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It A B AR L A 4 A PPN O IR TFK-1 0 35, w5 R ER . 5R  H 4 )iy DSPE-
mPEGao00 FI i 34.79 mg. ZjfEEL 1 1 15.15. FEAFLE 17.88. #il#3/9 NC-Lips EI BB TR, FIRAFEN (77.6710.75)
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Abstract: Objective To optimize the preparation process of nitidine chloride liposomes (NC-Lips), characterize their physicochemical
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properties, and evaluate their in vitro anti-cholangiocarcinoma activity. Methods NC-Lips were prepared by the thin-film dispersion
method. Three key formulation variables, namely DSPE-mPEGz000 dosage, drug-to-lipid ratio, and phospholipid-to-cholesterol ratio,
were selected. The formulation was optimized via single-factor experiments combined with Box-Behnken design-response surface
methodology (BBD-RSM), with encapsulation efficiency, drug loading, PDI, and { potential as the evaluation indices. The drug content
was determined by HPLC. The physicochemical properties of NC-Lips were characterized using a particle size analyzer and
transmission electron microscopy. The in vitro drug release profile was investigated by the dialysis bag method. CCK-8 assay, flow
cytometry, and cell cycle analysis were employed to evaluate the proliferation inhibition, apoptosis induction, and cell cycle arrest
effects of NC-Lips on cholangiocarcinoma TFK-1 cells. Results The optimal formulation was as follows: DSPE-mPEG2000 dosage
of 34.79 mg, drug-to-lipid ratio of 1:15.15, and phospholipid-to-cholesterol ratio of 17.88. The prepared NC-Lips exhibited typical
liposomal vesicular morphology, with an average particle size of (77.67 + 0.75) nm, PDI 0f 0.212 + 0.01, { potential of (—11.43 £ 0.12)
mV, encapsulation efficiency of (85.96 £+ 0.61)%, and drug loading of (4.37 £+ 0.03)%. Among the in vitro drug release models, the
Ritger-Peppas model showed the highest goodness of fit, indicating that NC-Lips had obvious sustained-release characteristics. The
liposomes remained stable during 30 d storage at4 °C, with a drug leakage percentage of <30%. In vitro cell experiments demonstrated
that NC-Lips exerted significantly better effects on proliferation inhibition, apoptosis induction, and G2/M phase arrest in TFK-1 cells
than free nitidine chloride (P <0.01). At a concentration of 12 umol/L, the cell viability was only (8.17 £ 1.90)% after 48 h of treatment;
at the same concentration, the apoptosis rate reached (28.90 + 2.38)% at 24 h, and the proportion of cells in the G2/M phase increased
to (66.23 £ 3.31)%. Conclusion

successfully prepared. NC-Lips exerted excellent in vitro anti-cholangiocarcinoma activity by inducing apoptosis and G2/M phase

A stable and optimized NC-Lips formulation with excellent physicochemical properties was

arrest. These findings provide an experimental basis for formulation optimization and subsequent mechanistic and in vivo studies of

nitidine chloride.
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PRI AR WIRE. TR, nrEMATEX,
N CREZ ) 2025 FERRIE R ERD,

SALPTH4T8 (nitidine chloride, NC) /&M
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RN 2 R4t (reticuloendothelial system, RES) i
HFRRDOL, T I 3R 4 RS SR K R AR R B
FMRAT M, TR F AR B R R R e I S B
H IR B 5 RES [R5, AT 35 8 K g B A ALE IfiL
TR B[R] 1200,

O A W 70 41 2 92 B S04k PR T BTG A4
(nitidine chloride liposomes, NC-Lips) 3% Aiifi] 4%,
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NS5O TN E. BTk, AW SR —
IR 4 BB NC-Lips. B 56K H S 2505
WP TR AL T R &, #1732 H Box-Behnken ¥
TT-20Bi % (Box-Behnken design-response surface
methodology, BBD-RSM) #4T KRGt L. )5,
Hg 508 e A A T7 ) 4 00 i Joi A4 a3k AT 1) 55 27 R A S5 44
AMNTUIR SRS VY, 9 NC IR K A Ja
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1 UESHR
1.1 Y88

Shimadzu LC-10AT B4 & 8080 (il A, HAR
HEA ] ; DHG-9240A B AT X548, bilg—1H
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R HT A, S /RS A ] s KQ-800DE 7R 4ids
A RIE RS, B A ESE R AR LDC-5

1 ARER 0N, BRI M A IR A A ;
HT7800 AY3%& 5 1 72488, H A Hitachi A 7] ; Hera
cell 150i 78 —S LB FRAR, SCIEZRER KRB

HFRAT; BCD-450WDENU1 BUykA6, 745 5 R i
MHEBRATE; R206D B 78 AL, LA RHE
AIRAF; BIEELE, MR FHE 3500,
[ Millipore A~ 7]; Sonifier 450D 4 fg il i A,
32 [E Bransaon A #]; Aynergy H1 ZUEFR1Y, 32 E 1A
AR PR A A

1.2 X%

NC JFRI24, b5 22010702, 7 &40 %1 99.18%,
B RS SR AR A IR AR K I s
(5 SY-SO-241201). —Hdi gk 3 1 i ik 2 I iz -
B E 2000 (DSPE-mPEGaoeo, fIb'5 C40311).
JHERE (5 C40563), HIWHE YR (Lifg) &
ARHERAR; HEE (IS F2408C202). i
({it"5 F2407P205), ¥y HZEER R BHE A A
THEWH (S 20240408). =& HFkE (LS
20240911, ¥0 B E 2548 B AR TR 2 ) s 4
WSS R 2l5 K, S 111319SD, W [ AU N T sy
LEHHRAT; RPIEF4ERM, A5 589083, 14
H L e AR AR A R AR s CCK-8 il &
(35 A095259421). Annexin V-FITC/PI 40T
K& S 061923231130), S E Fifgz
BREMEARBM AR AR RPMI1640 FrFRE,
#t'5 6123120, ¥ H3EE Gibco AF].

