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Abstract: Objective To investigate the subcellular distribution patterns of the combination of cantharidin (CTD) and baicalin (BA)
based on cell pharmacokinetics and elucidate the synergistic mechanism against hepatocellular carcinoma. Methods Using human
hepatoma HepG2 cells as the model, the dynamic concentrations of the drugs in whole cells and organelles (nucleus, mitochondria,
endoplasmic reticulum, and lysosomes) over 12 h after administration of single drugs (CTD 6 pg/mL, BA 30 pg/mL) and their
combination (CTD 6 pg/mL + BA 30 pg/mL) were quantitatively analyzed by ultra-high performance liquid chromatography-tandem
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mass spectrometry (UPLC-MS/MS). Pharmacokinetic parameters were calculated using a non-compartmental model with Phoenix
WinNonlin software. Results At the whole-cell level, the combination increased the intracellular area under the curve (AUCo-+t) of
CTD by 48.9% and decreased its clearance (P < 0.05), but did not significantly affect the pharmacokinetics of BA. At the subcellular
level, the combination significantly increased the AUCo—t of CTD and BA in nucleus, lysosome, mitochondria and endoplasmic
reticulum by 93.5%, 46.4%, 38.3%, 52.3%, and 68.4%, 40.0%, 41.0%, and 46.7%, respectively (P < 0.05, 0.01). Furthermore, the time
to reach peak concentration (fmax) for both drugs in mitochondria was earlier in the combination group, and the mean residence time
(MRTo-+) of CTD in the endoplasmic reticulum was significantly prolonged (P < 0.01), indicating a spatiotemporally synergistic drug
delivery optimization. Conclusions The combination of CTD and BA could synergistically optimize the distribution of drugs in key
subcellular structures such as nucleus, mitochondria, endoplasmic reticulum and lysosomes, and may enhance the anti-hepatocellular
carcinoma effect by inducing DNA damage, accelerating mitochondria-mediated apoptosis and promoting endoplasmic reticulum
stress, which provides a theoretical basis for the design of traditional Chinese medicine combinations based on organelle targeting.
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1B E; 2-EEH; 3-ROIT.
1-cantharidin; 2-baicalin; 3-carbamazepine.
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Fig. 1 Representative MRM chromatograms of reference substances (A) and cell sample (B)
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A-intracellular; B-nuclei; C-lysosome; D-mitochondria; E-endoplasmic reticulum.
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Fig. 2 Concentration-time curves of cantharidin and baicalin in HepG2 cells and different organelles (X + s, n=3)
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Table 2 Pharmacokinetic parameters of cantharidin and baicalin in HepG2 cells (X £ s, n=3)
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Va mg 16.01+0.32 11.8340.85" 0.7440.09 0.76+0.05

5EaGA LR TP<0.05 “P<001, F&FA.

*P<0.05 **P<0.01 vs single-drug group, same as below tables.
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*3 RERSHZHE HepG2 HIZAMAENFESH (Xts,n=3)

Table 3 Pharmacokinetic parameters of cantharidin and baicalin in nuclei of HepG2 cells (X £ s, n=3)

" — N R
2% B4 Y L Y RO
ti2 h 3.76+1.40 6.10+1.73 9.68+8.95 15.75+19.78
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AUCo-¢ h~ng~mg" 2 628.671t68.21 5094.20+662.94™ 234 962.294+20391.88 395 562.52+33 604.34™
MRTo-¢ h 4.50+0.42 4.95+0.08 6.111+0.11 6.02+0.25
CL mg~h" 7.934+0.69 3.444+0.77" 0.31%+0.15 0.181+0.11
Va mg 42.10+11.69 29.05+3.24 3.14+1.23 1.90+0.71
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SETRAETUEILH W TS — 508, 2
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[ Conax F1 AUCo—+ (P<<0.05. 0.01), PIZiHIIER%E
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HAhSHTE . E Hm

R4 RERS5HEZHE HepG2 HIRIBIAAMAHNFESH (Xts,n=3)

Table 4 Pharmacokinetic parameters of cantharidin and baicalin in lysosome of HepG2 cells (X + s, n =3)

23 sy ‘ HEZR : HWEH
ZGH R HZGH At ZH
tin h 5.6511.63 437%2.18 5.97£3.06 7.80+4.34
Cnax ng'mg! 71.76 £7.09 103.46+10.52" 8234.27+546.25 12 111.06+1 594.12*
AUCo- h-ng'mg™! 542.10x70.87 793.83+55.67" 67 572.26+2537.97 91 196.96+4 570.57"
MRTo-+ h 5.001+0.22 5.12+0.25 5.90+0.12 5.86+0.09
CL mg-h! 35.35+7.84 25.07£5.20 1.23+0.28 0.85+0.27
Vd mg 275.96 +26.99 147.414+53.14" 9.76+3.69 8.48+2.87

