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nd low-cost spectrophotometric
method for irinotecan quantification in human
plasma and in pharmaceutical dosage forms†

Georgia Eleni Tsotsou, * Panagiota Gkotzamani,‡ Victoria Petro,‡
Ariadne Argyropoulou and Petros Karkalousos

Irinotecan is an anticancer drug for which significant benefits from personalised dosing are expected. Quick

procedures are therefore essential for monitoring irinotecan in treated patients. The objective of this work

was to develop and validate a rapid and simple visible spectrophotometric method for quantitative

determination of irinotecan in pharmaceutical dosage forms and to further investigate its usefulness for

irinotecan analysis in plasma. Based on the shift of the irinotecan 355/368 nm-peak at very low pH (0.2)

to 400 nm, we established a linear relationship between absorbance at 400 nm and irinotecan

concentration in dilutions of an irinotecan solution for injection (R2 $ 0.999) and in plasma containing

irinotecan (R2 $ 0.995). Background absorbance correction at 455 nm was essential to minimise

background interference, solely in plasma samples. We fully validated the assay for quality control of the

irinotecan solution in the injection dosage form: the standard curve was linear over the concentration

range of 0.90 to at least 37.00 mg ml�1. The CV% on all quality control levels was determined to be

#5.81% for repeatability and #6.62% for intermediate precision. Recovery was between 96.5% and

101.9%. Upon comparison with the LC/UV method, we demonstrated very good agreement and

acceptable bias between the two methods (slope 0.973, y-intercept 0.0064). Similarly, the technical

parameters of the assay in plasma satisfied international guidelines for method validation: the useful

analytical range was determined to be between 0.93 and at least 10.00 mg ml�1. This is suitable for

quantifying irinotecan in the plasma of treated patients, in the upper region of its therapeutic window, to

decide whether dose adjustment is required. Repeatability and intermediate precision (CV%) were within

4.49% and 9.91%, respectively. Recovery was between 96.3% and 103.8%. There was a lack of significant

interference by mild hemolysis or by icterus. Irinotecan extraction efficiency from plasma was within

77.9–68.5%. Our results indicated that the proposed method allows quantitative determination of

irinotecan plasma levels with acceptable analytical characteristics. The advantages of the proposed

method in both matrices, in terms of specificity, rapidity, simplicity, environmental impact and cost

effectiveness, are discussed.
Introduction

Irinotecan (7-ethyl-10-[4-(1-piperidino)-1-piperidino]-
carbonyloxy-camptothecin or CPT-11) is a semi-synthetic anti-
neoplastic prodrug agent and is a water-soluble analogue of the
natural product camptothecin. Irinotecan is converted in vivo by
carboxylesterase to its active metabolite SN-38. SN-38 and iri-
notecan bind to the mammalian topoisomerase I–DNA
complex, preventing re-annealing, causing double strand DNA
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breaks and thus leading to cell death. SN-38 is 100–1000 times
more potent than irinotecan. SN-38 peak serum levels achieved
in humans are, however, 100 to 75-fold lower than the corre-
sponding irinotecan concentrations, depending on therapeutic
regimen specicities.1–4 Large interindividual pharmacokinetic
variability has been elucidated for irinotecan, which in combi-
nation with a narrow therapeutic window and dose-dependent
adverse effects, are mandating individualised patient
treatment.5

Many HPLC methods for quantitative determination of iri-
notecan and its metabolites in biological uids or cell lysates
and for analysis of irinotecan dosage forms have been reported
in the literature. They were coupled with UV detection for
analysis of irinotecan dosage forms, or mainly with MS or
uorescence detection for irinotecan analysis in biological
uids.3,6–9 A method based on solid phase extraction coupled
This journal is © The Royal Society of Chemistry 2021
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with differential pulse voltammetry has recently been proposed
for irinotecan quantication in plasma for personalised dose
optimisation purposes.10 Additionally, the uorescence char-
acteristics of irinotecan have been exploited for its direct
determination in biological uids and pharmaceuticals.11–14 In
recent publications, uorescent imprinted nanopolymers were
designed, specically detecting irinotecan in deproteinised
plasma at clinically relevant concentrations,11 while the distinct
pH-dependent uorescence properties of irinotecan and SN-38
have been used to selectively quantify each compound at clin-
ical concentrations.14

A review of irinotecan absorbance-based assays yielded two
publications proposing its direct quantitative determination in
pharmaceutical dosage forms. The rst assay relies on irinote-
can absorption at 247 nm.15 The second method is based on the
formation of ion pair complexes of the drug with two acidic
dyes, bromocresol green and bromophenol blue, in acidic
buffer solutions, followed by their extraction in chloroform,
before measuring the absorbance of the organic layer.16 No
absorbance-based method for irinotecan analysis in plasma has
been proposed.

