e52. PED 2025618 B56% H 18 Chinese Traditional and Herbal Drugs 2025 January Vol. 56 No. 1

- HRHEHLE -
HEILEFZLNEH pH SRS BRI X HARIMARLRR & TN

RER !, HiezE L4, Kz L4 BHE, = &/, & £33 E RgLEY
1. ZEPERGRENZ %6, = BW 650500

2. ZEARRINHAARAEHR AT AR SRR E, =/ B 650500

3. ZHAHEATRERAMARSLRE, =M B 650500

4. ZHABREASREAESNEE, =@ BY 650500

W OE: B BRI EE s R A pH BURE /& (cisplatin and curcumin co-loaded pH sensitive liposomes, CCL), #]z5
ARG, F50E ORI 2 B 1 B L] MR BUASI 4 CCL; SN RFREEL T T2, HH
Box-Behnken it R VA RARALAL T7 5 WOGK AL &5 T R4 (transmission electron microscope, TEM) %% CCL
BIRiAE. C AL RIERS: HPLC VEME i & & BT IREH IR CCK-8 %4 4T1 AU sl /EH; 4uHak)
JR. ZUMUTERE . DAPL AZ G40 ML 73 55 4% 4T1 QUMLT RS RE /). WAERE ) LA KRR L VA SEI B S A A . SR
P2 I PR s B A R IEA-22 38 3R 11 65 CCL MURALTT ZHONZIAREL 10 29.83, JEAREL 11 11.23, BRAUHBRINM A &
14.08 mg; CCL £ pH 7.0 Fl pH 5.0 254 F k424518 (156.54£2.56). (318.92£12.82) nm, § FLI43 I (—34.48£2.67).
(=11.07£1.05) mV; TEM T, CCL 7t pH 7.0 % TR E, 2K, THEZYE, 1EpH 5.0 F4 FHRAEW K, ¥
AR, HIEIR; HPLC ENE CCL 223 3 AR F) B R AR = N (96.4540.53) %, (79.85£0.20) %FH
(1.4340.13) %. (0.30£0.05) %; RIMEREERER, CCL B —ZMNERIEM, &R A; CCK-8 SEIh 4 R
7N, CCL XTFLME 4T1 AR B G EMMEIER, HE4YMERERIEMHIG; MRRIRSEIg FR, F—rE T 53
HAHADLA 2G4 LR, CCL M 40T 6E 1 BERISR (P<<0.001); DAPI % 4eseib st R, CCL A% 47. 4
B H DT HADE LA A 5O AR SL I 45 R, CCL M4 oe B Ak 7 Lh M4 2 2 158 (P<<0.001); ¥ L5256
SEREFW, CCL AVMAMERIT. it mIbHls CCL, H 325 AN 24 Bk LbH 3 F R AN L AL IR ORI, N2
IR VA IT PR RIS A

EHEIR: LI UE: pH BUBIR M WA E0E: FLUIRE: Box-Behnken 1 T- A S T

FESES: R283.6 XEkFRERE: A XERS: 0253 - 2670(2025)01 - 0052 - 16

DOI: 10.7501/j.issn.0253-2670.2025.01.007

Preparation of pH sensitive liposomes co-loaded with curcumin and cisplatin
and evaluation of their anti-breast cancer activity in vitro

ZHAO Xiaoyu!, CHEN Yiying"-4, ZHANG Hailiang" 4, TANG Junze', YU Kun', PAN Rui’ >4 CHENG Xin' 24

1. College of Traditional Chinese Medicine, Yunnan University of Chinese Medicine, Kunming 650500, China

2. The Key Laboratory of External Drug Delivery System and Preparation Technology in Universities of Yunnan Province, Kunming
650500, China

3. Yunnan Key Laboratory of Southern Medicinal Utilization, Kunming 650500, China

4. Yunnan Key Laboratory of Dai and Yi Medicine, Kunming 650500, China

Wi BER: 2024-08-10

HEEWE: EXARFEEESEBIE (82060723); = FH RHY T -2 B H B 245 K22 F ISR 7E 6 &L T E S T H  (202001AZ070001-008);
= MARHT AR 25 8RS L1 (202002AA100007); =MAFHEAA T &1k (202105AG070012); = /A HRIEA 58 E 2
SO I ORI (202210SS2205); = R4 R IZE 24 5 M R 24 T i S0 S P HORRAE (2022108S2206); mMAHREL L HEZH
RIS PR (202210ZD2207); =AU E I TRHEER AL ST H (2024Y345); ERPELEER “+-H” HAER—
e

TEE BN BEW, WL, s mah #2575 . E-mail: 1937196540@qq.com

*BEEE: B O BIEdE, WLAESIH, WFEYLKREZS . Y0 RIBI%M 7. Tel: 15987162031  E-mail: chengxin920@126.com



PED 2025618 B56% H 18 Chinese Traditional and Herbal Drugs 2025 January Vol. 56 No. 1 +53.

Abstract: Objective To prepare cisplatin and curcumin co-loaded pH sensitive liposome (CCL) and investigate its anti-breast cancer
activity in vitro. Methods Semi-model screening of the optimal ratio of two drugs combined; CCL was prepared by a thin film
dispersion method. Box-Behnken design optimization optimal prescription; The particle size, { potential and morphology were
investigated by laser particle size analyzer and transmission electron microscope. HPLC was used to determine the drug content. The
release of 4T1 cells in vitro was investigated by dialysis bag method, and the proliferation inhibition of 4T1 cells was investigated by
CCK-8. The migration, proliferation and apoptosis of 4T1 cells were investigated by cell scratch, cell clone and DAPI staining assay.
The biocompatibility was investigated by hemolysis test. Results The optimal ratio of the two drugs was cisplatin-curcumin 1:6; The
optimal prescription parameters of CCL were: drug to lipid ratio 1:29.83, bile to lipid ratio 1:11.23, the dosage of sodium deoxycholate
14.08 mg; The particle size of CCL at pH 7.0 and pH 5.0 were (156.54 + 2.56) nm and (318.92 + 12.82) nm, and the { potential was
(—34.48 £2.67) mV and (—11.07 £+ 1.05) mV, respectively. Under transmission electron microscope (TEM), CCL was more regular and
spheroidal at pH 7.0, without obvious cracks. Under pH 5.0, CCL had larger particle size, irregular shape and cracks. The encapsulation
rate and drug loading of Cur and cisplatin were (96.45 + 0.53)%, (79.85 + 0.20)%, (1.43 + 0.13)%, (0.30 £ 0.05)%, respectively,
determined by HPLC. In vitro release results showed that CCL had a sustained release effect, which was consistent with the first-order
release model. The results of CCK-8 experiment showed that CCL inhibited the proliferation of breast cancer 4T1 cells and was
positively correlated with drug concentration. The results of cell scratch test showed that CCL inhibited cell migration significantly
(P < 0.001) compared with the control group and other groups at the same time. The results of DAPI staining showed that in CCL
group the number of cell was less than that in other groups and nucleus pyknosis. The results showed that the inhibition of cell cloning
in CCL group was significantly higher than that in other groups (P < 0.001). The results of hemolysis test showed that CCL had good
biocompatibility. Conclusion The pH sensitive liposomes of CCL were successfully prepared, and the anti-breast cancer effect of the
two drugs combined was better than that of the single drug, which provided a new idea for the study of drug combined treatment of
breast cancer.
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(X+s,n=5)
Table 1 Inhibitory effects of curcumin and cisplatin on
4T1 cells alone (X £ s,n=5)

L/ . e/

oLy AR
0 (XD 100.68+2.73 0 ) 100.00+2.11

15 98.41+4.93 1.75 99.68+1.12

20 91.88+4.76" 2.00 98.51+3.68

25 85.14+6.17"  2.25 89.34+2.76™
30 77.10+£3.29™ 250 724414417
35 76.64£5.01"" 3.75 59.25+2.63""
40 46.50+3.76™  5.00 51.51+2.41™
45 29.32+5.36™ 750 42.41+351™
50 10.54+5.43"" 10.00 31.95+1.15™

“P<0.01 *"P<<0.001.
P <0.001 vs control group.

