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Mitochondrial targeting function of norcantharidin TPP-PEG-PCL nanomicelles
promotes apoptosis of liver tumor cells

HAN Li-li', LV Hui-fang', WANG Dan', WANG Ju-feng', TANG Mi?
1. Cancer Research Center, Cancer Hospital of Zhengzhou University, Zhengzhou 450008, China
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Abstract: Objective To prepare norcantharidin TPP-PEG-PCL nanomicelles and study its release in vitro, intracellular transport
and promoting effect on hepatoma cell apoptosis. Methods Thin film hydration method was used to prepare norcantharidin
TPP-PEG-PCL nanomicelles, and the particle size, electric potential and microscopic electron microscopy morphological analysis
were measured. At the same time, the nanomicelles were evaluated for stability, in vitro release, pharmacokinetics and critical micelle
concentration. Coumarin-6 was used as a fluorescent probe to evaluate the uptake of TPP-PEG-PCL nanomicelles in liver tumor
cells, lysosomal escape and mitochondrial targeting function; Under the same dosage conditions, the effect of norcantharidin
TPP-PEG-PCL nanomicelles on promoting apoptosis of liver tumor cells was evaluated. Results The cantharidin TPP-PEG-PCL
nanomicelles had a particle size of (16.8 + 0.2) nm, a Zeta potential of (14.3 £ 0.2) mV, and transmission electron microscopy images
showed that nanomicelles had a regular spherical shape. The fluorescence test results showed that TPP-PEG-PCL nanomicelles can
promote the cellular uptake of drugs, escape lysosomal capture, and finally target aggregation at the mitochondrial site; Cell survival
rate and Hoechst staining results showed that cantharidin TPP-PEG-PCL nanomicelles had a good effect on promoting apoptosis of

liver tumor cells. Norcantharidin TPP-PEG-PCL nanomicelles can significantly reduce mitochondrial membrane potential, increase
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intracellular ROS levels, increase pro-apoptotic protein Bcl-2, and reduce resistance. The expression of apoptotic proteins Bax and

these pro-apoptotic related experimental results are significantly better than those of norcantharidin PEG-PCL nanomicelles and

norcantharidin, which have statistical significance. Conclusion Norcantharidin TPP-PEG-PCL nanomicelles have good liver tumor

cell mitochondrial targeting and promote tumor cell apoptosis, and it is a potentially effective drug delivery system for targeting tumor

cell mitochondria.

Key words: norcantharidin; TPP-PEG-PCL; nanomicelles; cell uptake; lysosomal escape; mitochondrial targeting; apoptosis;

mitochondrial membrane potential
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Fig. 2 Characterization of norcantharidin TPP-PEG-PCL nanomicelles: particle size (a), electric potential (b), Tyndall

phenomenon (c), electron microscope (d)
45 KB NCTD@TPP-PEG-PCL 9K IR H #1714
Rt N (16.8+£0.2) nm, Zeta A A (14.3£0.2)
mV, HEIE R NCTD@TPP-PEG-PCL 49K i
AR IR ROR KU 1) (5 BRI o
24 BHERBHAE

WL K %) 2 mL NCTD@TPP-PEG-PCL 44K fi
WHERETHESLE (BEMEN>TFHRERN
2000) H, LA 15000 r/min {5 E 20 5 min, £
BEEEYPKRBRN LR RE RSB AHES O
CERBAFEXT 20 TR 2 000) I, A0 10 54K )

F A RN K e AR 2854, >R A HPLC Y24 I 48 K
WHRBIKEFRERIE (M), BOEIN N
BB R, AV R AT R A A R i 2
HPEERTE (M4), 5 NCTD@TPP-PEG-PCL
PUKROR e 2R, SR ENBEHZFER (86.7+
1.7) %; HE.08 WA T NCTD@TPP-PEG-PCL
YUK IR AE AT VR T18, FRE ERA M, B
Al 115 NCTD@TPP-PEG-PCL 9K ik i s 24 &, 45
RRIBZEN (7.8£1.6) %.
I Z=M w/(M 4+M )



* 4946 * L& X ]

