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ABSTRACT: The introduction of irinotecan has revolutionized the applicability of camptothecins as predominant topoisom-
erase I inhibitor for anti-cancer therapy. The potent anti-tumor activity of irinotecan is due to rapid formation of an in vivo 
active metabolite, SN-38. Therefore, irinotecan is considered as a pro-drug to generate SN-38. Over the past decade, side-by-
side with the clinical advancement of the use of irinotecan in the oncology fi eld, a plethora of bioanalytical methods have 
been published to quantify irinotecan, SN-38 and other metabolites. Because of the availability of HPLC, LC-MS and LC-MS/
MS methods, the pharmacokinetic profi ling of irinotecan and its metabolites has been accomplished in multiple species, 
including cancer patients. The developed assays continue to fi nd use in the optimization of newly designed delivery systems 
with regard to pharmacokinetics to promote safe and eff ective use of either irinotecan or SN-38. This review intends to: fi rstly, 
provide an exhaustive compilation of the published assays for irinotecan, SN-38 and other metabolite(s) of irinotecan, as 
applicable; secondly, to enumerate the validation parameters and applicable conclusions; and thirdly, provide some recent 
perspectives in the clinical pharmacology arena pertaining to effl  ux transporters, pediatric profi ling, role of kidney function 
in defi ning toxicity, drug–drug interaction potential of irinotecan, etc. Copyright © 2009 John Wiley & Sons, Ltd.
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Abbreviations used: ACN, acetonitrile; APC, 7-ethyl-10-[4-N-(5- 

aminopentanoic acid)-1-piperidino]carbonyloxycamptothecin; AUC(0–t), area 

under the plasma concentration vs time curve from time zero to last time 

point measurable; AUC(0–∞), area under the plasma concentration vs time 

curve from time zero to time infi nity; AUMC, area under fi rst moment curve; 

Cmax, peak plasma concentration; CES2, carboxylesterase 2; CPT, camptoth-

ecin; CL, clearance; CPT-11, irinotecan or 7-ethyl-10-[4-(1-piperidino)-1- 

piperidino]carbonyl-oxycamptothecin; CRC, colorectal cancer; CV, coeffi  cient 

of variation; CYP3A4, cytochrome P450 3A4; DCM, dichloromethane; DMEM, 

Dulbecco’s modifi ed Eagle’s medium; F/T, freeze–thaw; HIV, human immu-

nodefi ciency virus; Kel, elimination rate constant; Km, concentration of sub-

strate that gives half-maximal activity; LLE, liquid–liquid extraction; MDR1, 

multidrug resistance protein 1; NPC, 7-ethyl-10-(4-amino-1-piperidino) 

 carbonyloxy-camptothecin; P-gp, P-glycoprotein; PBS, phosphate buff er 

saline; PK, pharmacokinetics; RBC, red blood cells; RPMI, Roswell Park 

Memorial Institute; SN-38, 7-ethyl-10-hydroxycamptothecin; SN-38G, SN-38 

glucuronide; SPE, solid-phase extraction; Tmax, time to reach maximum 

plasma concentration; t½,β, elimination half-life; TEA, triethylamine; TBAHS, 

tetrabutylammonium hydrogen sulfate; TBAP, tetrabutylammonium phosh-

phate; TBME, tert-butyl methyl ether; Topo I, topoisomerase I; UGT, uridine 

diphosphate glucuronosyl-transferase 1 family polypeptide A cluster; Vd, 

volume of distribution; Vmax, maximum velocity or rate at which the enzyme 

catalyzed a reaction; Vss, volume of distribution.

Introduction

Irinotecan {CPT-11, 7-ethyl-10-[4-(1-piperidino)-1-piperidino]car-

bonyloxycamptothecin, Fig. 1} is a semisynthetic analog of natu-

rally occurring alkaloid, camptothecin (CPT, Fig. 1). Irinotecan has 

been marketed for the treatment of colorectal cancer for both 

fi rst- and second line-therapy and other solid tumors (Potmesil, 

1994). Irinotecan has shown clinical activity against colorectal, 

lung, gastric, cervical and ovarian cancers, malignant lymphoma 

and other malignancies (Ohno et al., 1990; Fukuoka et al., 1992; 

Shimada et al., 1993). It acts by inhibiting DNA topoisomerase I 

(Topo I) (Redinbo et al., 1998; Stewart et al., 1998). In humans, 

irinotecan is metabolized by an endogenous carboxylesterase 

(present in intestinal mucosa, plasma and liver)- mediated hydro-

lyzation into a highly active metabolite (few log orders more 

cytotoxic than the parent molecule), SN-38 (7-ethyl-10-

hydroxycamptothecin, Fig. 1), which is further converted to inac-

tive glucuronide (SN-38G, Fig. 2) by UGT1A (uridine diphosphate 

glucuronosyltransferase) (de Jonge et al., 1998; Iyer et al., 1998). 

The remarkable potency of SN-38 has been instrumental for the 

activity of irinotecan despite the fact that SN-38 serum levels 

were observed to be about 100 times lower than the correspond-

ing irinotecan levels (Catimel et al., 1995). Additionally, SN-38 

may also play a major role in the observed major dose-limiting 

toxicities including myelosuppression and unpredictable severe 

diarrhea generally observed with these classes of agents (Gupta 

et al., 1994; Sugiyama et al., 1998). The relationship between 

SN-38 and SN-38G has been shown to be a signifi cant predictor 
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of toxicity in the clinic (Gupta et al., 1994). Other metabolic 

pathways for irinotecan include oxidation by CYP3A4 

into APC (7-ethyl-10-[4-N-(5-aminopentanoicacid)-1-piperidino]

carbonyloxycamptothecin) and NPC [7-ethyl-10-(4-amino-1- 

piperidino) carbonyloxycamptothecin] (Fig. 2), which are weak 

topoisomerase I inhibitors (Rivory et al., 1996; Dodds et al., 1998; 

Haaz et al., 1998). Other CYP3A-mediated biotransformation 

pathways leading to the formation of hydroxylated (Lokiec et al., 

1996), de-ethylated (Santos et al., 2000) and dehydrogenated (Sai 

et al., 2001) metabolites have been detected in the human liver 

microsomes; however their biological actions or metabolic fate 

in humans are yet to be clarifi ed. The lactone form of irinotecan 

and SN-38 has a closed α-hydroxy-δ-lactone ring, which can be 

hydrolyzed to form the open-ring hydroxyl acid (carboxylate 

form). The rate of hydrolysis of irinotecan to SN-38 is dependent 

on pH (Fassberg and Stella, 1992; Burke and Mi, 1993), ionic 

strength (Fassberg and Stella, 1992) and protein concentration 

(Burke and Mi, 1993; Burke et al., 1995). Human serum albumin 

preferentially binds the carboxylate form of irinotecan over the 

lactone form with a 150-fold higher affi  nity. The lactone form has 

been found to be essential for the stabilization of the DNA-

topoisomerase I complex and the tumor inhibitory activity of the 

lactone form is signifi cantly greater than the carboxylate form 

(Slichenmyer et al., 1993; Redinbo et al., 1998; Stewart et al., 1998). 

Previously, it was shown that only the lactone form of camptoth-

ecin analogs are able to pass cellular membranes, including 

those of blood cells (Loos et al., 1999). The disposition character-

istics of irinotecan are infl uenced by several drug-transporting 

proteins and enzyme systems, which are highly susceptible to 

environmental infl uences and genetic factors (Ma and McLeod, 

2003). It should be noted that both irinotecan and SN-38 have 

diff erential binding affi  nity for several serum proteins (Burke and 

Mi, 1994; Combes et al., 2000). Irinotecan, SN-38, SN-38G and APC 

accounted for 93% of the recovered dose in a radiolabeled mass 

Figure 1. Structural representation of irinotecan (CPT-11), SN-38 and camptothecin (CPT).
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balance study in cancer patients (Slatter et al., 2000). Monitoring 

of total (lactone + carboxylate forms) irinotecan and total SN-38 

has essentially the same clinical signifi cance as the monitoring of 

lactone forms of the two agents, because the pharmacokinetics 

of total irinotecan and total SN-38 are signifi cantly correlated 

with those of lactone irinotecan and lactone SN-38, respectively 

(Rivory and Robert, 1994; Rivory et al., 1994).

Scope

The present review has been compiled with the following spe-

cifi c objectives:

(1) to comprehensively perform an exhaustive literature review 

for assays reported for irinotecan and its metabolites inclu-

sive of SN-38;

(2) to tabulate various validation parameters to judge the appli-

cability and merit of the reported assays;

(3) to provide a recent update on the latest nuances reported on 

the clinical pharmacology aspects of irinotecan and 

metabolites;

(4) to provide a brief frame-work of the observed bioanaytical 

challenges in the assays developed for irinotecan and its 

metabolites.

As exemplifi ed in Table 1, scores of analytical methods with 

appropriate extraction and chromatographic conditions have 

been used for the quantifi cation of irinotecan and its key metab-

olites. Also, Table 1 covers the validation of parameters and enu-

merates the utility of such assays.

Clinical Pharmacology Related

Role of Effl  ux Transporter on the Irinotecan’s Bioavailability

The role of P-glycoprotein (P-gp) in effl  ux-based transport has 

been documented for both irinotecan and SN-38 (Iyer et al., 2002; 

Itoh et al., 2005; Bansal et al., 2008b). Recently, in a preclinical 

model, Bansal et al. (2009) have studied the infl uence of vera-

pamil for possible alteration of the bioavailability of both orally 

and intravenously administered irinotecan (Bansal et al., 2009). 

The choice of verapamil as a co-administered agent in the rat 

study was supported by convincing literature data on the useful-

ness of verapamil as an effi  cient P-gp blocker after in vivo dosing 

(Candussio et al., 2002; Choi and Li, 2005; Perez-Tomas, 2006). The 

oral pre-treatment with verapamil aff ected the bioavailability of 

orally administered irinotecan to a much greater extent than the 

intravenous (i.v.) administration of the drug (i.e. 7-fold decrease 

in exposure for oral vs 1.6-fold decrease in exposure of irinotecan 

for i.v.). Additionally, a greater impact was observed with the 

elimination half-life value of irinotecan for oral (prolonged by 

86% from control) as compared with i.v. (prolonged by 19% from 

control) (Bansal et al., 2009). The use of verapamil as a probe 

substrate suggested the involvement of P-gp mechanism both 

at the absorption stage and in the biliary excretory pathway for 

irinotecan (Bansal et al., 2009). A separate study conducted on 

the biliary excretion of irinotecan in bile duct cannulated rats 

confi rmed the signifi cant eff ect of P-gp inhibition by verapamil 

regardless of oral or i.v. route of dosing in the rat model (Bansal 

et al., 2009). This particular study conducted in rats has greater 

relevance to human subjects since there is a striking similarity in 

the P-gp expression level (Stephens et al., 2001) and overlapping 

of substrate specifi city between MDR1 identifi ed for the two 

species (Yamazaki et al., 2001). The authors concluded that co-

administration of P-gp inhibitor may be a good strategy to not 

only permit oral drug option for irinotecan but also reduce the 

diarrheal eff ects observed after i.v. administration of irinotecan 

(Bansal et al., 2009).

Role of Pharmacokinetics and Pharmacogenetics to Defi ne 

Activity/Toxicity of Irinotecan

In an interesting study involving 49 metastatic colorectal cancer 

(CRC) patients, Rouits et al. (2008) attempted to establish rela-

tionship of pharmacokinetics (including metabolite data), non-

genetic and genetic factors towards the purported toxicity and/

or effi  cacy parameters of irinotecan (Rouits et al., 2008).

Since the pharmacology of irinotecan is complex in nature 

involving a multitude of metabolic biotransformations as well as 

the traditional lactone to carboxylate interconversion docu-

mented for the camptothecin class, the inter-dependence of 

factors such as genetic polymorphisms along with non-genetic 

factors are key to explaining the observed toxicity episodes and 

activity profi le with the therapy of irinotecan in cancer patients. 