Two pKa values have been experimentally determined for iri-
notecan. The pKa value for the piperidino group has been re-
ported in the range of 8.7–8.93 (ref. 17 and 18) (pKa2), while that
for the quinoline functionality is at 2.08 (ref. 18) (pKa1). Irinote-
can can exist in a neutral form (Fig. 1, structure C) or mono-
cationic (Fig. 1, structure B) or di-cationic (Fig. 1, structure A)
form, whose relative abundance depends on the medium's pH.19

Aqueous solutions of irinotecan in the neutral or mono-cationic
form display characteristic spectra with absorption maxima at
around 355 and 368 nm (double peak). Protonation of the
quinolinemoiety, at the N1 atom, at a pH as low as 1.11 generates
di-cationic irinotecan species (Fig. 1, structure A), with a lmax of
400 nm, at equilibrium with the mono-cationic species (Fig. 1,
structure B), the latter prevailing at pH 2.61.19 Similarly, a red
shi of the absorption bands of CPT (pKa¼ 1.14) and 10-CPT (pKa

¼ 1.8) by 35–40 nm has been observed as a result of protonation
of the quinoline moiety.20 Upon further signicant lowering of
the pH to 0.2 where, based on a pKa2 of 2.08, irinotecan should
practically exist exclusively in its diprotonated form, we observed
a total shi of the 355/368 nm double peak to 400 nm. In this
work we demonstrate the linear relationship between absorbance
at 400 nm at pH 0.2 and irinotecan concentration in aqueous
solutions of pharmaceutical dosage forms and in treated plasma
samples containing irinotecan. We also investigate the analytical
parameters of the proposedmethod for irinotecan quantication
in the two matrices.
Fig. 1 Structure of the irinotecan molecule in the dicationic (A),
monocationic (B) and neutral (C) form, with respect to pKa values.

This journal is © The Royal Society of Chemistry 2021
Results and discussion
Spectrophotometric method development

The partial shi of the camptothecin broad absorption peak at
355/368 nm to higher wavelengths, upon pH change towards
strongly acidic values, has been described in the literature.19,20

Upon further signicant lowering of the pH to about 0.2 we
observed light green colouration of the solution with a full shi
of the 355/368 nm peak to 400 nm (Fig. 2A and B). No additional
peaks in the visible region were observed. The irinotecan molar
extinction coefficient (3) plot vs.wavelength at different pH values
where the drug is present in the monocationic (pH 4.9) or the
dicationic form (pH 0.2), or as a mixture of the two forms (pH 2.0
and 1.25) is displayed in Fig. 2A. We determined two isosbestic
points, at 375 and 305 nm, in accordance with the literature.19

The molar extinction coefficient of irinotecan at 400 nm in water
and at pH 0.2 (i.e. 3 of the dicationic form) was calculated to be
22 823 M�1 cm�1. We evaluated whether irinotecan absorbance
at 400 nm at very low pH values can be applied to the quanti-
cation of irinotecan, in plasma or in pharmaceutical dosage
forms, by investigating the correlation between the absorption of
the resulting green product and the concentration of irinotecan
in treated plasma or in treated aqueous dilutions of pharma-
ceutical dosage forms. In all plasma experiments, plasma was
prepared from blood and spiked with the drug before processing
(HCl/NaCl/centrifugation), as in the Experimental section.
Fig. 2 (A) Extinction coefficient vs. wavelength plot for irinotecan at
different pH values (aqueous solution containing 20.0 mg ml�1 irino-
tecan). Dashed line, pH 4.9; dotted line, pH 2.0; dotted-dashed line, pH
1.25; solid line, pH 0.2. (B) Vis absorbance spectra of HCl/NaCl-treated
plasma at pH 0.2, where an extra peak at 400 nm is observed in plasma
containing irinotecan (solid line, 10.0 mg ml�1) when compared to the
blank plasma matrix (dotted line).