R5 HERS5HRZHAE HepG2 ALK IAAMAZNFESH (XL£s,n=3)

Table 5 Pharmacokinetic parameters of cantharidin and baicalin in mitochondria of HepG2 cells (X +s,n=3)

R e G R Fefhigl LG o Mot
t2 h 2.771+0.59 6.49+227 6.52+2.42 8.85+4.91
Cnax ng'mg’! 184.17+15.52 248.14+17.54™ 6235.22+325.30 8 188.93+515.22"
AUCo+  hngmg™! 1 062.83+155.34 1470.14+£83.24" 49 677.73+1452.42 70 023.44+5 557.76"
MRTo-, h 42610.38 4.881£0.27 5.741+0.20 6.0610.03
CL mg-h! 21.08%3.33 12.07+2.34" 1.681£0.42 1.02£0.30
Va mg 83.55+19.89 108.46£19.61 14.89+1.59 11.69£2.71
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HepG2 #Hfitd Py 5 9 245 i 222 10 ILIET 2-E, 243
FZHNER 6. HIREIR, BLASRAHIER
IR PEAE HepG2 4H A 5t W FR) I U I 18] 70 310 6
4h; TRCARALS 245 B IR AR SR P A
WS [) 73 38 2+ 4he NEGBAZHRT AL Fofhidl

WERZSESHN Cuax A1 AUCo- B 254 35 T 3
FE (P<0.05. 0.01), P AUCo-« 2 538 i
52.3%- 46.7%, BRECHABIZE RN MRTo-« HEFH
Z5Ah (P<0.01), BCAEX PR SHESFM t-
CL ZHHAMSHIH LB, FORBCHYS 256
JEKC TR 2 7 200 A P 0 ) 45 B T T

R6 RERSHRZHAE HepG2 HRARMPANFEH (Xts,n=3)
Table 6 Pharmacokinetic parameters of cantharidin and baicalin in endoplasmic reticulum of HepG2 cells (X £ s,n=3)
2 g : WEER : W
G [LEEEl RGH [LWEEE
i h 4.40+2.15 3.8410.97 6.70t3.14 8.33+7.10
Cinax ng-mg! 151.20+14.87 216.621+19.38™ 6 740.87+362.90 9 174.00+300.81""
AUCo—+  hng'mg™! 927.08+108.79 1411.77£119.45™ 52912.53+1 665.76 77 605.88+9 242.80"
MRTo-+ h 4.78+0.28 5.50+0.04" 5.841+0.29 5.99+0.33
CL mg-h™! 21.96+4.94 14.04£2.00 1.53+0.38 0.97£0.38
Va mg 131.41+42.43 76.37+14.39 13.66+3.60 9.25+3.73
4 e USRI s S stial 3G NG ST E VRV G i 2itYi ok A b

AT S E st CCK-8 ATk H & &K 5%
I ZEGA PTERE 708 6. 30 pg/mL, %4524
A 12 h, ZEM 45 T HepG2 4 A7 % K 1E 85%
VAL, NSRRI ANR 23l At S AR At 1 RIS ) S
HAF. AHEFURA UPLC-MS/MS HARRGHE T
WE R 59 HAE HepG2 4 A [F] 041 A 45 44
(R B 25 J3 A0 B e PR 2 AT e 24 30 2247 N R AH
HAEH.

RZGAY, R SRS TR
IIATZESE, AR W A AR P 0 R e 1k B it
T HEAEIEYE . REERAE S A A i) 2 K (B
AUCo- 1) IR A A% > LRt > Py J5E X > V4 g
o FLRZMRZAE MM, — )7 T HBR IR
P, HG T FEZRKETY T2, HEZA
SRIRVEM A s 5 — 07, 5HARNE AR
I 2A (protein phosphatase 2A, PP2A) #ifi|#], FH
fit DNA #5155 550 DNA XUEE Wi 2R 2R, B
51 A J A BEL S BB DIAR OGO HLk, PR
RAEZRAA T W B FE KT, 5 A AR B
Rt JT R 2ok i P4 e fl (mitochondrial
permeability transition pore, mPTP) LLJA ZH -1 &
SIVER EEOCIRIS) . 5REEE 3 A E, 35 H AL %41
F A% 82 KT (BL AUCo- 7)) B34 : 4
A% > IS A > A 5T I > 2ok iAo 3 25 FE A0 A%
MM R, AR T AR N TR A & T B R
A DNA XUBE, sl 0 46 5 57 A B 51 &2 DNA