2 FEEHER
2.1 NC-Lips Bu#I%&

FEZFREL NC JFRIZG 10.80 mg. K& IR g
162.97 mg. DSPE-mPEG2000 34.79 mg FHJH & i 4.60
mg, VT 4mL FEE- =S HF (R 1 D A,
HiHEFZ 250 mL R, TH#E 50 t/min.
55 CRWJEZE R 30min, LARZEAHIER], 6 HLE
[ e R G, BB S 55 CRIglizkimA
2 NE B B A, T4 5E 100 r/min.
55 CIKIBFAF FRABERE 30 min, )54 AT153R
FRAAN MR REAGE AR (T 100 W, A 2
s, [EBE 2s) 15min, T 0.22 pm AL IEME S BI1S
NC-Lips, %, #H.

THPEFA (blank liposome, B-Lips) 5 NC-
Lips il #7775 —30, AEAIIA NC JRLZ .

2.2 HPLCEMZENCHIEE

221 M AN Shim-Pack VP-ODS Cis
SHTEE (150 mm X 4.6 mm, 5pum); BTN ZHE-
B 0.35%HFR-0.35% = ZJEHI7K (321 68); HillJ
KR 271 nm; AR EN 1.0 mL/min; HiREA
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(2)NC-Lips ik i i : #ERAFEHX NC-Lips %
M 0.5mL, BT SmLAZRGAEMF . DLHFRRER,
ZERFRA 100 W RGBS 10 min AbFf#E
WiRfE, AP EREZE. MERR RS, o
0.22 pm FYALIEMEER, 7531 NC-Lips il id i -

(3) B-Lip Bl : #EMIFZ X B-Lips ¥
0.5mL, BT 5 mL Bt i, MAREENE
7, FHRBAET 100 W ZHEREEA 10 min AbEE B
IR, MR EEREZE. BIRA IR
&, £ 0.22 um TALUEREERE, BI43 B-Lips il
B
223 MR RFEE IR NC X I i 5
Bk, RBIREIRESH8 5. 100 25, 50,
100, 150, 200 pg/mL [¥] Z 5B R SV 1%
fR“2.2.17 TR A KR T, BLNC [
H(Y) SHREWRE (X0 TR, 15
[ A5 FEN Y=70 177.5 X+70 998.7, r=0.999 9;
SEREH], NC7E 5~200 pg/mL S 30 H B Il 2kt
KR
224 LEMEEE HUNC XS NC-Lips £
KA. B-Lips i niE W, %8 “2.2.17 i
BRI, Bl E RO s, 4
PO 1. HREW, EiZEERLET, NC WS

NC
A
B
C
0 2 4 6 8 10
t/min

1 NC *EBSHAMR (A NC-Lips A& (B) #1 B-Lips
iR (C) B HPLC
Fig.1 HPLC chromatograms of nitidine chloride
reference solution (A), NC-Lips solution (B), and B-Lips
solution (C)
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PR TH NC #II5E
225 FEEEHER

(1) HANAEERE: 70 BU%. s w3 Mot Sk
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IR “2.2.17 TUR IS AT 4. 72 1 d X
B SR R 6 IR, 10U TH FLIE 115 3 RSD
fHo RER, K. . S EREMRS T
RSD {5354 1.59%. 1.20%- 1.53%, 45 RFHZ
JIER H N RS R R IF

(2) HIEREEHRE: alBC. t & 3 FE
W (80, 100 120 pg/mL) ¥ NC-Lips At 5%
W, M “2.2.17 WU g & AFETIE, %8 6d
R HT, IR AIF AL RSD fH. 3%
s G R E B R R A AR RSD {E AR IR
N 1.76% 1.21%- 1.53%, Z5RFWZI7EEH Ak
R
22,6 FREMEEE  HEUK. . oE 3 MRER
JE (80 100 120 pug/mL) [) NC-Lips fti i A
A FHI G 0. 24 4. 64 8. 16+ 24 h &Hf[H]
R, IR €227 TUR IS SRR T, 10T
AR RSD . 53R, K. F. M &K
VW RSD {43 51104 1.88%- 1.35%- 2.00%, 45
BRI AR 24 h W E M R IF.
227 EEMEE QUL . SEEKRE (80,
100, 120 pg/mL) ] NC-Lips Bt fid W& 6 47,
TORUETH AN, THE5 RSD fH. 45 RERMMK. . mi
EIRE (80, 100, 120 pg/mL) HHR 5 IEW Y RSD
I3 AN 0.98%. 0.73%+ 0.79%, 45 R R %25 =
YL
2.2.8 NFEENEEFES 4RI EL 500 pL NC-Lips
BT SmL FREERS, HKIMA 400, 500 600
pL NC XfHE S, el Ik (80 pg/mL) H (100
pg/mL). & (120 pg/mL) 3 N EREH, PLHE
ERE, FHL 500 pL ¥ E N A 7l R
43500 HHEEEROE T, LA 4000 r/min B0 G
D42 6.5cm) 60 min. WEE FEUEM, £ 0.22 um
LR e, SR “2.2.17 TN itk 45474
BT, SRR IR IR R R . g5 R EOR, K.
WL R RO AE I S B R B SR Ay
102.36%- 95.95%- 95.46%, . RSD {H N 1.53%-
1.99%- 1.31%, &5 SRR FT 2 S A [l € J7
VAR AT