Chinese Traditional and Herbal Drugs 25 51 % % 19 3§ 20204 10 A

RAGB=M WM
M B O JEEE NCTD Ji &, M N NCTD i &,
M A NCTD@TPP-PEG-PCL #/K i o i &
2.5 {RIMERL
HY 1 mg 2z B8 % .NCTD@PEG-PCL 4K i

W (F 1 mg EHBEEZER) Al NCTD@TPP-PEG-PCL
PRI (7 1 mg I BEE ) B T Spectrum Labs
FENTAE GREAHEXS 70 TN 2 0000 He, SR %R
T B AT A W i, Hﬁ%? 100 mL pH 7.4 PBS
SEPPEIR, AN 1.0 g FiliBLEs 80 1 R S I

Ay WAOR 2 B B B AR RO R A B I Al 2% o
BOEKIEAN 37 C, THUEMBIAIA 1. 2. 5. 8.
10, 12, 16+ 18, 24. 48. 72. 96 h KB EL
FE, RRHXAC 0.5 mL, FHAh 7 SEARR PBS, 115
ZHBEE KRR RN E. 55R 1A 3,
2 HBFE KRB R, NCTD@PEG-PCL 44K Ji o
(& 1 mg EHPZZK) Ml NCTD@TPP-PEG-PCL 4/
KL A R RIS, =35 L, NCTD@TPP-
PEG-PCL YK AORE 21 e b8, RN R 142
FEIERE

100
801
601

401

R %

——NCTD
——NCTD@PEG-PCL

201
—— NCTD@TPP-PEG-PCL

0 20 40 60 80 100
th
3 NCTD@TPP-PEG-PCL KA R AR INR I 4%
Fig. 3 In vitro release profile of NCTD@TPP-PEG-PCL

nanomicelles

2.6 HEhE

HUSD KR 18 A, )& 200~250 g, FlAL5>
B3 A, MERES, SRIGHTRM EIFAAEE R, K4
12h, HHEZK, RESHKRHE ivATEH
BE# & . NCTD@PEG-PCL 40K ik R Al NCTD@
TPP-PEG-PCL #KIRH, &HGAFELI N 5
mg/kg, {ELAZHTAZZ)5 0.083, 0.25. 0.5, 1. 2.
3. 4. 6. 8. 10, 12 h MHRHEEIM, &K% 0.5 mL,
BSOS RE S, R RS BORIREUILE 150 pL,
AT ZE R WA (20 ug/mL) 20 pL, AN

300 uL HEEPTUESE H, W€ 5 min, ZR/5EL 15 000
r/min =R E L 10 min, PHL EIEWR 350 uL, KH
TR, Rl AR F A AT P EE 60 pL, 9
€ 5 min, 4E4EEE 0 10 min, WHL EIEWR 40 pL
HEREMT, SR HPLC-DAD A& I 2 4% o 25 F
BERINSE, Sl SHmzgREmeE (K4, H
K H DAS 3.0 A AT ARG, THE &AM E)
2SH (R D. REIR, ZHRERBRAEN,
tn N (2.8%1.1) h, 1fii NCTD@PEG-PCL 44k iz ok
FI NCTD@TPP-PEG-PCL 44K it sRBE 24 L 4% 2212,
tn AN (7.54£0.7) h Fl (8.2+0.6) h, 1%#j5)
SREERR, YRR AR A B R A
FHIE, SRS Rz RGN R R A
—E WIAH I « AR 2 45 SR 7R , NCTD@TPP-
PEG-PCL 4K A 2H m] LA BH 2 42 =y 25 B 2 3K 11
AEVRIREE, RS %8 RGNS R
K, FEEYMENAE N AT K.
2.7 IIGRBEFRIRE (critical micelle concentration,
CMOC) ME