In this study, genetic markers included the identifi cation of 

UGT1A1*28 genotype and carboxylesterase 2 (CES2) genotype 

in the CRC patients. The use of standard cortisol and 

6β-hydroxycortisol urinary excretion pattern permitted the eval-

uation of the activity of CYP3A4 enzyme (Yamamoto et al., 2005). 

There was no correlation of various pharmacokinetic parameters 

of the parent and/or metabolites (SN-38, glucuronide of SN-38, 

etc.) with the genetic factors. However, the formation of APC 

metabolite was strongly correlated with 6β-hydroxycortisol– 

cortisol ratios, strongly suggesting the role of CYP3A4 in the for-

mation of metabolite. There was a strong correlation between 

UGT1A1 polymorphism and the observed bilirubin plasma levels. 

Additionally, UGT1A1 polymorphism also predicted the occur-

rence of neutropenia in CRC patients. However, UGT1A1 poly-

morphism appeared to show no relationship for either the 

treatment response and/or progression-free survival of cancer 

patients (Rouits et al., 2008). The CES2 polymorphism appeared 

not to be correlated with a multitude of parameters (biologic, 

pharmacokinetics, response, etc.). However, there were few iso-

lated relationships observed between CES2 polymorphism with 

diarrhea onset. The CYP3A4 status predictor, 6β-hydroxycortisol–

cortisol ratio, was signifi cantly correlated with the diarrhea occur-

rence (especially the 0–6 h urinary ratio) (Rouits et al., 2008). In 

summary, UGT1A1 polymorphism may be an important tool to 

predict hematologic toxicity (i.e. neutropenia) and the 

6β-hydorxycortisol–cortisol ratio may help in gleaning the gas-

trointestinal toxicity (i.e. diarrhea) related to therapeutic use of 

irinotecan (Rouits et al., 2008). Interestingly, in a recently reported 

work, Onoue et al. (2008) have shown that UGT1A1 polymor-

phism may also be useful to predict late-onset diarrhea. While 

the authors have emphasized the larger role of UGT1A1 polymor-

phism in neutropenia prediction, the minor role of prediction of 

diarrhea may not be discounted (Onoue et al., 2008).

Role of Renal Function in Assessing Neutropenia Induced 

by Irinotecan

The mass balance profi le of irinotecan suggests that a major 

portion of the administered dose in the form of derived products 

such as SN-38G and APC is excreted in the urine (i.e. >50% of the 

given dose; Sparreboom et al., 1998a; Slatter et al., 2000; de Jong 

et al., 2006). Therefore, de Jong et al. (2008) assessed the possible 
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Table 1.

Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

Irinotecan 

and SN-38 

(as lactones)

Bansal et al., 

2008a, b

Matrix: 100 μL of rat 

plasma and rat bile.

Extraction: 

precipitation with cold 

ACN with 0.1% glacial 

acetic acid for plasma 

and DCM–TBME (3 : 7, 

v/v) for bile.

Internal standard: 

topotecan (10 μL of 

10 μg/mL for plasma 

and 10 μL of 100 μg/

mL for bile).

System: HPLC with UV detector.

Column: YMC C18 ODS-A RP 

(200 × 4.6 mm, 4 μm) maintained 

thermostatically at 35°C.

Mobile phase: gradient elution 

comprising solvent A (ACN) and 

solvent B (Milli Q water with pH 

3.0 adjusted with 20% 

ortho-phosphoric acid) 

delivered at a fl ow rate of 

1 mL/min.

Injection volume: 50 μL.

Detection: irinotecan at 254 and 

365 nm for plasma and bile 

samples, respectively. and SN-38 

at 380 nm for both matrices.

Retention times: 11.4, 13.4 and 

15.5 min for IS, irinotecan and 

SN-38, respectively.

Total run time: 35 min.

Regression type: linear fi t.

Calibration range: 25–10,000 ng/mL 

in plasma and 0.5–100 μg/mL in 

bile [correlation coeffi  cient (r) 

ranged between 0.9989 and 0.9993 

in plasma and bile for irinotecan 

and SN-38].

Limit of detection: 15 and 10 

ng/mL for irinotecan and SN-38, 

respectively.

Limit of quantitation: 40 and 

20 ng/mL for irinotecan and SN-38, 

respectively.

Absolute recovery: 93.1 ± 2.5 to 

96.3 ± 1.3% for irinotecan and 92.1 

± 3.4 to 96.6 ± 2.9 for SN-38 in rat 

plasma; 65.1 ± 3.2 to 70.2 ± 1.5% 

for irinotecan and 57.4 ± 3.6 to 

61.9 ± 2.6% SN-38 in rat bile.

Accuracy and precision: 

within- and between-day precision 

and accuracy were found to be 

within acceptable limits.

The validated method was 

applied to determine the 

concentration time profi les of 

irinotecan and SN-38 in plasma 

following oral and i.v. 

administration of irinotecan at 

80 and 20 mg/kg, respectively, 

to female Wistar rats. Important 

PK parameters viz. [AUC(0–∞), Tmax, 

C0, Cmax Vd, Cl, Kel and t½,β] were 

calculated for irinotecan and 

SN-38. Cumulative bile 

excretion of irinotecan and 

SN-38 up to 5 h post-dose was 

also studied following the 

above-mentioned doses 

administration to female Wistar 

rats.

Irinotecan, 

SN-38 and 

APC

D’Espositio 

et al., 2008

Matrix: human liver 

microsomal 

preparation and 

human plasma.

Extraction: SPE.

Internal standard: CPT 

(50 μL, fi nal 62.5 

ng/mL).

System: LC-MS/MS with 

fl uorescence detector.

Column: Alltima C18 (150 × 

2.1 mm, 5 μm) coupled to an 

Alltima C18 (7.5 × 2.1 mm, 5 μm) 

guard column.

Mobile phase: gradient mobile 

phase comprising solvent A 

(water) and solvent B (ACN with 

0.25% formic acid) delivered at 

0.3 mL/min fl ow rate.

Injection volume: 20 μL.

Mass spectrometry detection: 

irinotecan: m/z 587 → 124; 

SN-38: m/z 393 → 349; APC: 

m/z 619 → 227; and IS: m/z 

349 → 305.

Retention times: 4.57, 4.92, 4.53, 

5.09 for irinotecan, SN-38 and 

APC and IS, respectively.

Total run time: 7 min.

Regression type: linear fi t.

Calibration range: 1.56–100, 

3.13–150, 0.78–100 ng/mL for 

irinotecan, SN-38 and APC, 

respectively in microsomal 

fractions. 1.56–25, 3.13–150, 

0.78–25 ng/mL for irinotecan, 

SN-38 and APC, respectively in 

plasma samples (r > 0.99).

Absolute recovery: 65.77, 80.44, 

67.43 and 73.58% for irinotecan, 

SN-38, APC and IS, respectively in 

microsomal fractions and 94.07, 

90.47, 85.63 and 75.86% for 

irinotecan, SN-38, APC and IS, 

respectively from plasma.

Selectivity: selectivity of the 

method was examined by 

analyzing 5 each of blank plasma 

and microsomal fractions. 

Endogenous interference at the 

retention times of the analytes was 

minimal.

Accuracy and precision:

within- and between-day precision 

and accuracy values found to be 

within the acceptable limits.

Stability: irinotecan, SN-38 and APC 

were found to be stable in both 

matrices at 4°C for at least

41 days, when stored in MeOH, up 

to 20 h at room temperature and a 

period of 8 weeks at −80°C. 

Analytes were stable up to 5 F/T 

cycles in plasma.

The validated method was used 

to study the irinotecan 

biotransformation in human 

liver microsomal fractions in 

both healthy individuals and 

patients with liver diseases. The 

method has potential 

application in PK studies.
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Table 1. Continued

Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

Irinotecan 

and SN-38 

(as lactones)

Hu et al., 

2007

Matrix: 100 μL of 

DMEM medium or 

H4-II-E (rat hepatoma) 

cancer cell line.

Extraction: acidifi cation 

and precipitation with 

methanolic IS solution.

Internal standard: CPT 

(100 μL, fi nal 0.1 μg).

System: HPLC with fl uorescence 

detector.

Column: Hyperclon ODS (200 × 

4.6 mm) coupled to a 

Phenomenex C18 guard column.

Mobile phase: ACN–50 mm 

disodium hydrogen phosphate 

buff er containing 10 mM 

sodium 1-heptane sulfonate (pH 

3 with 85% ortho-phosphoric 

acid, w/v), 27 : 73, v/v with 

1 mL/min fl ow rate.

Injection volume: 20 μL.

Detection: excitation and 

emission at 380 and 540 nm, 

respectively.

Retention times: 10.04, 6.5 and 

7.80 min for irinotecan, SN-38 

and IS, respectively.

Total run time: 20 min.

Regression type: linear fi t.

Calibration range: 5–42,000 and 

2–42,000 ng/mL for irinotecan in 

culture media and cell lysate, 

respectively; 1–1500 and 

0.5–1500 ng/mL for SN-38 in 

culture media and cell lysate, 

respectively (r ≥ 0.998).

Limit of detection: 1 and 0.25 

ng/mL for irinotecan and SN-38, 

respectively in culture media and 

0.5 and 0.2 ng/mL for irinotecan 

and SN-38, respectively in cell 

lysate.

Absolute recovery: 96.9–108.3 and 

94.3–107.2% for irinotecan in 

culture media and cell lysate, 

respectively; 87.7–106.8 and 

90.1–105.6% for SN-38 in culture 

media and cell lysate, respectively 

and 90.4–103.2 and 93.2–98.7% for 

IS in culture media and cell lysate, 

respectively.

Specifi city: specifi city was 

determined in presence of possible 

co-administered drugs viz. 

thalidomide, cyclophosphamide, 

5-fl urouracil, nifedipine, probencid, 

MK-571 and verapamil.

Accuracy and precision:

within- and between-day precision 

and accuracy varied from 0.1 to 

10.3%.

Authors have concluded that 

skewed peak shape (towards 

right) of irinotecan was due to 

low pH of mobile phase and 

unknown factors but this did 

not aff ect the quantitation. The 

validated method was applied 

to investigate cellular 

metabolism and accumulation 

of irinotecan and SN-38 in rat 

hepatoma cell lines. Key 

enzyme kinetic parameters Km 

and Vmax for the metabolites, i.e. 

SN-38 and SN-38G, were 

calculated and it was concluded 

that the formation of these 

metabolites were following 

Michaelis–Menten kinetics. 

SN-38 (as 

lactone)

Xuan et al., 

2006

Matrix: liposomal 

based SN-38 

formulation (LE-SN38).

Extraction: 100-fold 

dilution with mobile 

phase, no sample 

pretreatment or 

extraction is required.

Internal standard: no IS 

was used.

System: HPLC with UV detector.

Column: Zorbax SB-C18 ODS 

(250 × 4.6 mm, 5 μm) 

maintained thermostatically at 

40°C.

Mobile phase: NaH2PO4 (pH 3.1, 

25 mM)–ACN, 50 : 50, v/v with

1 mL/min fl ow rate.

Injection volume: 20 μL.

Detection: UV at 265 nm.

Retention time: 6 min.

Total run time: 12 min.

Regression type: linear fi t.

Calibration range: 1–25 μg/mL 

(r ≥ 0.999).

Limit of detection and 

quantitation: 0.05 and 0.25 μg/mL.

Absolute recovery: 99.9–100.7%.

Specifi city: lipid components and 

other excipients of the formulation 

and degradant (resulted from 

forced degradation studies) did 

not interfere with the retention 

of SN-38.

Accuracy and precision: found to 

be within acceptable limits.

Authors assessed the 

robustness of the method (in 

terms of retention time and 

system suitability parameters) 

by changing the mobile phase 

composition, column 

temperature, fl ow rate, buff er 

strength and buff er pH of the 

mobile phase. Authors 

concluded that the validated 

method will have applicability 

in formulation development 

and preclinical studies.

Irinotecan 

and 

topotecan 

(as lactones)

Gravel et al., 

2005

Matrix: 5% dextrose 

infusion bags of 

irinotecan and 

topotecan.

