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Abstract: Cabozantinib S-malate is a vascular endothelial growth factor receptor 2, c-MET, and RET multi-targeted 
tyrosine kinase inhibitor that has antiangiogenic and antitumorigenic properties with potential efficacy for the treat-
ment of several cancers. In order to investigate the effects of cabozantinib on the metabolic capacity of cytochrome 
P450 (CYP) enzymes, a cocktail method was employed to evaluate the activities of CYP2B1, CYP2D1, CYP1A2, 
CYP3A2, CYP2C11. The rats were randomly divided into cabozantinib group (Low, Medium, High) and control group. 
The cabozantinib group rats were given 10, 20, 30 mg/kg (Low, Medium, High) cabozantinib by continuous intragas-
tric administration for 7 days. Five probe drugs bupropion, metroprolol, phenacetin, testosterone and tolbutamide 
were given to rats through intragastric administration, and the plasma concentrations were determined by UPLC-
MS/MS. Statistical pharmacokinetics difference for bupropion, phenacetin and testosterone in rats were observed 
by comparing cabozantinib group with control group. Combined with PCR results, continuous 7 days-intragastric 
administration of cabozantinib inhibits the activities of CYP2B1 and CYP1A2 of rats. Enzyme inhibition by co-admin-
istered drugs and genetic variations of their expression can increase the risk of adverse reactions. Additionally, high 
dosage cabozantinib may cause hepatotoxicity.
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Introduction

The receptor tyrosine kinase MET and the vas-
cular endothelial growth factor (VEGF) signaling 
pathway are implicated in development and 
progression of CRPC [1]. MET expression 
appears to be greater in bone metastases than 
primary tumors and lymph node metastases 
[2]; the VEGF pathway promotes bone lesion 
development and activates MET in advanced 
prostate cancer [1, 3]. Cabozantinib is an oral 
inhibitor of receptor tyrosine kinases including 
the hepatocyte growth factor receptor MET, 
vascular endothelial growth factor receptor 2 
(VEGFR2), and rearranged during transfection 
receptor (RET) [4]. MET, RET, and VEGFR2 play 
important roles in the pathogenesis of medul-
lary thyroid cancer (MTC) [5-7], and inhibition of 
these targets by cabozantinib was hypothe-
sized to provide clinical benefit for patients with 
this disease [8]. The drug was approved after it 
met its primary endpoint of progression-free 

survival for the treatment of metastatic medul-
lary thyroid cancer (MTC) [9]. Currently, it is 
under investigation for solid tumors and hema-
tological malignancies in over 50 clinical trials 
being conducted across North America, Europe, 
China, Australia and the Middle East [10].

The most commonly observed adverse events 
associated with cabozantinib from pooled sin-
gle-agent studies include fatigue, diarrhea, 
decreased appetite, nausea, weight loss, and 
vomiting. Hand-foot skin reaction (HFSR), a 
major dose-limiting skin toxic effect of TKIs, has 
been reported with cabozantinib at a frequency 
of approximately 40% [11]. Skin rash including 
HFSR, xerosis, pruritus, erythema, and pigmen-
tary changes were also reported, but other skin 
manifestations have not been described [12]. 

Cytochrome P450 (CYP) enzymes are respon- 
sible for most biotransformation steps of  
xenobiotics and endogenous molecules [13]. 
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Variations of their activity by inhibition or induc-
tion can influence the pharmacokinetics and 
thereby the effect of drugs (of abuse). Enzyme 
inhibition by co-administered drugs (of abuse) 
and/or genetic variations of their expression 
can increase the risk of adverse reactions [14] 
or reduce the desired effect [15]. Such drug-
drug interactions were described as a major 
reason for hospitalization or even death [16].

So far, no study on the effects of cabozantinib 
on the metabolic capacity of CYP enzyme was 
reported. Therefore, in this study, five probe 
drugs were employed to evaluate effect of 
cabozantinib on the metabolic capacity of 
CYP2B1, CYP2D1, CYP1A2, CYP3A2, CYP2C11. 
The effects of cabozantinib on rat CYP enzyme 
activity will be evaluated according to the phar-
macokinetic parameters changes of five spe-
cific probe drugs (bupropion, metroprolol, phen-
acetin, testosterone and tolbutamide).