XA LR "P<<0.05
P<0.05 “P<001 ™

®2 ARREBRESFEBKALLFIZRRFMINART 4T1 AIREENFER (x+£s,n=5)
Table 2 Inhibitory effects of curcumin and cisplatin on proliferation of 4T1 cells at different concentrations and proportions

(Xts,n=5)

5] ATV 2%
OpgmL™t ) 1.75pgmL?t  2.00pgmL™?t  225pgmL? 250 pgmL?  3.75pugmL™?

JIGEEF 100.00+2.11  99.68+1.12 98.51+3.68 89.34+276"  72.44+4.41™" 59254263
JEH-L8E (1D 100.00£2.60  97.53+2.79 86.24+2.70"* 80.61+2.85"** 70.84+1.38™" 57.10+0.97""
JsH-25#4 % (1:2) 100.00+£3.27  60.2243.55""## 59 11+ 2, 14" 55,38+ 3.96™## 45 67+ 243" 28 43+ 4 32" ##
JsH-2534 % (1:4)  100.02+£4.76  52.5241.72°"## 50,19+ 4,52 49 08 +5.00"## 43,70+ 2,25 26,63+ 1.94™###
JEH-EHE (1:6) 100.01+5.26  43.9841.237"#** 3587+ 2,057 30.65+2.76"*# 28.34+2.11""##* 26 58+ 2.30™

EXTRA LR "P<0.01 "P<0.001; S[F—BEKEEIRELG AL *P<0.05 ##P<0.001.

P <0.01 P <0.001 vs control group; P <0.05 *#P <0.001 vs that cisplatin administration group with the same mass concentration.
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% F Graphpid 8.0.2 3fF1HE 25 7EA A H]
EL9 R R 1Cso 8, N2 CompuSyn 1.0 3 f4iH5 2
PB4 %0 (combination index, CI), ZER Uk 3
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Table 3 Regression equation and ICso values of different

administration groups

ICso A/
HL5 5 72 ! §
(pgmL™)
i Y=3.0530X—2.3683 0.8499 597

LR Y=45820X—7.1967 09679 37.21
JAH-3% 5% (1:1) Y=3.8626X—2.1477 08708  3.60
IiAI-2532 (1:2) Y=18782X—0.6933 09809 2.34
I4I-253% (1:4) Y=15187X—0.4636 09750  2.02
JAH-2 8% (1:6) Y=0.9216X—0.033108588  1.09

Fiome MR 1Cso {H L Z2 88 AR, R IAIETN 4T1
Y o 3G FE AT B D b 2 s A, A
[FJ 156 FH B A8 ) ICso B35 EUMRUER HRLFH ) ICso LIS,
Lt 5 VR - 22 3 2 IR FH B A9 (A9 888 K, X6 2 ) TC s 1
BB, RIFEE AR 4T1 40
ENLIVAR
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A LB T 223 R AR Y CT X T fa [ HIZR,
ZER LA 1. BFRTE CI=1.0 &b — 4 FATE L, 2
75 (CI>1.0) o 2 Rk Ja Fe A 45 H/E s
2T (C1<1.0) RoxhEMER, CLEE/N, HhFE
VEFGE, 28 B (CI=1.0) FaMnfEm. 455
1 iR, A-223E R (10 4) IR E fa>0.7
B CI>1.0, fEZE EJ7, RIEHSBUER: IigH-23
(11,1120 1:6) ML fa<0.8 i CI<
1.0, BELTTT, KEWFEEH.

— LI fa £E 0.5~0.8 (X ORVPAN 2 Fheh4
CFH PR ORI . AL 1 HRr] DU S A -22
FR (11, 1:2.1:6) HEhZ fa 7£ 0.5~0.8 I}
CUEIITEFATE R T, HBR fa=0.5 4F, M4-25%

207 - - E (10D
-2 85 (10 2)

1.5 = JBH-2ZE3E (11D
=¥ -2 R (10 6)

5 1.0 g
0 T T T T 1
0 0.2 0.4 0.6 0.8 1.0

fa
1 ZRZFFMIRATEELALEGIER T 4T1 AR [E
fa B9 CI phiz%
Fig. 1 CI curves of different fa in 4T1 cells treated with

different combination ratios of curcumin and cisplatin

F (1:6) MZR fa 7E1Z X3 P96 L) CT AR 38
/N, RBAZIH Lol Re A s LR BB R . i
EBEIEN-ZE R (11 6) 4% CCL.

2.3 CCL R#I%E

K I B £ CCL. RS FREUAL J7 2 1)
PE. CHS 13 mg ZHERF T =& H i, HHE%
VRGBT IR RACE 45 °C. 70 r/min 21
TN 25 R A IR R R P B L B (s SR R
WPREUAL 7 & i SEUIEER AT 0.5 mg NVEHIA T AR 3L
IKHFE R AR R AN R Rt
KAGJERERE, B8, B3 CCLIEEW S mL; 4 C
UKFERESCARAT o BRASIIEASE,  [F] 3 J7 vk i) 4 22
HAJRA (curcumin liposomes, Cur-L); BEAIN
LH AL, A RS R A Ccisplatin
liposome, Cis-L); FrANIIZE RAEASE, [F] Fik
TR %2 AR (blank liposome, B-L).

24 IEAFIZEE R ENEFHEMEL
2.4.1 kst

(1) £WE: AIEHA Zorbax Eclipse Plus Cis
¥ [250 mmX4.6 mm, 5um, ZHEHEEF PED
BIRATD 1 WBIAHA L K5-4% VKBS BR /K (56 -
44); PAFUAE 1.0 mL/min; KK 425 nm; 3k
FEE 10 uL; R 30 CERI,

(2) W4A: %4 NuovaSil NH, (250 mm X
4.6mm, 5um, VR RARD #; WaIHEN
CE-FBE-0.9% ALK IEW (65 125 1 10); fAFH
Uit 0.6 mL/min; AP 220 nm; BEFER 10 pL;
FE#E 30 TR,

242 SRR FELE KERNEHERSEM 4.16
mg. ARSI AL 3.20 mg, 43 E T 5 mL 2=,
LEMPEERZZE, [FRARERE N 832
pg/mL ()22 3 0 HE AT I AR B 2K e
ZHIFE, BRFEIREEA 640 pg/mL FRINGETG I &
Vs 7 MR AN R BT, B, $% 82417
TR il S A HEA T 52, 2 HIIETH R (V) 0Bk
FE QO HIbRAERNZR, BEATEMERDE, 532 E KR
HJ7FE ¥=92.627 X+10.818, R2=0.9998, )4 (=]
A8 Y=8.871 X+4.340 7, R*=1.0000; %5H%
Wi 223 R AE 1.625~208.000 ug/mL, JH4I7E 1.000~
320.000 ug/mL &5 R K 4F .