Extraction: direct 

injection.

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Macherey–Nagel 

Nucleodur® gravity C18 (150 × 

4.6 mm, 5 μm) maintained 

thermostatically at 50°C.

Mobile phase: gradient elution 

with KH2PO4 (pH 3.5, 50 mM)–

ACN at a fl ow rate of 1 mL/min.

Injection volume: 100 μL.

Detection: excitation and 

emission at 355 and 515 nm, 

respectively.

Retention times: 2.0 and 7.0 min 

for topotecan and irinotecan, 

respectively.

Total run time: 13 min.

Regression type: nonlinear fi t.

Calibration range: 0.1–1 mg/mL 

(r2 ≥ 0.995).

Limit of detection and 

quantitation: 0.05 and 0.15 mg/mL, 

respectively for both analytes.

Specifi city: no interference from 

5% dextrose.

Accuracy and precision: found to 

be within acceptable limits.

Method can be used to 

quantitate irinotecan in infusion 

bags used in hospital setting for 

cancer patients.
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Table 1. Continued

Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

Irinotecan 

and SN-38 

(as lactone 

and 

carboxylate)

Yang et al., 

2005

Matrix: 100 μL rat 

plasma.

Extraction: 

precipitation with 

200 μL of ice-cold 

MeOH– ACN, 1 : 1, v/v.

Internal standard: CPT 

(100 μL of 0.05 μg 

CPT).

System: HPLC with fl uorescence 

detector.

Column: Hypersil C18 ODS (200 × 

4.6 mm, 5 μm) coupled to a 

Phenomenex guard column.

Mobile phase: isocratic mobile 

phase comprising 0.1 M KH2PO4 

containing 0.01 M TBAHS (pH 

6.4)–ACN, 75 : 25, v/v at a fl ow 

rate of 0.8 mL/min.

Injection volume: 20 μL.

Detection: excitation and 

emission at 380 and 540 nm, 

respectively.

Retention times: 3.97, 5.33, 7.05, 

8.12, 11.60 and 13.52 min for 

irinotecan carboxylate, 

irinotecan lactone, SN-38 

carboxylate, irinotecan 

carboxylate, SN-38 lactone and 

irinotecan lactone, respectively.

Total run time: 16 min.

Regression type: linear fi t.

Calibration range: 0.01– 10 μm 

(r ≥ 0.999).

Limit of quantitation: 0.01, 0.008, 

0.005 and 0.05 μm for irinotecan 

lactone, irinotecan carboxylate, 

SN-38 lactone and SN-38 

carboxylate, respectively.

Absolute recovery: >94.4% for both 

lactone and carboxylate forms of 

irinotecan and SN-38, whereas the 

recovery for IS was 98.6%.

Specifi city: matrix-specifi c 

interference and presence of 

thalidomide did not aff ect the 

chromatography of the analytes.

Accuracy: within-day values for 

irinotecan lactone, irinotecan 

carboxylate, SN-38 lactone and 

SN-38 carboxylate were 95.5–102.9, 

96.4–108.8, 92.4–109.3 and 

94.5–111.7%, respectively. 

Between-day accuracy values were 

94.3–103.2, 97.3–106.2, 95.3–107.7 

and 95.9–111.8%, respectively.

Precision: within-day values for 

irinotecan lactone, irinotecan 

carboxylate, SN-38 lactone and 

SN-38 carboxylate were 1.2–4.2, 

1.2–5.5, 2.0–6.4 and 1.7–5.9%, 

respectively. Between-day 

precision values were 1.3–3.6, 

1.3–4.7, 1.8–5.2 and 1.3–3.9% for 

irinotecan lactone, irinotecan 

carboxylate, SN-38 lactone and 

SN-38 carboxylate, respectively.

Dilution integrity: dilution of 

irinotecan in lactone or carboxylate 

form at 1 : 10 gave acceptable 

precision (CVs < 4%) and accuracy 

(97.3–104.4%).

All the peaks were skewed 

towards right side. This method 

was used to study the eff ect of 

co-administered thalidomide 

(i.p) on the PK of irinotecan and 

SN-38 in rats following i.v. 

administration of irinotecan.

Co-administration of 

thalidomide increased (30%) 

the AUC values of irinotecan 

lactone and carboxylate but 

decreased (19–32%) for SN-38 

lactone and carboxylate. 

However there was no change 

in the maximum plasma 

concentration of either 

irinotecan or SN-38 lactone and 

carboxylate forms in the 

presence of thalidomide. The 

t½,β for SN-38 lactone and 

carboxylate reduced more than 

30%, on the other hand there 

was no change in the t½,β value 

for irinotecan lactone but for 

irinotecan it was increased by 

49%, compared with the control 

group, when co-administered 

with thalidomide. 

Irinotecan 

and SN-38 

(as lactone 

and 

carboxylate)

Bardin et al., 

2005

Matrix: 100 μL mouse 

plasma or tissue 

homogenate (5% w/v 

in water) in a 96-well 

plate format.

Extraction: 

precipitation with 

200 μL ACN.

Internal standard: CPT 

(200 μL of 10 ng/mL).

System: LC-MS/MS.

Column and mobile phase: 

Zorbax SB-Phenyl (50 × 2 mm, 

5 μm) with 20 mM ammonium 

acetate (pH 3.5)–ACN, 65 : 35, v/v 

or X-Terra C18 (50 × 2 mm, 5 μm) 

with 20 mM ammonium acetate 

(pH 3.5)–ACN, 67 : 33, v/v with a 

fl ow rate of 0.2 mL/min. Column 

was protected by 2 μm in-line 

fi lter.

MRM monitoring: irinotecan: 

m/z 587.6 → 167.2; SN-38: m/z 

393.4 → 349.3; and IS: m/z 

349.3 → 305.3.

Retention times: 1.1, 1.2 and 

1.5 min for irinotecan, SN-38 

and CPT, respectively.

Total run time: 2.5 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 0.5–500 ng/mL 

for both irinotecan and SN-38 

(r ≥ 0.995).

Specifi city: matrix-specifi c 

interference was not observed at 

the retention time of the analytes 

and IS.

Accuracy and precision: found to 

be within acceptable limits.

The validated method was 

successfully used to support PK 

and tissue distribution studies 

in mice. 
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Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

SN-38 Khan et al., 

2005

Matrix: 100 μL of 

mouse plasma or 

200 μL of tissue 

homogenate.

Extraction: for plasma 

samples—precipitation 

(using ACN with 10 μL 

0.5% acetic acid 

containing 25 ng/mL of 

IS) followed by 

extraction. Tissue 

samples were extracted 

with 0.5% acetic acid 

containing 50 ng/mL IS 

followed by extraction.

Internal standard: 

50 μL 250 ng/mL of 

CPT.

System: LC-MS/MS.

Column: Zorbax SB-C18 (50 × 

2.1 mm, 5 μm) coupled to a C18 

guard column.

Mobile phase: 20 mM 

ammonium acetate (pH 3.5)–

ACN, 65 : 35, v/v with a fl ow rate 

of 0.2 mL/min for plasma 

samples. For tissue samples, 

solvent A and solvent B were 

delivered at 60 : 40 ratio at a 

fl ow rate of 0.1 mL/min (solvent 

A, 20 mm ammonium acetate 

(pH 3.5)–MeOH, 80 : 20, v/v; 

solvent B, ACN–IPA, 75 : 25, v/v).

Injection volume: 5 and 20 μL 

for plasma and tissue samples, 

respectively.

Mass spectrometry detection: 

SN-38: m/z 393.3 → 349.1; and 

IS: m/z 349.1 → 305.2.

Retention times: 1.3 and 1.5 for 

SN-38 and IS, respectively in 

plasma samples with a total run 

time of 3 min; whereas for tissue 

samples the total run time was 

5 min with SN-38 and IS 

retention times of 2.7 and 

3.2 min, respectively.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 0.5–1000 ng/mL 

(r > 0.99) for plasma and 1–400 

ng/mL (r > 0.99) for tissue samples 

except for lung homogenate, 

where LLOQ was 2 ng/mL.

Absolute recovery: 92.7 ± 1.4, 

88.0 ± 11.0 and 98.8 ± 14.1% at 0.1, 

10 and 200 ng/mL, respectively, 

whereas for IS it was 84.5 ± 1.9%.

Precision and accuracy: found to 

be within acceptable limits.

Specifi city: no endogenous 

interference at the retention times 

of SN-38 and IS in both matrices.

Stability: stable for 4 h at room 

temperature, long term for 31 days 

at −70°C and after three F/T cycles 

in plasma and tissue homogenate.

Dilution integrity: linearity can be 

extended up to 80 and 120 μg/mL 

for plasma and tissue samples, 

respectively.

The validated method was 

applied to analyze plasma and 

tissue samples following 

administration of LE-SN38 

(liposome entrapped SN-38) in 

mice

Irinotecan, 

SN-38, 

SN-38G, 

APC and 

NPC (as 

lactone 

form)

Poujol et al., 

2003

Matrix: 500 μL of 

human plasma or 

100 μL human saliva.

Extraction: 

precipitation with 

ACN–MeOH, 1 : 1 (1 mL 

for plasma or 200 μL 

for saliva).

Internal standard: 

100 μL of CPT 

(100 μg/L in acetone).

System: HPLC with fl uorescence 

detector.

Column: X-Terra C18 (250 × 

4.6 mm, 5 μm) coupled with an 

X-Terra guard column (20 × 

3.9 mm, 5 μm) maintained at 

ambient temperature (23°C).

Mobile phase: gradient elution 

with solvent A (ACN–sterile 

water, 75 : 25, v/v) and solvent B 

(phosphate buff er comprising 

1-heptane-sulfonic acid, pH 4.0 

adjusted with ortho-phosphoric 

acid) at a fl ow rate of 1 mL/min.

Injection volume: 100 μL at 

lower concentrations and 10 μL 

at higher concentrations.

Detection: excitation was set at 

370 nm and emission was set at 

470 nm till 24 min (for irinotecan, 

SN-38G, APC and NPC) and at 

534 nm for next 4 min (for 

SN-38).

Retention times: 6.5, 13.5, 16.5, 

20, 22.5 and 27 min for SN-38G, 

APC, NPC, irinotecan, IS and 

SN-38, respectively.

Total run time: 30 min.

Regression type: linear fi t.

Calibration range: 0.5–1000 μg/mL 

in both matrices (r2 ≥ 0.99).

Absolute recovery: 95.5 ± 5.4, 

97.2 ± 5.9, 93.4 ± 5.0, 95.5 ± 5.8 and 

99.2 ± 4.69% for irinotecan, SN-38, 

SN-38G, APC and NPC, respectively 

in human plasma, whereas in saliva 

the recoveries were 97.5 ± 4.2, 96.8 

± 9.5, 94.6 ± 8.2, 103.9 ± 6.3 and 

100.8 ± 7.4% for irinotecan, SN-38, 

SN-38G, APC and NPC, respectively.

Specifi city: no endogenous 

interference at the retention time 

of analytes evaluated after 

analyzing 10 diff erent lots of blank 

plasma and saliva and in presence 

of around 20 possible 

co-administered drugs.

Stability: stable under battery of 

tests viz. short-term room 

temperature for 24 h, in a 

refrigerator at 4°C for 24 h, three 

F/T cycles and long-term for 4 and 

6 months at −20°C (at the end of 6 

months stability only for SN-38G, 

37% degradation was observed at 

LLOQ). Authors have also 

established the stability for the 

anlaytes in acidic solution in 

autosampler at 23, 10, and 4°C for 

48, 72, and 72 h, respectively and 

found that irinotecan, SN-38 and IS 

were stable at all conditions, 

whereas APC, NPC and SN-38G 

have shown degradation in certain 

conditions.

