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Abstract The study aimed to examine the effect of sun-

itinib on the plasma exposure of intravenous paracetamol

and its major metabolite, paracetamol glucuronide. Both

drugs share metabolic pathways in the liver, and the drug

interactions between sunitinib and paracetamol adminis-

tered in higher doses were reported. These interactions

resulted in hepatotoxicity. The adult New Zealand male

rabbits were divided into three groups (6 animals each):

rabbits receiving sunitinib and paracetamol (SUN ? PC),

rabbits receiving sunitinib (SUN), and a control group

receiving paracetamol (PC). Sunitinib was administered

orally (25 mg) and paracetamol was administrated intra-

venously (35 mg/kg). Blood samples for sunitinib and

SU12662 assays were collected up to 96 h after drug

administration and for paracetamol and paracetamol

glucuronide up to 300 min after drug administration.

Aspartate aminotransferase (AST), alanine aminotransfer-

ase (ALT), and bilirubin were analysed before and after

drug administration. A number of pharmacokinetic

parameters were analysed. There were no differences in the

levels of AST, ALT, and bilirubin among the groups at

either time point. Significantly higher values of AUC0–t,

AUC0–?, and Cmax and lower clearance and volume of

distribution of paracetamol were observed in group PC vs.

group SUN ? PC (p\ 0.01). The maximum plasma con-

centration of paracetamol glucuronide tended to be higher

in group PC 213.27 lg/mL (90 % CI 1.06, 1.25;

p = 0.0267). Statistically significant differences were

revealed for paracetamol glucuronide mean residence time

(MRT); MRT was higher in group SUN ? PC than in

group PC (p = 0.0375). The mean tmax of paracetamol

glucuronide was similar in both groups: SUN ? PC and

group PC (15 and 20 min, respectively). The mean tmax of

sunitinib was different in groups SUN ? PC and SUN

(10.0 and 7.0, respectively; p = 0.0134). At the studied

doses, neither of the drugs, whether administered alone or

together, had hepatotoxic effects. The present study was

not able to confirm that sunitinib, administered at low

doses in conjunction with paracetamol, displays a hepato-

protective effect. Significant differences were observed in

some pharmacokinetic parameters of paracetamol.

Keywords Sunitinib � Paracetamol � Paracetamol

glucuronide � Pharmacokinetics � Rabbits

1 Introduction

Intravenous acetaminophen is an analgesic and antipyretic

agent, recommended worldwide as a first-line agent for the
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treatment of pain and fever in adults and children (Bienert

et al. 2012). At therapeutic doses, it is usually safe and well

tolerated (Klotz 2012). Therapeutic concentrations for

paracetamol range from 5 to 20 lg/mL (Bertolini et al.

2006). Paracetamol is metabolized primarily in the liver by

first-order kinetics via three main pathways. The two major

pathways that metabolize approximately 90 % of a given

dose are conjugation with glucuronide (approximately

40–67 %) and conjugation with sulphate (20–46 %). The

resulting metabolites are non-toxic and are eliminated in

urine (Bertolini et al. 2006). The remaining amount of

administered paracetamol is metabolized by the hepatic

cytochrome P450 enzyme system, mainly by CYP2E1

isoenzyme and to a lesser extent by CYP1A2, CYP3A4 and

CYP2A6 isoenzymes (Bertolini et al. 2006). From this

pathway, a highly reactive intermediate is formed, N-

acetyl-p-benzoquinoneimine (NAPQI; hepatocellular pro-

tein) which is subsequently quickly inactivated by gluta-

thione to non-toxic cysteine or mercaptate conjugates and

is eliminated in the urine (Bertolini et al. 2006). Several

P450 isoforms including CYP3A1, 2E1, 1A2 and 2D6 are

implicated in the activation of paracetamol to NAPQI in

both humans and rodents (Weise et al. 2009).

