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Anexo

Paper aprovado para publicacdo na Microchemical Journal intitulado como
Room-temperature phosphorimetry for the determination of trace contaminations
of camptothecin in anticancer drugs (doi:10.1016/j.microc.2010.02.007).
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Microchemical Journal xx (2010) oz

Room-temperature phosphorimetry for the determination of trace contaminations of
camptothecm In anticancer drugs
Priscila M.S. Maia, Alessandra Licursi M.C. da Cunha, Flavia F. de C. Marques, Ricardo Q. Aucelio *
Departamento de Quinica, Pontificia Universidade Catflco do o de Janeir, Rio de Juneiro, 22451-500, Brazil
ARTICLE INFO ABSTRACT
Article history: Campthetecin derivatives, irinotecan (CPT-11) and  (TPT), been used for the treatment of 21
Received 20 Noverber 2009 cancer and camptothecin (CPT) is a potential conta cer medicines, In this work, reom- 22
’z‘“": ‘1‘%@"5@ f"ggg February 2010 temperature phosphorimetry was tsed to quantific race contaminants in anticancer drugs 23
A\';;itb}e mm and CPT-11 as the main ingredient in anticaneeg Phosphorescence from CPT-11 was induced 24
using Ph{NO;); in SDS freated cellulose CPT was selectively detected using TINO; as a 25
a— phosphorescence enhancer in either ceffulosezar substrates, The limit of quantification for CPT and 26
Campiothecin CPT-11 was in ng order, A detailed was made to calculate the combined uncertainty 27
Irinotecan associated to the CPT phosphores uremenit:Satisfactory analyte recoveries were abtained for CPT- 28
Topotecan 11 as a main active ingredient of & formulation. The selective determination of (PT in a 20
Room-temperature phosphorimetry matrix containing TPT was madegsing er order (2nd) derivative of the excitation spectra, The 30
Measurement uncerainty : thod due its simplicity, cost effectiveness and selectivity. 31
© 2010 Published by Elsevier BV, 32
34
1. Introduction "B often coataining incorrect quantities of these active ingredients, 60
products with the wrong ingredients or without active ingredientand 61
Cancer is the second leading cause of death worldwide, the products containing traces of undesired contaminants 5], 62
great advancements have been made for its trea Only 2 few analytical methods are described in the literature 63
chemotherapy remains one of the main approaches. for the determination of CPT-11 and CPT. Most of these methods 64
despite a number of undesired side effects. [1 employ HPLC with photometric (in the UV range), flucrimetric or 65
a cytotoxic alkaloid from the Camptoteca mass spectrometry detection [6-8]. Phosphorimetric methods pres- 66
their synthetic derivatives, irinotecan {CPT-Ji)s ent great advantages in terms of labor and operational cost and enable 67
the selective determination of very similar substances without 63
previous separation by exploring small differences in their phospho- 69
sescence spectral characteristics. fn solid surface room-temperature 7
I phosphorimetry (SSRTP) the analytical signat is measured from 71
colonorrectum and the recommended dosag analytes immobilized in substrates, for instance, ceffulose or nylon 72
patientis 20 mg mL ™" 3] gk substrates, The right choices of the experimental and instrumental 73
inhibitor approved by the FDA for the {eatment of ovarian cancer. conditions when detecting traces of luminescent contaminants ina 7
According to the 1 al Federation of Pharmaceutical matrix containing other luminescent species improve selectivity and 75
Manufactures (IFPMA sotiations, the trade of counterfeit  detectability [9,10]. However, the uncerzinty of the luminescence 76
drugs is widespr i, hoth developing and developed  measurement must be carefully evaluated in order to enable refiable 77
countries, Treatm with counterfeit or substandard  results, in special, when inhomogeneous substrates like cellulose 7
medicines mayilead to deteriGation of health and even the death of  {high background fluctuations) is used {11]. i
patients [4]. The $PMA abo works in close partnership with the Uncertainty is a metrological term which defines a parameter &
World Health Orga WHO) to improve drug quality and fight  associated with the result of a measurement ad characterizes the 1
counterfeiting around the world. Counterfeit drugs are found under  dispersion of the values that could be reasonably attributed to the &2
different forms which include products with the correct ingredients  measured parameter. In order toimprove the quality of measurement, 83
uncertainty sources must be identified and, if necessary, minimized. 84
This approach requires the identification of all possible sources of 85
* Corresponding author. Fax: 455 21 3527 1637. uncertainty associated with the applied procedure, the estimation 86
E-mail address: aucelior@puc-riobr (RQ, Aucelio}. of their magnitude either from experimental or published data and, &7