PED 2026£9H B57% B 178 Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 17

* 6719«

229 FEAIDE  BUSFRNRES, R “2.2.27 iy
IR AR A, 120 “2.2.17 TR ik ST
ME, FEARHE “2.2.37 TR [EE T FEHE NC &
23 BHER, HHE. NER CEMNIE
231 BEZE. FAREMNE  H 500 uL NC-Lips
WE T EBE AN 737N 3 500 (B O
B, F 4000 r/min (B0P4% 6.5 cm) &R &0
60 min. WWHELLIEW, M E SmLARGAEF, I
R E R B L%, 347 HPLC 4047, 143 NC 37
e (W). HEL500 pL NC-Lips iR HiZE T
SmL EREEF, MAREEAEZE, £ 0.22pm
AL R JEERE, TE NC B & (). &5,
RIFEAK (1D Q) il FaHEREERAE.
BER=W2—W)/W> (D
G = (W2 — W)W+ W) @)
W RIEE AR, W RGBSR, W RRGH
ki B
232 AR K CHALIMIE B NC-Lips #4100
uL, IOANKARFEA I, i H Zetasizer nano ZS Y
L S A 8 Hoki A% fe %2 43 #de 2 (polydispersity
index, PDD. 5 HUFEHLAR B4 100 uL, FH2EKFR:
10 IR G, ¥BE AR, ER—{2E
W CHAL. BEANFEMITFATINE 3 K.
2.4 BFEZEZENC-Lips LA REIETE
2.4.1 DSPE-mPEGao0 HEHE [EE a7+ NC
(10.00 mg) AHEEE (9.65mg). KEINHENE (166.82
mg) HIHE, LH% DSPE-mPEGa H =5 7HA
10, 20. 30. 40. 50 mg, F%H& “2.17 TN &4 #%
NEmif, DAMad#, #iZi&E. kife. PDIL. ¢ HAAE
LRI AT VA, 5 R IE 1. 4 DSPE-
mPEGa000 &4 50 mg i, NC-Lips L%, #
ZyiE, Fife. PDI K ¢ MO S bnsr & i, Wukst
A BT 5 Ak . iX ] B A K19 DSPE-PEGa000

%=1 DSPE-mPEGn 2% (Xts,n=3)
Table 1 Investigation of DSPE-mPEG:2000 dosage (X £ s,
n=3)

DSPE-mPEG § N
" asgy B25%8% Rfmm PDL (EfUmV

& /mg

(5 NSZBL T 5 i AR ) PEG A8 o L3R TH 5
IKPE PEG KB Ik 7= A5 53 K 23 [ AL FH AN, BEA
RO NR N T 2 R E M e, iR
WD 2R R s, X RS
2 5 FH B I N HE T () OB i PRI 21 B AR A LA
# 10~50 mg B2 F TR, HE GRS
T EATA L, DSPE-mPEGao FE KT 50 mg £
IR 72, AR R TR, bits
PDI &Ak. BRIUCAH AL IR E/E 50 mg, [l
SEEG SRR AR TR, 30mg 2T E T RE
PRI R, WUS4: BBD-RSM #4i% R & % 52 [X a) %
5E A 30~50 mg.

242 KGUNEENE S5H BB PR E L B D
g [H g 4L J7 7 NC (10.00 mg) « DSPE-mPEGa000
P& (50.00 mg), {CFEEMER EL4r 514 90 & 0.
8614, 82:8. 78:12. 74 : 16, %M “2.17 WK
AR DA, DB E, #4E. Rift. PDL.
C AR R S AR bR AT AT VAN, S5 R 2. BE
5 Ak 7 v AR T A 3, R TR R ) B R 3
ZE BT AR A&, RN [ A A
A )M ; kife 5 PDI Bk EhE /N, PDIIHE&
PERFERARK T, RIS R AR A 3 —;
¢ HEALIATUE,  EAE R LA v B 2 X E A
XPHR, ikt MR AR E . 285G
BIRAERE, A LN 86 ¢ 4 I, g4 A g R
SRR, FRES MY —. et R,
IR 1% B 9 e o N e B L S R e 46 . &
T H AR AR A1 2, SR NI B
BRI, W 25 Ws e DR T R 5 302
iy I R AR R A P HES ], R
B, SECELE R R, JIH [ A a0
AR AR RIAZ A PDI 52ME /N, %40 PDI B 4ERFER
KA, KA R LB B ki As o A —.
243 NC 5KRET PSR &L (R F%E
SEMETT B EEE (7.76 mg)+ DSPE-mPEGao00 (50.00

R2 JRMEEER (X£s5,n=3)

Table 2 Investigation of film material ratio (X +s,n=3)

M BEE% BZ4E%  Kiffam PDI L AL /mV

10 61.9812.90 3.17+0.15 72.484+0.45 0.235£0.004 -5.15+041
20 62.65+1.54 3.31+0.08 74.6810.99 0.223£0.004 -540+0.91
30 66.00+2.98 3.1740.13 74.59£1.15 0.227£0.003 -8.10+0.34
40 78.25£2.39 3.55+0.12 77.88£0.65 0.219£0.006 -9.88+0.68
50 80.91£2.40 3.6610.10 76.65x1.14 0.218+0.009 -10.70£0.16

90:0 82.48+0.77 3.5410.05 75.8941.14 0.218+0.008 —10.2540.43
86 .4 87.94%0.71 3.69£0.03 81.17£0.31 0.208+0.002 -13.23£1.44
82 .8 85.51%0.37 3.6010.02 77.05£0.67 0.210x0.013 -10.53£0.68
78 112 77.8810.82 3.4940.02 81.73£1.18 0.216+0.010 —10.80%0.73
74016 76.18+0.79 3.4440.03 74.83£0.6 0.196+0.012 -10.77+0.33
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mg) WM&, OB 150, 1:25, 1
160 11120 12105 105, #%08 “2.17 TR 2644
HNEmMA, DM, #iZiE. kFife. PDI. ¢ HAL
VE R SEHRFR A AT VRN, S5 W3R 3. B NC
FHEHE N, NC-Lips HLEREIR ZPHNEMC, 2424
JEECA SR 105 MR ERE. XTRE2H
TAEWA AR IEOL T, HXF NC FIE 288 A
MR 4Z5REEL N 1 2 104 10 12 I EiZhE R, kifk.
PDI Al § BN L XHE K/ N AR U, E 1] 2% 58
G FE B BUNET O, R HREE, X
ARe R T ERZAEL, SHOKE NC 4 FiEA
Hd FEBNNE A T2, R TG P45
FasE e, NI 51 R 25T AR SRR TTE . B e
CEEE, EBRAMRICN 1 D16 TR T 2k