2.4.3 FEEEAL K “2.4.27 TUNEE N
HE VA ORI (3.25 pg/mL) < 7 (13.00 pg/mL)
i (52.00 pg/mL) 3 NITEIKE, NETORE A A R
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PR A (5 pg/mL) H1 (20 pg/mL)+ 5 (80 ug/mL)
3IANREWRE; el EEERE, 1d NEEIE 3
W, W H AR, FELLitie 3d, tHEH %
FEo SR HNFEZFEI RSD 40515 0.18%.
0.26%- 0.08%, H A% 1 RSD 43124 0.43%.
0.18%-0.19%; JIiEA H Pk %5 FE 1K RSD 43714 2.38%
1.50%- 0.70%, H % 1) RSD 43114 2.44%.
1.70%- 0.25%; 25 RINZAERE % R AT
244 FoEtEe KSR 1 mL ) CCLVREM
BT 10mL &b, MHEERSE 10mL, BEHEMH
FL 10 min, 0.22 pm FUFLIEEE 5 17F 9t i i
Mo Al THl%)5E 0. 2. 4. 6. 8. 10, 12, 24h,
BERERTIN, T sRUETAR, R RSD A
0.26%, JEAWETEIFLK RSD N 1.23%, &5 Wit
WA IRTRAE =R E 24 h WEEARRE.
245 EEMRL  HUR— SIS CCL IR 2],
i “2.4.47 TR J73E5 0045 5 6 O BEIR S IA R
HEFERTI, TeUEIAR, R, BERMES
¥ RSD 4 0.17%, A i 543 2% RSD A4 1.30%,
CER R AE S R
2.4.6  INFEEISCRARIE 430 kG 2 RS 0 RN
R VA (26 pg/mL) R IGVE T HE & ¥ (40 pg/mL)
0.5. 1.0~ 1.5mL, JIAZE]0.5mLB-LiBEWR+, &%
AT 3 s WA EAZE 10 mL, R3EER
JREWEE /BN 1,304 2,60+ 3.91 ng/mL, A &
WREEAMHH 24 44 6 ug/mL. 4rFIMIE IR HEIAR, 5
IR . #E R . mREIRERTmN
FERISER 5> BN 97.18%- 96.15%- 97.79%, RSD 4>
AN 0.88%+ 0.80%-. 0.66%, K. . HfEE
WBE B IR IR 7370 100.33% 99.75%
98.11%, RSD 735N 1.52%. 1.64%. 2.32%; &KW
2L E W RV, [FISCR ), dERRT 5.
25 CCLEBHERIGHAEMNE

HU CCL V2 2 £, 1 500 r/min 3% 250> 15
min, {FARAEE R AR R 258 i 5 UTE B 25
W ZR 2 4, 1 IR AS R (S L 78 i e, &8
Oy BRI AT, e f 3 CCL A i inin
EE (W) B8 1A IR R 78 0 3L, 30,
BRSO RE b, el CCL HiEE =
T (W) B, B CCLIREW 2 7, 405
DINFE BN FH BEEAT VA MR AN L, 2 0 000 5 g A
LZEHERBREGE (W amafl Woasnz)o

HRAE 2.2 T0F G Hh PRI B R 22 3 3R f AR TG

FIECH, TH5E CCL rh 32 5 R AGEA 1) 25 5l 3 AN
W R, HhEm RO R 55 EEEK 85.71%
(6/7), MEIfLE 2R (GG AE %N 14.29% (1/7).

LREBE R =W sl W 00 X 85.T1% W it/ W s X
14.29%

WA E=W a3 W sread (W smret W s+ W an)
W s 2% CCL B A 4Rl
2.6 CCLHZAFIZMUL
2.6.1 HFEEEL SM 237 TN TEGI&,
Vil o5 =757 1=1 = AN 121 = = N2 .7 € 8 1| i SN = 2
YRR, AKAGBFNE . AT, AR E. KA
I IA) A CCL RLAR  C FLAT L 22 73 HFE 2 (polydispersity
index, PDD) MIZRE AL IFLA .

iR b5, € 22 E &R 3 me. JiEH 0.5 mg,
SEZ RN 125, 1100 12204 1:304 1
40, 1:50 %M Fifil# CCL, 45wk 4 for, %
JREEO 1 1 30 SR ol e f iy, QRSB N2 ig e,
SRa B REC, MUk BEZRE 11 30,

#z 4 ATEZHELLHIE CCLIEHRESH (X+s,n=3)
Table 4 CCL index parameters under different drug-lipid
ratios (X +s,n=3)

2l EAEE%  Rfhm  (HEA/MV PDI

1:5 62.00+1.11 127514216 —34.45+£2.10 0.2410.03
1:10 69.9940.39 124.361+2.99 —43.89+5.45 0.1740.02
.20 85.23%£1.29 136.52+3.17 —45.471+0.76 0.05%0.03
:30 94.64+0.34 107.47£2.62 —40.844+2.12 0.23+0.03
40 90.40%0.71 118.72+£1.97 —44.041+3.16 0.21+0.04
.50 87.42+133 120.69+3.12 —44.804+2.17 0.21+0.03

[ SR Y

JHRELEE S, BEZGARLE D 1130, 2257
JEAREEA 1030 105, 107, 12104 10 1544
% CCL, ZiRnEk s i, RHAEHEOY 1010 i,
et e, SSIGMERLE, ZatRERE
ik, HWOLEFEIEMREL 12 100

FREATRP ARG EENT, BE 25050y 1 2 30, H
HEEED 1210, 20 A LR H RN 3 I FR LA

*5 T REMEAELLHIE CCLIBIRESH (X+s,n=3)
Table 5 CCL index parameters were prepared under
different bile-lipid ratio (X + s, n=3)

Fifeinm  CHA/mMV PDI

HAELE SR &t R/%
1:3 82514068 57.24+1831 -50.24+3.17 1.62+1.05
1 90.40+059 100.57+1.97 -40.91+3.39 0.19+0.03
1:7 92504065 105.07+1.65 -43.02+152 0.09+0.08
1:10 9463+0.60 114.35+1.16 —41.56--0.65 0.06+0.04
1

©15 9227+0.89 126.354+1.90 -47.8442.57 0.07+0.05
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i 80 PEG 400 5674 % CCL, 45Kk 6
i, BEHALTID 9Bt FE RN 25 5 B ds R de i, AE
i & R ORI R AL N A AT PEG 400 It
I JER IR A T2 B PR RS R A S A R AR TR R, AR
TR TR L ALE 80 I, JLHIFF € FLALAT PDI #4 LLJE
AL L SE EER A 1 € LA & PDLK, 2R
JE, BT 9 M A E R o
&6 ATRERBRHTIFASIZ CCL IEHRESH (X£s,n=3)
Table 6 CCL index parameters prepared by different

types of membrane softeners (X +s,n=23)

e A B ER KA KA
A DR E, [BIEZ AR 10 30, BEAREE
110, BEREEREN A BN 10 mg, KA A2
oK, S AIFERE A D# 150, 200, 250+ 300+ 350
W 2 Tl %% CCL, 533K 9 Fos, AN
250 W I, ZRE AR, CARMAXMERK, &
WIAZ AR A T R ASE , WO £ ThEE N 250 W
®9 TEBAIIESIE CCLIBIRSH (Xxs,n=3)
Table 9 CCL index parameters prepared by different

ultrasonic power (X+s,n=3)

