.07%, 1
I HERE SRR T R A

2,147 REEHEER  BH SRR RREN
40. 400+ 1600 ng/mL [ I 6} B8 S A, 4%42.14.3”

TR i 2 A I SRR 6 Yk, 1035 (A SE LTI 4E
W2 LR VETH AL, THE AR IEHAR LLAE ) RSD 451N
6.54%- 3.67%- 5.11%, TG E KU
2.14.8 MERRFEFELE Sl BT EIKEEN 40, 400,
1600 ng/mL [¥] [ Ji 32 21 B8 IR AR 100 pl, A4S
JREIRE 3 43, 40 CREAWRT, 2Bz [ i
100 uL, % “2.14.27 TUR FiEEAEHI% “2.14.37
TR 3t 25 A SE B 2R 3 B SR 2008, i\
“2.14.47 TR 20 HEGE R0 5 FE T E B ) S 200
WA R EIREE, 5 5 Pr i N L S R
SRR, FEEEN 96.46%, RSD A 7.06%,
e R B

2,149 ZiEhEg R AJERAWEEIZ) . Che-Lip
A1 PEG-Che-Lip Zj3h% M2k W& 12. i/ 3P97 %
B EE AR SEER BRI AT A3, 25K (Crax)
24 2R N AR (AUC) XU g 34T A BEA
t K556, AESECERANST IR A] Chnax) S22
(t) K86, S5 12, 5 AJESELMAHEL, Che-
Lip B twax A1 t10 TCREHHEAAL (P>0.05), 1H Craxs
AUCo-» AUCo- 350 WZEMIEIN (P<0.05), Cmax
AR AR S AR R B 43 A3 N2 1.55 F5 A0

2.45 ,f%o PEG—Che—Lip E@ tmaxs 112+ Cmaxs AUCo~s
1600

—— R
—a— Che-Lip
—a— PEG-Che-Lip

S}
(=3
(=)

253 /(ng-mL ™)
g

400

t/h

B 12 Z5-Bfph%k (X+s,n=6)

Fig. 12 Profiles of plasma concentration-time ( X = S, n = 6)

K12 HEhFSH (X+s,n=6)
Table 12 Pharmacokinetic parameters (X + S, n = 6)

ZH AL SPEESAR Che-Lip PEG-Che-Lip
fmax h 0.76£0.19 1.08£0.32 1.94+0.41"%
2 h 2.6710.34 2.81£0.37 4.55+0.73"
Crnax ng-mL™! 462.14£72.55 715.23+134.61° 1296.08 +312.87*"%
AUCo- ng-h-mL™! 1 604.10+226.79 3936.47+672.92" 8 098.69+1021.64"
AUCp-w ng-h-mL™! 1 682.63+243.64 4204.31£703.40" 8249.41+1179.85"

5 BRI "P<<0.05, *P<0.01; 5 Che-Lip ZHLb%:: #*P<<0.05

*P<0.05 P <0.01vs Che group; *P < 0.05 vs Che-Lip group
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AUC) YA R Z AR (P<0.01)5 Crax FAHXT
CIAR RS A= PR FH S I &2 2.08 fi5 0 5.04 5. 5
Che-Lip #HLL, PEG-Che-Lip M fmaxs f12+ Crax-
AUCo- AUCo-31H BEMZ (P<0.05), #iH
PEG-Che-Lip {2 et H B8 B A% .

3 Wig

I AR T ARTEN LR B i R R e e 2, BN E
SEYIMEE, ARER D KIEGUKHIFILE, K
W@ AR ARTE E . i rAe e M R R AT L
SR AT 12020, AR SUAE Che-Lip 4675 5]
A DSPE-mPEG2000 #1 £} Zh #ll # T PEG-Che-Lip,
45 R /R PEG-Che-Lip 7ERSHL B « AR 450 Fa e 1t
T Che-Lip, AIfg2&HT DSPE-mPEG2000 4544
T PEG KB B A Bom R, 78 55 05 TR
R — BRI S “HIR =" 2O, A BT 4ERF s
JRARZE R G 52 R o 1 SRZLBAE Che-Lip 5 PEG-
Che-Lip A H . Wl fzE tEsiie iR, PEG-
Che-Lip Lt Che-Lip 5 REFFR 25 %M, 31X ] BE A2
T PEG-Che-Lip faE 5 &, SHEL.ZET N2
LR T ARBE FHRO, A BT 38 n 244 11 AR i
AR EE

B E . il s 2545 L BoR, Che-Lip M1
PEG-Che-Lip ## 1 FEFLARBINE . i+
(1 ARG, PRI BT i S 20 SR 28
TR B/ SRS PR T 25907 R S
1] %5 B Che-Lip 1 PEG-Che-Lip J& Z5¥1kite . Vfii
PRI S5 R AE T IR B 0030], T (g kT i SR AL
BB 7. PEG-Che-Lip HI # R AVRE I HAK T Che-
Lip, 7] A& H T DSPE-mPEG2000 7£ I Jii & & [ 1
B 2RI, WESE T AR, {2 PEG-
Che-Lip J5 3 RFVBEE & T Che-Lip, Alfg2H T
1 i SR LLBRAE B I v P A e MR 2208, 1 PEG-
Che-Lip FasE 1T Che-Lip, T UL RE R FER Y1
H, BRI EA YRR, RASET KRR
T .

1 e SELLBRAE Bl P A 5% P AR e MR 22, K pH
H—WAE 7.0 247, RIS R 75 S Ao /i
WX MG WBE. 1% RN OG- 10% =% LRI
CIEEEAVERATES, FRKIN 10%=m L
1% 1) <5 VR 2R B DTUE TR 1 i 2006 1R i 26 B
fio Che-Lip Al PEG-Che-Lip #H* EARI IS A= 40 )
FAEEBG N> B2 2.45 580 5.04 1%, HA 8L T
2, TTRESE BT Che-Lip A1 PEG-Che-Lip 1

RGNSV AR NS LW R N (LN

W Wi 24 5 LAt ; Che-Lip A1 PEG-Che-Lip Kif2%i /),

T2 S 8 pE R, R T2 E

W, 29w TR AR T B . il g

X EESRLRRACHS . FEARSE, AN T B E AL

Rk %) 0 R PR AL
55 Che-Lip #tt, PEG-Che-Lip [ tmax KA T

REMIESS, W AesE T DSPE-mPEG2000 7)1

FEHR T PEG-Che-Lip — 5& [ 1 718 26 14120221,

SAMA T URISGHE B, F PEG-Che-Lip ZEBAE A F &

# tmax BAFESFUO, PEG-Che-Lip ) t12 35 PMEAE

K, "RER T PEG-Che-Lip 7£ B . i — &[]

WA ORFFH GRS, AT g UK T AR fSest A if

TRAEIRB2, TR 110 P2 A5 . FERIENS), PEG 12

i 5 0] 245 ) 1 IR 245 30 o BORE R AR T 4 A —

SERZIN, AHEFCIER] T DSPE-mPEG2000 H & A

NEVDJST I 1Y) 5ol m S5 25 2 F 11 i S 400 1 iR

15, FEFA[F DSPE-mPEG2000 FH &% 1 AR i)

WA A 15 Tk — DR 5. AT T Che-Lip

FI PEG-Che-Lip il % T2 L 258 %W 50, J5 s Xt

DSPE-mPEG2000 &%} RIS KT . E S 24

A PUMIRE S ROEATHEAL, DA E 1A K 7]

AT ST
FBAR PIAEAPAREEABYR

SEHEk
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