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Abstract: The ATP-binding cassette transporters P-glycoprotein (ABCB1, MDR1) and multidrug resistance protein 4 

(MRP4) efflux irinotecan and its active metabolite SN-38 in vitro, and thus may contribute to system clearance of these 

compounds. Mdr1a/b
-/-

, Mrp4
-/-

, and wild-type mice were administered 20 or 40 mg/kg irinotecan, and plasma samples 

were collected for 6 hours. Irinotecan and SN-38 lactone and carboxylate were quantitated and data were analyzed with 

nonlinear mixed-effects modeling. Mdr1a/b genotype was a significant covariate for the clearance of both irinotecan lac-

tone and SN-38 lactone. Exposures to irinotecan lactone and SN-38 lactone after a 40 mg/kg dose were 1.6-fold higher in 

Mdr1a/b
-/-

 mice compared to wild-type mice. Plasma concentrations of irinotecan lactone, irinotecan carboxylate, and SN-

38 lactone in Mrp4
-/-

 mice were similar to the wild-type controls. These results suggest that P-gp plays a role in irinotecan 

and SN-38 elimination, but Mrp4 does not affect irinotecan or SN-38 plasma pharmacokinetics. 

Keywords: Irinotecan, multidrug resistance protein 4, pharmacokinetics, P-glycoprotein, SN-38, transporter. 

INTRODUCTION 

 Irinotecan (7-ethyl-10-(4-[1-piperidino]-1-piperidino)-ca-
rbonyloxy-camptothecin, CPT-11, Camptosar ), a synthetic 
derivative of the plant alkaloid camptothecin, is an anti-
cancer prodrug activated by carboxylesterase to the active 
metabolite SN-38 (7-ethyl-10-hydroxycamptothecin) [1]. In 
vitro studies suggest SN-38 is approximately 1000 times 
more potent than irinotecan as an inhibitor of the topoi-
somerase I enzyme [2]. SN-38 undergoes glucuronic acid 
conjugation to form SN-38 glucuronide by uridine diphos-
phate glucuronosyltransferase. A diagram of irinotecan 
metabolic pathways has been recently published [3]. Both 
irinotecan and SN-38 have two structural forms, the active 
closed-ring lactone form, which shows in vitro and in vivo 
antitumor activity, and the inactive open-ring carboxylate, 
formed by pH-dependent hydrolysis [1]. 

 ATP-binding cassette (ABC) transporters mediate the 
efflux of various anticancer agents from cells. Irinotecan and 
SN-38 are both substrates for P-glycoprotein (P-gp, MDR1, 
ABCB1) and Multi Drug Resistance Protein 4 (MRP4, 
ABCC4) [4-10]. Results of in vitro studies suggested that P-
gp can actively transport both lactone and carboxylate forms 
of irinotecan and SN-38 [11], and in vivo studies have shown 
that deletion of P-gp in mice reduces biliary excretion of  
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irinotecan by half [12]. In vivo studies using the P-gp inhibit-
ors cyclosporine A and verapamil show that these comp-
ounds enhance irinotecan bioavailability and decrease biliary 
excretion of both irinotecan and SN-38 [4, 13, 14]. However, 
these inhibitors are not selective and inhibit other transport-
ers. MRP4 expression correlated with poor clinical outcome 
in neuroblastoma and conferred resistance to irinotecan in 
vitro [9, 15]. Although this evidence strongly suggests irino-
tecan and SN-38 are P-gp and MRP4 substrates, it has not 
been reported whether P-gp or MRP4 affect the systemic dis-
position of irinotecan or SN-38. Thus, the objectives of this 
study were to assess the effect of P-gp and MRP4 on the 
pharmacokinetics of lactone and carboxylate forms of irino-
tecan and SN-38 using transporter-deficient mouse models. 

MATERIALS AND METHODS 

Chemicals 

 Analytical grade, purified irinotecan hydrochloride 
(>98% purity) and SN-38 (>98% purity) were obtained from 
Pharmacia and Upjohn (Kalamazoo, MI). HPLC grade ace-
tonitrile and methanol were purchased from Burdick and 
Jackson (Muskegon, MI). Ammonium acetate, HPLC grade 
glacial acetic acid, and dimethyl sulfoxide (DMSO) were 
acquired from Sigma-Aldrich, Inc (St. Louis, MO). HPLC 
grade water was obtained from a Milli-Q UV Plus filtration 
system. 