Sunitinib is an oral multitargeted tyrosine kinase

inhibitor that selectively inhibits class III, V, and XII split-

kinase domain receptor tyrosine kinases, including vascular

endothelial growth factor receptors (VEGFR-1, -2, and -3),

platelet-derived growth factor receptors (PDGFR-a and

-b), stem cell factor receptor (KIT), and Fms-like tyrosine

kinase-3 receptor (FLT3) (Bello et al. 2010; Kawashima

et al. 2012; Zhou 2012). Sunitinib is approved for advanced

renal cell cancer (RCC) in adults (Kim et al. 2009a; Cas-

tellano et al. 2013) and gastrointestinal stromal tumour

(GIST) after disease progression on or intolerance to

imatinib mesylate (Kim et al. 2009a; Demetri et al. 2009).

The maximum plasma concentration generally occurs

between 6 and 12 h post-dose (Bello et al. 2009; Vázquez

et al. 2012). Given the prolonged terminal half-lives of

sunitinib and SU012662 of *40–60 and 80–110 h (Bello

et al. 2009, 2010), respectively, sunitinib and SU012662

accumulate 3- to 4-fold and 7- to 10-fold with repeated

daily administration. Steady-state concentrations are

achieved within 10–14 days, and by day 14, combined

plasma concentrations of sunitinib and its active metabolite

(total drug) range from 62.9 to 101 ng/mL. Preclinical

studies have indicated that concentrations 50–100 ng/mL

are required to inhibit receptor phosphorylation and result

in antitumour activity (Bello et al. 2009, Mendel et al.

2003). Sunitinib is primarily metabolized by cytochrome

P450 3A4 to an active N-desethyl metabolite (SU12662).

The active metabolite is also metabolized by cytochrome

P450 3A4 (Bello et al. 2009; Houk et al. 2009).

The present study was designed to examine the effect of

sunitinib on the plasma exposure of intravenous paraceta-

mol and its major metabolite: paracetamol glucuronide.

Due to the fact that paracetamol is one of the most common

analgesics and antipyretics, it is very likely that both drugs

may interact as they are metabolised in the liver. Addi-

tionally, there were reports on hepatotoxicity and drug

interactions between sunitinib and paracetamol adminis-

tered at higher doses (Weise et al. 2009). We performed a

National Library of Medicine’s bibliographic database

(MEDLINE�) search and found no evidence in the litera-

ture regarding the effects of sunitinib on the pharmacoki-

netics of paracetamol.

2 Materials and methods

2.1 Reagents

Sunitinib and SU12662 were purchased from LGC Stan-

dards (Lomianki, Poland), HPLC grade acetonitrile, para-

cetamol and paracetamol glucuronide, perchloric acid,

theophyllinum, from Sigma-Aldrich (Poland), 85 %

orthophosphoric acid, 2 M sodium hydroxide and methanol

from Merck (Poland), sodium sulphate anhydrous from

Fluka (Poland). Water used in the mobile phase was

deionized, distilled and filtered through a Millipore system

before use. Sutent� was purchased (batch number P177H)

from Pfizer Trading Polska Sp. z o.o., Warsaw, Poland.

Perfalgan� was purchased (batch number 1K67394) from

Bristol-Myers Squibb Polska Sp. z o.o., Warsaw, Poland.

2.2 Animals

The study was conducted on rabbits due to the need to

collect numerous blood samples to present detailed profiles

c = f(t). Adult New Zealand male rabbits, weighing

2.7–5.4 kg (mean ± SD = 3.17 ± 0.21), were used for

experiments. All rabbits were kept in individual metal

cages located in the animal laboratory of University of

Medical Sciences, Department and Unit of Clinical Phar-

macy and Biopharmacy. They were acclimatized for

2 weeks prior to the experiments and were maintained

under standard conditions of temperature (23 ± 2 �C) and

humidity (56–60 %) with an alternating 12 h light/dark

cycles. New Zealand Rabbits were provided with 100 g of

commercial pelleted diet (Labofeed KB�: 9.8 MJ/kg met-

abolic energy, 16.00 % total protein, 0.65 % vitamin P,

15,000 IU vitamin A, 1,500 JU vitamin D3, and 65 mg

vitamin E) and tap water ad libitum. All experimental

procedures related to this study were approved by the local

ethics committee of the Medical University of Poznan.
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2.3 Evaluation of sunitinib and SU12662, paracetamol

and paracetamol glucuronide pharmacokinetics

The rabbits were divided into three groups (6 animals each):