Material and methods

Chemicals

Bupropion, metroprolol, phenacetin, testoster-
one and tolbutamide (all >98%) and the inter-
nal standard diazepam (IS) were obtained from 
Sigma-Aldrich Company (St. Louis, USA). Ultra-
pure water was prepared by Millipore Milli-Q 
purification system (Bedford, USA). Methanol 
and acetonitrile (HPLC grade) were obtained 
from Merck Company (Darmstadt, Germany). 

Animals

Sprague-Dawley rats (male, 220±20 g) pur-
chased from Shanghai SLAC Laboratory Animal 
Co., Ltd. Animals were housed under a natural 
light-dark cycle conditions with controlled tem-
perature (22°C). All thirty-two rats were housed 
at Laboratory Animal Research Center of 
Wenzhou Medical University. All experimental 
procedures were approved ethically by the 
Wenzhou Medical University Administration 
Committee of Experimental Animals.

Pharmacokinetics of probe drugs in cabozan-
tinib group and control group

Thirty-two rats (220±20 g) were randomly divid-
ed into four different dosages of cabozantinib 
groups (Low-group, Medium-group, High-group 
and control group with 8 rats in each group). 

Cabozantinib was dissolved in corn oil as sus-
pension at three different concentrations (10, 
20, and 30 mg/mL). Three different cabozan-
tinib groups (Low-group, Medium-group, High-
group) were respectively give cabozantinib 10, 
20, and 30 mg/kg one time by intragastric 
administration at every morning, and last for 7 
days. Control group were give saline by same 
administration method. At 8 days morning, five 
probe drugs bupropion, metroprolol, phenace-
tin, testosterone and tolbutamid were mixed in 
corn oil and given to the rats of three cabozan-
tinib groups and control group by intragastric 
administration at a single dosage 10 mg/kg for 
bupropion, metroprolol, phenacetin, testoster-
one, 0.1 mg/kg for tolbutamide.

Blood (0.3 mL) samples were collected into 
heparinized 1.5 mL polythene tubes from the 
tail vein at 0.0833, 0.5, 1, 2, 3, 4, 6, 8, 12, 24 
h after intragastric administration of five probe 
drugs. 100 μL of plasma was obtained from 
blood sample after centrifugation at 4000 g  
for 10 min. In a 1.5 mL centrifuge tube, 200 μL 
of acetonitrile (containing 50 ng/mL IS) was 
added into 100 μL of collected plasma sample. 
After vortex-mixing for 1.0 min, the sample was 
centrifuged at 13000 g for 15 min. Then super-
natant (2 µL) was injected into the UPLC-MS/
MS system for analysis. 

Concentration of plasma probe drugs versus 
time was analyzed by Version 3.0 Data Analysis 
System (Wenzhou Medical University, China). 

Statistical analysis

The main pharmacokinetic parameters of the 
cabozantinib group and control group were ana-
lyzed by SPSS l8.0 statistical software; statisti-
cal significance was assessed by an indepen-
dent sample t-test (P<0.05 was considered as 
statistically significant).

UPLC-MS/MS determination of probe drugs

The concentration of bupropion, metroprolol, 
phenacetin, testosterone and tolbutamid in rat 
plasma were simultaneously determined by a 
sensitive and simple UPLC-MS/MS method 
[17]. The compounds were analyzed by a UPLC-
MS/MS with ACQUITY I-Class UPLC and a XEVO 
TQD triple quadrupole mass spectrometer that 
equipped with an electrospray ionization (ESI) 
interface (Waters Corp., Milford, MA, USA). 
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Data acquisition and instrument control were 
performed on the Masslynx 4.1 software 
(Waters Corp., Milford, MA, USA).