Animals 

 Female Mdr1a/b
+/+

 mice were purchased from The Jack-
son Laboratory (Bar Harbor, ME) and female Mdr1a/b

-/-
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mice [16] were purchased from Taconic (Germantown, NY), 
both of which have a genetic background on FVB. Female 
Mrp4

+/+
 and Mrp4

-/-
 mice, both with a genetic background on 

C57/B6 129 [17] were kindly donated by Dr. John Scheutz 
(St. Jude Children’s Research Hospital, Memphis, TN). 

Determination of Irinotecan and SN-38 Lactone and 

Carboxylate by HPLC 

Chromatographic Conditions 

 A Waters Nova-Pak® C18 3.9 x 150 mm column with a 
Waters Nova-Pak® C18 guard column (WAT044380) was 
used for chromatographic separation. A Shimadzu LC-10AD 

VP pump was used with a flow rate of 1.0 mL/min. The tem-
perature of the Shimadzu SIL-10AD VP autoinjector was 
adjusted to 4°C. A Shimadzu RF-10XL fluorescence detector 
was set at Ex = 370 nm and Em = 530 nm. The mobile phase 
was composed of 19% acetonitrile and 81% 75 mM ammoni-
um acetate with 5mM tetrabutylammonium phosphate buffer 
(adjusted to pH 6.0 with glacial acetic acid). The chroma-
togram showed good separation of the peaks with retention 
times of 5.8 min (irinotecan carboxylate), 7.3 min (SN-38 
carboxylate), 11.6 min (irinotecan lactone), and 15.6 min 
(SN-38 lactone), with no interfering peaks co-eluting with 
the peaks of interest in blank murine plasma. 

Sample Preparation 

 Irinotecan and SN-38 stock solutions were prepared in 
DMSO at concentrations of 1 mg/mL. Working stock soluti-
ons were prepared in 0.004 N borax for irinotecan and SN-38 
carboxylate, 0.005 N citric acid for irinotecan lactone, and 
0.005 N citric acid: methanol (50:50) for SN-38 lactone. Cal-
ibration curves and quality controls were prepared in murine 
plasma, harvested from Es1

e
 mice (kindly provided by Dr. 

Philip M. Potter, St. Jude Children’s Research Hospital), 
which have reduced plasma esterase activity [18]. Plasma 
samples were extracted by a 1:4 dilution in ice-cold metha-
nol. The mixture was vortexed for 15 sec and centrifuged at 
10,000 rpm for 2 min. 100 L of the methanol extract was 
diluted with 100 L of the mobile phase buffer (75 mM am-
monium acetate with 5mM tetrabutylammonium phosphate 
buffer, adjusted to pH 7.0 with glacial acetic acid) and mixed 
well. 100 L of each sample was injected onto the column 
with an autoinjector. 

Assay Validation 

 Calibration curves were linear (R
2
>0.99) for irinotecan 

lactone (10-500 ng/mL) and carboxylate (5-500 ng/mL), and 
SN-38 lactone (3-250 ng/mL) and carboxylate (2-250 ng/ 
mL). The lowest point on each curve was the lower limit of 
quantitation (LLOQ), which had precision <20%, an accura-
cy within 80 – 120%, and a signal to noise ratio  5. The 
inter- and intra-day precision determined with high (400 ng/ 
mL irinotecan; 150 ng/mL SN-38) and low (30 ng/mL iri-
notecan; 20 ng/mL SN-38) quality control samples, were 
<10%. The inter- and intra-day accuracy of both forms of iri-
notecan and SN-38 were within 85-110%. No peaks co-elu-
ting with analytes were seen after injection of blank plasma 
samples. Less than 1% conversion between lactone and carb-
oxylate forms of analytes was observed on column. Recove-
ry following extraction was >85% for all analytes. The meth-

anol extracted samples were stable at -80°C for 14 days and 
were stable at 4°C for 6 hours after reconstitution (< 10% 
loss). 

Plasma Pharmacokinetic Studies of Irinotecan and SN-38 

 Mice were injected with either 20 or 40 mg/kg irinotecan 
hydrochloride via the tail vein. Each mouse was randomly 
sampled four times out of five time points: 0.25, 0.5, 1.5, 3 
and 6 h, by retro-orbital puncture or by cardiac puncture at 
the final time point and plasma was obtained. Each genotype 
group was 5 to 7 mice and 3 to 6 mice were sampled at each 
time point. 