A

#=3 ZBEHER (Xts,n=3)
Table 3 Investigation of drug-to-lipid ratio (X £ s, n=23)

Zifete BEEY% HAE/% Fiffam PDI { HAL/mV

1:50 91.260.65 1.3120.01 81.38£3.58 0.300£0.016 -15.07£0.31
1:25 90.27+3.14 2.5320.14 78.48+0.92 0.241£0.002 —17.93+2.20
1:16 86.74%2.10 3.6920.90 77.90£0.30 0.21520.002 —11.43+0.21
1012 87.74+1.92 4.8240.14 80.92+1.73 0.200%0.003 —21.0740.71
1
1

- 10 86.8710.61 5.7810.19 80.66+1.12 0.202+0.006 —22.98+0.03
©5 41.28+0.97 5.2520.12 82.82£3.09 0.204+0.007 -34.23+1.22

244 KIFREFEEE  [EE 4T+ NC(10.00 mg)
JIH %% (3.84 mg) . KGR/ (162.98 mg). DSPE-
mPEG2000 (50.00 mg) W&, [CREEKIEEE 7
Wy 45, 504 55, 60, 65 C, R “2.17 WK%
PEfI &R R, DLEER, HZE. kife. PDL.
HLAAE R SRR AT VAN, 45 RR 4. &5
REIR, EERNBEGERN, iR 5H4E%
PR BN HYERF TR K s B IR T =7 PDI
SEEHRES, RATHER; ¢ BAMgEXT
AL i I T e AT Yk ) o FE AT - R R B A TR R R

F4 KBBEER (Xts,n=3)

Table 4 Investigation of temperature (X £ s,n=3)
KBR bam msmm Bftm Dl
BIC

40  85.29+£1.08 3.76%0.04 77.90£0.23 0.24340.009 ~13.1040.21
45 85.06£0.01 3.69£0.05 78.90£0.03 0.22010.002 —12.1010.20
50  83.6510.55 3.74+0.09 74.59+1.15 0.218+0.006 -12.20+0.14
55 85.40%1.94 3.71£0.05 77.88+0.65 0.2104+0.013 -11.57£0.16
60 85.18+0.02 3.65£0.14 76.65+£1.14 0.214+0.009 -10.38£0.16

¢ H i /mV

1, 55 °C 7KL FE B 3 770k 2, T ORAIEIE 771
PRI SR, TE BRI G P, Hagik
8 RS B ) e N P SR 1) YR i R e A P i RS
BESR THGPIR AN RCR USRS m i 38, Sl 40 1 IR
FE i S BN S A BN 5 2T, R ORI T
N AARRLAR 73 A ¥ — AR E M. DRI B /K i
N 55 CMTIES: T 2R .
2.4.5 AR EFES  [E 4T NC(10.00 mg)
JIE [ (3.84 mg) K5 GPHE S (162.98 mg). DSPE-
mPEGa000 (50.00 mg) [, A% 5 i [a] 43
0. 15, 30, 45. 60 min, %M “2.17 Wi F%
PEHIS AR A, DR, #ZE. Fife. PDI. ¢
AR N SR HEAT VA, SRR 5. R
A I B R S E RS, (HRARRERA. 7
B ZE; B 15 min J5, KR KR FE EL PDI 4T
BARAKT, PR 51— B ocE, ek
RE R AR BIEA TG R R m A
WA 15 min f5, QRN EE T FE, 0]
ReE R A i K S ECER a Ziiti . 27E
BOERCR . AR SR, EFE 15 min fEHN
J 8L T2 ARA PR P ]

*x5 HBEMEEZEE (Xts,n=3)

Table 5 Investigation of ultrasonic time (X £ s,n=3)

ﬁgﬁ BEE % BHEY%
[i]/min
0 90.54£0.67 3.9940.03 249.17+1.21 0.234£0.005 —-18.13£0.58
15 85.01%£1.00 3.75£0.04 76.54%1.18 0.211£0.005 -11.30+1.67
30 82.07£3.38 3.62£0.15 81.38£0.32 0.218%0.003 —13.21+0.75
45 84161143 3.71£0.06 80.41£2.01 0.210£0.008 —12.131+0.82

60 80.24+0.33 3.54+0.01 75.29+2.07 0211£0.009 —8.85+0.23

Hi e /mm PDI ¢ Hfir/mV

2.5 BBD-RSM ffi{t NC-Lips &7

251 MR RETE 7R E S Ie A5 SR A SR
15 DSPE-mPEGa000 & (XD ZjfiELL (X)) FfiR
P (X)) NHEEER R, DVEE R (YD HA R (Y.
PDI (Y3) FCHAL (Yo AN TEFR, 31T BBD-
RSM SEER &AL, AR 2R 7K 58wt &
SERNK 6. N T EHEWHIEMRIGLE R, RS2
R B ANIH—1ZE51E (outside diameter, OD
5D, HHBZKMEEARENE Z AR N
AHIE B SN, DMELE R —RvE R e AT LB
hossRA. Fitk, #HaEE (YD, BHAE ().
PDI (Y3) F1 ¢ HAL (Vo) #5408 OD 1, KE %45
FRIIZEA R
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% 6 BBD-RSM %+ SLiE FAKF RIAWER
Table 6 Experimental factor level and experimental results
of BBD-RSM

w71 BHEDHER (ODH)
Table 7 ANOVA results (OD value)