This method was used to derive 

the PK parameters [AUC(0–t), 

AUC(0–∞), Tmax, Cmax and t½,β] for 

irinotecan, SN-38, SN-38G, APC 

and NPC from plasma and saliva 

following i.v. infusion of 

irinotecan to patients suff ering 

with metastatic colorectal 

cancer. SN-38G was not 

quantifi able in saliva (LLOQ: 

0.75 μg/L).
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Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

Irinotecan 

and SN-38

de Jong 

et al., 2003

Matrix: 150 μL of blood 

plasma diluted RBCs 

(100 μL of RBCs diluted 

with 150 μL of human 

plasma).

Extraction: 

precipitation with 

aqueous perchloric 

acid–MeOH, 1 : 1, v/v.

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Hypersil C18 ODS 

(100 × 4.6 mm, 5 μm) 

maintained at 50°C.

Mobile phase: isocratic mobile 

phase comprising MeOH–0.1 M 

ammonium acetate containing 

0.01 M TBAHS, 35 : 60, v/v - fi nal 

pH of 5.2 with HCl at a fl ow rate 

of 1.0 mL/min.

Injection volume: 200 μL.

Detection: excitation and 

emission at 355 and 515 nm, 

respectively.

Retention times: 8.3 and 

15.7 min for irinotecan and 

SN-38, respectively.

Total run time: 20 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 5–200 ng/mL 

(r ≥ 0.996).

Absolute recovery: >63.3 ± 3.4 and 

77.1 ± 6.9% for irinotecan and 

SN-38, respectively.

Specifi city: no endogenous 

interference at the retention time 

of analytes (evaluated after 

analyzing 6 diff erent lots of blood).

Accuracy: within- and between-day 

values of 103.4 and 105.0% for 

irinotecan and SN-38, respectively, 

in whole blood.

Precision: within- and between-day 

values for irinotecan and SN-38 

were found to be in the range of 

85.2–105.7% in whole blood. In the 

RBCs within- and between-day 

values for irinotecan and SN-38 

were 3.6 and 11.4 and 4.2 and 

8.3%, respectively.

This method was used to study 

the distribution of irinotecan 

and SN-38 in whole blood and 

RBCs following 90 min i.v. 

infusion. The ratio of irinotecan 

and SN-38 in whole blood and 

RBCs was determined. AUC(0–t) 

and AUC(0–∞) were calculated for 

irinotecan and SN-38 in whole 

blood and RBCs. Authors 

concluded that irinotecan 

distributes to RBCs, whereas 

SN-38 mainly localizes in the 

plasma compartment. The ratio 

of the AUC in the RBC 

compartment to the AUC in 

plasma is about 6 times higher 

for irinotecan compared with 

SN-38.

SN-38 Guo et al., 

2003

Matrix: 200 μL of dog 

plasma.

Extraction: 

precipitation using 

ACN with 0.5% acetic 

acid.

Internal standard: CPT 

(400 μL, 25 ng 

CPT/1 mL ACN).

System: HPLC with fl uorescence 

detector.

Column: Zorbax SB-C18 ODS 

(150 × 4.6 mm, 5 μm) coupled 

with a C18 guard cartridge 

maintained at 35°C.

Mobile phase: gradient elution 

using mobile phase A (20 mM 

ammonium acetate) and B 

(ACN) with a fl ow rate of 

1 mL/min.

Injection volume: 45 μL.

Detection: excitation and 

emission at 368 and 515 nm, 

respectively.

Retention times: 6.8 and 7.9 min 

for SN-38 and IS, respectively.

Total run time: 12 min.

Regression type: linear fi t with 

weighing factor (1/x).

Calibration range: 1–750 ng/mL 

(r ≥ 0.999).

Absolute recovery: 78 ± 4.5 and 

86 ± 7.2% for SN-38 and IS, 

respectively.

Specifi city and matrix eff ect: no 

endogenous interference at the 

retention time of analytes 

(evaluated after analyzing 6 

diff erent lots of plasma). No matrix 

eff ect was observed.

Accuracy: within- and between-day 

values were 96.6–104 and 

96.5–103%, respectively.

Precision: within- and between-day 

values were <7.09 and 3.22%, 

respectively.

Dilution integrity: calibration curve 

can be extended up to 60,000 ng/

mL with out aff ecting fi nal 

concentration.

Stability: stable under battery of 

tests viz. room temperature (4 h), 

three F/T cycles and long-term for 

57 days at −70°C.

The validated method was 

successfully used to quantify 

SN-38 following i.v. 

administration of LE-SN38 

(liposomal preparation) to 

beagle dogs in preclinical and 

toxicokinetic studies.

Irinotecan 

and SN-38 

(total as 

carboxylate 

forms)

Schoemaker 

et al., 2003

Matrix: 100 μL of 

human plasma.

Extraction: 

precipitation with 

200 μL of ACN–MeOH 

(1 : 1, v/v)

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Zorbax SB-C18 (150 × 

4.6 mm, 3.5 μm) coupled with a 

Chrompack guard column (10 × 

3 mm) maintained at 40–45°C.

Mobile phase: isocratic mobile 

phase comprising 0.1 mol/L 

ammonium acetate– TEA–ACN, 

800 : 1 : 200, v/v delivered at a 

fl ow rate of 1.5 mL/min.

Injection volume: 25 μL.

Regression type: linear fi t.

Calibration range: 5–1500 and 

0.5–100 ng/mL for irinotecan and 

SN-38, respectively (r ≥ 0.99).

Absolute recovery: 109 ± 3.6 and 

106 ± 5.1% for irinotecan and 

SN-38, respectively.

Specifi city and matrix eff ect: no 

endogenous interference at the 

retention time of analytes from 

control plasma. Morphine, caff eine 

and acetaminophen did not 

interfere with the assay.

Authors used the basic pH (9.0) 

conditions to measure the total 

as carboxylate form. This 

method was used to quantify 

irinotecan and SN-38 following 

i.v. administration of irinotecan 

infusion.
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Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

Detection: excitation at 385 nm 

and emission at 535 nm.

Retention times: 5.2 and 9.4 min 

for irinotecan and SN-38, 

respectively.

Total run time: 12 min.

Accuracy and precision: The 

intra-assay and inter-assay accuracy 

for all tested concentrations were 

within ± 15% and the precisions 

were less than ± 15%.

Stability (for both irinotecan and 

SN-38): stable under battery of 

tests viz. room temperature (24 h), 

three F/T cycles in whole blood 

and plasma, autosampler (4°C) for 

5 days and long-term for 1.8 years 

at −20°C.

Irinotecan, 

SN-38, 

SN-38G and 

APC (both 

lactone and 

carboxylate 

forms)

Owens et al., 

2003

Matrix: 460 μL of 

human plasma.

Extraction: 

precipitation using 

cold MeOH.

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Symmetry C8 (150 × 

3.9 mm, 5 μm) coupled with a 

Symmetry C8 guard column (20 

×  3.9 mm, 5 μm).

Mobile phase: gradient elution 

using mobile phase A (86% of 

0.75 M ammonium acetate , 

5 mM TBAP, pH 6 and 14% ACN) 

and B (50% of 0.75 M 

ammonium acetate, 5 mM TBAP, 

pH 6 and 50% ACN) with a fl ow 

rate of 1.25 mL/min.

Injection volume: 100 μL.

Detection: excitation at 380 nm 

and emission at 460 and 

530 nm as per the each 

compound optimal wavelength.

Retention times: 4.7, 8.9, 11.7, 

14.2, 16.2, 18.2, 22.1 and 

23.6 min for SN-38 G 

carboxylate, APC carboxylate, 

irinotecan carboxylate, SN-38 G 

lactone, APC lactone, irinotecan 

lactone, SN-38 carboxylate and 

SN-38 lactone, respectively.

Total run time: 40 min (though 

all analytes eluted within 25 min 

extended run time of 40 min 

was used to get a stable base 

line before next injection).

Regression type: linear fi t with 

weighing factor (1/x).

Calibration range: 5–300 ng/mL 

[correlation coeffi  cient (r) ranged 

between 0.953 and 0.995].

Limit of quantitation: 0.5 ng/mL for 

SN-38 lactone, 1 ng/mL for SN-38 

carboxylate; 2 ng/mL for 

APC-lactone, APC-carboxylate, 

SN-38G lactone, SN-38G 

carboxylate and 5 ng/mL for 

irinotecan lactone and irinotecan 

carboxylate.

Absolute recovery: ranged 

between 82 and 117% for all the 

analytes.

Specifi city and matrix eff ect: no 

endogenous interference at the 

retention time of analytes 

(evaluated after analyzing 6 

diff erent lots of plasma). No matrix 

eff ect was observed.

Accuracy: within- and between-day 

accuracy values for all the analytes 

ranged between 79.2 and 117.6%.

Precision: at low concentrations the 

intra- and inter-day RSD values 

were ≤11.5 and ≤18.6%, 

respectively, whereas at high 

concentration the intra- and 

inter-day RSD values were ≤15 and 

≤11.7%, respectively.

Authors discussed numerous 

variables eff ect on method 

development and simultaneous 

estimation of lactone and 

carboxylate forms of the 

analytes in a single run. This 

method was used to quantify 

irinotecan and its metabolites 

viz. SN-38, SN-38G and APC 

following i.v. administration of 

irinotecan infusion.

SN-38 (total 

as lactone 

form)

Khan et al., 

2003

Matrix: 200 μL of 

human hepatic 

microsomes reaction 

mixture or human 

plasma.

Extraction: 

precipitation using 

cold 1 mL ACN with 

10 μL 0.5% acetic acid.

Internal standard: 

50 μL 250 ng/mL of 

CPT.

System: LC-MS/MS

Column: Synergy Hydro-RP C18 

(50 × 2 mm, 4 μm).

Mobile phase: gradient elution 

using ACN– 0.1% acetic acid.

Injection volume: 5 μL.

Mass spectrometry detection: 

SN-38: m/z 393.1 → 349.2; and 

IS: m/z 349.1 → 305.1.

Retention times: 1.55 and 1.78 

for SN-38 and IS, respectively.

Total run time: 3 min.

Regression type: linear fi t with 

weighing factor (1/x).

Calibration range: 0.05–400 ng/mL 

(r > 0.997).

Absolute recovery: 92.7 ± 1.4, 

88.0 ± 11.0 and 98.8 ± 14.1% at 0.1, 

10 and 200 ng/mL, respectively, 

whereas for IS it was 84.5 ± 1.9%.

Selectivity: no endogenous 

interference at the retention time 

of analytes (evaluated after 

analyzing 6 diff erent lots of male 

and female human subject’s 

plasma) at the retention time of 

analyte and IS.

Precision and accuracy: found to 

be within acceptable limits.

This method has potential 

application in a clinical 

pharmacokinetic study.
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Stability: stable for 7.75 h at room 

temperature and after three F/T 

cycles. Found to be stable in 

reconstitution solvent at room 

temperature for 80.25 h.

Dilution integrity: dilution of SN-38 

in lactone form at 1 : 200 gave 

acceptable precision (CVs < 12.7%) 

and accuracy percentage of −10.8 

to 1.25.

Irinotecan, 

SN-38, 

SN-38G and 

APC

Sai et al., 

2002

Matrix: 200 μL of 

human hepatic 

microsomes reaction 

mixture or human 

plasma.

Extraction: 

precipitation using 5%

perchloric acid–MeOH 

(1 : 1).

Internal standard: 

10 μL 100 ng/mL of 

CPT.

System: HPLC coupled parallel 

to both fl uorescence and mass 

spectrometry (LC-MS) detectors.

Column: Capcell Pak CN UG120 

(150 × 4.6 mm, 5 μm) coupled 

with a NewGuard C8 guard 

column maintained at 50°C.

Mobile phase: isocratic mobile 

phase comprising ACN– MeOH–

0.05 M ammonium acetate (pH 

4.5), 14 : 14 : 72 delivered at a 

fl ow rate of 0.5 mL/min.

Fluorescence detection: 

excitation at 368 nm and 

emission at 432 nm for and 

irinotecan, SN-38G, APC, NPC 

and for SN-38 the excitation and 

emission were set at 368 and 

535 nm, respectively.