Anal. Methods, 2021, 13, 258–266 | 259
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Deproteination prior to measurement was deemed necessary
to remove interfering proteins upon irinotecan determination
in plasma. We found that pretreating irinotecan in plasma with
acetonitrile (1 part plasma plus 2 parts acetonitrile), as
commonly used in the state-of-the art, with subsequent acidi-
cation was sufficient for deproteination. However, a pre-
treatment procedure based simply on plasma acidication in
the presence of sodium chloride was preferred, since it intro-
duced lower sample dilution. The addition of sodium chloride
was imperative to retain sample clarity for a few hours. In its
absence, fast turbidity formation was apparent in plasma
samples processed solely by acidication.

In the case of irinotecan analysis in plasma, absorbance was
measured simultaneously at two wavelengths, a primary (A1: 400
nm) and a secondary (A2:455 nm) wavelength, to compensate for
the effects of turbidity (light scattering) developing under the
conditions of the assay. Standard curves were based on the (A1–
A2) difference, as described in detail in the Experimental section
of this article.

The plots of absorbance of the coloured product versus iri-
notecan concentration in plasma or aqueous solutions
demonstrated a strong positive, linear correlation (Fig. 3A and
B). They therefore validated the absorption of the coloured
product as a measure of irinotecan concentration. The residual
Fig. 3 Calibration plots of irinotecan in HCl/NaCl-treated plasma (A)
and in HCl-treated aqueous solution (B), where the absorbance
difference (A400 nm � A455 nm) or the absorbance at 400 nm is
plotted against irinotecan concentration in standards. The correlation
coefficient (R2), equation of linear fitting and Residual Sum of Squares
(RSS) are given.

260 | Anal. Methods, 2021, 13, 258–266
sum of squares was very low (in the range of 10�4 to 10�5) for
both ttings, indicating a very tight t of the linear model to the
experimental data.

Spectrophotometric method validation

Aer linearity was established, the new spectrophotometric
method was validated as per the ICH21 in terms of the useful
analytical range, specicity, accuracy, precision (repeatability
and intermediate precision), limit of detection and limit of
quantitation. In particular, accuracy was determined by bias
calculation upon standard concentration back-calculation,
recovery studies and method comparison studies. Separate
validation studies were performed for the assay in plasma and
the assay in aqueous solutions of pharmaceutical dosage forms.

Useful analytical range, precision, LOD and LOQ

The useful analytical range, precision, LOD and LOQ of the
proposed method are listed in Table 1, where relevant valida-
tion characteristics were established across the specied range
of the analytical procedure (pharmaceutical dosage form
matrix) or across the upper region of the irinotecan therapeutic
window (plasma matrix).

Calibration curves prepared on different days showed good
linearity and acceptable results of the back-calculated concen-
trations over the validated range of 0.90–37.00 mg ml�1 for
aqueous dilutions of irinotecan and 0.93–10.00 mg ml�1 for
irinotecan determination in plasma. Pearson's coefficient of
determination R2 was$0.995 for all replicates in both matrices.
For all standards employed in all replicate calibration curves
within the validation experiments, the standard concentration
was back-calculated within�7.6% and�10.8% of their nominal
concentration (�14.5% and �19.6% at the LOQ) in aqueous
dilutions of irinotecan and in plasma, respectively, indicating
acceptable assay accuracy (bias(%)). Precision, expressed as
CV%, on all quality control levels was determined to be#5.81%
and#4.49% for repeatability as well as#6.62% and#9.91% for
intermediate precision in the aqueous and plasma matrix,
respectively. Thus, repeatability and intermediate precision of
the method proposed herein were both acceptable across the
useful analytical range in both matrices. The very comparable
technical characteristics (i.e. performance) of the assay in
aqueous solutions of the irinotecan dosage form and in
irinotecan-spiked human plasma are a good indication of the
specicity of the assay in plasma.

The LOD and LOQ were determined to be 0.30 and 0.90 mg
ml�1, respectively, and the useful analytical range of the spec-
trophotometric assay was quite sufficient for irinotecan quan-
titative determination in pharmaceutical dosage forms.