JEHAA iafsEe  Kifthm  (Efdmv PDI

BERIW ZH0H%%  KEhm  #Ef/mV PDI

JRAANEERSY  92.77+0.89 141.22+5.28 —35.87+2.81 0.18+0.01
(i 84.43+1.17 125474413 —42.62+4.50 0.1940.00
RILALAE 80 89.46+1.21 88.12+355 —16.80+2.08 0.24+0.02
PEG 400 91.59+1.20 132.34+4.00 -31.65+2.02 0.20+0.01

i SEUNE P B 2% ), T2 24 IR LN 12 30,
JEAGLEDY 1210, 20 e B A IEER BN FH &0 5. 104
20 30, 40, 50 mg ZfF RHil# CCL, 45RWNE 7
B, BB BN 10 mg I, HEZRaaE
Wi, WA, SZEAEEEEIE H
RIARIE K22 RE R e 2 R, PDI AR, il
FIARERE, HORFEN ENHRR I DY 10 mg.

IRMRIRZEZET, [EE AR 1230, JH
JEEEN 1210, BEAHRRANA R 10 mg, 234k
7K. PBS. AR B ER KA % CCL, 45584
8 P, KB B E K, ZaaE R,
x7 TEREBERMAEHEE CCL RS (Xts,n=3)

Table 7 CCL index parameters prepared by different

dosage of sodium deoxycholate (X +s,n=3)

150 92.82+0.79 161.40+2.64 -19.85+1.56 0.3110.02
200 93.83+£0.33 151.07+1.22 —28.78+1.84 0.25+0.01
250 95.86+0.24 142.98+2.38 —42.83+3.25 0.18+0.01
300 90.81+£0.56 153.03+2.54 —36.84+1.47 0.18+0.01
350 89.76+0.91 160.84+2.56 —35.68+1.80 0.1940.01

AR A

o1
H&E/mg %% Fifz/nm

¢ HAL/ImV PDI

5 83.56+0.85 150.92+5.71 —26.21+2.85 0.28£0.02
10 95.98+0.15 126.61+4.28 —41.87£4.11 0.15+0.02
20 90.85+0.33 137.44+3.85 —40.26 £2.57 0.10+0.01
30 90.59+3.20 173.441+4.81 —45.12+4.21 0.06+0.02
40 83.811+1.03 204.59+5.44 —53.32+3.49 0.22+0.02
50 83.25+2.46 50.53+2.76 —38.41+0.77 0.33+0.02

R I (RS2, [ EZ Ry 10300 RfE
tbA 1010, A HREAH 2N 10 mg, KGN AE
FEEK, BAETHER N 250W, 4> BITEE A AN 2.
6+ 10, 15 min 25 Rl % CCL, 5 R Wik 10 Fiw,
AR FE I [EIFE 6 min I, 8 & BE R IR R E,
H5 2min #HEE, ZRIAK, HEAREY 6 min K
() PDI {1 EL B A5 5 18] 2 min ) PDI B B 208/,
1% 8 S I TA] 24 6 mins

KA T 520, [ 25 IgEE 9 1 2 304 IEJIELL
110, BAEEEREN A BN 10 mg, KA A2
oK, BAEIHER N 250 W, AN 6 min, 47
PE KA 18] A 30+ 45. 60 min 2% 1F F#4 CCL, 45
R 11 o, AKAGETECN 30 min B, ZRE 03

£ 10 FEBAEMEHE CCL I5FFE8 (X+s,n=3)
Table 10 CCL index parameters prepared by different

ultrasonic time (X +s,n=3)

R E/min SR6 EE %% Kiftom  CHfi/mv_ PDI
2 91.43+039 152964350 —29.35+1.55 0.280.01
6 90.61£0.29 144.25+2.89 -29.46+3.73 0.19£0.02
10 88.79+0.46 137.69+2.61 —40.77+2.69 0.20£0.01
15 85.67+£0.76 162.75+2.90 -35.81+3.08 0.19£0.01

*8 AEIKLEMAEHZ CCLIEIFEH (X+s,n=3)
Table 8 CCL index parametersprepared by different

hydration solutions (X + s, n=23)

11 TEKLEEHIE CCL 8irE8H (Xts,n=3)
Table 11 CCL index parameters prepared by different
hydration time (X + s, n =3)

KA ZAEEEW KA hm  HM/mMY PDI HKACES [El/min SE5 05 %/%  kiffm  (HAI/mV  PDI

Atk 91414087 785443.74 —40.224+1.91 0.18£0.02 30 94.4840.98 135.23+4.10 —38.63+2.03 0.18+0.01
PBS 93.80+-0.39 197.65+2.54 —45.12+7.33 0.134:0.03 45 89.9940.37 136.60+352 —25.124+1.41 0.20+0.01
AR K 96.2340.58 142.0543.95 —55.25+4.13 0.190.02 60 89.26+1.19 128.47+2.23 —20.57+1.09 0.21+0.01
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FK, H CHAAMERR, HKAGI TRy 45,

60 min A4 & BB AR E , Sk R K AL A
A 30 min.

2.6.2 Box-Behnken 111456 B[] (Box-Behnken
design combined with response surface method, BBD-
RSM) Ak R4 “2.6.17 TN HL[R 3 #8255 o
R, R (oL EAREE (X)) St SA IHEREA FH &
(X3) XY L5a A B B AR, #ukfett 3 4
BRFEEATEELZN R, UNARNSGEaE TR
Wi LA AT — 25 (1) BBD-RSM 22 A5, 5K
Wit HEE RN 12.

F Design-Expert 13 #AF3EATRIELE, 52
WA FE Y=95.7004-0.018 8 X;+0.225 0 X>+2.020
X3+0.252 5 X1X,—0.550 0 X1.X31+0.457 5 XoXz—
2.350 X;2—2.770 X22—4.890 X3?, R>=0.974 6, P<
0.05, RUJIZMRALEE, TRMBRAFE, KL
13, SEIRZERUN,  RERIT 1 S i %R 3R 5 i S A
Z IR &R . H Design-Expert 13 #fF2a1 % K&
HERa ORI E 555 m K, SR A 2

LA IR /%
LR A AL %

% 12 BBD-RSM ZLWigit 54K
Table 12 Design and results of BBD-RSM
WEZRW G4
BRI HE%

oy’
Jdo

X1 X2 Xs/mg

1 30(0) 15(+1) 20.0(+1) 9310 7871 91.07
2 30 15 50(-1) 8701 7387 85.16
3 20(-1) 11(0) 50 88.90 74.06 86.80
4 40(+1) 7(-1) 125(0) 9210 80.10 90.42
5 30 11 125 98.18 81.14 95.77
6 40 11 20.0 9095 77.33 89.03
7 30 11 125 98.98 7572 95.69
8 40 11 5.0 89.10 7450 87.04
9 30 11 12,5 97.66 76.89 94.72
10 20 15 12,5 91.94 79.90 90.25
11 20 11 20.0 9351 7564 90.99
12 20 7 12,5 90.90 84.30 89.99
13 30 11 125 99.22 80.70 96.60
14 30 7 20.0 92.08 77.47 90.02
15 30 11 125 9920 7475 95.73
16 30 7 5.0 88.10 7277 8594
17 40 15 12,5 9350 80.63 91.69

LRE %

L ;1";’3233*‘%‘@"&*
7z CHISRK> O
.:75%030:0:0::‘:‘

o

X5
Xs/mg

Xi

Xz/mg

2 AEZEEEHEEER NN EE S FE5%E

Fig.2 Response surface diagram and contour map of interaction of different influence factors

i, ZEEFES X5 X0 MR mHECAFS, HhlE
TEAHE, X5 X L5 XGHERLYEHE
WRIEE, UiBH )G 2 A8 BEAE R, WEEEa
R 5NN T T 3% . Design-Expert 13 B4 LAL H) 25 R

NZGRELL 12 29.83, RHARLL 1D 11.23, BLEAHEREN
FH & 14.08 mg, TMZEG %N 95.92%.