WERWE P BME ¥ FiA PlE  BFN%

WIS Xumg X2 X3 Yi/% Y2/% Y3 YdmV OD1H
1 300 10.0 20.0 82.72 6.31 0.234 —7.20 0.270

2 50.0 10.0 20.0 70.46 5.14 0.245 —12.96 0.250
3 30.0 25.0 20.0 68.19 2.18 0.224 —13.60 0.240
4 50.0 25.0 20.0 78.03 2.27 0.219 —14.10 0.320
5 30.0 17.5 10.0 66.49 2.93 0.221 —12.03 0.290
6 50.0 17.5 10.0 66.22 2.67 0.187 —10.53 0.300
7 30.0 17.5 30.0 69.45 3.15 0.221 —10.63 0.300
8 50.0 17.5 30.0 67.13 2.78 0.212 —16.26 0.340
9 40.0 10.0 10.0 79.55 5.69 0.200 —6.50 0.000
10 40.0 25.0 10.0 58.74 1.76 0.236 —18.00 0.000
11 40.0 10.0 30.0 76.23 5.59 0.248 —19.80 0.000
12 40.0 25.0 30.0 63.07 1.94 0.226 —13.10 0.150
13 40.0 17.5 20.0 90.06 3.87 0.201 —15.00 0.600
14 40.0 17.5 20.0 83.46 3.59 0.184 —13.20 0.556

15 40.0 17.5 20.0 84.19 3.62 0.190 —13.00 0.545
16 40.0 17.5 20.0 83.45 3.59 0.205 —16.20 0.550
17 40.0 17.5 20.0 84.20 3.61 0.207 —14.70 0.530

dimax:(Yi_Ymin)/(Ymax_Ymin) (3)
dimin:(Ymax_Yi)/(Ymax_Ymin) 4)
OD=([] ., )" (5

Yo A SEBRIRAE  Yonax R Yonin 23 A B 56 B AT 4232 ) A
g/ MA

T ARG, 5 F RS T BT Yiax
A, RZAT Yo WEH 05 X T2 (4D,
LRGP AR AR T BT Vi BN 0, 2/
TEEET Youin MBH 16
252 AR T725HT K Design-Expert V 13.0
A LAZEAHRRR OD EX X1\ Xoy X HHTHIE, 15
OD fH 1) 2 IRZ JuHAT A Y=0.556 5+0.015 4
X1+0.024 8 X,+0.026 6 X3+0.025 4 X1X,+0.008 6
XiX3+0.038 3 X2X3—0.007 4 X:2—0.278 5 X22—0.239 6
X2, R2=0.9911, P<<0.000 1. OD {5 Z/# W%
7, B ARG (R?=0.9911) Kk
BEKTF (P<0.000 1), Pt BIERITRIEE /7 R IT
SRAN TR B0 45 5 R P>0.05, RERIA B3, 1
RITT SRR R, ARSI Hh S Sz PR o R o A e
FIARBI G T2 BT W Z k.
2.5.3 RN THPEAG S TN R Design-Expert V
13.0 AL T FAS R 5 [ AR & 1) = 4800 B T
K. £KFEE DSPE-mPEGa HE (XD ZifigLL

<0.000 1 1% &%

B 06265 9 00696 87.01

Xi 0.0019 1 0.0019 239 0.166 4

X 00049 1 0.0049 6.16 0.0420 B
X 0.0057 1 0.0057 7.09 0.0323 &%
XiXxa 00026 1 0.0026 3.22 0.1158

XiXxs 00003 1 00003 03689 0.5628

XoXs 00059 1 0.0059 7.35 0.0302 &%
Xi? 0.0002 1 0.0002 02856 0.6096

X2 03267 1 0326740838 <<0.0001 %3
X! 02417 1 024173022  <0.0001 %3
BZ 00056 7 0.0008

KAT 0.0026 3 00009 1.12 0.439 8 Rig.%&
4ifiZ 0.0030 4  0.0008

MEE 06321 16

(X)) MR () 11 AKRER, HRHER 24
R Z M4 TAE RN 256 Fabr OD IR, 2553
WK 2 fizr. Bt BBD-RSM #4744, HiE
4L 77 : DSPE-mPEGao00 FH &4 34.7854 mg, %]
RELEN 10151492, JEAEL N 17.879. 25 FE 3SLPR
AT EPE DA R AR R A RS, e 2R
DSPE-mPEGaoo [ & 34.79 mg, Z4figtt 11 15.15,
JEATEE 17.88, wAUAFAF N HIELE Ry 85.23%, K
2N 4.34%, KifEN 78.54 nm, PDI A 0.203, ¢
A N-11.90 mV . TEIRAR T T 2554 T FAT il 4% 3
HEAR A, Z5R IR 8.

2.6 NC-Lips BUHIFIZ3EMN

2.6.1 HPUAITIARIMG  WMERMALTTHi 4 1H)
NC. NC-Lips i8N, @1 3 iz, NCIHERE
RBCEIEAAR, R, JEPIHR AT WL 5
B UiiE, MAMNEOGRRITE, SR S
T, R R 6, T T IARBLS; 1 NC-
Lips it 2R AL, HAIERKIRT NC I,
HABIR, BARA RS T BeEH, R4
AN R HR SR 0] 7 UL 2 B 20tk B 2 i A
HI AR 1) T IR R RN o 3 6 2 S T g o A
() R AR A A e 1 % 2 385 1 R iU FE AR A, T
TR R ASONE ) HE BRUBRAIE T g AR PR R T
2.6.2 RARFN C HALTIE B AR AL T R A 1
NC-Lips i&i &, T Zetasizer nano ZS R 43 Hr 4]
SE HAIAE N (77.67+0.75)nm, PDI 4 0.212+0.010,
CHALA (—11.4340.12) mV (n=3), iR ILK 4.
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Xi/mg