The expected irinotecan concentration range in patient
plasma aer standard dose administration and subsequent
elimination is approximately 15 ng ml�1 to 4 mg ml�1.1–4 The
useful analytical range of the method proposed herein in
plasma is 0.93 to at least 10.00 mg ml�1, covering only the upper
region of irinotecan clinical concentrations and the therapeutic
window. The irinotecan total AUC is widely considered an
essential pharmacological parameter for calculation of body
This journal is © The Royal Society of Chemistry 2021
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Table 1 Parameters of the analytical performance of the proposed spectrophotometricmethod in aqueous dilutions of a solution for injection or
in plasmaa

Aqueous dilution of irinotecan solution for injection Irinotecan in plasma

Intermediate precision Intermediate precision

Nominal [irinotecan], mg ml�1 CV% (n) C.I. (95.4%) Nominal [irinotecan], mg ml�1 CV% (n) C.I. (95.4%)
1.80 3.66 (n ¼ 8) 1.68–1.95 0.90 5.57 (n ¼ 7) 0.77–0.96
2.00 6.62 (n ¼ 8) 1.82–2.38 1.00 9.91 (n ¼ 6) 1.00–1.49
5.00 2.64 (n ¼ 8) 4.73–5.26 3.50 4.03 (n ¼ 6) 3.12–3.66
12.00 3.16 (n ¼ 6) 10.75–12.20 5.00 1.25 (n ¼ 6) 4.89–5.15
24.00 4.21 (n ¼ 6) 21.62–25.60

Repeatability Repeatability

Nominal [irinotecan], mg ml�1 CV% (n) C.I. (95.4%) Nominal [irinotecan], mg ml�1 CV% (n) C.I. (95.4%)
1.80 5.81 (n ¼ 10) 1.44–1.82 0.90 3.42 (n ¼ 7) 0.81–0.93
2.00 5.30 (n ¼ 9) 1.70–2.10 1.00 4.49 (n ¼ 7) 0.91–1.09
5.00 1.46 (n ¼ 10) 4.74–5.03 3.50 0.99 (n ¼ 8) 3.42–3.56
12.00 0.57 (n ¼ 10) 11.61–11.87 5.00 0.44 (n ¼ 8) 5.07–5.16
36.36 1.25 (n ¼ 10) 32.55–34.22 7.00 0.37 (n ¼ 7) 6.77–6.87

Linearity Linearity

R2 (coefficient of linearity) $0.999 (n ¼ 13) R2 (coefficient of linearity) $ 0.995 (n ¼ 10)
Range, mg ml�1 0.90 to at least 37.00 Range, mg ml�1 0.93 to at least 10.00
LoD, mg ml�1 0.30 LoD, mg ml�1 0.31
LoQ, mg ml�1 0.90 LoQ, mg ml�1 0.93

Recovery Recovery

Nominal [irinotecan],
mg ml�1

Recovery
(%)

Nominal [irinotecan],
mg ml�1

Recovery
(%)

2.50 96.5 1.08 103.8
5.00 98.4 2.75 96.3
7.50 101.9 4.50 99.6
11.00 99.9 5.25 103.3
15.00 100.2
17.00 100.1
24.00 98.1

a n ¼ number of replicates, CV ¼ coefficient of variation, C.I. ¼ condence interval.
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clearance of the drug and correlates to the SN-38 AUC and
antitumor activity.22,23 Pharmacokinetic modelling studies have
demonstrated that the irinotecan total AUC can be predicted
adequately using three timed plasma samples, within the rst
5.5 h or 6 h aer drug infusion.2,24 Within this time range, iri-
notecan levels are typically above or at the LOQ of the assay
proposed herein in the plasma matrix.2,24 Additionally, quanti-
fying irinotecan in the plasma of treated patients within 0.5–
3.0 h from drug infusion, when irinotecan levels are in the
upper region of the therapeutic window, is considered sufficient
to decide whether a subsequent dose adjustment is required.10

Our assay in plasma may thus be useful for the purposes of
personalised dose adjustment or for calculating the irinotecan
AUC based on PK models.