Pharmacokinetic Data Analysis 

 The population pharmacokinetic analysis was performed 
using NONMEM software, version VII (GloboMax LLC, 
Hannover, MD, USA). The Monte Carlo importance samp-
ling EM method with INTERACTION was used. Diagnostic 
plots and additional statistical analyses were completed with 
R (R-project, version 2.8.1). Concentration-time data for 
knockout mice and their respective wild-type controls were 
modeled simultaneously. Data from the Mdr1 and Mrp4 
groups were not analyzed together because they have differ-
ent genetic backgrounds. We evaluated different structural 
models with one or two compartments for each of the parent 
drug and the metabolite using the ADVAN13 subroutine. 
The structural model was chosen based on visual inspection 
of weighted residual plots and the Akaike information crite-
rion (AIC). 

 The estimated pharmacokinetic parameters Fig. (1) in-
cluded irinotecan lactone systemic clearance (CLIRN), iri- 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). The four-compartment model for irinotecan lactone (L), 

irinotecan carboxylate (C), and SN-38 L. Irinotecan lactone is ad-

ministered as an i.v. bolus into the central compartment. Irinotecan 

lactone and carboxylate are in an equilibrium described by the pa-

rameters CLLacCarb and CLCarbLac. Irinotecan lactone is converted to 

SN-38 lactone by the apparent clearance, CLIRN/FE, where FE is the 

fraction of irinotecan lactone converted to SN-38 lactone. There is 

both a central and peripheral compartment for SN-38 lactone with 

clearance (CLSN) occurring from the central compartment. 
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notecan volume of distribution (V1), irinotecan carboxylate 
volume of distribution (V2), clearances between irinotecan 
lactone and carboxylate (CLLC and CLCL), SN-38 lactone 
apparent systemic clearance (CLSN/FE), SN-38 apparent cen-
tral volume of distribution (V3/FE), intercompartmental 
clearance between SN-38 central and peripheral compart-
ments (QSN), and SN-38 peripheral volume of distribution 
(V4). The distribution of the parameters was assumed log-
normal. Thus, interindividual (IIV) variability in parameters 
was modeled as exponential terms. The residual error was 
modeled using a mixed proportional and additive error 
model for all analytes. The additive error was fixed at the 
LLOQ of the assay and the proportional error term ( ) was 
assumed to have a mean of zero and variance of . 

 In order to evaluate the influence of dosage and genotype 
in irinotecan lactone and SN-38 lactone pharmacokinetic 
parameters, we used the following covariate model: 

                            (Eq. 1) 

where  was the population estimate,  was the population 
estimate in the absence of the covariate and  cov was the 
effect of the covariate on the model. A covariate was consid-
ered statistically significant when its addition to the model 
reduced the objective function value (OFV) at least 3.84 
units (p < 0.05, based on the 

2 
test for the difference in the 

log-likelihood between two hierarchical models that differ by 
1 degree of freedom), and cov was significantly different 
than zero (p<0.05; i.e., 1.96·SE( p) < p).  

RESULTS 

Pharmacokinetics of Irinotecan and SN-38 

 SN-38 reached its maximum concentration by 15 min, 
indicating rapid conversion from irinotecan.The carboxylate 
forms of irinotecan and SN-38 were present in the plasma 
after injection in all strains; however, the SN-38 carboxylate 
plasma concentrations were mostly below the lower limit of 
quantitation within 1 h, and were therefore not used for com-
partmental modeling. A model with one compartment for 
each of the lactone and carboxylate forms was capable of 
describing the irinotecan data without any bias. The conver-
sion from irinotecan lactone to SN-38 lactone was described 
by a first-order apparent rate constant. The final model was a 
four compartment model with central and peripheral com-
partments for SN-38 lactone. This model, shown in Fig. (1), 
did not have any significant bias in the weighted residual 
plots. 