0026-265%/$ - see front matter © 2010 Published by Elsevier BV.
doi:10.1016/{.microc 201052007
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finally, the combination of all individual sources to give the cambmed solutions. The concentration of these working solutions for the initial
and expanded uncertainties for the whole meast pr dies was TINO; (8.25 mol L™1), Pb{NO3), (0.25 mol L™1), AgNO
[12} (0:01 mol LY, Cd(CoHa0z)z (050 mol L), Hglh (0.25 mot L)

In the present work, a SSRTP selective method was developed for
the determination of the anticancer active principle CPT-11 and traces
of the contamipant CPT in anticancer pharmaceutical formulations.
Metrological aspects were evaluated aiming application to pharma-
ceutical formulations. The proposed method can be used as an
alternative to HPLC based methods allowing rapid analysis and low
operational costs.

2. Material and methods
2.1. Instrumentation

Phosphorescence measurements were made on 2 luminescence
spectrometer LS-55 (Perkin-Elmer, Norwalk, USA) coupled to a solid
surface analysis apparatus modified to allow a flow of purging dry
nitrogen gas on the sample holder. The instrument was operated with
1500 nm min~" scan rate, .10 ms delay time and 3 ms gate time.
Spectral bandpass was set to 20 am.

Chromatographic analysis was made on a high performance liquid
chromatograph {model Breeze, Waters, USA) equipped with a model
1525 binary pump and a model 2478 multi A fluorescence detector
set at 355/515 nm. Sampling was made manually using a Reodyne
injector and a 10 plL sample loop. Degassing of mobile phase solvents
was made off-line in 3 9 L ultrasonic bath, model NSC2800 (Unique,
S&o Paulo, Brazil). Separation was made on a 4.6 > 150 mm X-Terra RP
C18 (Waters, Massachusetts, USA) with 5 ym particle size. The column
was kept inside an oven set at 35°C. Statistical calculations were
made using the Statistica 7.0 soffware package.

2.2. Reagents and materigis

Campthotecin (CPT), irinotecan (CPT-11) hydrochloride were
obtained from Sigma-Aldrich (USA). Camptosar (injectable solétion
containing 20 mg mL™* CPT-11 hydrochloride from Pfizer) wa
chosen CPT-11 pharmaoeuncai formulation. Tapctacan L@FI“% as

substrate (Nylon 66 with 0.2 um pore ;
Whatman Ltd, UK. Ultzapure water vt?g\ 2182 MO om from
a Mlﬂipore sysnem} was used thmuﬁhnut Nitrggen (99396%} was

through an ammenium ﬂmvagadate sol
bed. Acetonitrile and methanol HPLC-grade were from Merck, Brazil.
All reagents were of analytical g i

further pusification, U e obtained from 2 healthy
volunteer.
2.3. General pmﬁ? i

CPT stock solutions {4 <16 mol L) were prepared in methanol.

Irinotecan hydrochloride and topotecan hydmchitmde (4% 16™* mol
L~1) were prepared in ultrapure water. CPT standard solutions of
lower concentrations were made by further dilution of the stock
solutions with water/Britton-Robinson buffer {(pH 10.5). The buffer
solution (0.04 mol L) was prepared by mixing acetic acid, boric
acid and phosphoric acid aqueous solutions. The pH of buffer solution
was adjusted by addition concentrated sodium hydroxide solution.
Ultrapure water was used to prepare all heavy atom salts and SDS

and Ki (0.20 mel L), Five pL of analyte standard solutions or sample
solutions was deposited on the solid substrates (cellulose or nylon).
When necessary, the substrates were previously applied with 5pL
of surfactant (SDS) followed by 5L of the heavy atom solution.
Solid substrates spotted with samples or blanks were dried at room
temperature in a vacuum desiccator (120 min for cellulose and
40 min for nylon). Before signal measurement, the substrate was
placed in a solid surface luminescence nt app