Xi/mg X5

E2 EREXZE(EMAYMAE 2D EF 3D [E (OD &)
Fig. 2 Response surface 2D plot and 3D plot of interaction between factors (OD value)

*8 mMAFHIIE

Table 8 Validation of optimal prescription

BAEF 5 B3 %R/% HA /% Fiffmm PDI { #4A7/mV OD {4

1 85.45 434 7872 0207 -11.40 0.510
2 85.61 435 77.10 0226 -11.60 0.440
3 86.82 441 7718 0203 -11.30 0.530
ol 85.96 437 7767 0212 -11.43  0.500

wiEALTT  85.23 4.34 7854 0203 -11.90 0.502
RSD/% 0.86 0.61 1.26 449 392 0.40

AN TRRI%
B3 NCA® (A) 1 NC-Lips i&& (B) HISMRFNT AR
&

Fig.3 Appearance and Tyndall effect of nitidine chloride
solution (A) and NC-Lips solution (B)

A
1 10 100 1000 10 000
HFi4E/mm
B
=150 =50 50 150
¢ A7 /mV

El4 NC-Lips BIRIZS7 (A) M (HEAL (B)
Fig. 4 Particle size (A) and { potential (B) of NC-Lips

2.6.3 ESHFE B8 (transmission electron
microscope, TEMD MLETEA Rl & () st ik J7
I A LA At K& BE A RS e, B/ VIR N 178 A ik
JES TR B o R TR, A5 2% e R AT S e th, H AR
F/EET TEM TSI, 4R WK 5. 8 $
AT LS R o AR SR R BRI S, L RTRLTE
BIEAY—, [RIN PR > B AR Fr R i i R
MG, BARTTE N BRSO TSR -
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&5 NC-Lips B9 TEM
Fig.5 TEM of NC-Lips

2,64 fEfARREEHEEE W FEHIR AR S T B
%M NC-Lips BT 4 CH&AMF FigfE, £ 1~14d Al
30d BURE, 20 HIM%E NC-Lips [0 -0 52 Hofa 35
R, HAE., MRR. KifE. PDI LK C i, B
EREMERAARIR TN, SRIE 9. SRER, NC-
Lips 7F 4 ‘CZM N EA7 30 d J5, AMULA ILBH B A%
b, HREIRFFYY — . R 3RS, Kife. PDI LA
Jo ¢ HATAARIRFERLN, 1B IR A7 T 1K 2

#9 fEEBEMRE (Xts,n=3)
Table 9 Storage stability test (X £ s,n=3)

td 1.3 2/% YR/ % BIRE% K% /mm PDI ¢ B /mV
0 83.7840.56 4214043 0 77.61+0.28 0.2090.020 -11.78+0.16
2 83.2040.17 4.1940.04 0.28+0.12 77.6510.83 0.210£0.070 -10.41+0.26
4 81.954+0.32 4.1440.02 2.7040.01 77.3240.14 0.202+0.040 -11.28+0.79
6 81.8840.10 4.1040.38 3.9540.04 78.48+0.48 0.198 +0.050 -11.284+0.18
8 78.54+1.70 4.10%0.29 7.2040.07 76.53+0.97 0.206+0.010 ~11.43+0.57

10 77.68+2.34 3.98+0.44 8.85+0.34 78.58+0.69 0.21040.020 —11.44+0.39

12 76.444+2.33 3.95+0.11 10.10£0.01 78.0010.13 0.2050.050 -10.08£0.24

14 742041.90 3.83£0.06 12.80£0.01 78.1240.22 0.21140.060 -11.84+0.06

30 64.50+0.22 3.6610.33 23.7040.01 78.53+0.36 0.216+0.030 -10.1840.85

geig FIHER, 2 30 REBIREN 23.70%, /)
T 30%, AT rrEEsZiEE .

AR AT IS AR P B i 40 5 e A SE AL R AR
CIR 27N PG Y 2oy (A s A TR % K 28t DN
HLAZ O . AR T i A R IR AR UTE - AT
FUAE 4 CoAF M A7, NEPAR4E. PDIL C H
B R iR Ze Bk R e, U BZ AL T FE Rk Ak 1
TR R RAR, IRES M ] R AR e R, A
7 R R AR AR AR S 1

VB IR = (VIR M6 R 160 3 2 — U R £k £
B FR) A B IR R R ) B 2 (6
2.6.5 RIMBEZGREVERTL HUSEAMREIRE (1
mg/mL) ] NC ¥###5 NC-Lips ¥ % 1.5 mL, 4>
FEEN ISR AIE TS GERBI AT T B & 3 5000
W, FLEW . HIENTIE T 40 mL BT
A, MR R L TR 2 A B BN pH 7.4 PBS
T TN 0.5%2 AT 4E 2 LGV B 1259
Mrif, [ AR IR, ARG
(37.0£0.5 CHERIRG & Hiz1T. T 0.5, 1. 2,
4, 6. 8. 10, 12. 24. 48. 72 h IfJA] s 2 ECHY 1
mL BEBOR, LRI IS IR S AR B 2 R
Ji o B ZE 0.22 pm TFLIERE IR 5, % 2.2.17
TR 1 2% A e AR, T L) RAURE IR

(M), LB 4R, FF R FHAH R AR 6 R T
PRI . SR WE 6 K&K 10 Fras. Bl
LR, NC R BOE AL, 12 h BARE
ERLIIE 60%, 72h ik 80%; 1ff NC-Lips R HGE
REPLE, 12 h BRBELN 40%, 72 h 418
60%, S IR B IS RERHE . SRR AT
RIS 5, NC %5 NC-Lips MR 2635 5
Ritger-Peppas 3} /75 B2 40 & FE e i, R
PR R 2 RR Y N 2 S B SR b R4 1)
SEOL. R MAEAALRI N 1 L], {H NC-Lips 1]