Stabilities

We found that HCl-treated aqueous dilutions of the irinotecan
solution for injection at pH 0.2 remained stable at RT in the
This journal is © The Royal Society of Chemistry 2021
dark, for at least two weeks. Irinotecan in HCl/NaCl-treated
plasma remained stable at RT for at least 3 hours and in
a�20 �C freezer for a period of at least 2 weeks. A mild turbidity,
apparent to the eye, was developed aer storage of HCl/NaCl-
treated plasma for several hours at RT. Quantitative determi-
nation of irinotecan in mildly turbid samples was sufficiently
accurate and precise when the standards used for calibration
were stored under the same conditions, having also developed
a mild turbidity. In concludion, the stability of the treated
samples in both matrices was quite sufficient for analytical
purposes.

Interferents' effect

The effect of interferents (hemolysis and icterus) on analyte
recovery upon irinotecan determination in plasma was investi-
gated. This effect was not expected to be signicant since the
plasma blank contribution to absorbance is taken into account
in the proposed assay protocol, through the usage of a second
Anal. Methods, 2021, 13, 258–266 | 261
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wavelength (455 nm). We did not investigate the effect of lipe-
mia since high-speed centrifugation (10 000 � g for 15 min),
incorporated in our protocol, is appropriate for lipemia removal
in plasma samples.25 The tted linear data in the calibration
plots obtained for each interferent and the baseline sample
were described by the following equations:

Icteric serum: A(400–455 nm) ¼ 0.0450 [irinotecan, mg ml�1] �
0.0077, R2 ¼ 0.999.

Mildly-hemolysed plasma: A(400–455 nm) ¼ 0.0385 [irinotecan,

mg ml�1] + 0.0022, R2 ¼ 0.999.

Non-icteric, non-hemolysed plasma: A(400–455 nm) ¼ 0.0419

[irinotecan, mg ml�1] � 0.0040, R2 ¼ 0.999.

In all cases there was a lower than 10% difference in the
slope of the calibration curves in the presence of the interfer-
ents relative to their absence, indicating a non-signicant effect
of likely interferents on the proposed assay. Moreover, the
calculated change (bias) in the analyte concentration for each
irinotecan concentration investigated (Table 2) was found to be
lower than �10%, indicating an acceptable bias.

No interference of the excipients used in the solution for
injection under test, namely lactic acid, sorbitol and potassium
hydroxide, was noted in either matrix. Other common excipi-
ents used in the pharmacopeia were not expected to interfere,
due to their loss of solubility at the extreme pH of the assay or
when judging based on the presumed mechanism of colour
change.
Extraction efficiency

It is reported that irinotecan remains bound in the blood mainly
to plasma proteins (47%) and erythrocytes (33%).26 The very good
linear relationship we observed between the nominal standard
irinotecan concentration in plasma and measured absorbance
indicates a constant irinotecan loss when applying the proposed
assay in plasma. Indeed, when we evaluated irinotecan extraction
efficiency fromplasma by theHCl/NaClmethod, using duplicates
at nine QC concentrations, we found it to be in the range of 77.9
(at LOQ) – 68.5% (at 10 mgml�1 irinotecan). In all cases, duplicate
extraction recoveries did not differ by more than 6.5%. Literature
Table 2 Bias calculated upon determination of the irinotecan
concentration in icteric serum or hemolysed plasma samples, relative
to the absence of interferents

[Irinotecan],
mg ml�1

Icteric Samples Hemolysates

Bias% Bias%

2.13 +1.22 +6.56
4.24 +2.59 �2.71
6.35 +4.60 �6.77
8.44 +5.57 �8.7
10.52 +6.37 �7.95
12.59 +7.23 �7.36
14.65 7.24 �5.41

262 | Anal. Methods, 2021, 13, 258–266
studies have conrmed similar extraction recoveries from
plasma, irrespective of the irinotecan concentration: published
recoveries were 66–70% upon deproteinization with three
volumes of 0.1% acetic acid in methanol relative to the plasma
sample volume or with one volume of acetonitrile relative to the
plasma sample volume.3,10,27

Comparison of the spectrophotometric method with the
HPLC method

In order to further evaluate the analytical performance of the
proposed method in aqueous dilutions of pharmaceutical
dosage forms against a standard method, a scatter plot was
constructed aer analysing aqueous dilutions of the irinotecan
solution for injection by the proposed method in parallel with
a validated literature method, based on LC/UV. Correlation
analysis demonstrated a linear relationship between the two
series of measurements (Fig. 4) with each of the methods – LC/
UV and the proposed photometric method – (R2 ¼ 0.995), in
aqueous dilutions of a pharmaceutical dosage form. The slope
was determined to be close to 1 (0.973), while the y-intercept
was 0.0064, demonstrating very good agreement and acceptable
bias between the two methods. The residual sum of squares was
low (6.7), indicating a good linear relationship between the
concentrations determined by the two methods.