Excitation radiation was focused in the center of the substrate, where
sample was spotted, and luminescence was collected at an angle of
90°. Before phosph ence nts, a dry nitrogen flow was
passed over the substrate surface to minidiiize quenching effects from
oxygen and air moisture. Urine and salita ples were diluted in
Britton-Robinson pH 10.5 buffer ingi¥ iy, portion before being
placed onto the solid substrate.

phesphorimetric
by HPLC method with

Tsat [8]. For HPLL, isoratic

%ﬂme §pecrﬁc substances in a complex mixture to a few orders of
_ magaitude by significantly enhancing both the rate of intersystem

ssing (excited singlet state—excited triplet state transition) and the
hosphorescence rate constant | 13]. This study was made on cellulose
substrates either with or without a previous spiking of SDS solution.
Intense phosphorescence was achieved from the three alkaloids
(CPT, CPT-11 and TPT) using either Pb{NO3), and TINO;, therefore, no
selective heavy atom effect was observed (Fig. 1). However, some
selective power may still be achieved by using resources such as
synchronization and high order spectral derivatization.

3.2. Moximization of the phosphorescence from CPT and (PT-11

Twa conditions were selected to be optimized based on the higher
phosphorescence achieved. For CPT, the heavy atom enhancer was
TINO; while Pb{NO;), was selected for CPT-11 determinations.
Studies were performed in order to maximize RTP from these two
alkaloids in low background cellulose substrate.

Aspecific study was made to evaluate the influence of the pH of the
analyte carrier solution used to deliver the analyte to the substrate,
Buffered solutions at pH values between 2 and 12 (Britton-Robinson
buffer) were used. From pH 2, where no phosphorescence was
observed, to pH 3, a significant increasing of signal eccurred. The signal
remained constant up to pH 7 and then a further signal improvement
(about twe times) was achieved in basic range, where phosphores-
cence temained constant from pH 9 to 12. The effect of the amount of
TING; deposited on the substrate was also evaluated (from 0 to 664 ug
the TINGs). As the mass of the phosphorescence enhancer was varied
from © to 266 yig a significant increasing of CPT signal was observed,
which remained constant as the mass of TINO; was increased up to
664 pg.
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The results obtained in the univariate study indicated that two
factors influence the magnitude of the phosphorescence signal: i} the
pH of the analyte sclution and it} the mass of the TINQ; deposited in
the substrate. Therefore, a multivariate study was carried aiming to
identify possible interactions between these factors, to evaluate the
robustness for each factor and to obtain a final set of optimum
experimental conditions. A circumscribed central composite design
of two levels was used. A high value {+1) and a low value (1) fo
each factor were chosen in function of the results displayed i
univariate study. The values set for pH were pH 9.0 (—1) and p&“’!?:ﬁ
(+1), therefore the other values set for the design were pH 10:5:0);
pH 84 (—+2); and pH 126 (+2). For TINO;, mass valiies were
186 g ( «12), 213pg (1) Zsﬁgg (0) 332;3, (+1)and:346 g
ith

where five replicates were used. Such strategy
the influence of signal variations caused by,

and any interaction among variables

substrate with Pb(NOs)2.

p!mteé&nce enhancer mass range from 266 to 664 (robust
ef’o:e 332 ug Qf TING; was chosen as the thlmum

signal in the range from 9 to 12, therefore, the pH 10.5
for further experiments. Under the optimized conditions,
3 phorescence was amplified in one order of magnitude.

For CPT-11, the smdy to maximize the analytical signal involved
evaluation of the e of the pH and the adjustment of the
amount of Ph(NOy),. In this case, CPT-11 phosphorescence was
significantly more intense in SDS treated low background cellulose
substrates {substrates with its center previously spiked with 5 pL of
040mol L' SDS selution). SDS sometimes improves RTP from
phosphors placed in solid substrates since it may establish a better
interaction of the analyte with the solid substrate and may also
improve the contact between the amalyte and the heavy atom
enhancer. The pH for CPT-11 was tested from 2 o 12 and the CPT-

by the Pareto's chart (Fig. 2). Th
interactions between the factors ﬁ the

11 phosphorescence d constant in the 5 to 12 pH range,
therefore, no buffered CPT-11 solutions were used. The amount of the
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heavy atom salt, Pb{NOs),, deposited in the cellulose substrate was - &71
varied from 0 to 828 ug. The results indicated that robust condition §
with constant CPT-11 phosphorescence in substrates confaining from PO
563 to 729 ug of Pb(NO;), were used. Therefore, 662 ug of Pb{NO3),
was chosen for further experiments. o
3.3, Selectivity studies
m.