Histopathology of liver

After pharmacokinetic properties analysis, rats 
were deeply anesthetized with 10% chloral 
hydrate (i.p., 20 mg/kg). The some liver of con-
trol group and cabozantinib treated groups 
were rapidly isolated and immersed in freshly 
prepared 4% w/v formaldehyde (0.1 M phos-
phate buffer, pH 7.2) for 48 h, and then embed-
ded in paraffin. Then 5 µm-thick histological 
sections were prepared and stained with rou-
tine HE method (hematoxylin and eosin). The 
morphological changes of liver were observed 
under light microscope. 

The mRNA expression of CYP450 in rat liver

After pharmacokinetic properties analysis, rats 
were deeply anesthetized with 10% chloral 
hydrate (i.p., 20 mg/kg). The some liver of con-
trol group and cabozantinib treated groups was 
removed, frozen and store at 80°C.

The livers were processed for isolation of total 
RNA by using TRIzol reagent (Invitrogen, 
Calsbad, CA, USA) according to the instruction 
of the manufacturer. The RNA concentration 
was determined, and the quality of the isolated 
RNA was assessed using the 260/280 nm 
absorbance ratio (1.8-2.0 indicates a highly 
pure sample). RNA integrity was confirmed by 
running samples on 1% agarose gel. The RNA 
pellet was stored at -80°C until use [18, 19].

We have used 2 μL RNA in a 20 μL re- 
action mixture utilizing RevertAid™ M-MuLVRT 
(Fermentas, Hanover, MD, USA) according to 
the supplier’s instructions. Resulting reverse 
transcription products were stored at -80°C 
until assay.

Reactions were performed in a final volume  
of 20 μL that contained Platinum SYBR  

ation at 95°C for 3 min, followed by 40 cycles  
of denaturation at 95°C for 30 s, annealing  
at 58°C (CYP1A2), 55°C CYP2B1), 56°C 
(CYP2C11), 63°C (CYP3A2) for 30 s, extension 
at 72°C for 30 s and final extension at 72°C for 
45 s. The sequences of the forward and reverse 
primers used in this experiment are summa-
rized in Table 1.

Results 

UPLC-MS/MS medthod validation

The concentration of bupropion, metroprolol, 
phenacetin, testosterone and tolbutamid in rat 
plasma were simultaneously determined by a 
sensitive and simple UPLC-MS/MS method. 
The LLOQ for each probe drug in plasma was 2 
ng/mL. The RSD of the five probe drugs were 
less than 15%. The calibration plot of the probe 
drugs is in the range of 2-2000 ng/mL 
(r>0.995). The intra-day and inter-day accuracy 
ranged from 90% to 115%. The matrix effects 
were more than 82% or less than 113%. The 
extraction recoveries were better than 85%.

Pharmacokinetics of probe drugs 

The main pharmacokinetic parameters of 
bupropion, metroprolol, phenacetin, testoster-
one and tolbutamid calculated from non-com-
partment model analysis were summarized in 
Table 2. The representative profiles of concen-
tration of drugs (bupropion, metroprolol, phen-
acetin, testosterone and tolbutamid) vs. time 
were presented in Figure 1. 

From the Table 2, no difference in pharmacoki-
netic behaviors can be observed between low, 
medium dosage group and control group for 
bupropion, no difference in pharmacokinetic 
behaviors can be observed between cabozan-
tinib group and control group for metroprolol. 
While from the Table 2, the pharmacokinetic 
behaviors of bupropion in high dosage group 
compared with the control group, AUC(0-t) 

Table 1. The sequences of the primers used in polymerase chain reaction
Isoenzymes Forward Reverse
CYP1A2 GTCACCTCAGGGAATGCTGTG GTTGACAATCTTCTCAGG
CYP2B1 GACAGAAGGATGAGGGAGGAA CTCCCTCTGTCTTTCATTCTGT
CYP2C11 AAAAGCACAATCCGCAGTCT GCATCTGGCTCCTGTCTTTC
CYP2D1 TGAGATGTCGCTTTGGGGAC GAGGACCACACCTTGAGAGC
CYP3A2 CTTCACAAACCGGAGGCCTTTTGGT ATCAGGGTGAGTGGCCAGTTCATAC

Green qPCR SuperMix-
UDG 12 μL, 2 μL cDNA, 
0.6 μL each of specific 
oligonucleotide primer 
(10 μM), and 4.8 μL 
DEPC-treated autoclav- 
ed distilled water. 

