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Pharmacokinetics and Tissue Distribution of Folate-modified Cantharidin/Baicalin Liposomes in Normal

and Tumor-bearing Rats

GAO Yu', YANG Lei', JIN Kai*, XIAO Wangzhong', Wang Lu', DAI Bing', LU Aijuan', HUANG Li'* (1. The
First Hospital of Hunan University of Chinese Medicine, Changsha 410000, China; 2. Hunan Academy of Education Sciences, Changsha
410005, China)

ABSTRACT:OBJECTIVE To evaluate the difference of pharmacokinetics and tissue distribution of folate-modified cantharidin/
baicalin liposomes( FA-Can&Bai@ Lips) in normal and tumor-bearing rats. METHODS HepG2 cell suspension was inoculated into
the right armpit of rat to induce tumor bearing animal models. After tail vein injection of FA-Can&Bai@ Lips, plasma and tissues
(heart, liver, spleen, lung and kidney) were collected at different time points. The concentrations of cantharidin and baicalin in plas-
ma and tissues were determined by ultra high performance liquid chromatography-mass spectrometry (UPLC-MS/MS). The pharmacoki-
netic parameters were calculated by Phoenix WinNonlin software, and the pharmacokinetic and tissue distribution differences of
FA-Can&Bai@ Lips in normal and tumor-bearing rats were analyzed and compared. RESULTS The UPLC-MS/MS method for simul-
taneous determination of cantharidin and baicalin has a good linear relationship. The specificity, accuracy and precision, extraction
recovery rate and matrix effect, residual effect and stability meet the requirements of biological sample detection. The pharmacokinetic
parameters showed that the area under the curve (AUC,,, AUC, . ), the mean residence time ( MRT,,, MRT,_, ) of cantharidin and
baicalin in plasma of tumor-bearing rats were significantly higher than those in normal rats( P <0.05) , which increased by 55. 68% ,
72.50% , 43.10% , 45.95% and 15.10% , 42.54% , 9.09% , 10. 53% respectively. The half-life(#,,,) of cantharidin was slightly

shortened in tumor-bearing rats with no significant difference, while the ¢,,, of baicalin was significantly prolonged (P <0.05). The
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apparent volume of distribution( Vd) and clearance( CL) of cantharidin and BA were significantly decreased. The results of tissue dis-

tribution showed that the concentrations of cantharidin and BA in the liver of tumor-bearing rats were significantly higher than those of
normal rats, and the other tissues were significantly lower( P <0.01). CONCLUSION The UPLC-MS/MS method is rapid, simple,

specific and sensitive, and can be used for the determination of cantharidin and baicalin in plasma and tissues of rats. It is confirmed

that the tumor-bearing status can significantly affect the pharmacokinetics and tissue distribution of FA-Can&Bai@ Lips in vivo.

KEY WORDS: UPLC-MS/MS; cantharidin; baicalin; liposome; tumor-bearing rat; pharmacokinetics; tissue distribution
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A - blank biological samples; B —blank biological samples added with mixed references
1 — Cantharidin; 2 — Baicalin; 3 — Amygdalin.
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Fig.1 Multiple reaction monitoring( MRM) extraction ion flow diagram of cantharidin, baicalin and ISTD in plasma
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Tab.1 Accuracy and precision of cantharidin and baicalin in rat plasma. n=6,x +s

p(Theoretical ) / Intra-assay Inter-assay
Component

ng - mL~! p(Found)/ng - mL~! Accuracy/ % RSD/%  p(Found)/ng + mL~! Accuracy/ % RSD/ %

Cantharidin 0.5 0.45 +0.01 89.02 0.33 0.44 £0.03 87.03 10. 70
5.0 5.73 £0.05 114. 60 0.04 5.62 +0.08 112. 40 1.29

50 43.29 £1.02 86.57 3.16 42.82 £1.76 85.63 5.08

100 101.90 +8.70 101. 90 1.27 93.99 £2.75 93.99 1.74

Baicalin 1.5 1.49 +0. 06 99.20 4.55 1.50 £0. 06 100. 64 3.49
15 12.87 0. 10 85.77 0.76 12.85 £0. 30 85.67 2.90

150 152.32 +2. 68 101.55 1.65 147.76 £16. 09 98.50 9.83

300 303.15 +41.78 101. 05 13.24 317.35+9.22 105.78 3.01
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R2 BREZFHELXFAARME P HRREREMERTRE, n=6x+s

Tab. 2 Extraction recovery and matrix effect of cantharidin and baicalin in rat plasma. n=6,x +s

Component p(Theoretical ) /ng + mL ~ 1 Recovery/ % RSDy/% Matrix effect/ % RSDy/ %
Cantharidin 5.0 102.36 £11.25 12.53 85.25 +5.88 6.63
50 100. 87 +9.78 10. 89 95.31 £2.36 2.55
100 103.23 £10. 34 11. 62 85.97 £1.47 1.56
Baicalin 15 108.91 +8.51 9.27 108.58 +6.32 7.34
150 93.49 +£5.33 6.43 88.30 +£3.58 4.65
300 111.36 +6.09 7.32 113.42 +7.46 7.81