the rabbits receiving sunitinib and paracetamol

(SUN ? PC), the rabbits receiving sunitinib (SUN) and the

control group receiving paracetamol (PC). Just before the

administration of paracetamol and sunitinib and at the end of

the experiment, aspartate aminotransferase (AST), alanine

aminotransferase (ALT), and bilirubin were measured in all

the rabbits with an Architect CI8200 chemistry analyser

(Abbott Laboratories Sp. z o.o., Poland). Sunitinib was

administered p.o. at the single dose of 25 mg (suspended in

10 mL of normal saline) to group SUN ? PC and SUN

animals. Blood samples (2.5 mL) for sunitinib and SU12662

assays were collected via the central auricular artery (22 G

catheter) before and 0.50, 1, 2, 4, 6, 7, 8, 9, 10, 11, 12, 24, 48,

72, 96 h following drug administration. Paracetamol was

administrated via the ear vein in the dose of 35 mg per kg

b.w. Bello et al. 2010 to the group SUN ? PC and PC. Blood

samples (approximately 0.5 ml) were collected before and 5,

15, 30, 60, 90, 120, 180, 240 and 300 min after drug

administration. The blood samples were transferred into

heparinised tubes and they were centrifuged at 4,000 rpm for

10 min at 4 �C. Next, the plasma was transferred to pro-

pylene tubes and stored at -20 �C until analysis.

The measurement of sunitinib concentration in the blood

plasma was made by means of the HPLC (high-perfor-

mance liquid chromatography) method with UV detection,

which was a modification of the method developed by

Faivre et al. (2011). Separation was achieved by isocratic

elution of the mobile phase, ammonium acetate 20 mM pH

3.4 (adjusted with acetic acid)—acetonitrile (60:40, v/v), at

a flow rate of 1.0 mL/min through a Symmetry� C8 col-

umn (250 mm 9 4.6 mm, 5.0 lm particle size) (Waters�).

The column temperature was maintained at 40 �C, the UV–

Vis detection wavelength was set at 431 nm, and the

injection volume was 50 lL. The total analysis time for

each run was 6 min. The lower limit of quantification

(LLOQ) and limit of detection (LOD) for sunitinib and

SU12662 were 1.0 and 0.5 ng/mL. Intra- and inter-day

precision and accuracy of the LLOQ, low-quality control

(2.5 ng/mL), medium-quality control (25.0, 125.0 ng/mL),

and high-quality control (45.0, 200.0 ng/mL) were well

within the acceptable limit of 10 % coefficient of variation

(CV %) for SU12662 and sunitinib, respectively. The

calibration for sunitinib was linear in the range

1.0–250.0 ng/mL (r = 0.999), and for SU12662 in the

range 1.0–50.0 ng/mL (r = 0.998).

The concentration of paracetamol and paracetamol

glucuronide was assayed using HPLC method with UV

detection (Brunner and Bai 1999). Separation was achieved

by isocratic elution of the mobile phase, natrium sulphate

0.05 M pH 2.2 (adjusted with 85 % orthophosphoric

acid)—acetonitrile (93:7, v/v), at a flow rate of 1.5 mL/min

through an ODS Hypersil� C18 column (150 mm 9

4.6 mm, 5.0 lm particle size) (Thermo Electron Corpora-

tion�). The column temperature was maintained at 25 �C,

the UV–Vis detection wavelength was set at 261 nm, and

the injection volume was 50 lL. The total analysis time

for each run was 5 min. The lower limit of quantification

(LLOQ) and limit of detection (LOD) for paracetamol and

paracetamol glucuronide were 0.25 lg/mL and 0.1 lg/

mL. Intra- and inter-day precision and accuracy of the

LLOQ, low-quality control (0.5 lg/mL), medium-quality

control (10.0 lg/mL), and high-quality control (150.0

lg/mL) were well within the acceptable limit of 10 %

coefficient of variation (CV %) for paracetamol and par-

acetamol glucuronide. The calibration for paracetamol

was linear in the range 0.5–100 lg/mL (r = 0.999), and

for paracetamol glucuronide in the range 0.5–150 lg/mL

(r = 0.997).