Rk iR, FREH TIEESHENERE S, 1E
VAR IEIR S (pH 4.5~5.5) HRAEE Tk
BONL, MR T B, ORI IETUE BN 1)
HARER . A, mEE ST E A RENR
PEEEM], JKIEPERR, MEDLPURFELRARE, 5
FOLAELRRR N BRI
HERSHESIM, BERE T HAEE
HepG2 4 i V.41 Jf &5 74 v (1 245 30 22 AE o 7E4H A
W, R R S B AN AUC-, 43 )5
EHEE 93.8%AM1 68.4%, RN FHKERRR, S8
YIGNEIREER . X — RIS SCIRIOE RIS, B
PR 24 5 R ¥ T i 15 R RE A . 9% DNA $5if%
TG ST ALk F ) B s 2 a3 e 00200, Pl
(1258 % AR B Rl 3655 1155 HepG2 4HlJiif% DNA
RUEEBIZAIY K DNA 536 Bl 6E 1, 5 2 PH T
YT 3 A, S5 AT A R BB 5 A H LA
T GyM JHBHAFSE 1R AR, IR B B T
SR Ay, HRR M A IR AT ik R R T B S
MR, TR, S A A A B T
PEEKF T TRA B R e 1, 38 0 RS 75 1k T R 4%
PUFHRE R AR AL 45 24 )5, HepG2 4H
LTS g e PR B 2 R VR (IR W ) ) R B %, (HE
MEHE, X—3) 5] e 5 A AR
B AR P, BT R 5 VR T3 BT 22 ML 25 DA
Ko LRRLARE P 5T X2 TR 20 B O T A% o B 1
FC A Je , BE2E 2 5 o 25 1 78 20 R0 AR R0 P 5 I 1)
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AUC, [FIP 8GN, HEFERZ, RiRN AT
IR VGRS A) 20 ) FH B2 1 20 4 h 32T A 1. 2h, X
SO T B IR SR A T E 17 M 5 B Y 5
AL T U P PR R VR, I B 5] 2808 W e
T I DA AR A I R BRI B e BRI 1
AR N e s E B, NI B R Hb S B
TO R, SR EPUHE BR324, sk, REER
FEW BT MRTo-, EHC, eI 3% 1 A GEid i 17
25 N o X B2 TROE B, eI EE R AR IR TA], AT
i AT MR IS 1

AHIEFT 7 ) B 2 3R /8 55 MO ATLAE MV 4 i
A LRI ER S, A Al CARE R B e b 251
R F IR . AZRE R S5TIR 4R
I FH A 1 S AE 2 AR 40 B /K S tH R 47 () HepG2
MO T RN s B -2 B 2 Pl o A T I
AR A I AR T RAH 5 R R B A B R IR
(microRNA, miRNA) [1)Z&1A 11 ¥ [F] 471 HepG2 #
BRI R T L A TR R AN MR AR K s IR S 22 B R AT
fe 1 I R R AR LR 3-3%F (phosphatidylinositol
3-kinase, PI3K) /& H##¥ B (protein kinase B, Akt)
155 BB T A XM H A SMMC-7721 4003
PE, TR, SR, IXEERE TSR Z M E T
HEAR I B KT 1 25 38508 I BURR B S S B 1 2 B
VEFH, X AR 041 M 258 2 T R 388 o A FlAE S5 e
PRI IRAT 9 W AT 40 . ASHIE ST TS BT s T B
R S N A IR NI E 1 (k715 ) a sk 1)1 OF 73 2
PR PUTT IABEAARIR 4 AN OCHRZN A a8 254
R, IR IR ] S R E], SEBL T 2
R 2 E.

g5 b, AT IS G2 3 TR T B
RS HEHEALE HepG2 40T 40K (4
M WEBEAR. RiR. NI BI3hA 54 5 253)
SERFAEARAY, R BH T O AT a0 T 38 e S e 25 ) 1E DG
O i 2 1Y) 2 R B TR AR | TR IR ] A B N ]
P FEIG RS F DNA #0075, BIRNE R i et 2
SRR/ A S5 1N T3 B IO SR AN, B A ST
JH- 98 G R0 o AR N BE AR DE 25 3 /55 5 B AT P )
SR B A SR AL 1 OCHE K 24 3y 2 S 4%
1y B T 40 A n] 1 25 2E A BRI TR
SRR ASZIRARIE . SR, AWFRE 2GR T 48)%
P MARAL, A5 245 i 4 8 I i 1) OGS B
(Wi ik, §FIBIE) /BRI G RAE T RIEE
DIRERI A, LRI S s ] 5 A0 245 8 747

FARIR, R AR R TCE A
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