2,63 Ifihbr TEME &R IESLR LA
by BHARLE. WEEBHBRENFH BRI, WAHILE
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A 03 g B 31T BBD-RSM 236, R4k H!
CCL ffEf &by T2 NERER 3 mg. it 0.5
mg. PE104.41 mg. CHS 9.30 mg. it EAHERHN &
14.08 mg. KA NAEREERIK . B IIE K 250 W,
B TE] 2 6 miny ZKAGIFA]A 30 min, 4% “2.3”7
TR J7 M4 CCL. XAl Tr T2 A7 50Uk 5k
5, 458 CCL Wi &M M LR & a2 N
(94.09+0.46) % (n=3), WZENHN (1.43+
0.13) %-. (0.30%+0.05) % (n=3). IF45HRER,
RSD {HI/NT 1%, HER&AERE5TNE 95.92%
B, W N A I S B HER T SE

2.7 CCL BRAE

2.7.1 KifE. ¢ HALK PDI e Rt fiab )y -
S CCL, 1E pH 7.0 4 FRR B Ja #%
P b, Aok OO e HAE1Z 404 T
fifz. ¢ HUALAT PDI; K CCL 7E pH 5.0 2614 R Fikk
55, {EREIPiREgs T 37 CHEESEE 30 min J5
Mg Hokife . C AL PDL. 455418 3 fiox, CCL
76 pH 7.0 14 FIHIRIAE N (156.54+2.56) nm, ( HL
A (—34.48+2.67) mV, PDI N 0.21£0.03; 7£
pH 5.0 21 TR AN (318.92412.82) nm, {
i (~11.07£1.05) mV, PDI A 0.33+0.03.

pH7.0 ] pH 5.0
50 100 250 300 320 340
B2 /nm
4
2 pH 7.0 pH 5.0
3
g 2 E
= 22
= =z
-6 1
0
0 0.4 0.8 0 0.4 0.8

t/s
3 CCL#A[E pH EZRH THRRE S (B
Fig. 3 Particle size and { potentiogram of CCL at different
pH values

272 fEfFRREMEE SR IR m T T2 H &
I CCL £E55 04 1. 5. 10+ 15, 20. 30 K435
ME ks, ¢ B PDI, %% CCL B fEfasE
o S5 (R 13) IR, CCLYTE 1 AH WK,
¢ AL PDI TG AR, REZAE T T 24

13 CCL7E30dHNREMHERELER (x+s,n=3)
Table 13 Stability of CCLin30d (X+s,n=3)

TG AFI A) /d A2 /nm ¢ HLz/mV PDI
0 147.08+1.01 —38.66+0.39 0.11+0.01
1 151.58+6.26 —39.554+4.82 0.1940.02
5 149.49+540 —38.114+1.54 0.1840.03
10 154.36+2.66 —38.4440.57 0.1540.05
15 162.43+4.75 —40.62+4.01 0.2140.01
20 167.89+0.96 —38.234+0.52 0.20+0.06
30 166.45+543 —39.354+2.70 0.22+0.04

(1] CCL f#A71E 4 CHAF T 30 d AR It R .
273 JEEME  KiEAATT T2 &4 1) CCL
FRE 1.5 i J T I 2 o R 9 () 78 B b, B S
min, WKL 22 R, H 2% R4 ()5,
B T4, TEM FAHEE. 45 B anp 4-A FioR, 76 pH
7.0 %R, TEM F CCL FIEHINE, 2RISR
¥, WEHIFAE, TR, HHENE.

A B _ . P
& g TR
SRy
&

500 nm

4 CCLZ¥E pH7(A) ¥ pHS5B) &H4TH TEM
Fig. 4 TEM diagram of CCL at pH 7 (A) and pH 5 (B)
2.7.4 pH BUBMENKX K% 45 1) CCL £ pH 5.0
FKUFTRRE 1.5 55, TEREIBiFEdsH 37 ClEIR
$iE k30 min J5 347 TEM #3#%, 45 R w1 4-B Fiow,
TEM T CCL JE&AFN, LEHIRR, Z&e
“2.7.17 WIREEH, ¥ pHS5.0 5 pH7.0 444 F CCL

Rife. C A ZEXHE AT ELEL, KINAE pH 5.0 B,
CCL RifRME K, Z1N pH 7.0 645 R 2 % CHAL
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“ XN, FW CCL 7E pH 5.0 2644 F B A HUK
P, KA 7R B .
2.8  {RIMNERLSELE

KABENTASIEPIE 5 CCL RAMRUE DL, K
5 5 U 2 o U B 2 B R IR S (free
cisplatin and curcumin, FCC, &#ji & & H {53
6] CCL, J%A-3# 2 1:6). CCL % 2 mL, A
CIE AL AR 20 7R A 3 000 EEMTAS . B
EH 1% 10 A1 80B3IAT 25% Z BE A PBS 20 mL 1F
FRGNERTH PR7T pH {EN 5.0 1 7.0, K FCC F
CCL JENFENTF, MO %, 75 37 ‘C+ 100 t/min
WA RE AR R, BT 1. 20 40 6. 8. 12,
24, 48, 72h HUFE I mL, [AEAMIN 1 mL BT &R,
JEId 5 H HPLC &I E Z 3 R AR & &, 15
RBUBERCR, 4R WE 5 Fs.

80 1
60 1

40 1

ABVBIEY%

—s— FCC 1% E (pH5.0)
—e— FCC P23 % (pH7.0)
20 1 —a— CCL h#15% (pH5.0)
—v— CCL 1133 % (pH7.0)

80 1

60 1

40 1

RIBERE Y%

—s— FCC H1Jiit41 (pH 5.0)
—s— FCC %1 (pH 7.0)
20 1 —+— CCL #Jli41 (pH 5.0)
—v— CCL #Jlii%1 (pH 7.0)

0+ T T T Y
0 20 40 60 80
t/h
5 CCL MfINEMhE (X+s,n=3)

Fig. 5 Release curve of CCL in vitro (X +s,n=3)

FCC W3 & 4F pH 5.0 Ml pH 7.0 61 F 24 h
N EFBHCR 35N (84.084+0.94) %. (84.08+
0.94) %; JIEATE pH 5.0 F1 pH 7.0 Z54F T 24h W&
FRRE IR S BN (87.21£1.99) % (85.07 % 1.63)%:
TEATE pH 45 1F T FCC 1 [Rl— 254 RFRE IR SE A
—3, HEAAZ pH W5 (P>0.05). CCL H
S ELE pH 5.0 1 pH 7.0 14 F 72 h 1§ ERUREIK