2.4 Pharmacokinetics analysis

Pharmacokinetic parameters were estimated by non-com-

partmental methods using validated software (WinNonlin�

Professional Version 5.3; Pharsight� Corp., USA). The

following pharmacokinetic parameters were calculated for

sunitinib: absorption rate constant (ka), elimination rate

constant (kel), area under the plasma concentration–time

curve from time zero to infinity (AUC0–inf), area under the

plasma concentration–time curve from zero to the time of

last measurable concentration (AUC0–t), maximum

observed plasma concentration (Cmax), time to first occur-

rence of Cmax (tmax), half-life in elimination phase (t1=2kel
),

clearance (CL), volume of distribution (Vd), area under the

first moment curve (AUMC0–t), and mean residence time

(MRT). The pharmacokinetic endpoints for SU12662 were

AUC0–inf, AUC0–t, Cmax, tmax, and t1=2kel
: The following

pharmacokinetic parameters were calculated for paraceta-

mol: kel, AUC0–inf, AUC0–t, Cmax, tmax, t1=2kel
, CL, Vd,

AUMC0–t, MRT. The pharmacokinetic endpoints for par-

acetamol glucuronide were kel, AUC0–inf, AUC0–t, Cmax,

tmax, t1=2kel
, AUMC0–t, MRT.

2.5 Statistical analysis

The effect of drug formulation was tested by one-way

analysis of variance in PROC GLM of the SAS package

(SAS Institute Inc. 2002–2003. The SAS System for

Windows version 9.1. Cary, NC 27513-2414 USA). The

90 % confidence intervals for the ratio of geometric means

were constructed, except for tmax for which the confidence

intervals were based on the difference of medians.
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3 Results

Just before the administration of paracetamol and sunitinib and

at the end of the experiment, the three analysed groups did not

significantly different in the levels of AST (41.58 ± 12.27,

42.92 ± 6.24 U/l), ALT (52.07 ± 16.79, 38.38 ± 21.75 U/l)

and bilirubin (0.28 ± 0.21, 0.24 ± 0.06 mg/dL) (p = 0.8310,

p = 0.2682, p = 0.7013, respectively).

The plasma concentration–time profiles for sunitinib and

SU12662, and paracetamol and its metabolite are shown in

Figs. 1 and 2, respectively.

The pharmacokinetic parameters and a summary of the

statistical analyses for sunitinib and SU12662, and para-

cetamol and its metabolite are shown in Tables 1 and 2,

respectively.

Significantly upper values of AUC0–t, AUC0–? and

Cmax, lower clearance and volume of distribution of para-

cetamol were noted in the paracetamol group

(p =\0.0001, p =\0.0001, p =\0.0001, p = 0.0001,

p = 0.0046, respectively).

The mean tmax of paracetamol was similar in the pre-

sence and absence of sunitinib (5 min).

The maximum plasma concentration of paracetamol

glucuronide tended to be higher in the paracetamol group

213.27 mg/L (90 % CI 1.06, 1.25). There were significant

differences between the analysed groups (p = 0.0267).

Statistically significant differences were revealed for MRT

(p = 0.0375). The mean tmax of paracetamol glucuronide

was similar for both the paracetamol and paraceta-

mol ? sunitinib groups (15 and 20 min, respectively).

There were no significant differences among the ana-

lysed groups for the following pharmacokinetic parameters

of paracetamol glucuronide: AUC0–t (p = 0.4734), AUC0–

? (p = 0.4823), kel (p = 0.6603), AUMC0–t (p = 0.7396)

and t1=2kel
(p = 0.71).

The mean tmax of sunitinib was not similar for suniti-

nib ? paracetamol group and sunitinib group (10.0 and

7.0, respectively; Table 1). The comparison of the tmax for

the groups gave a ratio of 4 (90 % CI 1.94, 6.06). There

were significant differences among the analysed groups

(p = 0.0134).

The mean Cmax was comparable in the evaluated rabbit

groups (p = 0.7959). There were no significant differences

among the analysed groups for the following pharmaco-

kinetic parameters of sunitinib: AUC0–t (p = 0.7078),

AUC0–? (p = 0.8762), kel (p = 0.2375), AUMC0–t (p =

0.8875) and t1=2kel
(p = 0.6765), Cl (p = 0.8591), Vd

(p = 0.9372), MRT (p = 0.3141).