The feasibility of the selective CPT d ination was perft d
using synthetic mixtures containing different CPT/CPT-derivatives. £ 001
In Table 1, the ratios between phosphorescence measured from a 3 '
CPT standard and froma CPT solutior of the same concentration mixed &
with increasing concentrations of either (PT-11 (Icpr/lcpr.n) 01 TPT 1515
{lcpr/hrer) are indicated. kprficrros OF Iepr/frer values dlose to usity 200 30 ity
implied in no significant interference from CPT-11 of TPT in the
m«zast;re;il CP;[I phosphorescence signal. Both CPT-11 and TPT pre- Fig. . Dervative of the CFT sectra obiained from a CPT
sented phosphorescence under the same experimental conditions set 3 ntﬂ ot ot A - :
for CPT. Icpr/lcer.1: Value remained close to umity only for mixtures  pigher. skices 0 oA O girations o TRT 40 times

containing CPT-11 concentrations up to five times higher than
CPT (measured at 570 nm of the emission spectra). As the proportion
of CPT-11 increased, a spectral interference was observed {iger/
Icpry1>1). The use of second order derivative spectra brought no
improvement in terms of selectivity.

In mixtures containing TPT, no spectral interferences on CPT was
achieved only for TPT/CPT eguimolar By taking advantage of
the small spectral differences, the higher order (2nd) derivative of the
excitation spectra allowed selective d ination of CPT in soluti
containing concentrations of TPT up to 40 times higher. In this case,
signal measurement was made at the isodifferential wavelength {Nis0)
at 367 nm as seen in Fig. 3.

3.4. Analytical figures of merit and calculation of the uncertainty using

celfulose substrate

The analytical figures of merit were estimated using the optimized
experimental conditions. Three analytical curves for each the
analytes were constructed in order to obtsin the reported res The

8

limit of detection (LOD) and the fimit of quantification (£0Q) Were
calculated according to the equations: 3xs, ¢ and 10
where s, is the standard deviation of 10 replicates of.the biafiks and.
“g" is the angular coefficient of the analytical curvs {

also reported in terms of mass values in the substrate

calculated using the equations: ALOD={]
(LOQ)x VMM, where V is the vols
deposited in the cellulose substrate {

Table 1

e studies on CPT. ence.’

* R in cellulose substrate.

® Jerllcer-rr — Ratio between the phosphorescence measured from a CPT standard
and the d from 2 mixture ing CPT and (PT-11.

< Icpr/bypy — Katio between phosphucesceie measurad fom 7 standard and the
phosphorescence measured froma ‘mixhire containing £FT and TPT.

derivative excitatiol = 367 nm), LOD and LOQ values
ol Lt and 9x107SmotL™". The

were respectivel¥

range between the ALOD up to at least 348 ng
red by B2 =0.9936 for the calibration curve