100
80
60 1

40 1

RBUBIEY%

20

0 2‘0 4‘0 6‘0 8'0
t/h
Bl 6 NC F1 NC-Lips BUFIMNERHIZ (X£5,n=3)
Fig. 6 Release profiles in vitro of nitidine chloride and NC-
Lips (X+s,n=3)
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# 10 NC #1 NC-Lips BB ZHIERHI 551
Table 10 Drug release model fitting equations of NC and NC-Lips

METHE

Y

NC

NC-Lips

TRTTTE M=kt

—HITHE Mi=a(1—e™™)
Higuchi 777 M,=ki'"
Ritger-Peppas /712 My=at*

M;=0.813 0 ++38.722 7, R*=0.721 47
M=177.7776 (1—e 016501, R2=().769 14
M=8.338712+24.276 0, R>=0.905 81
M;=29.390 7 22634, R?2=0.967 70

M,;=0.707 6 t+27.598 9, R?*=0.747 70
Mi=64.103 7 (1—e 12567, R2=(.847 26
M=17.1870¢2+15.2658, R*=0.917 39
M;=20.184 9 2307, R2=0.957 53

RRBCHE R 5035 TP 2%, X e 7 S5 R W A 11
WG+ /24540 9 NC St 7TRMF IR, A RsL
AR e R . T B NC NMEE R IRAEY)
W, ERRNBHEEAR, 5REREERS
T HAT N, IR I R 251 e 18 ek, 17 I8
AR N SRR R RN, S AR R
YNk =s) <R

2.7 RN RS

271 AMEEMERTIN SR CCK-8 2440 i
FEINHIR, R ESBEA (B-Lips) LAHERR#E AR
RS . HON BUE KRS TFK-1 400,
FEERAL 5X10° MY EFERFDT 96 LA, BEALIMA
100 uL ZHAER, T 37 “C. 5% CO, B e/ s 97
24 h fFANGRE . 3% B3 SE, 2 IMANIREE N 2.
4. 6. 8. 12 umol/L ] NC JFt NC-Lips, [FIif %
BARMAMIEXN A, HEESAH ChEM
Y, A2, [ 6 NEFL, 4kelE 37 C.
5% COy 61E R 23 WIRE 55 24, 48, 72h, BER&SLE;
FR%E, BN 10 pL CCK-8 ¥, WHE 2h 5T
450 nm PAKEMERCE (4O H, FHiEFHE

LA

MR =4 2n—A 2e)/(A mrww—A ) (7D

SIGAE RN 11, 12 B o 7 SEEGVR BEVE Bl A
B-Lips ZH40HUA735 545 >90%, #HAALMHENE R
Uf, XTYIMOICH RN, Ao e S g, F
T S Ja S Aar i 2 SR = A AR R e . SRS NC
AHEL, NC-Lips %t TFK-1 4 638 5 300 i £ FH 2 )
V8] 5 9 BE A SRR 58, 6~ 12 pmol/L #4F F B A
(P<<0.01). 12 pmol/L NC-Lips 1£ ] 72 h 40173

x& 11 ZFAMBBRITE 24, 48, 72 h B TFK-1 BfRTEEER
(Xts,n=3)
Table 11 TFK-1 cell survival rates of blank liposomes at

24,48, 72h (X +ts,n=3)

K= =N YHMLAE TS 2/ %
(umol-L1) 24 h 48 h 72 h
2 102.664+2.05 97.661+3.68 96.01%2.16
4 98.331£4.10 9433+£2.05 94.66+£2.49
6 96.90+1.27 96.66£0.47 92.76+2.05
8 96971139 9426£1.03 92.66+2.05
12 9440+1.17 90.66£1.69 91.40+0.43

® 12 REHEZHEX TFK-1 WIEEMNEHER (X+s,n=6)
Table 12 Inhibitory effect of different administration groups on proliferation of TFK-1 cells (X + s, 7 =6)