There were no significant differences among the ana-

lysed groups for the following pharmacokinetic parameters

of SU12662: AUC0–t (p = 0.7902), AUC0–? (p = 0.7122),

Cmax (p = 0.7308) and t1=2kel
(p = 0.3139).

4 Discussion

The aim of this study was to examine the effect of sunitinib

on the plasma exposure of intravenous paracetamol and its

major metabolite, paracetamol glucuronide, in rabbits.

Rabbits are frequently applied practical experimental

models in studies on the pharmacokinetics of drugs.

Therefore, the authors decided to use them for the assess-

ment of the pharmacokinetic interaction between the

aforementioned tyrosine kinase inhibitor and paracetamol.

It also resulted from the need to collect numerous blood

samples to present detailed profiles c = f(t). Apart from

that, rabbits were frequently applied experimental models

in studies on sunitinib (Fallon et al. 2012a, b; Patyna et al.

2009; Meisel et al. 2011).

To the best of the authors’ knowledge, there are no data

in the literature regarding the effects of sunitinib on the

pharmacokinetics of paracetamol. One of the most clini-

cally significant complications related to the use of

Fig. 1 A log scale plot of arithmetic mean sunitinib (SUN) and

metabolite (SU12662) plasma concentration versus time following

oral administration of a single 25 mg dose of sunitinib in rabbits

Fig. 2 A log scale plot of arithmetic mean paracetamol (PC) and

paracetamol glucuronide (GLUC) plasma concentration versus time

following i.v. administration of a single 35 mg per kg b.w. dose of

paracetamol in rabbits
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pharmacotherapy is the potential for drug–drug interactions

(DDIs) (Doligalski et al. 2012). DDIs may result in adverse

clinical events by decreasing the therapeutic effect of a

drug or by enhancing drug toxicity (Lim et al. 2010).

Severe DDIs have been observed between anti-cancer and

pain management drugs (Lim et al. 2010; Weise et al.

2009), and also between acetaminophen and other TKIs

(Liu et al. 2011; Nassar et al. 2010), resulting in hepato-

toxicity due to inhibition of paracetamol glucuronidation

and the shared pathway of transport to the liver. The

guidelines of SIGN (Scottish Intercollegiate Guidelines

Network 2008) and ESMO (European Society of Medical

Oncology) (Ripamonti et al. 2011) recommend acetami-

nophen in cancer pain management, but the FDA (Food

and Drug Administration) has expressed concerns about

possible toxicity due to its common use (Klotz 2012).

The importance of interactions with paracetamol is rel-

evant to sunitinib. Weise et al. (2009) reported a patient

with relapsed metastatic GIST, who, after being treated with

sunitinib, paracetamol and levothyroxine, developed acute

liver failure with a fatal outcome. This might suggest that

administering sunitinib has an influence on the metabolism

of paracetamol towards inactive paracetamol glucuronide.

However, there is a possibility that sunitinib influences

the biotransformation of paracetamol towards inactive

sulphate or active and toxic NAPQI (Bertolini et al. 2006;

Manyike et al. 2000), which share the same isoform of

P450 CYP 3A4 with metabolism of sunitinib and SU12662

(Bello et al. 2009; Houk et al. 2009; Lim et al. 2010; Mazer

and Perrone 2008). When a low dose (25–80 mg/kg) of

sunitinib is coadministered with acetaminophen, the for-

mation of NAPQI is decreased and its toxicity is lowered

(Lim et al. 2010). Sunitinib is a competitive inhibitor and

the substrate of glutathione (GSH)-conjugate transporter

(Singhal et al. 2010; Galal et al. 2012; Jaeschke et al. 2011,

2012), similar to the metabolism of cisplatin (Shimeda

et al. 2005). Therefore, in higher doses (100–140 mg/kg),

sunitinib (Lim et al. 2010) or SU12662 binds to GSH or

reduces its availability, resulting in diminished protection

of hepatocytes from accumulated NAPQI, even if the for-

mation of NAPQI is low (Franco and Cidlowski 2009). The

authors applied an oral dose of sunitinib 25 mg, which is

well tolerated by animals (Meisel et al. 2011) and which is

the dose applied to humans. Additionally, the dose of the

drug enabled the authors to obtain the concentrations of

sunitinib in the animals’ blood, which correspond to the

Table 1 Plasma pharmacokinetic parameters for sunitinib and SU12662 following a single oral dose of sunitinib 25 mg