Our results above have validated the proposed spectropho-
tometric method for determining the irinotecan concentration
in the plasma, within the upper region of its therapeutic
window. They have also validated the same method for deter-
mining the irinotecan concentration in a pharmaceutical
dosage form. It is worth considering that the overall procedure
in plasma requires, for the full monitoring of a patient (i.e.
measurement of 3–5 samples, including plasma pre-treatment
and irinotecan quantication using a standard curve), about
35 min. The overall procedure for analysis of aqueous dilutions
of irinotecan requires only a couple of minutes per sample, aer
standard curve construction.

When compared to the literature spectrophotometric
methods for irinotecan determination in aqueous samples, the
Fig. 4 Correlation analysis between two series of measurements
performed by LC/UV and the proposed photometric assay. The
concentrations of nine aqueous QC irinotecan samples were deter-
mined by each method and were plotted one against the other.

This journal is © The Royal Society of Chemistry 2021
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proposed method is superior in being more selective since the
increase in absorbance at 400 nm requires the presence of
specic structural characteristics (quinolinium moiety). On the
other hand, since camptothecin-based molecules share the
required structural feature, the assay is most likely applicable to
all CPT derivatives and their quinolinium-bearing metabolites
SN-38 and SN-38G (SN-38 glucuronide).

The proposed assay is also more specic in comparison to
the alternative assay based on ion pair formation with acidic
dyes,16 since the capacity for ion pair formation is a common
property of molecules carrying a positive charge at acidic pH.
Finally, detection at 400 nm is much more specic than that at
247 nm, employed by an alternative literature method.15 To our
knowledge, no absorbance-based method for irinotecan anal-
ysis in plasma has been proposed.

Since SN-38 also bears the quinolinium moiety, it is safe to
presume that SN-38 and irinotecan would be simultaneously
detected by the proposed method. Studies have demonstrated
that SN-38 levels are at least 75-fold lower than the corresponding
irinotecan concentrations, within the 0.5–3.0 h interval aer drug
infusion.1–4 As a result, concomitant determination of SN-38 and
irinotecan by the method proposed herein is not expected to
signicantly affect irinotecan determination accuracy and preci-
sion within the recommended sampling interval.

The new method's simplicity and velocity, requirements for
very basic laboratory equipment (vis spectrophotometer and
centrifuge) and common reagents (HCl, NaCl) mean that it can
be more widely used in basically equipped laboratories. Last,
but not least, the assay involves no use of organic solvents,
rendering it a greener alternative than HPLC and ion-pair
formation-based methods.
Experimental
Chemicals and reagents

The irinotecan Pharmaceutical Dosage Form used was IRITEC
Solution for Infusion (irinotecan hydrochloride, trihydrate 40
mg/2 ml (Vianex Pharmaceutical Company, Attica, Greece)),
containing lactic acid, sorbitol (Ε420), hydrochloric acid and
potassium hydroxide as excipients. Acetonitrile and water used in
the LC/UV experiments were HPLC Grade (Chem lab NV, Zedel-
gem, Belgium). Sodium hydroxide, sodium chloride, phosphoric
acid, glacial acetic acid and potassium permanganate were all
ACS reagent grade from JT Baker. Hydrochloric acid, fuming
37%, for analysis was fromMerck, while sodium laureth sulphate
(SLES) was from Goldschmidt AG (Essen, Germany). Ascorbic
acid, ferrozine and iron standard were supplied in the form of
a ferrozinemethod-based iron determination kit by Biosis (Attica,
Greece). Standard aqueous buffer solutions from Fisher Scientic
were used to calibrate the pH meter. The plasma used in all
experiments was pooled plasma collected from healthy volun-
teers not undergoing any medical treatment.
Apparatus