FHIN (80.64+11.5) %. (57.93+0.95) %; N4
£ pH 5.0 f1 pH 7.0 2514 72 h N REVEETSCER 57
N (85.54+2.07) %+ (65.07+£2.01) %, {E pH7.0 %
PR ZIIRRER Y, R CCL fEIR BTN
HAHEZRAEM; 5 pH 7.0 L8, CCL 7E pH 5.0 %
PER MBI % (P<0.001), F£W CCL B&H
—EM pH BBt . XHEHT TR, —ZORE
Higuchi. Ritger-Peppas A&, ZRWE 14 fr
NI N ik =i G S SR e et I WA RS 22 B WA =
n-1

BB =G+ Zl: CiVyw
Ci F Co 43 BIZETRE | HURERNSE o CHURERT , BRI B
FLWEBIAM B REIRE: vV RSB BAR, B 20
mL; Vi RoRE § RBIIREARRR, B 1 mL; W 3RoR FCC H
CCL H 223 A 1) A o 1
2.9  {AIMRBRIETEMER R
2.9.1 ZHMUIGTESNHEIGE AR 4T 4HRMIR 54
G 217 WUR e, s E S EH X
MEZH ., B-L4H. W35 & (free curcumin, F-Cur)
. Cur-L 4. W0 (free cisplatin, F-Cis) 4H.
Cis-L 41. FCC 411 CCL 4, @il CCK-8 k&
WIE A1H, THEAMAFEER, H5HAHN B 24
AT I, 25 05R 15 Fioss

B-L HAAFRERE S H ARG AH TR E
P2 (P>0.05), &M B-L JHEKEE 15~35
ug/mL X 4T1 A A = A A EH « A% 2
SR AT 2 A3 2 350 T A Joid 2 A (1) 38 Jon v %
fiC, R 4T1 HMAEE R S5 245 B B 2 IAE G
P£; F-Cur. Cur-L. F-Cis. Cis-L. FCC. CCL ff] ICso
5 (44.49+0.72). (37.00£0.06). (5.56+
0.04). (3.4440.06). (1.11£0.04). (0.92+0.03)
ug/mL, & 254 e A 2H 5 Foi 2 25 4L LA, 1Cso
TEXS AR, 2R BH )% BT Joi 4 f5 254055 4T 1 41 v
B FEFNH I IE5E, H FCC 4181 CCL 411 1Cso 18
P L A ZH B 1) ICso {EAR, HE— DR H M
NGVECTR 24 15 FH % 0 e 20 B ) B 0 B
292 YAMUIERRE 1L FARETR 6 FLAREEST
o383y, BONEUAEKIAR 4T g fsres) 2X
105 N/mL, PRS2 254% “2.9.17 TN 7 idlE, 4
XL | F-Cur. Cur-L. F-Cis. Cis-L. FCC 1 CCL
H, LA 2mL, FRAMEKE 90%1 47, Atk
EANRIR, FRRSIRHAIELER, M
[FIZHI 0 h B s 285 FH A 2% I35 R 35 7R 24 FL i A
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xR 14 BAEAYPSHESER
Table 14 Results of fitting equation of drug release model
mn W e LRl
pH 5.0 pH 7.0
FCC B TR Q=4.08 t+18.07, R?2=0.790 2 Q=3.53t+18.68, R2=0.769 2
— R Q=90.73 (1—e%15Y), R2=0.994 9 Q=87.60 (1—e015%), R2=0.990 7
Higuchi Q=8.16t¥24-18.07, R2=0.7902 Q=7.07 t¥24-18.68, R2=0.769 2
Ritger-Peppas Q=2.381>%, R?2=0.5045 Q=2.311t>%, R?=0.1632
I TR Q=5.15t+15.91, R?=0.7080 Q=4.98t+13.01, R2=0.758 8
— R Q=90.71 (1—e™%4Y), R?=0.993 6 Q=89.54 (1—e0141), R2=0.998 2
Higuchi Q=10.3012415.91, R?=0.708 0 Q=9.97 t¥24+13.61, R*=0.758 8
Ritger-Peppas Q=2.97t>%, R?=0.1817 Q=2.67t>%7, R?>=0.4778
cCL LR TRFEI Q=1.02t+19.73, R2=0.7787 Q=0.73t+14.05, R2=0.7365
— R Q=73.57 (1—e0®Y), R?2=0.9827 Q=54.20 (1—e0®1), R2=0.989 2
Higuchi Q=2.051t"2+19.73, R?=0.7787 Q=1.47t"2+14.05, R?=0.7365
Ritger-Peppas Q=122t'2, R?=0.1417 Q=1.03t1%, R?=0.216 3
Jiigh FYRETL Q=1.11t+2550, R?=0.6795 Q=0.81t+20.58, R?=0.667 8
— R Q=75.86 (1—e 1Y), R2=0.9557 Q=58.50 (1—e013Y), R2=0.9757
Higuchi Q=2211"2+25.50, R?=0.6795 Q=1.61tY2+20.58, R*=0.667 8
Ritger-Peppas Q=1.35t"%, R2=0.397 3 Q=1.15t"15, R?=0.2959
F 15 TREMAHEAX 4T1 MAEENFEMER (x£s,n=5)
Table 15 Inhibitory effect of different administration groups on proliferation of 4T1 cells (X + s, n=15)
5 A%
0 ugmL™ CKFHD 15 pg-mL? 20 pug-mL™? 25 pg-mL? 30 ug'mL? 35 pg-mL?
B-L 100.66 +-3.04 105.87+3.70 103.21+2.61 104.97+2.48 105.82+1.98 105.81+3.72
F-Cur 100.68+2.73 98.41+4.93 91.88+4.76" 85.14+6.17" 77.10£3.29" 76.64+5.01""
Cur-L 100.70+3.06 74.78+2.08"" "% 69,50+ 1.42""##  §55442.83""## 58994148 477241367
3 HIRAEEFI%
0 ugmL™ (KFHD 1.75 pgmL™? 2.00 ugmL™? 2.25 pgmL? 2.50 pgrmL? 3.75 pgrmL?
F-Cis 100.00+2.11 99.68+1.12 98.51+3.68 89.34+2.76™ 7244+4.41 59.254+2.63""
Cis-L 100.01+4.28 70.78£2.22""###%  §7.20£4.93"##  64.22+2.25"##  63.394+1.36""* 45.8612.53""#
FCC 100.01+5.26 43.98+1.23™ 35.87+2.05™ 30.65+2.76"" 28.34+2.11" 26.58+2.3™
CCL 100.024+5.04 41.61+1.81™" 34.41+2.66™" 26.43+2.76™" 18.07 £2.51" 12.89£3.177##
EXBALE: "P<0.05 “P<0.01 "P<0.001; 5[F—FERET&HHMALE: P<0.05 #P<0.01 #P<0.001,
P<0.05 *P<0.01 **P<0.001vscontrol group; *P<0.05 *P<0.01 *P<0.001 vs each free group at the same mass concentration.