 The volume of distribution of the carboxylate form of 
irinotecan was small relative to the lactone form, which is 
consistent with data from humans [19]. As has been previ-
ously reported in mice [20], we observed a dose-dependence 
of irinotecan lactone elimination. CLIRN was decreased by 
33% and 41% in Mdr1a/b and Mrp4 mice, respectively, 
when the dosage was increased from 20 mg/kg to 40 mg/kg. 
Thus, irinotecan dosage was included as a covariate for 
CLIRN in both Mdr1a/b and Mrp4 mice. This reduced the 
OFV by 7.6 points (p<0.01) for the Mdr1a/b group, and by 
27.5 points (p<0.01) for the Mrp4 group, and also reduced 
the IIV in this parameter by 28% for Mdr1a/b mice and 70% 
for Mrp4 mice. 

Role of Mdr1a/b in Irinotecan and SN-38 Plasma Phar-

macokinetics 

 It can be seen from the concentration-time plots that the 
irinotecan lactone, irinotecan carboxylate, and SN-38 lactone 
plasma levels were higher in the Mdr1a/b

-/-
 mice compared 

to wild-type mice at both the 20 and 40 mg/kg dose levels 
Fig. (2). Addition of the Mdr1a/b

-/-
 genotype as a covariate 

on CLIRN reduced the OFV by 16.9 points (p<0.01) and expl-
ained 57% of IIV. Subsequent addition of the genotype as a 
covariate on CLSN-38/FE reduced the OFV an additional 11.2 
points (p<0.01) and explained 52% of the IIV in this parame-
ter. The Mdr1a/b

-/-
 genotype was not a significant covariate 

on any of the clearance parameters related to conversion 
from irinotecan lactone to carboxylate (CLLacCarb or CLCar-

bLac). Parameter estimates of the base model and final model 
are presented in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Concentration-time profile of plasma irinotecan and SN-38 

in Mdr1a/b
-/-

 and wild-type mice. Plasma irinotecan lactone (A), 

irinotecan carboxylate (B), and SN-38 lactone (C) concentration-

time data after 20 mg/kg (left column) and 40 mg/kg (right colunn) 

irinotecan intravenous injection. Symbols represent individual con-

centration-time points and the line represents the population-

predicted values from the final pharmacokinetic model for 

Mdr1a/b
-/-

 and wild-type mice. Each group consisted of 5-6 mice. 
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 The model-predicted irinotecan lactone AUC0-8h for the 
Mdr1a/b

-/-
 mice was 1.5-fold higher at the 20 mg/kg dosage 

level.and 1.8-fold higher at the 40 mg/kg dosage level com-
pared to wild-type mice (Table 2). Similarly, the model pre-
dicted irinotecan carboxylate AUC0-8h values for the Mdr1-

a/b
-/-

 mice were 1.5-fold and 1.8-fold higher. The median 
SN-38 lactone AUC0-8h values were 1.6-fold (20 mg/kg) and 
1.5-fold (40 mg/kg) higher in Mdr1a/b

-/-
 mice compared to 

wild-type mice. 

Table 2. Systemic Exposures of Irinotecan and Metabolites in Mdr1a/b Mice 

AUC0-8h ( M*h) 
Compound Dosage 

Mdr1a/b
+/+

 Mdr1a/b
-/-

 

20 mg/kg 5.9 8.8 
Irinotecan L 

40 mg/kg 15.8 27.9 

20 mg/kg 7.0 10.5 
Irinotecan C 

40 mg/kg 18.8 33.1 

20 mg/kg 2.4 3.8 
SN-38 L 

40 mg/kg 4.8 7.2 

Table 1. Pharmacokinetic Models of Irinotecan for Mdr1 and Mrp4 Mice 

Mdr1 Mice Mrp4 Mice 
Parameter 

Base Model Final Model Base Model Final Model 

CLIRN (L/h/kg) 2.44 3.5a 3.36 4.40b 

Dose - -0.87 - -1.8 

Genotype - -1.14 - - 

V1 (L/kg) 2.23 2.21 4.44 4.57 

CLLacCarb (L/h/kg) 2.48 2.53 3.71 3.16 

CLCarbLac (L/h/kg) 2.07 2.12 1.96 1.68 

V2 (L/kg) 0.74 0.76 0.52 0.44 

CLSN (L/h/kg) 3.69 5.67c 8.98 8.51 

Genotype - -3.18 - - 

V3 (L/kg) 1.21 1.11 1.48 1.22 

QSN (L/h/kg) 4.24 4.1 7.47 8.04 

V4 (L/kg) 63.9 58.7 108 118 

IIV CLIRN 38.6% 18.3% 35.1% 19.2% 

IIV VIRN 38.1% 20.4% 16.2% 11.3% 

IIV CLSN 64.7% 44.7% 23.8% 24.3% 

IRN L 15.4% 18.3% 23.4% 25.2% 

IRN C 19.9% 20.4% 22.9% 23.7% 

SN-38 L 1.0% 1.0% 0.6% 0.2% 

aCLIRN = Population value + (Dose  Dose) + (Genotype x Genotype) 
bCLIRN = Population value + (Dose  Dose) 
cCLSN = Population value + (Genotype x Genotype) 