Mass spectrometry detection: 

selected ions monitored as 

protonated molecules (M + H)+ 

were m/z 569 for SN-38G, m/z 

559 for M1 (deethylated), m/z 

519 for NPC, m/z 603 for M2 

(hydroxylated), m/z 619 for APC, 

m/z 585 for M3 (dehydro-

genated), m/z 587 for irinotecan, 

m/z 349 for CPT and m/z 393 for 

SN-38.

Retention times: 4.7, 8.9, 11.7, 

14.2, 16.2, 18.2, 22.1 and 

23.6 min for SN-38 G 

carboxylate, APC carboxylate, 

irinotecan carboxylate, SN-38 G 

lactone, APC lactone, irinotecan 

lactone, SN-38 carboxylate and 

SN-38 lactone, respectively.

Total run time: 20 min.

Regression type: linear fi t with 

weighing factor (1/x).

Calibration range: 2.5–800 ng/mL 

for SN-38 (r ≥ 0.996) and APC (r ≥ 

0.999); 5–4000 ng/mL for 

irinotecan (r ≥ 0.999) and 1–80 ng/

mL for SN-38G (r ≥ 0.997) on 

fl uorescence detector. In case of 

LC-MS the ranges of linearity 

were 10–800 ng/mL for SN-38G 

(r ≥ 0.997) and APC (r ≥ 0.999); 

10–4000 ng/mL irinotecan

(r ≥ 0.999) and 2–80 ng/mL for 

SN-38 (r ≥ 0.985).

Limit of quantitation: 2.5 ng/mL for 

SN-38G and APC; 5 ng/mL for 

irinotecan and 1 ng/mL for SN-38 

with fl uorescence detection.

Absolute recovery: >80% for 

irinotecan, SN-38 and APC; 101% 

for SN-38G.

Selectivity: no endogenous 

interference at the retention time 

of analytes (evaluated after 

analyzing 6 diff erent lots of 

plasma) and 18 other drugs, which 

are likely to be co-administered 

with irinotecan.

Precision: at low concentrations the 

intra- and inter-day RSD values 

were below 6 and 7–22% on 

fl uorescence and MS detectors, 

respectively; whereas at high 

concentration the intra- and 

inter-day RSD values were less than 

4 and 10% on fl uorescence and MS 

detectors, respectively.

Stability (for irinotecan, SN-38, 

SN-38G and APC): stable after fi ve 

F/T cycles and on long-term 

storage for 4 weeks at −80°C.

Authors demonstrated that 

maintaining pH of 4.5 or 

storage at 4°C prevents the 

degradation of analytes at least 

24 h, hence the mobile phase 

pH was adjusted to 4.5 and 

autosampler was maintained at 

4°C. There was no signifi cant 

diff erence between containers, 

i.e. glass, polypropyrene or 

siliconized tubes, in the relative 

changes of the standards 

dissolved in PBS for the 6 weeks 

storage at −80°C. Irinotecan 

calibration curve was used to 

quantify the metabolites 

formed from in vitro systems 

after establishing that the 

precision and accuracy values 

were within the acceptable 

limits. Method was applied to 

study the metabolic pattern of 

irinotecan in human 

microsomal system.

Irinotecan 

and SN-38 

(both 

lactone and 

carboxylate 

forms)

Boyd et al., 

2001

Matrix: tissue culture 

media and HT29 and 

HCT116 cell lines.

Extraction: SPE.

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Symmetry Shield RP18 

(150 × 3 mm, 5 μm) coupled 

with a Waters guard column 

(20 × 3.8 mm, 5 μm) maintained 

at 35°C.

Mobile phase: gradient elution 

using mobile phase A (10 mM 

ammonium acetate) and B 

(MeOH) with a fl ow rate of 

0.35 mL/min.

Injection volume: 20–50 μL.

Regression type: linear fi t.

Calibration range: 1–400 ng/mL 

(r2 ≥ 0.998).

Limit of detection: 1, 4, 3 and 1 pg/

mL for irinotecan lactone, 

irinotecan carboxylate, SN-38 

lactone and SN-38 carboxylate, 

respectively.

Limit of quantitation: 0.2, 2, 0.5 and 

2 ng/mL for irinotecan lactone, 

irinotecan carboxylate, SN-38 

lactone and SN-38 carboxylate, 

respectively.

Usage of Symmetry columns 

reduced the peak broadening 

and tailing. Authors discussed 

the stability of irinotecan and 

SN-38 lactone and carboxylic 

acids in various buff ers and 

diff erent temperature 

conditions. This new method 

was used to evaluate the 

accumulation of irinotecan and 

SN-38 in HT29 and HCT116 

human cancer cells. In HT29 

cells formation of SN-38G was 

observed.
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details
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Detection: excitation at 380 nm 

and emission at 423 nm.

Retention times: 9.5, 10.5, 11, 15 

and 16 min for SN-38G, 

irinotecan carboxylate, SN-38 

carboxylate, irinotecan lactone 

and SN-38 lactone, respectively.

Total run time: 21 min.

Absolute recovery: 99.6 ± 10.1 and 

98.0 ± 5.1% for irinotecan and 

SN-38 lactones, respectively and 

81.0 ± 16.9 and 77.3 ± 9.0% for 

irinotecan and SN-38 carboxylates, 

respectively from tissue culture 

media.

Specifi city: endogenous 

interference from cell lines or 

interfering peaks from media did 

not interfere with chromatography 

of irinotecan and SN-38.

Accuracy and precision: found to 

be within the acceptable limits.

Irinotecan 

and SN-38 

(lactone 

form)

Escoriaza 

et al., 2000

Matrix: 100 μL of 

human plasma.

Extraction: 

precipitation with 

100 μL of IS solution 

and 200 μL of 

ACN–1 mm of 

ortho-phosphoric acid 

(90 : 10).

Internal standard: 

100 μL of 1 μg/mLof 

CPT [in ACN–1 mm of 

ortho-phosphoric acid 

(90 : 10)].

System: HPLC with fl uorescence 

detector.

Column: Nucleosil C18 (250 × 4 mm, 

5 μm) coupled with a Nucleosil 

C18 pre-column (4 × 4 mm, 

5 μm) maintained at 30°C.

Mobile phase: isocratic mobile 

phase comprising 0.1 M KH2PO4 

(pH 4.2 with 1 m HCl)–ACN, 

67 : 33 at a fl ow rate of 1 mL/min.

Injection volume: 100 μL.

Detection: excitation was fi xed 

at 228 nm, whereas the 

emission was set at 450, 543 

and 433 nm for irinotecan, 

SN-38 and CPT, respectively.

Retention times: 4.57, 6.83, and 

8.44 min for irinotecan, SN-38 G 

and CPT, respectively.

Total run time: 10 min.

Regression type: linear fi t.

Calibration range: 1–10,000 ng/mL 

for irinotecan and 0.5–400 ng/mL 

for SN-38.

Absolute recovery: 93.5 ± 4.11, 

93.1 ± 4.35 and 93.8 ± 3.11% for 

irinotecan, SN-38 and CPT, 

respectively.

Selectivity: no interfering peaks 

were observed from plasma pools 

and patient sample at the retention 

time of analytes.

Accuracy and precision: found to 

be within the acceptable limits.

Stability: processed samples were 

found to be stable in autosampler 

for 24 h.

Addition of 0.1 m KH2PO4 (pH 

4.2) buff er to the processed 

plasma samples improved the 

peak shape. This method was 

used to determine the 

concentrations of irinotecan, 

SN-38 and SN-38G, determined 

following i.v. infusion of 

irinotecan. Various PK 

parameters viz. AUC(0–t), AUC(0–∞), 

Tmax, Cmax, t½,β , Cl, Vss and AUMC 

were calculated for irinotecan, 

whereas for SN-38 and SN-38G 

only AUC(0–t), Cmax and Tmax were 

calculated.

Irinotecan 

and SN-38 

(both 

lactone and 

carboxylate 

forms)

Ragot et al., 

1999

Matrix: 200 μL human 

serum for irinotecan 

and 1 mL of human 

serum for SN-38.

Extraction: protein 

precipitation followed 

by acidifi cation (20 μL 

of sodium citrate, 2.5 M, 

pH 2) for irinotecan 

and LLE for SN-38 with 

200 μL ACN.

Internal standard: CPT 

(50 μL of 1 mg/L).

System: LC-MS using eletrospray 

ionization.

Column and mobile phase: 

Symmetry C18 (150 × 1 mm, 

3.5 μm) with gradient elution of 

ACN in 5 mM ammonium 

formate buff er (pH 3) at a fl ow 

rate of 50 μL/min. Column was 

maintained thermostatically at 

35°C.

Injection volume: 2 μL.

Ions used for quantifi cation: m/z 

587.3, 605.3, 393, 411.2 and 

349.2 for irinotecan lactone, 

irinotecan carboxylate, SN-38 

lactone, SN-38 carboxylate and 

IS, respectively.

Retention times: 3.5, 3.9, 5.1, 5.4 

and 5.5 min for irinotecan 

carboxylate, irinotecan lactone, 

SN-38 lactone, IS and SN-38 

carboxylate, respectively.

Total run time: 10 min.

Regression type: linear fi t with 

weighing factor (1/x).

Calibration range: 10–10000 and 

0.5–100 ng/mL for both irinotecan 

and SN-38, respectively (r ≥ 0.999).

Limit of detection: 2.5 and 0.25 ng/

mL for irinotecan and SN-38, 

respectively.

Limit of quantitation: 10 and 

0.5 ng/mL for irinotecan and SN-38, 

respectively.

Specifi city: matrix-specifi c 

interference was not observed at 

the retention time of the analytes 

and IS. Carboxylate forms of the 

analytes did not interfere with the 

lactones retention time.

Recovery: 68.0 ± 7.3, 70.5 ± 10.0 

and 68.9 ± 5.3% at 50, 1000 and 

5000 ng/mL, respectively, for 

irinotecan; 48.6 ± 3.2, 43.8 ± 1.7 

and 49.6 ± 3.7% at 5, 25 and 75 

ng/mL , respectively, for SN-38; 

86.6 ± 6.7 and 73.5 ± 10.0% for IS 

by protein precipitation and LLE, 

respectively.

Accuracy and precision: found to 

be within acceptable limits for 

both the analytes (measured as 

lactone form).

The suitability of the validated 

method was demonstrated 

following i.v. infusion of 

irinotecan to a cancer patient to 

determine the concentrations 

of irinotecan and SN-38 as 

lactone forms in serum.
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Irinotecan, 

SN-38 and 

SN-38G (as 

lactone 

form)

Kurita and 

Kaneda, 

1999

Matrix: 50 μL of rat 

plasma.

Extraction: automated 

SPE following 

acidifi cation with 

0.146 M of H3PO4.

Internal standard: 

250 μL of 1 μg/mL CPT.

System: HPLC with fl uorescence 

detector.

Column: Symmetry C18 (150 × 

4 mm, 5 μm) maintained at 

50°C.

Mobile phase: isocratic mobile 

phase comprising 0.05 M 

KH2PO4–ACN, 70 : 30, v/v 

containing 4 mM sodium 

1-decanesulfate (pH 3.5 with 

H3PO4) at a fl ow rate of 1.5 mL/

min.

Detection: excitation and was 

set at 373 and 428 nm, 

respectively for SN-38G (from 

0–2.7 min); excitation and 

emission at 380 and 540 nm, 

respectively, from 2.7 to 3.8 min 

for SN-38 and from 3.8 to 

8.5 min the detector was set at 

373 and 428 nm as excitation 

and emission, respectively, for 

irinotecan and CPT.

Retention times: 1.5, 3.2, 4.2 and 

6.7 min for SN-38G, SN-38, CPT 

and irinotecan, respectively.

Total run time: 9 min.

Regression type: linear fi t.

Calibration range: 5–25,000 ng/mL 

for irinotecan; 5–2500 ng/mL for 

SN-38 and 2.5–500 ng/mL for 

SN-38G (r ≥ 0.9999 or better).

Absolute recovery: 96.0–117.3, 

97.0–106.8 and 96.2–119.6% for 

irinotecan, SN-38 and SN-38G, 

respectively.