¥ TPP-PEG-PCL 4K i Al & il & Bl 1~

257

[}
S
L

—— NCTD@PEG-PCL
—0— NCTD@TPP-PEG-PCL
—»— NCTD

—_
W

12457 B /(ug-mL")
=

4 NCTD@TPP-PEG-PCL 4K R ZAENF L%
Fig. 4 Pharmacokinetic curve of NCTD@TPP-PEG- PCL
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Fig. 6 Study on stability of NCTD@TPP-PEG-PCL
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Fig. 8 Mitochondrial targeting of C6@TPP-PEG-PCL and C6@PEG-PCL nanomicelles
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Fig. 9 Poisson distribution of C6@TPP-PEG-PCL and C6@PEG-PCL nanomicelles combined with mitochondria
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Fig. 10 lysosome escape phenomenon of C6@TPP-PEG-PCL nanomicelles
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Fig. 11 Poisson distribution value of C6@TPP-PEG-PCL and C6@PEG-PCL nanomicelles combined with lysozyme
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Fig. 12 Cell survival rate after incubation of NCTD@TPP-
PEG-PCL nanomicelles and NCTD@PEG-PCL nanomicelles

with liver tumor cells for 24, 48 h
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2 ab S SR R 4R, SR PBS vhk4if 3
I, ARG 5 2R R B A R AR & JC-1 (10
ug/mL) POEHRENT 37 CHEE 15 min, %K)
SULIA T R SR A B, B e O QA A SRS I 5
PR ICHEE o« AR LR LA B A i, JC-1 7= 2R
LL s B AT, JC-1 T PP A= SR ¢ ),
PRAE S LH IR, R R r AT 1, DA
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—: FTRIMIRYNE: 5 NCTD@PEG-PCL 4L % **P<0.01
—: apoptotic tumor cells; **P < 0.01 vs NCTD@PEG-PCL group
13 NCTD@TPP-PEG-PCL #>KEX5R# NCTD@PEG-
PCL #2KAZR ) Hoechst &
Fig. 13  Hoechst staining of NCTD@TPP-PEG-PCL
nanomicelles and NCTD@PEG-PCL nanomicelles
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K 14-b iR, SHHIRAEES, 4425411 DCF %%
5 IR JE R T R 4L, Hb, NCTD@TPP-PEG-PCL
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LRI A FEAIS, ROS AP, 29 iR 4 L 1 R
I¥; 5 NCTD@PEG-PCL 4t **P<0.01

mitochondrial membrane potential is reduced and ROS levels are
increased, the better the effect of drugs on promoting tumor cell
apoptosis; “"P < 0.01 vs NCTD@PEG-PCL group

14 NCTD@TPP-PEG-PCL #KiR3R#1 NCTD@PEG-
PCL 0K FR AR IR 40 AR R S R IR BRER L (a) #0 ROS
KE (b) EEB

Fig. 14 Comparison of mitochondrial membrane potential
(a) and ROS levels (b) of NCTD@TPP-PEG-PCL
nanomicelles and NCTD@PEG-PCL nanomicelles to

promote tumor cell apoptosis
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17 SDS-PAGE Hiik; 100 V {4 50 min, FKH 5%
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HE 3K, IMAXIN—4i, H PBST %M —5E L
BR824 E (Bel-2. Bax FBELLBI N 1 ¢
1000) W& —HL, MERKFPIRIE 2h 5T 4 CIK
FrAEH 24 h, 285 R A TBST P, Fn— i1 :
2000 #FE), EE A T IEREIK 2 h, BUE = dE,
FH TBST #:F% 5 min 5358, HE 3K, M ECL k&
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KB % RS EATREI, -] Tmage T 3pFist

ITIRE TG 2 ab PR . 25 SR K 15, 4525418
Al R PTE TCE A Bel-2, $2 AR5 A Bax
[f)2%i%, Hh NCTD@TPP-PEG-PCL 44K i sR 4 14
TRTAAHREAMNREG R R RS, SHMALE
B REMEZESR, Ht®W, TPP-PEG-PCL 49K
WRE W P 5 B S e M A R E TR

n2 - — —

Bax —— e —
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559
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Fig. 15 Comparison of protein expression of cantharidin
TPP-PEG-PCL nanomicelles and norcantharidin PEG-PCL

nanomicelles in promoting tumor cell apoptosis
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ROREUHELS 2, MY AT LUB KFR B 3G 58 25197 3%,
AR RAR R B3R/ 2o FAth AR 4 i 5B A7 (1) SR 4R
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