FIZH 259, 40514525 24, 48 h INFHAMR, 25500
6. K ImageJ 1.8.0 X AFALEERIIR AR, 154
MRR TR 2, ERAMITFERE 1. 2RIE
16 7w, [A—I (A FASE S 2540 50 iR, DA ]
— IS 18] T AN [ 245 49 g Jo Ak 2 455 ) 25 24 9 2L [ 3%
TEEREMEZER (P<0.001), £HAFESZHILIRE
IgnpiERs, B CCL 45 HAhsh 2540 Lk, RIJR
ALK R AR, KW CCL ALk gn it st
I AR SE 2 2 T 5

AN RR AR E 2 =(0 h RIJRTHF—24 h 5% 48 h I

JRIAAR)/0 h RIYR AR

2.9.3 ZHffITERESLES BUGEUE KR 4T1 400, &
X, F-Cur. Cur-L. F-Cis. Cis-L. FCC 1 CCL
Y, FhT 6 FLBH, 2X 10340, Frghse 4Nk e
JRERY, dREEREIR 240 5, RS ARG REE, PBS
TEVE 2 M, A S AR e AR, GREEETE, £
F 204G W BT R R, &b 3R, I 4%%
RHEERE 15min J5, F 0.1%45 Mg, i,
K FH Tmage J 1.8.0 B AbFR Y0 M vw AN B, 45 Bl
Kl 7 F15R 17 R, ARIGZHEIEA, PLAAF
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xaf;a F{C’; Cur-L gcg ‘ {j L - écjc : ACC.ILE ”

6 TEEZHLAXS 4T1 AT HEEIHIFM (X4)
Fig. 6 Effects of different administration groups on migration ability of 4T1 cells (x 4)
2y i AR AL e s 25 W A Te) P A A R
5t (P<<0.01- 0.001), WAL 254 BEH] 4T1
i TCkE, H CCL 44l 4T1 4 v RE /5
4Lt B s (P<<0.001)-

F 16 AT RATHALIE 4T1 ERRMXIRERRE F
(X+s,n=3)
Table 16 Recovery rates of scratch area of 4T1 cells in

different administration groups (X £s,n=3)

sy DRI KRR 1% 2.9.4 DAPI R T A0 F
(hgml %) 24h 48h Fi DAPI ot MR HEAT et i =t G2 1 1
pagit 0 40.70+4.27 78.11+2.24 FoAS AR BN, f% 4T1 GIRFREEE 1X 105 /N/mL,
Four 15 BBLELET™ GATSR0CT g 1) Sk, AL 1 mL, A AAHAALL F-Cur 41,
cur-L 15 13.66+1.31""## 36 52+587" _ ,
FCis 175 5884534 57574187 Cur-L 41, F-Cis 41, Cis-L Zl. FCC 411 CCL 41,
Cis-L 1.75 9734527 99,82 +2 0™ BiIR 24 h R4, MRERRETR 240, WSFRETRAE, I
Fce 175 21514323 26954411 A 4%Z RHRER 3E 30 min, HSLIIA 500 uL DAPI
ccL 1.75 5.31+4.027" % 13,60+ 1,97 (2pg/mL) T-37 CHFE 10 min, 7EZOGEIE R
5 i) R IR " P<0.001; 5 [R—HiE) F F— f A TSN, g5 R 8 Fan. X HRZH Y

WM A LR ##P<<0.001,
“*P < 0.001 vs control group at the same time; *#P < 0.001 vs the

Mz E e R, Jetads)—, 2IEOTOL K
A Rl 2 25 4185 DA A [ 4 AT BB e, %
F LGRS, SIEGTOL Hd, CCLA

= -

same concentration at the same time were compared with their free

drug groups.

==

F-Cis Cis-L FCC CCL
7 AEIHRZHLART 4T1 LHRE 5 FERE IR S20
Fig. 7 Effect of different administration groups on cloning ability of 4T1 cells
210 RSNREMFTN
2.10.1  FIEHFLO2 40 S M R S8 BOns 4

5 F-Cur. Cur-L. F-Cis. Cis-L } FCC #Htt4%, A
A BB B 4l B A% [E 4R B R T O, i B R

B el 2 B 2 B ZORIIGUEA 19 245 16 G G B T 4
St LR RCR Y, B R CCL Ja, feit— D1
ST RCR .

AEKRIE R L02 40/, Bkt Pt H . 4
2RI S A NME 4T1 R E—3, 4~ FCC
HAT CCL 4, TS 25U 5 102 AHA7 G %,
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R 17 TREAZHLEALIE 4T1 MR EIER (X +s,n=3)
Table 17 Clones of 4T1 cells in different drug

administration groups (X + s, n=3)

A AYBEIRE(ugmL ) 41 Bl v FE AU A
oy 0 106.33+1.53

F-Cur 15 65.33+1.53""&&&
Cur-L 15 49,67 1,53 ###&&&
F-Cis 1.75 44,67 +1.537"&&&
Cis-L 1.75 35.33+2,08" ##&&&
FCC 1.75 32.33+1.53""&&&
CCL 1.75 19.00+1.00™"###

LXHRALEE: " P<0.001; S&UFEAHLLLEL: #P<0.01 #P<
0.001; 5 CCL L% &44p<0.001.

**P < 0.001 vs control group; #P < 0.01 *#P < 0.001 vs their free
groups; &44P < 0.001 vs CCL group.

En

it H F-Cur

Cis-L

H5 4T1 SR AT IO, 45k 18 Fik.
ANIA] R B E ) FCC AT CCL % 1E % BT L02 4 15
TERFMEL /N, X 102 41 B AN/ I LE 4T1
4ifugs, H FCC XF 4T1 4HAF1 LO2 4 1Cso H
4398 (1.1140.04) pg/mL F1 (4.83+0.04) pg/mL,
M CCL %} 4T1 AT LO2 ZHPff ICso 1E 55N
(0.92+0.03) pg/mL 1 (4.504+0.02) pg/mL, FCC
A CCL %F L02 4l 1Cso fEIILLXT 4T1 40
ICso 5k, % FCC #1 CCL % L02 ZHfffE 1.75~
3.75 ug/mL =M AT .

2.10.2 VAMSEEG KM /S EERBRER I, 25 N & 1T
R ELE T, AR REE 3 K, R

il AR T ECN 2% IR 2, FCC A1 CCL F A2

Cur-L F-Cis

El 8 A[E4A754E DAPT #5218 (ilﬁaua-ﬁ)ﬁ okl kAR &“H;EJZEM#EA%, X 10)

Fig. 8 DAPI staining experiment in different administration groups (red arrows indicate nuclear contraction, distortion, or

fragmentation, x 10)

# 18 FCC 0 CCL *IEEAT L02 4RARFN 4T1 LRAIEFAHNFEMERAMLLE (X£s,n=5)
Table 18 Comparison of FCC and CCL on proliferation inhibition of normal L02 hepatocytes and 4T1 cells (X + s, n=15)

i 4ty HIRAFIE F 1%
M OpgmL? 1.75 pg'mL™? 2.00 pg'mL™? 2.25 pgrmL™! 2.50 pgmL™? 3.75 pg'mL™?
FCC L02 101.11+132 99.78+3.13 99.724+1.48 97.921+1.84 97.19+1.18 86.03+1.58"
4T1 100.01+526 43.9841.23""## 358742.05""# 30.65+2.76™"## 28344211 26584 2.3
CCL LO02 100.07£4.49 99.07+1.73 96.31+1.87 92.68+2.59 89.72+3.18™ 75.68+1.56™"
4T1 100.02+5.04 41.61+£1.81"™"#* 34.41+2.66™* 2643+£2.76™## 18.07+2.51""## 12,8943.1""##

SR —4% 2 H R — ARG AH L ~P<0.01
P <0.01

administration group.