Selectivity: no interfering peaks 

were observed at the retention 

time of analytes. Though little 

interference was observed at the 

retention time of SN-38G, it did not 

interfere with the determination of 

SN-38G.

Accuracy: within-day accuracy 

values were 4.0, 6.6 and 8.1%, 

respectively for irinotecan, SN-38 

and SN-38G, respectively, whereas 

between-day values were 3.3, 3.7 

and 10.5% for irinotecan, SN-38 

and SN-38G, respectively.

Precision: within-day for irinotecan 

at LLOQ was 14.2 and 1.9% at 

higher concentrations, whereas for 

SN-38 and SN-38G the values were 

1.6 and 3.4%, respectively. 

Between-day values were 7.63, 2.4 

and 5.0% for irinotecan, SN-38 and 

SN-38G, respectively.

Stability: stable during three F/T 

cycles. Following acidifi cation of 

plasma samples the stability of 

irinotecan, SN-38 and SN-38G 

stability was assessed following 

incubation at 37°C for 24 h and 

found that all the analytes were 

stable, whereas the non-addition 

of acid following incubation has 

resulted in degradation of 19 and 

4% for irinotecan and SN-38G, the 

degradation of SN-38 was 40-fold.

This method applicability has 

been shown in quantifi cation of 

irinotecan, SN-38 and SN-38G 

following i.v. administration of 

irinotecan at diff erent doses. 

This method directly quantifi es 

SN-38G.

SN-38 de Bruijn 

et al., 1997

Matrix: 1 mL of human 

plasma.

Extraction: 

precipitation followed 

by LLE.

Internal standard: 

100 μL of CPT (100 ng/

mL in MeOH: 0.01 M 

aqueous HCl, 2 : 3, v/v).

System: HPLC with fl uorescence 

detector.

Column: Hypersil ODS 

(100 × 4.6 mm, 5 μm) 

maintained thermostatically at 

60°C.

Mobile phase: ACN–0.1 M 

ammonium acetate containing 

10 mm tetra-butyl ammonium 

sulfate (23 : 77, v/v), pH 5.3 with 

HCl at a fl ow rate of 1 mL/min.

Injection volume: 75 μL.

Detection: excitation and 

emission wavelength set at 380 

and 556 nm, respectively.

Retention times: 4.9 and 5.5 min 

for SN-38 and IS, respectively.

Total run time: 15 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range, 5–2000 pg/mL 

(r ≥ 0.995).

Lower limit of quantitation: 0.25 

and 0.5 ng/mL and 1.0 and 2.0 ng/mL 

for irinotecan and SN-38 lactone 

and total forms, respectively.

Selectivity: there was no 

interference at the retention times 

of SN-38 and IS from endogenous 

components of plasma, APC, NPC 

and also from the 12 other drugs, 

which may be clinically 

administered, pre- or post-

chemotherapy of SN-38.

Absolute recovery: 88.3 ± 14.3 and 

94.8 ± 3.9% for SN-38 and IS, 

respectively.

Stability: stable after repeated F/T 

cycles and the processed samples 

were stable at room temperature 

for overnight.

The described method will be 

used in future studies to assess 

the extent of enterohepatic 

recirculation of SN-38 in cancer 

patients following i.v. irinotecan 

treatment.
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Irinotecan 

and SN-38 

(lactone 

and 

carboxylate 

forms)

Chollet 

et al., 1998

Matrix: 100 μL of rat 

and dog plasma.

Extraction: 

precipitation with IS 

solution and 

ACN–1 mm of 

ortho-phosphoric acid 

(90 : 10, pH 3).

Internal standard: no IS 

used.

System: HPLC with fl uorescence 

detector.

Column: Symmetry C18 (150 × 

3.9 mm, 5 μm). Other columns 

like LC- ABZ column (150 × 

4.6 mm, 5 μm) and Nucleosil 

CN, C8 and C18 (125 × 4.0 mm, 

5 μm) were also used.

Mobile phase: gradient elution 

using mobile phase A (0.075 M 

ammonium acetate + 7.5 mM 

tetra-butyl ammonium bromide, 

pH 6.4 with glacial acetic acid) 

and B (ACN) with a fl ow rate of 

1.8 mL/min.

Injection volume: 10 μL.

Detection: the detection 

program for dog plasma 

samples analysis: at 0 min, ex 

362 nm and em 425 nm; 

7.2 min, ex 375 nm and em 

560 nm; and 17 min, ex 362 nm 

and em 425 nm. Detection 

program for rat plasma samples 

analysis: at 0 min, ex 362 nm 

and em 425 nm; 11.8 min, ex 

375 nm and em 560; and 

17 min, ex 362 nm and em 425.

Retention times: 4.1, 6.1, 8.9 and 

10.4 min for irinotecan lactone, 

irinotecan carboxylate, SN-38 

lactone and SN-38 carboxylate, 

respectively in dog plasma and 

6.4, 7.7, 10.6, 12.5 and 14.0 min 

for irinotecan lactone, irinotecan 

carboxylate, SN-38 lactone and 

SN-38 carboxylate, respectively 

in rat plasma.

Total run time: 20 min.

Regression type: linear fi t with 

weighing factor (1/x or 1/x2).

Calibration range: 0–1.604, 

0–1.27 nmoL/mL for irinotecan 

(lactone and carboxylate) and 

SN-38 (lactone and carboxylate), 

respectively (r ≥ 0.999).

Absolute recovery: 88.6 ± 4.7 and 

85.6 ± 3.1% for irinotecan (lactone 

and carboxylate) and SN-38 

(lactone and carboxylate), 

respectively in dog plasma. The 

recovery in rat plasma was 77.1 ± 

7.3 and 89.8 ± 5.9% for irinotecan 

(lactone and carboxylate) and 

SN-38 (lactone and carboxylate), 

respectively.

Selectivity: no endogenous 

interference observed.

Accuracy and precision: found to 

be within the acceptable limits 

except for SN-38 carboxylate in 

dog plasma. Authors could not 

found the valid reasons for this 

deviation.

Stability: processed samples were 

found to be stable in autosampler 

for 24 h.

The stability of irinotecan and 

SN-38 lactone and carboxylate 

forms was assessed in 0.5 m 

phosphate buff er solutions at 

diff erent pH conditions under 

darkness at 25°C for 20 h and 

their stability established. 

Authors also established that, 

during sample collection, 

lactone and carboxylate forms 

of the analytes did not have 

equilibrium displacement or 

interchangeable hydrolysis of 

the two forms. The validated 

method was successfully 

applied to PK and toxicokinetic 

studies in rats and dogs 

following i.v. infusion of 

irinotecan.

SN-38 

(latone 

form)

Rivory et al., 

1998

Matrix: 100 μL human 

plasma.

Extraction: SPE and 

acidifi cation.

Internal standard: CPT 

(100 μL of 5 nM).

System: HPLC with fl uorescence 

detector.

Column: Nova-Pak Radial-Pak 

C18 (100 × 5 mm, 5 μm) coupled 

to a guard column (Guard-Pak, 

Nova-Pak).

Mobile phase: ACN–0.075 M 

ammonium acetate buff er (pH 

5.3), 23 : 77, v/v delivered at a 

fl ow rate of 1.5 mL/min.

Injection volume: 25 μL.

Detection: excitation was set at 

380 for both SN-38 and IS, 

whereas the emission was set at 

532 and nm for SN-38 and IS, 

respectively, to maximize the 

response.

Retention times: 4.0 and 5.1 min 

for SN-38 and IS, respectively.

Total run time: 8 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 10–500 pm or 

3.9–195 pg/mL (r2 ≥ 0.996).

Selectivity: during SPE clean-up the 

cartridges were eluted with MeOH 

and this has avoided the 

endogenous interference at the 

achieved LLOQ (10 pM).

Absolute recovery: 48.3 ± 15.8 and 

91.5 ± 4.5% at 10 and 500 pM, 

respectively for SN-38 and 

96.9 ± 6.4 for IS at 500 pM.

Accuracy and precision: within-day 

accuracy and precision ranged 

between 93.8–108.9 and 

1.8–16.5%, respectively, whereas 

the between-day accuracy and 

precision ranged between 

91.4–106.4 and 3.3–16.2%, 

respectively.

This method was applied to 

estimate the trough 

concentrations of SN-38 

following administration of 

irinotecan. Authors could 

estimate SN-38 levels before 

second cycle commencement. 

During the analysis irinotecan 

was not detected.
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Irinotecan, 

SN-38, 

SN-38G, and 

APC 

(lactone 

form)

Sparreboom 

et al., 1998b

Matrix: 250 μL of 

human plasma or 

250 μL plasma diluted 

urine (1 : 1, v/v). Feces 

samples were treated 

with perchloric acid 

and homogenized.

Following 

centrifugation, the 

supernatant was 

processed like urine 

sample.

Extraction: LLE with 

aqueous perchloric 

acid (5% w/v)–MeOH, 

1 : 1, v/v.

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Hypersil ODS (100 × 

4.6 mm, 5 μm) coupled to a 

guard column (LiChroCART, 4 × 

4 mm, 5 μm) maintained at 

50°C.

Mobile phase: MeOH: 0.1 m 

ammonium acetate containing 

tetrabutyl ammonium sulfate 

(30 : 70, v/v, pH 5.3 with HCl).

Injection volume: 100–200 μL.

Detection: excitation and 

emission wavelength set at 355 

and 515 nm, respectively.

Retention times: 7.08, 12.7, 17.9 

and 29.8 min for SN-38G, APC, 

irinotecan and SN-38, 

respectively.

Total run time: 35 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 2–200 ng/mL for 

plasma (r ≥ 0.998) and 100–

5000 ng/mL for urine (r ≥ 0.998) 

and feces (r ≥ 0.9991).

Lower limit of quantitation:

0.25 and 0.5 and 1.0 and 2.0 ng/mL 

for irinotecan and SN-38 lactone 

and total forms, respectively.

Selectivity: plasma collected from 

the patient prior drug 

administration did not endogenous 

interference at the retention times 

of the analytes.

Absolute recovery: 95.0 ± 4.3, 82.6 

± 4.2, 85.3 ± 5.3 and 99.3 ± 9.2% in 

plasma; 98.9 ± 11.2, 9.7 ± 4.6, 89.2 

± 12.4 and 98.1 ± 6.5% in urine and 

110.5 ± 8.3, 100.5 ± 5.1, 101.5 ± 9.3 

and 113.6 ± 4.7% in feces for 

SN-38G, APC, irinotecan and SN-38, 

respectively.

Accuracy and precision: found to 

be within the acceptable limits.

Following samples processing 

before injecting into HPLC 

system for analysis, authors 

diluted the supernatant in the 

mobile phase, which helped in 

baseline separation of a few 

analytes, improved extraction 

effi  ciency and decreased 

endogenous interference. The 

validated method was used in a 

Phase-I clinical and PK study of 

irinotecan in combination with 

cisplatin. Irinotecan was 

administered as an i.v. infusion. 

Blood, urine and feces samples 

were collected up to 48 h to 

perform PK analysis. 

Irinotecan 

and SN-38 

(both 

lactone and 

total forms)

de Bruijn 

et al., 1997

Matrix: 250 and 

1000 μL of human 

plasma for the 

quantitation of total 

and lactone forms, 

respectively (for both 

analytes).

Extraction: 

precipitation with 

aqueous perchloric 

acid–ACN, 1 : 1, v/v for 

the estimation of total 

form. LLE for the 

estimation of lactone 

form.

Internal standard: CPT 

100 μL of 25 ng/mL in 

MeOH–0.01 m aqueous 

HCl (2 : 3, v/v).

System: HPLC with fl uorescence 

detector.

Column: Hypersil ODS (100 × 

4.6 mm, 5 μm) coupled to a 

guard column (LiChroCART, 4 × 

4 mm, 5 μm) maintained at 

50°C.