PCR was carried out 
using initial denatur-
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increased (P<0.01), CL decreased (P<0.01), 
Cmax increased (P<0.01). While for phenacetin, 
compared with the control group, AUC(0-t) 
increased (low, P<0.05; medium, P>0.05 and 
high, P<0.01), CL decreased (Low, P<0.05; 
medium, P>0.05; high, P<0.01), Cmax increased 
(low, P<0.05; medium, P>0.05; high, P<0.01). 
From the Table 2, compared with the control 
group, no difference in pharmacokinetic behav-
iors can be observed between cabozantinib 
group and control group for tolbutamide. While 
for testosterone, compared with the control 
group, AUC(0-t) decreased (P<0.01), CL increas- 
ed (Low, P<0.01; medium, P<0.05; high, 
P<0.01), Cmax decreased (P<0.01).

Histopathology of liver 

The pathological changes of liver were shown in 
Figure 2. In low dose group, the structures of 
liver lobule are intact, the central veins and por-
tal areas can be recognized clearly at low mag-
nification. The liver cells are arranged as funicu-
lar along with central veins and connected 
firmly, their nucleus are round, clear and fine 
luster under high magnification. There is no sig-
nificant difference with control group.

In middle dose group, the structures of liver lob-
ule are also intact, and no hepatocyte swelling, 

cytoplasm rarefaction or inflammatory cell infil-
trating observed at high magnification.

In high dose group, although there was no obvi-
ous structure change in liver lobule and the 
central veins, some local damaged portal areas 
have been observed at low magnification. At 
high magnification, we found the liver cell cord 
derangement and liver cells arranged irregular-
ly. The regular and tight arrangements of liver 
cells along with central veins were disappeared, 
and some liver cells were apoptosis which 
caused cells gap increased. 

The mRNA expression of CYP450 in rat liver

After 7 days-intragastric administration of cabo- 
zantinib (Figure 3), the levels of CYP1A2, 
CYP2B1 and CYP2C11 in the cabozantinib 
group were decreased compared with the con-
trol group (P<0.05 or P<0.01), the mRNA 
expression levels of CYP1A2, CYP2B1 and 
CYP2C11 in the cabozantinib groups were obvi-
ously lower.

After 7 days-intragastric administration of cabo- 
zantinib (Figure 3), the mRNA expression levels 
of CYP2D1 in the cabozantinib group were 
decreased compared with the control group 
(P<0.05 or P<0.01); and the levels of CYP3A2 

Table 2. Pharmacokinetic parameters of probe drugs from control group and cabozantinib group rats 
(mean ± SD, n=8)
Parameters 
ng/mL*h

AUC (0-t) AUC (0-∞) t1/2z CLz/F Vz/F Cmax
ng/mL*h h L/h/kg L/kg ng/mL

Bupropion
(CYP2B1)

Control 47.6±24.6 62.4±28.8 1.6±1.2 197.9±98.0 469.5±407.8 24.5±10.0

Low 65.9±39.9 72.6±44.1 1.0±0.4 213.4±190.0 261.9±153.7 40.4±32.0

Medium 80.3±68.0 99.1±61.5 1.5±0.8 128.2±60.4 300.8±207.0 30.3±21.4

High 139.8±39.1** 228.0±76.7** 2.7±1.9 47.8±15.1** 158.6±62.6 60.4±17.9**

Metroprolol
(CYP2D1)