where Dose = 1 if dosage was 40 mg/kg and Genotype = 1 if mice were Mdr1a/b-/ 
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Role of Mrp4
 
in Irinotecan and SN-38 Plasma Pharma-

cokinetics 

 Despite evidence that irinotecan and SN-38 are substrates 
for MRP4 in vitro, the irinotecan and SN-38 plasma concen-
tration-time data from Mrp4

-/-
 mice were very similar to that 

obtained from wild-type mice at both 20 mg/kg and 40 
mg/kg dosages levels Fig. (3). As expected from this, inclu-
sion of the Mrp4 genotype as a covariate for CLIRN or 
CLSN38/FE did not improve the model fit to the data (p>0.05) 
or reduce the IIV in these parameters (Table 1). Thus, MRP4 
deletion does not affect the plasma disposition of irinotecan 
lactone or SN-38 lactone in mice. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Concentration-time profile of plasma irinotecan and SN-38 

in Mrp4
-/-

 and wild-type mice. Plasma irinotecan lactone (A), iri-

notecan carboxylate (B), and SN-38 lactone (C) concentration-time 

data after 20 mg/kg (left column) and 40 mg/kg (right colunn) iri-

notecan intravenous injection. Symbols represent individual con-

centration-time points, and the line represents the population-

predicted values from the final pharmacokinetic model of wild-type 

and Mrp4
-/-

 mice. Only one line is seen because Mrp4
-/-

 genotype 

was not a significant covariate on any pharmacokinetic parameter. 

Each group consisted of 6-7 mice. 

DISCUSSION 

 Structure-based studies have shown that the intact lactone 
ring is essential for topoisomerase I binding and in vivo anti-

tumor activity of camptothecin analogs [21]. Thus, it is imp-
ortant to differentiate between lactone and carboxylate forms 
in pharmacokinetic studies. As has been previously reported 
in mice [20], we observed a dose-dependence of irinotecan 
lactone elimination. The volume of distribution of the car-
boxylate form of irinotecan was small relative to the lactone 
form, which is consistent with data from humans [19] and 
may relate to more extensive tissue distribution or differen-
tial plasma protein binding of irinotecan lactone compared to 
the carboxylate form. Since much of the SN-38 carboxylate 
concentrations were below the LLOQ, our population phar-
macokinetic modeling focused on the other analytes. 

 A clinical study of irinotecan excretion showed that 22% 
and 32% of an irinotecan dose were recovered unchanged in 
the urine and feces, respectively [22]. This indicates that 
active transport may play an important role in irinotecan 
excretion. In vitro experiments strongly support that irinote-
can and SN-38 are substrates for P-gp and MRP4 [4, 9, 15], 
suggesting that these transporters may play a role in the 
pharmacokinetics of irinotecan and SN-38. We found that 
ablation of Mdr1a/b resulted in a significant increase in the 
systemic exposure of irinotecan lactone and SN-38 lactone. 
The concentration-time profile suggests decreased systemic 
clearance in Mdr1a/b

-/-
 mice compared to wild-type mice, 

and this was confirmed by the genotype being a significant 
covariate on both irinotecan and SN-38 clearance terms. This 
effect may be due to decreased hepatic and renal elimination, 
since P-gp is expressed on both the canalicular membrane of 
hepatocytes and the apical brush-border membrane of the 
proximal renal tubules [23]. It was reported that although 
Mdr1a/b

-/-
 mice have 40% decreased biliary excretion of 

irinotecan, they show similar biliary excretion of SN-38 to 
wild-type mice [12]. Therefore, the decreased SN-38 elimi-
nation we observed in Mdr1a/b

-/-
 mice may be due to de-

creased renal elimination. However, this study was not de-
signed to assess the specific pathway of elimination that is 
regulated by P-gp. 