Pharmacokinetics parametersa SUN ? PC (n = 6) SUN (n = 6) Gmean ratiob (90 % CI)

SUN ? PC vs. SUN

Sunitinib

ka (1/h) 0.35 ± 0.13 (36.7) 0.38 ± 0.49 (130.9) 1.29 (0.73, 2.30)

kel (1/h) 0.03 ± 0.01 (23.1) 0.037 ± 0.017 (45.8) 0.92 (0.78, 1.09)

AUC0–t (ng 9 h/mL) 3,404.61 ± 1,273.75 (37.4) 3,745.49 ± 1,751.02 (46.8) 0.97 (0.79, 1.19)

AUC0–? (ng 9 h/mL) 4,198.35 ± 1,435.47 (34.2) 3,324.9 ± 1,905.37 (57.3) 1.07 (0.80, 1.43)

t1=2kel
ðhÞ 24.64 ± 5.65 (22.9) 22.06 ± 8.68 (39.4) 1.09 (0.91, 1.29)

Cl (L/h) 3.37 ± 1.43 (42.5) 8.05 ± 3.65 (45.3) 1.03 (0.84, 1.26)

Vd (L) 121.38 ± 67.56 (55.7) 262.64 ± 190.21 (72.4) 1.12 (0.82, 1.53)

Cmax (ng/mL) 124.39 ± 77.07 (61.9) 135.11 ± 62.03 (45.9) 0.93 (0.74, 1.17)

tmax (h) 10.0 (20.0) 7.0 (21.2) 4 (1.94, 6.06)

MRT (h) 28.30 ± 6.21 (21.9) 24.47 ± 6.28 (25.7) 1.07 (0.97, 1.18)

AUMC0–t (ng 9 h2/mL) 94,216.59 ± 34,157.24 (36.3) 98,673.03 ± 67,000.26 (67.9) 1.04 (0.80, 1.34)

SU12662

AUC0–t (ng 9 h/mL) 392.04 ± 154.12 (39.3) 368.82 ± 139.81 (37.9) 1.03 (0.86, 1.23)

AUC0–? (ng 9 h/mL) 462.86 ± 148.22 (32.0) 427.92 ± 170.01 (39.7) 1.05 (0.89, 1.24)

Cmax (ng/L) 11.57 ± 6.80 (58.8) 10.05 ± 2.83 (26.9) 0.99 (0.81, 1.23)

t1=2kel
ðhÞ 29.41 ± 11.03 (37.5) 39.55 ± 20.66 (52.2) 0.89 (0.74, 1.08)

SUN ? PC, sunitinib ? paracetamol; SUN, sunitinib; CI, confidence interval; ka, absorption rate constant; kel, elimination rate constant; AUC0–t,

area under the plasma concentration–time curve from zero to the time of last measurable concentration; AUC0–?, area under the plasma

concentration–time curve from zero to infinity; t1=2kel
, elimination half-life time; Cl, clearance; Vd, volume of distribution; Cmax, maximum

observed plasma concentration; tmax, time to reach maximum concentration; MRT, mean residence time; AUMC0–t, area under the first moment

curve
a Arithmetic means ± standard deviations (CV %) are presented, except for tmax, where medians (ranges) are presented
b Ratio of geometric means (Gmeans) between groups (%) with the lower and upper bounds of a 90 % confidence interval in the brackets, except

for tmax, where median differences are presented
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concentrations in humans. The dose of paracetamol

(35 mg/kg) resulted from the authors’ earlier experiments

(Bienert et al. 2012).

Taking into account the levels of AST and bilirubin, the

pre- and post-experiment concentrations of these two

hepatotoxicity markers did not differ significantly between

the analysed groups. This shows that, at the studied doses,

neither of the drugs, whether administered alone or toge-

ther, displays hepatotoxic effects.