2.1.6 FEME HRCLSTIURME. PR3 N EE REARENE( 20 CWR IR, 4 CHERBIRIR 3 ) 4

W W P I 0, B — DR AT & 6 1), %
“1.67 T 2R A RERE ST, 20 o 2 45 S AR E A
(4 CHCE 24 h) RIIFEENME( -20 CHLE 30 d) |

RILFE 3 HRRW, BETE Z MBS AE A R Ak B
M T RE TR R4, RSD #/N T 15% , AF 45 A W ke
Al BER

K3 MERSELZFEAAMKPNREM, n=6,x+s

Tab. 3 Stability of cantharidin and baicalin in rat plasma. n=6,x +s

p(Theoretical ) / Short-term stability Long-term stability Freeze-thaw stability
Component

ng + mL ! Accuracy/ % RSD/% Accuracy/ % RSD/% Accuracy/ % RSD/%

Cantharidin 5.0 111.89 £4.41 3.94 110. 18 £3.79 3.44 96.01 +7.78 8.10

50 98.90 1. 40 1.42 88.83 £0.78 0.88 99.41 +0.73 0.74

100 97.33 £0.47 0.49 89.74 +1.05 1.17 101. 38 £0. 54 0.54

Baicalin 15 86.55 +1.43 1.70 100. 18 £1. 19 1.18 98.52 +0.79 0.80

150 100. 76 £0. 51 0.51 88.15 £0.47 0.53 99.70 +0. 66 0. 66

300 95.11 =1.04 1.09 100.43 £1.24 1.24 112.75 £0.59 0.52
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Fig. 2 Plasma concentration-time curve of cantharidin( A) and baicalin(B). n=6,x £
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Lips JG AN]SR L2 b BE 2 R 5 & H W
WREDLE 3, 25 EIR, SIEW KR, HER
55 VR A a9 K BT R i ek B 4y S AE 30,
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T B 5 U v 1) 245 ) Wk BE A s T 5 60 mim 5,

TRE B A AT I R SRTE I v 0 e BB A
PREF, TT B 2 1 ok BE T 6 B AR e e ],
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38 5 A g P 3 2ok Dk 2 At 2H 2 43 A T A
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PERA Ko
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Fig. 4 Pharmacokinetic parameters of cantharidin and baicalin after tail vein injection of FA-Can&Bai@ Lips. n=6,x +s

Normal rats

Tumor-bearing rats

Parameters
Cantharidin Baicalin Cantharidin Baicalin
t1y/h 1.27 £0. 17 1.46 £0.07 1.25 +£0.20 1.50 0. 01"
AUCy./ng + h - mlL ! 142.41 +1. 08 1106. 39 +6. 34 221.70 +13. 422) 1273. 47 +4. 542)
AUCq.,/ng + h - mL~! 165.89 +2.82 1525.23 £9.20 286. 16 +23. 432) 2174.03 +16.77%)
MRT, /h 0.58 £0.01 0.88 £0.01 0.83 0. 031 0.96 +0.01"
MRT,_,/h 1.11 0. 11 1.90 £0. 02 1.62 £0.20" 2.10+0.01"
CL/L -h-!.kg~! 4.82 +0.10 2.61 £0.02 2.82 +0.22") 1.83 +0.01"
Vd/L - kg ™! 8.78 £0.99 5.50 £0. 05 5.05+£0.69") 3.97 £0.021)
I HIEH KR, PP <0.05, PP <0.01,
Note: )P <0.05, 2P <0.01, vs normal rats.
Normal rats Tumor-bearing rats
400 A & 4001 B .
Cantharidin mm Heart Cantharidin == Heart
= Liver
B g Spleen
:2 £ == Lung
£ ,\°=” 200 == Kidney
100 |
5 15 30 45 60 90 120 150 S 15 30 45 60 90 120 150
1/ min ¢/ min
400 C Baicalin = Heart 4001 D Baicalin - feart
== Liver == Iiver
B0U Spleen 30041 Spleen
) == Lung o == Lung
Lc:l) == Kidney g) 200 1 == Kidney
S )
100 A
0
S 15 30 45 60 90 120 150 5 155 30 45 60 90 120 150
1/ min 1/ min

A - BEEE AR IEH R A BAMRIL B - BER R AL R AL BN 5 C - BEE AR IEROR BALBUNIREE s D — BT AETRT R LR I

A - concentrations of cantharidin in normal rat tissues; B — concentrations of cantharidin in tumor-bearing rat tissues; C — concentrations of baicalin in normal rat tissues;

D - concentrations of baicalin in tumor-bearing rat tissues.
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