Control 304.8±193.6 444.1±467.2 2.2±2.3 40.7±28.6 80.3±34.0 126.1±75.5

Low 181.4±73.6 201.2±76.7 1.3±0.4 56.1±20.9 100.1±37.8 95.6±58.2

Medium 343.2±147.0 365.1±184.7 1.2±0.5 31.8±10.7 48.3±15.0* 167.3±66.0

High 223.2±61.9 298.3±160.2 2.3±3.2 41.0±18.7 84.7±67.1 79.9±20.7

Phenacetin
(CYP1A2)

Control 3402.2±2476.5 3407.5±2476.6 1.0±0.5 4.1±2.4 5.8±4.1 1597.8±718.2

Low 5171.3±444.8* 5248.5±499.5* 1.9±1.4 1.9±0.2* 5.2±3.8 2682.4±658.3*

Medium 6232.8±2735.6 6236.0±2734.4 0.8±0.6 2.2±1.9 3.6±6.3 3213.0±1492.9

High 10601.9±3250.0** 10856.2±3332.9** 1.4±1.3 1.0±0.3** 1.9±1.9 4028.1±1641.8**

Testosterone
(CYP3A2)

Control 2576.9±1339.4 3010.4±1695.2 8.7±2.8 8.4±13.3 79.4±99.6 615.8±343.4

Low 221.5±89.8** 318.1±161.8** 16.1±13.1 47.8±44.9* 738.4±414.9** 61.4±24.1**

Medium 100.1±60.1** 123.7±88.5** 4.7±4.0 119.7±79.4** 609.4±291.8** 31.9±13.4**

High 95.2±40.9** 103.5±50.5** 5.8±4.0 118.8±56.6** 750.2±514.3* 30.6±8.7**

Tolbutamide
(CYP2C11)

Control 13189.4±1830.5 14790.0±2562.4 7.0±1.4 0.007±0.001 0.068±0.010 1164.1±198.5

Low 13512.4±2088.9 14995.5±2680.0 6.7±1.4 0.007±0.002 0.065±0.011 1216.2±216.2

Medium 12156.4±2008.8 15734.5±2131.9 9.3±2.1* 0.007±0.001 0.085±0.011* 1032.2±189.1

High 11809.3±2235.1 12840.1±2525.6 6.0±1.3 0.008±0.002 0.069±0.014 1050.1±255.4
Cabozantinib group was compared with the control group, *: P<0.05, **: P<0.01.
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in the medium and high group were decreased 
compared with the control group (P<0.05 or 
P<0.01), while the levels of CYP3A2 in the low 
group were increased compared with the con-
trol group (P<0.01).

Discussion

In general, changes in pharmacokinetics are 
thought to be caused by drug-drug or drug-food 
interactions [20]. In pharmacokinetic interac-
tions, approximately 65% of drug-drug interac-

tions occur in metabolic sites, and drug meta-
bolic enzymes are considered to be the most 
important interactive sites. A large number of 
drugs are metabolized by CYP enzymes in the 
liver, and more than 90% of drug-drug interac-
tions occur at the CYP-catalyzed step [21, 22]. 
Similarly, supplement-drug interactions involv-
ing CYP activity are occasionally found to cause 
considerable adverse events. For these rea-
sons, we evaluated the effects of acute cabo-
zantinib poisoning on the activity of CYP 
enzymes in vivo. We selected CYP isoforms 

Figure 1. The pharmacokinetic profiles of bupropi-
on, metroprolol, phenacetin, testosterone, tolbuta-
mide in control group and cabozantinib group (low, 
medium, high) rats (n=8). 
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CYP1A2, CYP2D1/CYP2D61, CYP3A2/CYP3A4, 
CYP2C11/CYP2C9 and CYP2B1/CYP2B6 be- 

cause more than 90% of drugs are known to be 
metabolized by these 6 CYP enzymes [23, 24].