Sunitinib does not alter the tmax of paracetamol, and thus

does not accelerate or decelerate the time for the analgesic

effect to develop, but decreases drug exposure (lower

AUC0–t, AUC0–? in presence of sunitinib) and dose

absorption of paracetamol (lower Cmax in presence of

sunitinib). With decreased clearance and volume distribu-

tion, it may suggest lower overall bioavailability of acet-

aminophen and decreased tissue concentration resulting in

diminished toxicity when administered with sunitinib.

However, when assessing the tmax of sunitinib in the pre-

sence of paracetamol, we have noticed that paracetamol

decreases the time necessary for sunitinib to reach maxi-

mum plasma concentration, but does not affect its elimi-

nation. There was no effect of acetaminophen on the

pharmacokinetics of SU12662, which suggests that

paracetamol does not alter the cytochrome P450 pathway

of sunitinib, but may enhance bioavailability by increasing

the free fraction of sunitinib, as suggested with coadmin-

istration of imatinib and acetaminophen (Nassar et al.

2009).

Taking into account paracetamol glucuronide, its MRT

was noted to be higher for the group receiving both para-

cetamol and sunitinib. Thus, we may conclude that suni-

tinib elongates the time necessary to excrete paracetamol

glucuronide. Sunitinib lowers maximum plasma concen-

trations of paracetamol glucuronide. Referring to the

obtained pharmacokinetics of paracetamol, it is possible

that overall bioavailability of acetaminophen is decreased

in the presence of sunitinib, contrary to results of Nassar

et al. (2009, 2010), suggesting different mechanisms of

metabolism of acetaminophen coadministered with suniti-

nib than with imatinib.

Taking the above-mentioned facts into consideration,

this study was not able to confirm that sunitinib, adminis-

tered at low doses in conjunction with paracetamol, dis-

plays a hepatoprotective effect, as previously suggested

(Weise et al. 2009; Lim et al. 2010). However, we have to

remember that in the present study, the administered doses

of paracetamol and sunitinib were relatively low in

Table 2 Plasma pharmacokinetic parameters for paracetamol and paracetamol glucuronide following a single i.v. dose of paracetamol 35 mg/kg

Pharmacokinetics parametersa SUN ? PC (n = 6) PC (n = 6) Gmean ratiob (90 % CI)

SUN ? PC vs. PC

Paracetamol

kel (1/h) 0.52 ± 0.07 (13.8) 0.71 ± 0.13 (17.9) 0.88 (0.82, 0.94)

AUC0–t (lg 9 h/mL) 34.08 ± 2.48 (7.3) 11.03 ± 1.42 (12.9) 1.64 (1.56, 1.72)

AUC0–? (lg 9 h/mL) 35.11 ± 2.68 (7.6) 11.17 ± 1.38 (12.3) 1.65 (1.57, 1.73)

t1=2kel
ðhÞ 1.34 ± 0.17 (12.3) 1.01 ± 0.17 (16.6) 1.14 (1.06, 1.22)

Cl (mL/h) 3.92 ± 0.31 (7.9) 10.07 ± 1.57 (15.5) 0.67 (0.63, 0.70)

Vd (mL) 7.63 ± 1.39 (16.9) 14.67 ± 3.76 (25.6) 0.76 (0.67, 0.84)

Cmax (lg/mL) 61.74 ± 3.41 (5.5) 22.26 ± 3.93 (17.7) 1.57 (1.47, 1.67)

MRT (h) 0.92 ± 0.12 (13.1) 0.67 ± 0.07 (10.3) 1.14 (1.08, 1.21)

AUMC0–t (lg 9 h2/mL) 25.29 ± 4.27 (16.9) 6.67 ± 1.17 (17.5) 1.79 (1.65, 1.93)

Paracetamol glucuronide

kel (1/h) 0.88 ± 0.07 (8.3) 0.91 ± 0.09 (10.7) 0.99 (0.95, 1.03)

AUC0–t (lg 9 h/mL) 266.13 ± 61.82 (23.2) 244.42 ± 35.64 (14.6) 1.03 (0.95, 1.13)