(y=38518°
and By R* =0.8932 for the calibration curve (y=72x10°x~-12)
367 nm of the 2ud derivative excitation spectra).
detectability parameters were LOD and LOQ of
%107% and 1.1x 1077 mol i."f which enabled ALOD
3 of 11.5 and 38.6 ng. These measurements were made
g at the excitation spactra. The linear response covered the
rdnge between the ALOD up to at least 440.2 ng of the analyte as
indicited by R*=0.9914 for the calibration curve (y=7.2x10%~
6). The repeatability was estimated by the relative standard
eviation of consecutive phosphorescence measurements, n=10
(CPT) and n=7 (CPT-11), of the same analyte solution spiked in
different cellufose substrates. In such study, the precision was esti-
mated through the relative standard deviation (RSD) in three dif-
ferent amounts of CPT (41.8; 83.7 and 139.3 ng) and a single one
amount of CPI-11 (1524 ng). The repeatability (RSD) values for CPT
were 14; 6 and 6% in the increasing order of analyte mass. For CPT-11
the repeatability value was 4% The intermediary precision was
calcuated based on the apalysis of vari {ANOVA) comparing two
different analysts, each one preparing ten different substrates with
the same analyte solution before measusing their phosphorescence.
For CPT. the result was below 3% no matter the amount of CPT in the
substrate {41.8 ng: 83.7 ng and 139.3 ng). For CPT-11, intermediary
precision was 1% using 1524 ng of CPT-11 in the cellulose substrate.
The rok was evaluated through either the univariate or the
multivariate studies perfe d previously. Taking into consideration
the influence of the pH. a robust condition was found for CPT (pH
between 9 and 12) and CPT-11 (pH between 5 and 12). A further
study indicated that no significant signal variation was observed
when the parameter was varied by at least 10% of the optimized value.
Since CPT must be detected as a contaminant in a matiix containing a
CPT-derivative, a more reliable evaluation of its measurement perfor-
mance was needed, therefare, an evaluation of CPT phosphorescence
measurement uncertainty was made. Potential sources of uncertainty
were classified in four groups: repeatability (i,); intermediary precision
(u); solutions (i) and calibration curve (tourve). The uncertainties
were calculated using three CPT solutions with different concentrations
(24x107%; 48x 107" and 7.4x 107" mol L") The ur and ug resuits
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were obtained from the evaluation of repeatability (by the RSD
calculation) and from the intermediary precision (ANOVA). The ug
value was calculated from the expanded uncertainties fiom the
volumetric apparatuses {in this case the expanded uncertainty from
the adjustable microliter pipettes, Uy, and the volumetsic flask, Uy
used in the preparation and dilution of the CPT solution. The adjustable
plpettes (the 5pk volume one used to deliver the solution to the

and the adjustable 100-1000 1. one used to prepare the
analyte solutions) had their uncertainties established at specific
volumes. The uncertainty was obtzined from #m,=Uyy/k and from
uyr= U/ k where U values were obtained from calibration certificates
and k=2 {the chosen coverage factor, 954%). The u; value was
calculated by the square root of the quadratic summation of these two
uncertainty vafues (u,rand u,, of the microliter pipette with the highest
uncertainty) multiplied by the uncertainty of a dilution factor indicated
as unes (dilution factor =166} or uy (dilution factor =8.0) or usa
(dilution factor=54), depending on the CPT concentration used in
the study. Theu{mngsaktﬁamdwmgpsmofﬂemme
addition curve that was constructed using a restricted ¢

on the desired confidence level (k=2; 95.4%). The combined and
expanded uncertainty values as well as the contribution from each of
the groups of uncertainty can be observed in Table 2, The combined
uncertainty {i) obtained for the CPT measurement for the more
diluted analyte solution was 15% (28% when using the 2nd derivative
spectra) which is a satisfactory value considering that this concentra-
tion is close to the LOD of the method. For the other two concentration
levels, uncertainties associated to the CPT phosphorescence measure-
ment were 6% (around 16% when using the 2nd derivative specira).
The major source of uncertainty was from the repeatability which is
mainfy affected by vanamn in snhd substrate, due to, probably, the
celtul non-} v which, among other variations,
produces fluctuations in phosphorescence background even in
substrates from the same lot and cut from the same paper sheet.

3.5. Comparison between celiuiose mﬁtgbm&bsmm

Since the major contribution in

eNCe

upgertainty of the CPT
peatability, caused by

+

range (from 24x107° to 7.4x 10" mol L) using four different CPT
concentrations within this range. The standard deviations for both
the sensitivity (m} and the linear coefficient (5) of the analyte addition

ubstrate, a comparison
£ the performance of a more
homogeneous nylon_substrate with virtually no phosphorescence

curve were calculated in order to get their respective unc
U, and uy,. A detailed description can be found in Cunha et al [11]
Uncertainty contributions are listed in Table 2 where values in
parenthesis were the ones obtained using measurements at 367 nm of
the 2nd derivative spectra.