Mobile phase: MeOH: 0.1 M 

ammonium acetate containing 

tetrabutyl ammonium sulfate 

(40 : 60, v/v) for the lactone form 

and 35 : 65, v/v (pH 5.5 with HCl) 

for total form.

Injection volume: 100 μL.

Detection: excitation and 

emission wavelength set at 355 

and 515 nm, respectively.

Retention times: 4.9, 6.5 and 

8.1 min for lactone form of 

irinotecan, CPT and SN-38, 

respectively; 8.3 and 15 min for 

total form of irinotecan and 

SN-38, respectively.

Total run time: 10 and 20 min 

for lactone and total forms, 

respectively.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 0.5–2000 and 

2–750 ng/mL for lactone and total 

forms (for both analytes), 

respectively (r ≥ 0.995).

Lower limit of quantitation: 0.25 

and 0.5 ng/mL and 1.0 and 2.0 

ng/mL for irinotecan and SN-38 

lactone and total forms, 

respectively.

Selectivity: plasma collected from 

the patient prior drug 

administration did not endogenous 

interference at the retention times 

of the analytes.

Absolute recovery: 91.5 ± 3.9, 

87.5 ± 8.7, 85.3 ± 5.3, 99.3 ± 9.2 and 

88.1 ± 5.1% for irinotecan lactone, 

SN-38 lactone, irinotecan total, 

SN-38 total and IS, respectively.

Accuracy and precision: found to 

be within the acceptable limits. 

Between-day and within-day 

precision values for both the 

analytes (both forms) were within 

15%, whereas the average accuracy 

ranged between −13.1 and +12.2%.

Stability: stable under battery of 

tests viz. autosampler (20 h), fi ve 

F/T cycles and long-term for 2 

months at −80°C.

The validated method was 

applied to phase I clinical PK 

study of irinotecan along with 

cisplatin in a cancer patient. 

Irinotecan was administered as 

an i.v. infusion.
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SN-38 

(lactone 

and 

carboxylate 

forms)

Kaneda 

et al., 1997

Matrix: 100 μL of rat 

plasma.

Extraction: 

precipitation with 

chilled MeOH and zinc 

sulfate.

Internal standard: no IS 

was used.

System: HPLC with fl uorescence 

detector.

Column: Puresil C18 (150 × 

4.6 mm, 5 μm) coupled to a 

guard column.

Mobile phase: 0.1 M ammonium 

acetate (pH 5.5)–ACN, 70 : 30, v/v 

containing 20 mm tetra-n-

pentyl-ammonium bromide at a 

fl ow rate of 1 mL/min.

Detection: excitation and 

emission wavelength set at 380 

and 540 nm, respectively.

Retention times: 4.5 and 5.8 min 

for SN-38 lactone and 

carboxylate, respectively.

Total run time: ~8 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 5–1000 and 

5–2500 ng/mL for lactone and 

carboxylate of SN-38, respectively 

(r2 ≥ 0.989 and 0.999 for lactone 

and carboxylate forms, 

respectively).

Selectivity: though endogenous 

peaks were observed around the 

retention time of lactone form, 

they did not aff ect the 

determination of lactone form.

Absolute recovery: 85.2 ± 1.2 and 

83.6 ± 2.6% for lactone and 

carboxylate, respectively.

Precision: intra-day precision value 

(CV%) for lactone at LLOQ and 

higher concentrations was 14.6 

and 5.1%, respectively and that for 

carboxylate was 10.8% at LLOQ 

and 4.9% at higher concentrations. 

Inter-day precision values for 

lactone and carboxylate were 13.7 

and 14.7%, respectively.

Accuracy: intra-day accuracy values 

(% RE) for lactone and carboxylate 

were within 7.2 and 4.3%, 

respectively. Inter-day values for 

lactone and carboxylate were 13.8 

and 7.2%, respectively.

Stability: lactone form was found 

to be stable for 6 h on ice and at 

room temperature, whereas 

carboxylate form was found to 

degrade by 72.6 and 57.7% on ice 

and at room temperature, 

respectively. When stored for 72 h 

at −30°C and −80°C, lactone form 

(96.2%) was more stable than 

carboxylate form (89.3%). As the 

injection solvent contained 50% 

MeOH, the carboxylate form easily 

converting to lactone form at room 

temperature and on ice.

During the sample preparation 

and chromatography, there was 

no inter-conversion of lactone 

to carboxylate and vice versa. 

Irinotecan 

and SN-38 

(lactone 

form)

Sumiyoshi 

et al., 1995

Matrix: 200 μL of 

human plasma.

Extraction: LLE with 

MeOH.

Internal standard: CPT 

(50 μL of 1.25 μg/mL).

System: HPLC with fl uorescence 

detector.

Column: TSK gel ODS- 80Ts (150 

× 4.6 mm, 5 μm) coupled to a 

guard column (TSK guradgel 

ODS-120T, 15 = 3.2 mm, 5 μm) 

maintained at 30°C.

Mobile phase: ACN–50 mM 

disodium hydrogen sulfate 

(28 : 72, v/v) with 5 mm hetpane 

sulfonate (pH 3.0).

Injection volume: 100 μL.

Detection: excitation and 

emission wavelength set at 380 

and 556 nm, respectively.

Retention times: 5.4, 7.3 and 

8.8 min for lactone form of 

irinotecan, SN-38 and IS, 

respectively.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 30–2000 and 

1–30 ng/mL for irinotecan and 

SN-38, respectively.

Lower limit of quantitation: 0.25 

and 0.5 ng/mL and 1.0 and 2.0 

ng/mL for irinotecan, SN-38 

lactone and total forms, 

respectively.

Selectivity: plasma collected from 

the patient prior drug 

administration did not endogenous 

interference at the retention times 

of the analytes.

Absolute recovery: 87, 90 and 90% 

for irinotecan, SN-38 and IS, 

respectively.

The validated method was 

applied to a PK study of 

irinotecan and SN-38 in patients 

with small-cell lung cancer 

following administration of 

irinotecan as an i.v. infusion 

(60 mg/m2).
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Table 1. Continued

Analyte(s) Authors Sample processing 

details

Chromatogrpahic conditions Validation parameters Applicable conclusions

Total run time: 12 min. Accuracy and precision: found to 

be within the acceptable limits. 

Between-day and within-day 

precision values for both the 

analytes (both forms) were within 

15%, whereas the average accuracy 

ranged between −13.1 and +12.2%.

Stability: stable under battery of 

tests viz. autosampler (20 h), fi ve 

F/T cycles and long-term for 2 

months at −80°C.

Irinotecan 

and SN-38 

(carboxylate 

and lactone 

forms)

Rivory and 

Robert, 1994

Matrix: 50 μL of human 

plasma.

Extraction: 

precipitation with 

100 μL of ice-cold 

methanol: ACN, 1 : 1, 

v/v mixture.

Internal standard: 

50 μL of CPT (0.05 μg).

System: HPLC with fl uorescence 

detector.

Column: Nova-Pak Radial-Pak 

C18 (100 × 5 mm, 4 μm) coupled 

to a guard column (Guard-Pak, 

Nova-Pak, C18).

Mobile phase: ACN–0.075 M 

ammonium acetate buff er 

(22 : 78, v/v) with 5 mm 

tetrabutyl ammonium 

phosphate delivered at a fl ow 

rate of 1.5 mL/min.

Injection volume: 5–20 μL.

Detection: excitation and 

emission wavelength set at 355 

and 515 nm, respectively.

Retention times: 4.1, 5.2 and 

6.5 min for carboxylate form of 

irinotecan, SN-38 and IS, 

respectively; 8.2, 9.3 and 

10.4 min for lactone form of 

irinotecan, SN-38 and IS, 

respectively.

Total run time: 12 min.

Regression type: linear fi t with 

weighing factor (1/x2).

Calibration range: 10 ng/mL to 

12.5 μg/mL for irinotecan lactone 

and carboxylate; 2 ng/mL to 

2.5 μg/mL for both SN-38 lactone 

and carboxylate (r ≥ 0.999).

Absolute recovery: 93.8 ± 2.1 to 

110.9 ± 10.6 and 89.6 ± 17.3 to 

105.1 ± 3.4 for irinotecan 

carboxylate and lactone, 

respectively; 94.6 ± 2.1 to 132.2 ± 

29.6 and 90.4 ± 5.8 and 105.8 ± 

15.1% for SN-38 carboxylate and 

lactone, respectively, whereas the 

recovery for IS was 101.1 ± 5.8%.

Accuracy and precision: found to 

be within the acceptable limits.

Stability: stable under battery of 

tests viz. autosampler (20 h), fi ve 

F/T cycles and long-term for 2 

months at −80°C.

Authors briefl y discussed 

method optimization to remove 

the interference of unknown 

peaks and importance of IS 

having structural similarity to 

the analytes. This method was 

used to derive the PK 

parameters of irinotecan and 

SN-38 in patients following 

administration of irinotecan i.v. 

infusion. During the analysis of 

patient plasma samples, authors 

noticed the presence of SN-38 

carboxylate (2.3 min) and 

lactone (2.9 min) peaks.

Irinotecan 

and SN-38 

(as lactone 

form)

Barilero 

et al., 1992

Matrix: 100 μL of 

human plasma.

Extraction: SPE. Before 

subjecting for SPE 

treatment plasma was 

treated with 850 μL of 

0.01 M HCl.

Internal standard: CPT 

(50 μL of 1 μg/mL).

System: HPLC with fl uorescence 

detector.

Column: Nucleosil ODS (300 × 

3.9 mm, 10 μm) coupled to a 

guard column (Nucleosil, 22 × 

3.5 mm, 10 μm).

Mobile phase: isocratic mobile 

phase comprising ACN–0.1 M 

KH2PO4 (34 : 66, v/v) with 3 mM 

sodium hetpane sulfonate (pH 

4.0 with 1 M HCl).

Detection: excitation and 

emission wavelength set at 380 

and 500 nm, respectively.

Retention times: 5.5, 7.2 and 

9.0 min for irinotecan, SN-38 

and IS, respectively.

Total run time: 10 min.

Regression type: linear fi t.

Calibration range: 1 ng/mL to 

10 μg/mL (r2 ≥ 0.9997 and 0.9958 

for irinotecan and SN-38, 

respectively).

Absolute recovery: 84 ± 8, 99 ± 3 

and 72 ± 4% for irinotecan, SN-38 

and IS, respectively.

Accuracy and precision: within-day 

precision RSDs were 13 and 12.8% 

for irinotecan and SN-38, 

respectively; whereas the mean 

accuracies were 103.5 and 94.9% 

for irinotecan and SN-38, 

respectively. The mean between-

day RSDs were 7.9 and 9.7% for 

irinotecan and SN-38, respectively; 

with accuracies of 106.4 and 94.3% 

for irinotecan and SN-38, 

respectively.

The validated method was 

applied to generate the plasma 

concentration–time profi les for 

irinotecan and SN-38 following 

i.v. infusion of irinotecan. Key PK 

parameters viz. Vd, Cl and AUC 

were determined.