HPLC experiments were performed using an Ultimate 3000
High Performance Liquid Chromatography System from
This journal is © The Royal Society of Chemistry 2021
Dionex Corporation (Sunnyvale, CA, USA), equipped with
a PDA 3000 detector also from Dionex Corporation. RP-
HPLC analysis was performed using an ACE 5 column (110
Å, C18, 5 mm, 250 � 4.6 mm) from Hichrom (Leicestershire,
UK). Photometric measurements were conducted in an
Ultrospec 2100 pro UV/vis photometer (Amersham Biosci-
ences). The spectrophotometer was controlled using Datrys
Lite soware (Biochrom Ltd, Cambridge, UK). pH
measurements were performed on a Consort C860 model pH
meter (Consort bvba, Belgium), with a Consort combination
glass electrode.
Preparation of standards and quality control (QC) samples

Stock solutions of irinotecan were freshly prepared in water
at concentrations of 100 and 200 mg ml�1, prior to usage.
They were then used to prepare fresh irinotecan standards
and quality control (QC) solutions by diluting an appropriate
amount of the stock solution with water and adding 50 mL of
each dilution to 1 ml of the respective blank matrix (water or
blank plasma). For blank plasma preparation whole blood
was collected into commercially available EDTA-treated
tubes. Cells were removed from pooled blood collections
aer centrifugation for 10 min at 2000 � g. The resulting
supernatant (blank plasma) was apportioned into 5 ml
aliquots and stored at �20 �C. On the day of the experiment,
blank plasma was thawed and spiked with the appropriate
dilution of irinotecan standards or QCs, as above. Aer
preparation in the relevant matrix, standards and QCs were
processed as described below.
Sample processing for irinotecan quantication

Plasma standards or plasma QC samples were pretreated by the
addition of HCl to a nal concentration of 1.30 M, in the
presence of NaCl at 2.7% w/w, to ensure more prolonged clarity
of the solution. Salt was added in the form of powder to mini-
mize dilution. The mixture was incubated at RT for 10 min. This
was followed by centrifugation at 15 000� g at RT for 10 min (or
for 15 min in lipemic samples) and the supernatant was
removed for subsequent use.

Aqueous standards or aqueous quality control solutions of
irinotecan were simply pretreated by the addition of HCl to
a nal concentration of 1.30 M.
Spectrophotometric quantication of irinotecan

Upon spectrophotometric determination of irinotecan in
pharmaceutical dosage forms, monochromatic analysis was
applied at 400 nm, 5–10 min aer sample acidication.

Upon spectrophotometric determination of irinotecan in
HCl/NaCl-treated plasma, bichromatic analysis was applied
aer sample centrifugation to eliminate the contribution of
endogenous substances to absorption at 400 nm. 455 nm was
chosen as the second wavelength, where only the interfering
components of the HCl-treated plasma contribute to absor-
bance, and not irinotecan.
Anal. Methods, 2021, 13, 258–266 | 263
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Spectrophotometric method validation

The proposed photometric method was validated as per the
ICH21 in terms of the linearity, useful analytical range,
specicity, accuracy, precision (repeatability and interme-
diate precision), limit of detection and limit of quantitation.
Distinct validation studies were performed for the assay in
plasma and the assay in aqueous solutions. The number of
QC replicate measurements are mentioned in the Results
section. For the method concerning pharmaceutical dosage
form quantication, validation characteristics were estab-
lished across the specied useful analytical range of the
procedure. Validation parameters for the method in plasma
were dened across the clinically relevant range (LOQ to
around 7 mg ml�1). Accuracy, in particular, was determined
by Method comparison studies (pharmaceutical dosage form
matrix) and by Bias calculation upon standard concentration
back-calculation as well as recovery studies (in both
matrices). Further details on method validation procedures
are provided in the ESI.†
Method comparison studies

For method comparison studies, measurements in aqueous
irinotecan QC samples were performed by the proposed spec-
trophotometric method in parallel to the HPLC/UV method
developed herein. The HPLC separation method applied was
based on closely related reversed-phase literature HPLC
methods proposed for the analysis of pharmaceutical prepara-
tions of irinotecan or the analysis of irinotecan in plasma in its
lactone form (pH around 3.0).9 We performed analysis on an
ACE 5 column (110 Å, C18, 5 mm, 250 � 4.6 mm, Hichrom Ltd,
Leicestershire, UK). The mobile phase consisted of acetonitrile:
20 mM phosphoric acid/sodium phosphate buffer (pH 3.2) at
a relative volume ratio of 28 : 72. Analysis was isocratic with
a total analysis time of 10 min. The ow rate was set to 1.0
ml min�1 and the column temperature to 29 �C and analysis
was performed at 220 nm using a PDA detector. The injection
volume was 20 ml. All standards and samples of irinotecan were
prepared in 20 mM phosphoric acid/sodium phosphate buffer
(pH 3.2). We performed triplicate measurements of nine
concentrations of pharmaceutical dosage forms, covering the
entire specied range of the analytical procedure, in order to
minimize random variation effects.
Irinotecan extraction efficiency