 Several pharmacogenetic studies have shown relation-
ships between ABCB1 polymorphisms and irinotecan phar-
macokinetics or toxicity. The ABCB1 1236C>T polymor-
phism, which is a synonymous SNP affecting expression of 
P-gp, was associated with exposure to both irinotecan and 
SN-38 [24]. Patients with two copies of the variant T allele 
had an irinotecan exposure that was 1.29-fold higher and 
SN-38 exposure that was 1.47-fold higher than patients with 
one or two copies of the C allele. In a group of Korean pa-
tients, those with the ABCB1 2677GG/3435CC haplotype 
had higher SN-38 AUC and a trend toward higher irinotecan 
AUC and those with the ABCB1 2677GG genotype had more 
severe neutropenia [25]. A recent study did not replicate the 
role of the ABCB1 1236C>T SNP, but found that the ABCB1 
IVS9 -44A>G SNP was associated with reduced SN-38 AUC 
[3]. Although there is conflicting evidence on the importance 
of specific polymorphisms, our data support the findings that 
genetic variations in P-gp will influence SN-38 exposure and 
toxicity in cancer patients [24, 25]. 

 Mrp4 can localize to both the apical and basolateral 
membranes of polarized cells, and has been identified in the 
basolateral membranes of liver cells where efflux activity 
has been shown [26]. Despite in vitro data showing interac-
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tions between SN-38 and MRP4, we observed no effect of 
Mrp4 expression on systemic disposition of irinotecan or 
SN-38 lactone. The plasma concentration-time profiles of 
Mrp4

-/- 
and wild-type mice were similar at both dosage lev-

els, suggesting little effect of Mrp4 on irinotecan and SN-38 
lactone systemic disposition. Although the in vitro studies 
were performed with cells overexpressing human MRP4 and 
the in vivo studies performed in mice, this is unlikely to ac-
count for the differing results since the murine and human 
genes are highly homologous [27]. 

 The effect of Mrp4-deficiency on the disposition of other 
drugs has been conflicting. One study showed that systemic 
clearance of the nucleotide analog PMEA was decreased in 
Mrp4

-/-
 mice [28], whereas another study showed no differ-

ence in serum levels of PMEA between Mrp4
-/-

 and wild-
type mice [29]. Similarly, no differences were seen in plasma 
methotrexate concentrations after oral administration in 
Mrp4

-/-
 and wild-type mice [30]. These differences may be 

due to sex-specific renal expression patterns of Mrp4, since 
female mice are reported to have higher renal expression of 
Mrp4 [31]. The present study used female mice, , and yet we 
still saw noeffect of Mrp4 on irinotecan/SN-38 disposition. It 
is possible other transporters may compensate for the dele-
tion of Mrp4. 

 The gene for MRP4 is highly polymorphic in humans, 
and some polymorphisms were shown to affect expression or 
activity in vitro [32]. To our knowledge, effects of MRP4 
polymorphisms on the clinical pharmacokinetics of irinote-
can have not been examined. However, the MRP4 4131T>G 
polymorphism was shown to affect the pharmacokinetics of 
the MRP4 substrate lamivudine-triphosphate in HIV pa-
tients[33]. Heterozygous patients had 15% higher and homo-
zygous variant patients had 20% higher plasma levels than 
patients with patients with wild-type alleles. Based on our 
preclinical data, genetic variants may contribute little to the 
high degree of interpatient variability in the clinical pharma-
cokinetics of irinotecan and SN-38. Although Mrp4 may not 
affect the systemic disposition of irinotecan/SN-38, MRP4 
may still prevent SN-38 anti-tumor activity through cellular 
drug resistance or by reducing penetration to protected sites, 
such as the CNS [17, 29]. 

In conclusion, although irinotecan and SN-38 are substrates 
for both MRP4 and P-gp in vitro, P-gp impacts the systemic 
disposition of irinotecan and SN-38, whereas no effect of 
Mrp4 was seen on the disposition of irinotecan and SN-38 in 
mice. 
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ABBREVIATIONS 

ABC = ATP-binding-cassette 

CPT-11 = irinotecan 

HPLC = high performance liquid chromatography 

LLOQ = lower limit of quantification 

MRP = multidrug resistance protein 

P-gp = P-glycoprotein 

SN-38 = 7-ethyl-10-hydroxycamptothecin 
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