The combined uncertainty {u.) is the square oot of the quad

The evaluatiofiwas m;.i the same experimental condition
set for msumﬂ&gﬁm& inthe cellulose substrate (266 g TINO;
ier solution) and using only measurements
at 570 nm ission”spectra. Analytical figures of merit were

btained with ts in detectabifity, which also extended

summation of the four uncertainty values {u,, ug, % and Uogve),
considering that the contributing groups are independent from each
other on the overall variability of the ment. The ded
uncertainty (1Y) which provides an interval within the measuzed vaiue

is believed to lie with a higher level of confidence. U is obtained by,

Itiplying 1 by the ©

ge factor k whose value is chosen

Table 2
Uncertainty for the phosphorescence

measurement
different concentrations (masses): A) 24x107° (42 ng); B} 48x10™° (84ng) and:
C) 74x 107" mol L~ {129.5 ng}. Values in parenthesis are the ones obtained using the
2nd derivative specira.

the,@ m%{@ﬂnge of the analytical curve, The LOD and LOQ
37x107% mel L™ (29 ng ALOD) and 5.6x 107 mol L™}

This better performance was obtained though a lower
alse by the imp of CPT phosph ence
substrate as can be seen in Fig. 4. Unfortunately the
tability values using nylon were similar to the ones achieved
usingyeltulose substrate, which indicated that the main signal
“variation was not from the fluctuations in background signal (in the
of ceflulose paper) but caused by small variations in the
depesmn m; of the sample in the substrate. The sample position
in the sub flt es the of analyte interacting with the
excitation radiation and alse the impact in the collection of signal
since part of the analyte could not be in the appropriate position to

800
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Fig. 4. CPT phosphorescence spectra in (a) low background cellulose and (b) nylon
substrates.
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have phospharescence collected in the emission monochromater, This
is the main reason why oaly 5 L of sample is placed in the substrate.
Larger volumes create large sample pool that would create a situation
when part of the analyte would never interact with the excitation
radiation.

3.6. Sample analysis

The applicability of SSRTP was eval i byd ining CPT-11as
the active ingredient in one pt eutical lation and by

much simpler procedure and requires no costly high-purity HPLC-
grade solvents, filters and columns. A detailed metrological study
was made in order to evaluate the reliability of the phospherimetric
CPT measurement. Nylon was found to be an advantageous substrate
for the determination of CPT since it allowed the improvement in
detectability and in the working linear range. Nylon also grant
operational advantages such as a time considesably lower for sample
drying in the vacuum dessicator at room temperature (40 min instead
of the 120 min required for celtulose substrates) and no need for

determining CPT as a trace contaminant in a CPT fortified TPT based
pharmaceuticat formulation. In this case, OPT content was adjusted to
be 40 times lower, in concentmmn. than TPT in the prepared sample
solution. In this case, p ence were made at
367 nm of the 2nd derivative excitation spectra,

CPT recoveries as trace contaminant in TPT mixtures were
101.5+£3.5% and these results were satisfactory for the selective
determination of the i in ph icals. Further tests
were made with CPT fortified urine and saliva. The results achieved
were 102.5 + 3.5% (urine) and 102.5+4.5% (saliva).

The results obtained with the p d phosphorimetric method

t for the reduction of background. The quantification of CPT-
11, as the main ‘ngredient of anticancer dmgs is also feasible by
A A it o b

CORTD cincn b - 5 enablo the
SSRIP since limits of detection are more than adequate © enable the

detection this major component in pharmaceutical formulations.
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were compared tg the method based on HPLC-DF. The Student t-test
was applied to compare the methods and the hypothesis test showed
equivalent resuits. For CPT in TPT based medicine samples, the
recovery was 1114 6%. In CPT fortified saliva samples, CPT recovery
achieved by HPLC was 108 4 3.5%. Those results indicated that the
performance of the SSRTP method was satisfactory.

The quantification of CPT-11 as the major active ingredient in
anticancer drugs was also performed. The average recovery was
92+ 6%

4. Conclusions

Room-temperature phesphorimetry was used to determine (PE

in TPT based anticancer pharmaceutical formulations. The methi
allowed the selective detection of trace amounts of CPT in a miatix
containing large amounts of TPT using the order (2nd) detaf tive
(solutions containing concentrations of TPT up to 40 timegs h@;e-r)
Denvatwe spectra have also Enpmvv:d LoD value since

adequate for the determination of trace an
of pg mL™") which is enough to detect
CPT in TPT based drugs. Although les
enabled limits of detection in the o
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