ACN, acetonitrile; APC, 7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino]carbonyloxycamptothecin; AUC(0–t), area under the plasma concentration vs time curve 

from time zero to last time point measurable; AUC(0–∞), area under the plasma concentration vs time curve from time zero to time infi nity; Cmax, peak plasma concentra-

tion; CPT, camptothecin; CV, coeffi  cient of variation; DCM, dichloromethane; DMEM, Dulbecco’s modifi ed Eagle’s medium; ex, excitation; em, emission; HCl, hydrochloric 

acid; H3PO4, phosphoric acid; i.p, intraperitoneal; i.v., intravenous; Km, concentration of substrate that gives half-maximal activity; KH2PO4, potassium dihydrogenphos-

phate; LLE, liquid–liquid extraction; MeOH, methanol; NPC, 7-ethyl-10-(4-amino-1-piperidino)carbonyloxycamptothecin; PBS, phosphate buff er saline; PK, pharmaco-

kinetics; r, correlation coeffi  cient; r2, coeffi  cient of determination; RBC, red blood cells; RE, relative error; RSD, relative standard deviation; SN-38, 

7-ethyl-10-hydroxycamptothecin; SN-38G, SN-38 glucuronide; SPE, solid-phase extraction; Tmax, time for the attainment; t½,β, elimination half-life; TBAHS, tetrabutylam-

monium hydrogen sulfate; TBAP, tetrabutylammonium phoshphate; TBME, tert-butyl methyl ether; TEA, triethylamine; UV, ultraviolet; Vd, volume of distribution; Vmax, 

maximum velocity or rate at which the enzyme catalyzed a reaction. 1
1
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role of renal function to aid in the prediction of irinotecan-

induced drug toxicity. In the study, clinical data from about 131 

patients with standard recommended doses of irinotecan pro-

vided direct evidence of the association of renal function with 

both occurrence and gradation of hematological toxicity (i.e. 

neutropenia) (de Jong et al., 2008). In particular, the association 

of grades 3 or 4 neutropenia tended to directly correlate with the 

individual’s drop in creatinine clearance. For example in patients 

with creatinine clearance of 35–66 mL/min, almost 58% of the 

patients manifested grade 3 or 4 neutropenia in sharp contrast 

to patients with normal creatinine clearance (>130 mL/min), 

where only 14% of patients showed grade 3 or 4 neutropenia (de 

Jong et al., 2008). The data from this recently published study 

suggest that one has to pay attention to renal function, especially 

for irinotecan and other CPT analogs (de Jong et al., 2008).

Pediatric Pharmacokinetics of Irinotecan and Metabolites

Thompson et al. (2008) reported a population pharmacokinetic 

model for irinotecan and four metabolites. The modeling exercise 

carried out in this work was supported by data from 82 patients 

(1–21 years of age). Both systemic clearance (CL) and steady-state 

volume of distribution (Vss) were scaled using allometric 

approaches. In the model, age and bilirubin levels (pre-

treatment) served as co-variates (Thompson et al., 2008). While 

the developed model was shown to have striking similarity when 

compared with the adult population pharmacokinetic model 

that was previously reported for irinotecan (Klein et al., 2002), it 

also independently confi rmed that co-variates of age and biliru-

bin were important to predict toxicity of irinotecan (Thompson 

et al., 2008). The pediatric model unambiguously supported the 

current daily dosing schedule used for irinotecan in pediatric 

patients (Thompson et al., 2008).

Drug–drug Interaction Potential of Irinotecan 

in HIV Patients

Corona et al. (2008) have shown clinically meaningful drug–drug 

interaction when lopinavir–ritonavir combination was co- 

administered with irinotecan in HIV patients affl  icted with 

Kaposi’s sarcoma. This study involved detailed evaluation of the 

pharmacokinetics of irinotecan and its major metabolites when 

irinotecan was given by itself and in the presence of liponavir–

ritonavir combination to HIV patients. The exposures of irinote-

can (i.e. AUC0–∞) increased by almost 2-fold and that of SN-38 

increased by almost 3-fold upon the co-administration of irino-

tecan with the anti-retroviral combination therapy of lopinavir–

ritonavir (Corona et al., 2008). In both instances, the half-life value 

for either irinotecan or SN-38 was not aff ected by the combina-

tion (Corona et al., 2008). The formation of SN-38 glucuronide 

conjugate was also increased by 2-fold without any alteration in 

the half-life by the liponavir–ritonavir combination (Corona et al., 

2008). However, APC exposure was drastically reduced by almost 

6-fold without any noticeable change in the half-life value due to 

the co-administration of the liponavir–ritonavir combination. The 

authors postulated that liponavir–ritonavir combination could 

inhibit multiple excretory pathways controlled by UGT1A1 and 

P-gp effl  ux pumps, besides the traditional CYP3A4 system. 

Additionally, greater than 2-fold accumulation of parent and key 

metabolites (SN-38 and SN-38 conjugate) may pose signifi cant 

safety risks if patients are not closely monitored and/or if dose 

reduction of irinotecan is not instituted (Corona et al., 2008).

Bioanalytical Considerations

Avoidance of Plasma Interference

Although not reported for irinotecan and/or SN-38, Liu et al. 

(2008) found an unusual interference when they used a protein 

precipitation method to process the incurred samples of an 

analog of CPT and they attributed this interference to an uniden-

tifi ed metabolite. Interestingly, they were able to completely 

eliminate the recovery of the interference peak by a careful selec-

tion of a specifi c organic solvent. In this example, six organic 

solvents namely of t-butylmethylether, dichloromethane, diethyl 

ether, ethyl acetate, n-hexane and isopropanol were evaluated 

and diethyl ether was chosen as the solvent of choice (Liu et al., 

2008).

Peak Shape Issues

Hu et al. (2007) observed that shape of peaks corresponding to 

SN-38 and internal standard (CPT) were slightly skewed to the 

right (asymmetry coeffi  cients were mild ranging between 1.03 

and 1.10 (Hu et al., 2007). However, the peak corresponding to 

irinotecan was drastically skewed (asymmetry coeffi  cients were 

between 1.15 and 1.31). The authors did not rectify the peak 

shape since the quantitative aspects of irinotecan, SN-38, and/or 

internal standard appeared to be least aff ected by the observed 

peak shapes. The authors speculated that the low pH of the 

mobile phase may have contributed for the observed asymmetry 

in peak shapes (Hu et al., 2007). An earlier work of Poujol et al. 

(2003) also observed somewhat higher skewness in the peak 

shapes of both irinotecan (asymmetry coeffi  cient of 1.27) and 

APC (asymmetry coeffi  cient of 1.23) (Poujol et al., 2003).

Contamination of Plasma with Red Blood Cells

De Jong et al. (2003) carried out an interesting study that dem-

onstrated that irinotecan but not SN-38 had the propensity to be 

taken up preferentially by red blood cells (RBC) in human cancer 

patients. Therefore, one has to be cognizant that hemolyzed 

plasma and/or hemolyzed serum may artifactually infl ate the 

concentration of irinotecan. However, de Jong et al. (2003) noted 

that small contamination of RBC with plasma (approximately 

3–4%) should not aff ect the quantitative determination of either 

irinotecan or SN-38 (de Jong et al., 2003).

Stability Concerns for Key Metabolites

The work of Poujol et al. (2003) sheds some interesting perspec-

tives with regard to stability problems of the key metabolites of 

irinotecan. APC was found to be most unstable among the 

metabolites of irinotecan. When stored and/or taken up by acidic 

extracts, a dramatic reduction of approximately 39–50% of the 

absolute area was noted within 24 h at ambient temperature. 

Although the degradation of APC was minimized when the tem-

perature was held at 10°C, it still accounted for 10–22% losses 

within a day. Interestingly, the loss of APC appeared to be cor-

related with the increase in NPC levels, suggesting a partial con-

version of APC into NPC in acidic extracts. The glucuronic acid 

conjugate of SN-38 (SN-38G) in acidic extracts showed stability 

at the lowest spiked level at ambient temperature for 48 h. In 

contrast, the two higher spiked levels of SN-38G showed massive 

degradation (approximately 80% loss) within 24 h at ambient 

temperatures. However, the use of lower temperatures (4 and 
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10°C) appeared to render SN-38G stable for at least 72 h (Poujol 

et al., 2003).

SN-38-related Stability Issues

In order to quantify the intracellular levels of SN-38 lactone form, 

Sano et al. (2003) had to determine the stability of SN-38 in 

various solutions to permit the HPLC determination of the SN-38 

solution. The various solutions that were used in this experiment 

included: water (pH 6), PBS (pH 7.4), human plasma (pH 7.4) and 

RPMI 1640 medium (pH 7.4). In water SN-38 appeared to be 

stable for a 3 h period, but in other media there was a rapid loss 

of SN-38 (>50% loss within 1 h) (Sano et al., 2003). During the 3 h 

duration, the loss of SN-38 was >95% for the RPMI media and 

ranged between 75 and 90% loss for PBS and human plasma 

systems (Sano et al., 2003).

Inter-conversion of Lactone to Carboxylate Forms

The work of Sano et al. (2003) succinctly described the inter-

conversion phenomenon occurring between lactone and car-

boxylate forms of new CPT derivatives, including SN-38. The data 

also suggested a signifi cant accumulation of both forms of CPT 

in the intracellular targets, although the levels of lactone form 

appeared to be generally higher (Sano et al., 2003). Regardless of 

the type of CPT analog, the lactone form was stable at pH 6.0 and 

below. As the pH increased from 6.0, the conversion of lactone 

to carboxylate form became evident and at pH 8.0 and above the 

predominant species present was the carboxylate form of CPT 

(Sano et al., 2003). It should be noted that, although lactone form 

was stable at pH 6.0, a negligible conversion of carboxylate to 

lactone form still continued to occur until it reached pH 3.0 (Sano 

et al., 2003). Earlier work of Boyd et al. (2001) confi rmed the 

importance of pH in the inter-conversion between lactone and 

carboxylic acid forms of CPTs. While pH 5.0 showed the greatest 

stability, pH 9.0 showed rapid conversion of lactone to carboxyl-

ate forms within a few hours (Boyd et al., 2001). It was also shown 

that chilling samples at 4°C could perhaps help to sustain the 

stability of lactone for approximately 6 h even at a physiologi-

cally relevant pH of 7.4 (Boyd et al., 2001).

Discussion

Along with topotecan, irinotecan has been the only other topoi-

somerase I inhibitor in the market for over a decade now. 

Irinotecan has not only fi lled the important void of an active 

cytotoxic agent with a diff erent mechanism of action, but also 

provides combination opportunities with other existing drugs 

and/or with other investigational drugs in various treatment 

modalities for cancer. The availability of a plethora of completely 

validated bioanalytical methods has paved the way for charac-

terization of the pharmacokinetic profi le of irinotecan in various 

preclinical species and human subjects. Therefore, depending on 

the sensitivity needs and objectives of the investigational proto-

col including the intended matrix there is an opportunity to 

select a specifi c methodology (HPLC vs LC-MS/MS) applicable to 

irinotecan alone, irinotecan in combination with SN-38 or irino-

tecan in combination with SN-38 and other metabolites.

As it is a typical requirement in the modern day bioanalysis 

fi eld, it is important to ensure that specifi city issues do not inter-

fere in the performance of the assay, especially if one adopts a 

published validated method for irinotecan and/or its metabo-

lites. Therefore, additional validation experiments may be needed 

to address the interference issue(s) if other co-medications are 

given along with irinotecan in cancer patients. Such additional 

experiments may have to be planned to address both chroma-

tography interference and mass spectral interference. Also, spe-

cifi cally related to LC-MS/MS assays, one needs to be cognizant 

of whether or not other co-medications are contributing towards 

causing signifi cant matrix eff ects and if so, appropriate measures 

are put in place to minimize and/or eliminate such matrix eff ects 

(Srinivas, 2009a).

Future Perspectives

The repository of bioanalytical methodology and its associated 

nuances published on irinotecan, SN-38 and other metabolites 

may fi nd use in adapting to an appropriate assay procedure 

without having to spend signifi cant amounts of time and 

resources on method development/validation activities. Since 

many delivery devices including oral formulations of SN-38 with 

advanced technologies are being explored, the listed assays in 

this review would come in handy to characterize the pharmaco-

kinetic attributes and verify the appropriateness of such novel 

delivery systems and/or formulations to achieve the intended 

systemic exposure level. As always, the availability of LC-MS/MS 

assays for the bioanalysis of irinotecan may also aid in easy adap-

tation of the assay if newer metabolite(s) of either irinotecan and/

or SN-38 is identifi ed. It may also be possible that the sensitivity 

limits of the assays for irinotecan and/or SN-38 may be further 

improved to quantify the intracellular levels of the drug and/or 

active metabolites in resistant tumor models, which may have an 

over-expressed transporter system(s). In this regard the summa-

tion approaches of multiple MRM transition pairs in LC-MS/MS 

may greatly aid in the improvization of sensitivity needed for 

intracellular determination of irinotecan and/or its metabolites 

(Srinivas, 2009b; Manjunath Swamy et al., 2009).
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