Percentage irinotecan extraction efficiency from plasma was
determined using duplicates of QC samples at nine concen-
tration levels within the 1.0–5.0 mg ml�1 range. The entire
pre-treatment protocol (i.e. pH lowering to 0.2, centrifuga-
tion and absorbance measurement) was applied to the
plasma QC samples. Extraction efficiency was calculated as
the ratio of the (A400–A455 nm) absorbance difference of the
analyte in blank plasma spiked before treatment over the
(A400–A455 nm) absorbance difference of the analyte spiked
at the same concentration into the pre-treated blank plasma
matrix.
264 | Anal. Methods, 2021, 13, 258–266
Verication of the applied LC/UV method

Verication of the applied LC/UV method was as per the ICH
guidelines,21 as described for the spectrophotometric assay,
above. The linearity, range, specicity, accuracy, precision
(repeatability and intermediate precision), limit of detection
and limit of quantitation were dened. Where relevant, vali-
dation characteristics were established across the specied
range of the analytical procedure.
Conclusions

The technical characteristics of the proposed spectrophoto-
metric method (linearity, useful analytical range, precision,
accuracy, specicity) are quite adequate for irinotecan quanti-
cation in pharmaceutical dosage forms. Acceptable bias, as
well as lack of interference, were also demonstrated for the new
method. We have moreover provided evidence of a strong
positive correlation between our method and HPLC/UV anal-
ysis. The method validated herein is thus proposed as a simpler
alternative to established HPLC methods for the quantitative
determination of irinotecan in pharmaceutical dosage forms.

Being an anticancer drug for which signicant benets from
personalised dosing are expected, quick procedures are essen-
tial for monitoring irinotecan in treated patients. We have
demonstrated that our spectrophotometric method can be
employed aer simple plasma pre-treatment for irinotecan
quantication even in plasma. The technical characteristics of
this modied assay (linearity, useful analytical range, precision,
and accuracy) were determined to be appropriate for quanti-
fying irinotecan within the upper region of its therapeutic
window in plasma and could thus be useful for the purposes of
personalised dose adjustment or for calculating the irinotecan
AUC based on PK models.

HPLC methods are characterized by higher analysis cost due
to the expensive equipment and consumables involved, lengthy
analysis time and specialized personnel required. As a result of
the use of organic solvents upon analysis and/or upon plasma
pre-treatment, the environmental impact of chromatographic
methods is greater. The same holds for one of the literature
spectrophotometric methods based on the formation of ion-
pair complexes. When further compared to the existing photo-
metric methods, the proposed method is also superior in being
more selective. This is since, unlike literature methods, absor-
bance is measured in the visible part of the electromagnetic
spectrum, where interferences are less likely. Moreover, the
increase in absorbance at 400 nm requires the presence of
specic structural characteristics of the irinotecan molecule,
rendering the assay specic. This new proposed method can be
more widely used since it only requires very common laboratory
reagents, a simple vis spectrophotometer and no organic
solvents.

In conclusion, the proposed method is superior in terms of
specicity, rapidity, simplicity, environmental impact and cost
effectiveness and has appropriate technical characteristics to be
used in routine analysis of irinotecan in bulk manufacture and
in pharmaceutical formulations and upon monitoring of
This journal is © The Royal Society of Chemistry 2021
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irinotecan levels in plasma within the upper region of its ther-
apeutic window.

We are currently investigating the concentration of irinote-
can in biological uids (e.g. by binding to DNA-columns or by
solid-phase extraction), before assaying. Such pre-treatment
may lower the assay LOQ in plasma and expand its applica-
tion towards characterising the pharmacokinetic attributes of
novel irinotecan delivery systems/formulations.
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