There no significant difference for AUC, CL and 
Cmax of metroprolol and tolbutamide (P>0.05) 
between the cabozantinib group (low, medium, 
high) and control group was observed. It sug-
gested that the cabozantinib was not able to 
induce or inhibit the activity of CYP2D1 and 
CYP2C11 enzyme. The pharmacokinetic param-
eters of bupropion and phenacetin experienced 
obvious change with increased AUC(0-t) (P< 
0.05), Cmax (P<0.05) and decreased CL (P<0.05) 
after the dosage increase. The mRNA expres-
sion levels of CYP2B1 and CYP1A in the cabo-
zantinib groups were obviously lower. This 
result indicates that the 7 days-intragastric 
administration of cabozantinib could inhibit the 
metabolism of bupropion (CYP2B1) and phen-

Figure 2. Morphological changes of liver in control-group (A) and low, middle, high dosage groups (B-D) (hematoxylin-
eosin, ×40). 

Figure 3. Effect of cabozantinib on mRNA expression 
of CYP1A2, CYP2B1, CYP2C11, CYP2D1 and CYP3A2 
in liver of rat (n=6), *P<0.05 vs. Control; **P<0.01 
vs. Control group.
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acetin (CYP1A2) in rat. The pharmacokinetic 
parameters of and testosterone experienced 
obvious change after the dosage increase. 
However, the mRNA expression results were 
not consistent with the pharmacokinetic 
results. It indicates that the 7 days-intragastric 
administration of cabozantinib could not induce 
or inhibit the activity of the metabolism of tes-
tosterone (CYP3A2) in rat. 

As cabozantinib is always administrated in 
combination with other drugs, interactions 
between cabozantinib and other drugs would 
increase the risk of either diminished efficacy 
or adverse effects. In our study, we found that 
7 days-intragastric administration of cabozan-
tinib inhibit the metabolism of bupropion 
(CYP2B1) and phenacetin (CYP1A2). Therefore, 
the metabolism and elimination of drugs would 
change if they are administrated in combina-
tion with cabozantinib.

After the pharmacokinetic profiles evaluation 
by cocktail method, we also investigated the 
hepatotoxicity of cabozantinib by observing the 
pathological changes of liver after cabozantinib 
administration. The pathological changes of 
liver were observed at three difference dosag-
es with small changes in high dosage and no 
change in low dosage, Figure 2. Therefore, high 
dosage cabozantinib may cause hepatotoxicity. 
A more systematic and comprehensive study to 
investigate the hepatotoxicity of cabozantinib 
will be carried out.

In conclusion, the results observed in this study 
would provide us valuable information regard-
ing the interactions of cabozantinib with other 
drugs. Inhibit of drug metabolizing enzyme 
CYP2B1 and CYP1A2 by cabozantinib would 
increase the plasma concentration of other 
drug. Enzyme inhibition by co-administered 
drugs and genetic variations of their expression 
can increase the risk of adverse reactions. 
Additionally, high dosage cabozantinib may 
cause hepatotoxicity.

Acknowledgements

This study was supported by grants from the 
incubator project of The First Affiliated Hospital 
of Wenzhou Medical University, FHY2014043; 
the Youth Talent Program Foundation of The 
First Affiliated Hospital of Wenzhou Medical 
University, No. qnyc043.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Lufeng Hu, The First 
Affiliated Hospital of Wenzhou Medical University, 
Wenzhou 325000, China. Tel: (86) 57755579706; 
E-mail: hulufeng@163.com; Xianqin Wang, Analytical 
and Testing Center of Wenzhou Medical University, 
Wenzhou 325035, China. Tel: (86) 57786699156; 
E-mail: lankywang@163.com

References

[1]	 Aftab DT and McDonald DM. MET and VEGF: 
synergistic targets in castration-resistant pros-
tate cancer. Clin Transl Oncol 2011; 13: 703-
709.

[2]	 Knudsen BS, Gmyrek GA, Inra J, Scherr DS, 
Vaughan ED, Nanus DM, Kattan MW, Gerald 
WL and Vande Woude GF. High expression of 
the Met receptor in prostate cancer metastasis 
to bone. Urology 2002; 60: 1113-1117.