EhOKELAL 1,754 2.00. 2.25. 2.50. 3.75 pg/mL,
ANEFREL 2% A AR 25 R A, BT
RO A B R 7K SRR 00 B0 2% 1) 21 40 i Vi R TR
B, FEYEXT O 4K SRR 480 2% 1) 2040 i ViR &
WRA, 1800 r/min, Bj04EN 7.6 cm, &0 10
min, FCC Hl CCL A~ [A) )i &k FE A i 1 AN

"P<0.001; H[E—AZHEF— R L02 40t #4P<<0.001.

**P < 0.001 vs the same cell group without drug administration; *#P < 0.001 vs L02 cells of the same mass concentration in the same

MRS, 1FRTE4, HTHRERERE S
T 545 nm AWHL 4 E, TFEIHA AR,

WA= (A wen—A we)/ (A e — A o)

iR 9 L3& 19 fi. FCC BEE Y&
WRFEHIEEIN, WA PR, RO Z R T
Feitu] UEN A H 745 5 2k, WiigkRE b
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— — —

S FE T Gy r e

! J,..._m\.

NE B RN BA TR IR AL, BAPEXIIRZH . FCC FiEikE 1.75. 2.00. 2.25. 2.50. 3.75pugmL™!, CCL Jii&EiK

pgmL™.

B 175 2.00, 2.25. 2.50. 3.75

From left to right were negative control group, positive control group, FCC concentration 1.75, 2.00, 2.25, 2.50, 3.75 pg'mL"!; CCL concentration 1.75,

2.00, 2.25,2.50, 3.75 pg'mL!.

9 TRIRHEMAMSEELER

Fig. 9 Hemolysis experiment result of different drug administration groups

F19 FEHAHAEARNBIME (X+s,n=3)

Table 19 Hemolysis rate in different administration groups (X s, n=3)

sl L5 1%

I35 4 %+ Rt S A %o R 1.75 ug'mL! 2.00 pg'mL! 2.25 pg'mL! 2.50 pg'mL! 3.75 pgrmL!
FCC  0.094+0.25 100.06+0.34 0.78+0.10 0.95+0.10 0.56+0.10 0.56+0.10 0.27+0.09
CCL  0.004+0.29 100.00%0.18 0.3140.03 0.45+0.26 0.61+0.26 0.84+0.17 1.17£0.17

B, ZBEAPNGERBWEER 5 HE, W
(R A R T 22 18 3 RR0E £L 4R M JIEES), FCC fil CC
LA R 25 N 0.95% 1.17%, 5 ML
T 5%, B FCC 1 CCL 7£ 1.75~3.75 pg/mL 4
YA BNE R I .
3 e

T AR BEE KR R &, AT LLIE SRR EL
A Z P 250, DABRIRER A 25 i) d b, 42
AT BB, 25 I W RV E A BIL T e S5 24
Y 7R A T TR A O, BEREE
B, FEFFIE4NMEAET. (programmed cell death, PCD)
5 Z SRR E VR T AR, PCD A LSy V2
ANFIRFRE, XS ARt T T H
2 s . RFEMER T, BRI T BT
T8, /ANy TAeAYEE R PCD HITHEF B4 K
T BRI TT SN, AR L R T il
WS RE, (RN 2R 2 By e AT 21
IR AT ARG 5T A%, PRARIN 24548, mTReS5 1Ry
PCD FEFHMR, IRAWIF PCD, F kR HhAf &
PCD & TR I 2800 T, Ik — B 4Ru B
Z AR R, WHERFRTT K R EAA BB L

T RS RE  , AR S0 AE AR P A
AT pH BURHRL CHS, FRMEZAE T REFARE
KEZBWR, (R 2 E IR AR, BFRARALST
9% IE AU EE LS, HATE PE ) pH UK

e FRAR 29 Wit RGO &) 2 i THRE R A
J7, Fan ZEBMWEF R PE 1FA— R R AR AR HA
Wilg, AITERRASUZ ARSI daAl, PIAHIA AL AL RE &
B, EHE pH E PR RAEARAR, TERII R
PRRDH 55 pH BUBMERMER g mie . &
A PE KgAK pH BU&sikl CHS J5, HT
CHS B AR EEREE R, sk pH 2644 T AT LARR [
PE fEARIBEIE XU T 24540, Bk 24t s, 3
TAR AR AR 2 R CHS [ 88 RRI 1 25 44 7E
PR PEIREE TE PE Jig B AR THTEAS HSUZ AR [ 75 77
mAHEEAR, BERRXU T B BR, 23R
I, IR BT 1) pH BURE

ATAE S5 LA ML 9 (1) 24 pH {H PR,
PE WS AL FIRERR 3L A1 DL K CHS ¥R T4, k55
T CHS 5 PE Z [AIfAH EAEH 77, BRIIEEER T CHS
Xt PE IfEeER . (2) Bk pH H T, CHS [k
W R, T PE B/KEMERS SR, CHS 1 PE 7E7/K
FFORNFITR A IS N, (3) BtE pHEF, CHS fsk
B K A LT AR IR HE TR A2 R IR AE T, % PE
[ NE X o7 2 AR [E R IS, {6 PE FIRTHIE
A HAZAE S TT AR

7SI 6 AR 22 B 2R - A P 24 e BB L g1
(6 1 1), KM HELR % CCL, HEMAER
FE W ) LA 2640 T B 7= AR i P R . SR A
HPLC VAR 25 & mpid fE R, S 3CR A
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Agilent Cig SAHEIEFENE 2 MG S &R, 18
o DI A e IR L U B (R AR R, 5 7RI AN R
I, FRHERYE . BRIEREIARSE, U [
JUFAAR, SRS Be 2 A R RO, B Cis £
TR EM, MR ARR Ve B g, MR R EAR
WS B, AR B S AR R A S B B A (A
WRCBR S TAR PR K Ao BE R Sy i s A Al A, R
VSIS TR SR AT, R SO S BT A 2R 4T 5 S
T, ARG EFIERE D TIT, e R & AT
58 e 25

X CCL BEATRAL LA R ARSI e i AL A
CCL MRLAZAE 100~200 nm, K558k G sl b Hi%
ELWRAN M e, S AR RE AL R B AN, kY
INFERTT AR, [R5 T 8 40 B (145 4%, PDI 7
T 0.3, RARPAT ST, THE 1A H WEREE, IESE
CCL & Ja AN 2582 Y iv (2R FL0L, 4
i B S0 PR T R S, 4T 1 40 e R i D 05
J5 AR N 25280 SRR R B RIS, /N BRAR AR
B oy U AR RR SR R A, IAE
M7 R3S SRR TR AR 1421, 20 A7 I TR AL
TR RE o T AR SN, X i A AR R
AT REAANIR], ASSZIG AT 24 Mo A7k o 1) 6 1) i [T T
REAE AN LIS A IR B LT B E IR, IANZW)
Ja, SyYRT R A T IR, S
MEPEIET:, JFEEINAN 2%ILT5 )5, SEA] BAIE R
BEAT o BTN CCL HI 4 RAEFIASP 25 307
BTV, JE2Eex) CCL #EATAR N 2555055 4407
AT — PR TT, N ERAMIT RN S it e
B SR HE

g5 bRk, AW &K CCL %4 R, Xt
4T1 A RS FE I R R A AL Gy, BN
Wk V6T S e T 70 S A BB R A
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