AUC0–? (lg 9 h/mL) 269.48 ± 62.16 (23.1) 247.96 ± 36.78 (14.8) 1.03 (0.95, 1.13)

t1=2kel
ðhÞ 0.79 ± 0.07 (8.7) 0.77 ± 0.08 (10.8) 1.01 (0.97, 1.06)

Cmax (lg/mL) 213.27 ± 48.27 (22.6) 152.92 ± 17.78 (11.6) 1.15 (1.06, 1.25)

MRT (h) 1.11 ± 0.10 (9.1) 1.27 ± 0.12 (9.7) 0.94 (0.90, 0.99)

AUMC0–t (lg 9 h2/mL) 281.36 ± 80.65 (28.7) 295.88 ± 65.55 (22.2) 0.97 (0.87, 1.09)

SUN ? PC, sunitinib ? paracetamol; PC, paracetamol; CI, confidence interval; kel, elimination rate constant; AUC0–t, area under the plasma

concentration–time curve from zero to the time of last measurable concentration; AUC0–?, area under the plasma concentration–time curve from

zero to infinity; t1=2kel
, elimination half-life time; Cl, clearance; Vd, volume of distribution; Cmax, maximum observed plasma concentration; tmax,

time to reach maximum concentration; MRT, mean residence time; AUMC0–t, area under the first moment curve
a Arithmetic means ± standard deviations (CV %) are presented, except for tmax, where medians (ranges) are presented
b Ratio of geometric means (Gmeans) between groups (%) with the lower and upper bounds of a 90 % confidence interval in the brackets
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comparison to doses in the previously mentioned publica-

tions (sunitinib 25–140 mg/kg and paracetamol 500 mg/kg

(Lim et al. 2010; Kim et al. 2009b), paracetamol 700 mg/

kg (Nassar et al. 2009, 2010) and 1,000 mg/kg (Kim et al.

2011); the route of paracetamol administration was also

different (Lim et al. 2010; Nassar et al. 2009, 2010; Kim

et al. 2011). In higher doses, these drugs may be hepato-

toxic (Weise et al. 2009; Yapar et al. 2007).

In the Bienert et al. (2012) study, rabbits received 35 mg

i.v. (intravenously) of paracetamol and a high increase in

ALT and AST levels was observed in the group of rabbits

with diabetes in comparison to healthy rabbits receiving

placebo or only acetaminophen. However, the increase of

ALT and AST enzymes was not observed in rats receiving

500 mg/kg acetaminophen, but a hepatotoxic effect was

seen when paracetamol was administrated 18 h earlier

(Kim et al. 2009b). Also, in the study of Toyoshiba et al.

(2006), lower doses (50 mg/kg) of paracetamol adminis-

trated to rats showed that genes related to the oxidative

stress signalling pathway did not interact with apoptosis-

related genes. Additionally, Donahower et al. (2006)

examined the role of VEGF in acetaminophen hepatotox-

icity in mice and observed that the VEGF receptor inhibitor

SU5416 (25 mg/kg) had no effect on the toxicity of para-

cetamol. Furthermore, Parra et al. (2007) observed DDI

interactions between warfarin, which is metabolized by

cytochrome P450, and acetaminophen (200–400 mg daily)

in patients, but DDI interactions with the use of lower

doses of acetaminophen require further study.

In the future, a dose-escalating study of paracetamol and

sunitinib should be conducted due to the lack of data

concerning different doses of paracetamol coadministered

with sunitinib. Taking into consideration the common use

of acetaminophen, coadministration of low doses of para-

cetamol used for extended period of time (Kim et al.

2009b; Maciejewska-Paszek et al. 2007; Haznedar et al.

2009) should be examined.

Fasting before administration of acetaminophen (Weise

et al. 2009; Lim et al. 2010; Nassar et al. 2009, 2010) could

enhance the effects of low doses of acetaminophen in the

present study by reducing hepatic glutathione levels (Ja-

eschke et al. 2011; Fernando and Ariyananda 2009).

One of the possible limitations of this study is also the

fact that the analysed groups were fairly small.

5 Conclusions

We observed significant differences in the pharmacokinetic

parameters of paracetamol coadministered with sunitinib.
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