[3]	 Basch E, Autio KA, Smith MR, Bennett AV, 
Weitzman AL, Scheffold C, Sweeney C, Rath-
kopf DE, Smith DC, George DJ, Higano CS, Har-
zstark AL, Sartor AO, Gordon MS, Vogelzang 
NJ, de Bono JS, Haas NB, Corn PG, Schim-
moller F and Scher HI. Effects of cabozantinib 
on pain and narcotic use in patients with cas-
tration-resistant prostate cancer: results from 
a phase 2 nonrandomized expansion cohort. 
Eur Urol 2015; 67: 310-318.

[4]	 Yakes FM, Chen J, Tan J, Yamaguchi K, Shi Y, Yu 
P, Qian F, Chu F, Bentzien F, Cancilla B, Orf J, 
You A, Laird AD, Engst S, Lee L, Lesch J, Chou 
YC and Joly AH. Cabozantinib (XL184), a novel 
MET and VEGFR2 inhibitor, simultaneously 
suppresses metastasis, angiogenesis, and tu-
mor growth. Mol Cancer Ther 2011; 10: 2298-
2308.

[5]	 Capp C, Wajner SM, Siqueira DR, Brasil BA, 
Meurer L and Maia AL. Increased expression of 
vascular endothelial growth factor and its re-
ceptors, VEGFR-1 and VEGFR-2, in medullary 
thyroid carcinoma. Thyroid 2010; 20: 863-871.

[6]	 Cassinelli G, Favini E, Degl’Innocenti D, Salvi A, 
De Petro G, Pierotti MA, Zunino F, Borrello MG 
and Lanzi C. RET/PTC1-driven neoplastic 
transformation and proinvasive phenotype of 
human thyrocytes involve Met induction and 
beta-catenin nuclear translocation. Neoplasia 
2009; 11: 10-21.

[7]	 Carlomagno F, Vitagliano D, Guida T, Ciardiello 
F, Tortora G, Vecchio G, Ryan AJ, Fontanini G, 
Fusco A and Santoro M. ZD6474, an orally 
available inhibitor of KDR tyrosine kinase activ-
ity, efficiently blocks oncogenic RET kinases. 
Cancer Res 2002; 62: 7284-7290.

mailto:hulufeng@163.com
mailto:lankywang@163.com


Effect of cabozantinib on CYP450 isoforms activity of rats

8160	 Int J Clin Exp Med 2016;9(5):8153-8160

[8]	 Miles D, Jumbe NL, Lacy S and Nguyen L. Pop-
ulation Pharmacokinetic Model of Cabozan-
tinib in Patients with Medullary Thyroid  
Carcinoma and Its Application to an Exposure-
Response Analysis. Clin Pharmacokinet 2016; 
55: 93-105.

[9]	 Elisei R, Schlumberger MJ, Muller SP, Schoffs-
ki P, Brose MS, Shah MH, Licitra L, Jarzab B, 
Medvedev V, Kreissl MC, Niederle B, Cohen EE, 
Wirth LJ, Ali H, Hessel C, Yaron Y, Ball D, Nelkin 
B and Sherman SI. Cabozantinib in progressive 
medullary thyroid cancer. J Clin Oncol 2013; 
31: 3639-3646.

[10]	 Belum VR, Serna-Tamayo C, Wu S and Lacou-
ture ME. Incidence and risk of hand-foot skin 
reaction with cabozantinib, a novel multiki-
nase inhibitor: a meta-analysis. Clin Exp Der-
matol 2016; 41: 8-15. 

[11]	 Cho YT and Chan CC. Cabozantinib-induced 
hand-foot skin reaction with subungual splin-
ter hemorrhages and hypertension: a possible 
association with inhibition of the vascular en-
dothelial growth factor signaling pathway. Eur J 
Dermatol 2013; 23: 274-275.

[12]	 Zuo RC, Apolo AB, DiGiovanna JJ, Parnes HL, 
Keen CM, Nanda S, Dahut WL and Cowen EW. 
Cutaneous adverse effects associated with the 
tyrosine-kinase inhibitor cabozantinib. JAMA 
Dermatol 2015; 151: 170-177.