%) 24 h A7 /%
0 pmol-L™! 2 pmol-L™! 4 ymol-L™! 6 pmol-L™! 8 umol-L™! 12 pmol-L™!
NC 100.0040.02 98.231+4.53 90.2443.75 76.771+2.52 72.20£5.76 54.05+3.13
NC-Lips 100.00£0.02 102.83+1.23 93.0242.03 67.6115.78 51.15+3.39™ 39.47+0.93™
5| 48 h A7 /%
0 pmol-L™! 2 pmol-L™! 4 ymol-L™! 6 pmol-L™! 8 umol-L™! 12 pmol-L™!
NC 100.0040.05 86.30£0.91 71.211+4.09 46.6013.58 38.12+2.91 22.904+2.97
NC-Lips 100.00+0.74 94.39+0.88"" 65.77+£1.89"" 14.83+4.53"" 10.47+£1.73"" 8.17+1.90™"
5| 72 h JHAT I /%
0 pumol-L™! 2 umol-L™! 4 pmol-L™! 6 umol-L™! 8 umol-L™! 12 pmol-L™!
NC 100.00+0.04 83.69+4.29 53.291+0.86 23.05+0.64 20.83+1.18 9.39+1.03
NC-Lips 100.0040.03 46.65+4.06"" 7.164+0.98"" 4.3240.83"" 420+£1.20"" 3.40+0.51™"
HA— PR EE N NC #EE: “P<0.01 *"P<0.001.
P <0.01 *™P<0.001 vs NC group at the same mass concentration.
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FAUN (3.4010.51) %o $Eots NC il %4 iz o i
Al e N TFK-1 RS EEH. 2. 4
umol/L Z51£ T, NC X TFK-1 40 1) 301 5 S g A1
T NC-Lips H, XS5HKRMFFTLR -8, HEW S5
JRAR VR RERE AR DG, T o 4 5 i W B 1 /D 2 2454)
KAk RS ARG, NEEER NC R
BN Z BRRE SRS 48, BT BE T o i A
G BRI AR S5 MR R SR R, S BUIRIR
FE T 250 FE RS T S 2504, e, &
WE (6~12pumol/L) F, JLHAE 12 pmol/L fEH 72
h i, NC-Lips HAHMEAFEZ (3.40+0.51) %E3E
RT3 NC 41 (9.394+1.03) % (P<<0.001), iX—
GERRH, B NC il £ BUIR oA ] 2 2 1 5 0T
TFK-1 40 st A .
272 MMM RA Annexin V-FITC/PI 4H
L TAS IR 7 Bt TEK-1 48 o 3 T 75 o kA7
E o FEAHHIEE 1 X 100N/ ML 25 B B T B 3R L,
B J5 73 145 F 04 3+ 6+ 12 pmol/L Y NC A2 H: NC-
Lips Hil7fIAb3E, DAIEFRFR . AMEAEAT 24 KGR
PRAE PRI TFK-1 40N IR, 9FT 37 C.
5% CO $5 IR R k3G 77 24 he BRLE W 5, K
ANE EDTA IR ER B AL ISR 4t e, 4 CHlvA
(1) PBS Wk 2 X, PTfS4MayTiE H 195 uL Annexin
V GG R E . B2 5 uL Annexin V-
FITC 1 10 pL PI $eif, =EEIEHFE 15 min.
et JEIREATE 1 h Pyt 3t g0 i G AT A,
Horp Annexin V-FITC [H 440 i R4 5 9 08 T 41 .
SERWE 7 K&K 13 Fx, XA gEM R TS
FEFFERRAKT, N (13.5740.11) %; £ NC &b
B, 3. 6. 12pumolV/L KRFET, 4R T-Z5 7N
(18.76 £1.34) %. (18.74%+2.01) %. (21.59+
1.02) %, I —5& BIFIEAH M T NC-Lips 4B
MR T 2R m B3 B, 34 64 12 umol/L
WREE R HliE (18.87+1.01) %. (25.61+1.13) %,
(28.90+2.38) %. AHFIHEE T~ NC-Lips T3
BEETNCY, Hrh 6. 12 umol/L I Z 7 EA S
THERE N (P<0.001), #&7~ NC-Lips X} TFK-1 i
MR T AE T NC.
2.7.3 4RI SR A0 i S Nk )
I3 BT TFK-1 40 & 550 Ao K amffad% 1< 106 A/
(5 B M T 5950, T 37 °C. 5.0% CO2 5614 F
Rigr 2 MiEEfS, Al 3. 64 12 umol/L [ NC K&
KR, NC-Lips il 7 ALBE 24 ho Ab PR &5 3 5 WAL 40

2 PBS ¥tik, A 70%4BET 4 CHEEd . &
FBRMEER, HAREE TS ARE (PD B4
Ji A B 2 v b, 37 CHEEEIRE 30 min. BEJS
1 FH I QAT M A AE 488 nm 3R K R A PT 41 ¢
WICAT T, BT S A A 40 B L)

LGSR 8 KK 13 fian, X R4 4 )
Go/G1 .S # . Go/M H 5 LE 43731 9 (38.08 +4.59 )%
(38.05+2.53) %. (23.854+2.46) %. % NC kb3
JG, BEEWREFE, S A BB K, 12 pmol/L
REE (7.39+1.74) %, GyM ¥ L EHEL EFAE
(50.45+3.23) %, NC-Lips AbFEZH A, 3 pmol/L ¥
FER Go/Gi . Go/M i EE S NC HIE & 72 7
6. 12 umol/L WE NEAMAaMEREHE, 12
umol/L I} Go/Gy #H 5 EL P %2 (25.93 £ 1.78) %, Go/M
WIE TR (66.23+3.31) %, H SHILEL (746+
0.16) %r= TR NC 4, H, 12 umol/L B Go/G,
W, GyM WS Z R A gt v e L. FiRgs R
P78, NC 5 NC-Lips ¥7]1%5 T TFK-1 40 & E Go/
M WIBH A, H NC-Lips 75 H =y & T (1 B /R F 5
T NC.

3 g

UTAER, ARk 2R GEAE Bt e e ) S A H
R, A SRR R EIE R T, AT
A RECE KA SRS AR R, R
FEAR 2G0T I R ) B, NIRRT St 17
SR ER B R US), g AR E v BL oK B f, A
FEBERR AU T 2 R E5 1, BERB L PR Z
Y, NESRIFMAEVESME, HRMEMHEARM
RIEHE— LR T ARG 5 8 IR A B2 3R G
RO, SEKT AR ORI A]. IR R N
R 22 e, SR— 2R T 5 R i 21 S BT
A, TS T AOREAR R 280k R T i s
VRIS 1% PR 25 E 5, Y EnT
iR A M R L O R R SR P A A 25260,
NC 1EREA IR I Y AR A3,
o ARG A0 2 BR T 7KV 1 22 SR, K L & M i
AT, AT B E A LA v IR R, R AT RE
I Tt [ PR A e A0 R AE T R P IR R
R T R T B AL BRI R &

AW TR B R H %2455 BBD-RSM {ifh
NC-Lips #7512, &4 HiEmiiiZ %N DSPE-
mPEGa000 F & 34.79 mg. ZifigLk 11 15.15. BEAfLL
17.88. BiESEE R B, AL 4 1) NC-Lips £
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Fig. 7 Effects of different administration groups on apoptosis of TFK-1 cells
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Table 13 Cell apoptosis analysis and cell cycle analysis (X + s, n=3)
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Fig. 8 Effects of different administration groups on cell cycle distribution of TFK-1 cells
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