[13]	 Nelson DR. Cytochrome P450: Structure, 
Mechanism, and Biochemistry, 3rd edition In: 
Paul R, editor. Ortiz de Montellano (University 
of California, San Francisco). Kluwer Academ-
ic/Plenum Publishers: New York. 2005. xx + 
690 pp. $149.00. ISBN 0-306-48324-6. J Am 
Chem Soc 2005; 127: 12147-12148.

[14]	 Gasche Y, Daali Y, Fathi M, Chiappe A, Cottini 
S, Dayer P and Desmeules J. Codeine intoxica-
tion associated with ultrarapid CYP2D6 me-
tabolism. N Engl J Med 2004; 351: 2827-
2831.

[15]	 Stamer UM, Musshoff F, Kobilay M, Madea B, 
Hoeft A and Stuber F. Concentrations of trama-
dol and O-desmethyltramadol enantiomers in 
different CYP2D6 genotypes. Clin Pharmacol 
Ther 2007; 82: 41-47.

[16]	 Dinger J, Meyer MR and Maurer HH. Develop-
ment of an in vitro cytochrome P450 cocktail 
inhibition assay for assessing the inhibition 
risk of drugs of abuse. Toxicol Lett 2014; 230: 
28-35.

[17]	 Ma J, Wang S, Zhang M, Zhang Q, Zhou Y, Lin C, 
Lin G and Wang X. Simultaneous determina-
tion of bupropion, metroprolol, midazolam, 
phenacetin, omeprazole and tolbutamide in 
rat plasma by UPLC-MS/MS and its application 
to cytochrome P450 activity study in rats. 
Biomed Chromatogr 2015; 29: 1203-1212.

[18]	 Huang Y, Zheng SL, Zhu HY, Xu ZS and Xu RA. 
Effects of aescin on cytochrome P450 en-
zymes in rats. J Ethnopharmacol 2014; 151: 
583-590.

[19]	 Su T, Mao C, Yin F, Yu Z, Lin Y, Song Y and Lu T. 
Effects of unprocessed versus vinegar-pro-
cessed Schisandra chinensis on the activity 
and mRNA expression of CYP1A2, CYP2E1 and 
CYP3A4 enzymes in rats. J Ethnopharmacol 
2013; 146: 734-743.

[20]	 Naramoto K, Kato M and Ichihara K. Effects of 
an Ethanol Extract of Brazilian Green Propolis 
on Human Cytochrome P450 Enzyme Activities 
in Vitro. J Agric Food Chem 2014; 62: 11692-
302.

[21]	 Lin GY, Ma JS, Xu RA, Hu LF, Wang Z and Wang 
XQ. Effects of Ougan juice on P450 activities 
using a cocktail method. Pharmazie 2012; 67: 
242-246.

[22]	 Qin CZ, Ren X, Tan ZR, Chen Y, Yin JY, Yu J, Qu 
J, Zhou HH and Liu ZQ. A high-throughput inhi-
bition screening of major human cytochrome 
P450 enzymes using an in vitro cocktail and 
liquid chromatography-tandem mass spec-
trometry. Biomed Chromatogr 2014; 28: 197-
203.

[23]	 Borkar RM, Bhandi MM, Dubey AP, Nandekar 
PP, Sangamwar AT, Banerjee SK and Srinivas 
R. Plasma protein binding, pharmacokinetics, 
tissue distribution and CYP450 biotransforma-
tion studies of fidarestat by ultra high perfor-
mance liquid chromatography-high resolution 
mass spectrometry. J Pharm Biomed Anal 
2014; 102C: 386-399.

[24]	 Tan ML and Lim LE. The effects of Androgra-
phis paniculata (Burm.f.) Nees extract and di-
terpenoids on the CYP450 isoforms› activities, 
a review of possible herb-drug interaction 
risks. Drug Chem Toxicol 2015; 38: 241-53.


