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a  b  s  t  r  a  c  t

A  simple,  sensitive  and  specific  high-performance  liquid  chromatography  (HPLC)  assay  for  the  quantifi-
cation  of camptothecin  (CPT),  a  potent  anticancer  candidate,  incorporated  into  solid  lipid  nanoparticles
(SLN)  in  several  rat  organs  (brain,  heart,  kidneys  liver,  lung,  spleen)  and  serum  was  developed  and
validated.  The  sample  pre-treatment  involved  organs  homogenisation  followed  by  CPT  extraction.  The
samples  were  injected  onto  an analytical  reversed-phase  (RP)  MediterraneaTM Sea18  column  maintained
at  30 ◦C.  The  chromatographic  separation  was  achieved  by  gradient  elution  consisting  of  triethyamine
buffer  pH  5.5  and  acetonitrile  at a  flow  rate  of  1.2  mL/min  in 16  min  of  run  time  and  retention  time  of
9.8  min  (lactone).  Fluorescence  detection  was  used  at  the  excitation  and  emission  of  360  and  440  nm,
respectively.  The  calibration  curves  in  the  different  organs,  serum  and  in PB3  were  linear  (r2 > 0.9999)
over  CPT  concentrations  ranging  from  1 to  200  ng/mL  or 0.5  to 200  ng/mL  (n  =  6),  respectively.  The  method
was  shown  to  be  specific,  accurate  (between  94.4  ±  4.5%  and  108.9  ± 0.6%)  and  precise  at  the  intra-day  and
inter-day  levels  as reflected  by  the  coefficient  of  variation  (CV  <  6.3%)  at three  different  concentrations  (10,
50  and  100  ng/mL)  in  all  matrices.  Stability  studies  showed  that  CPT  was  stable  in all  matrices  after  24 h

of  incubation  at  room  temperature  (RT),  after  24  h  in the  autosampler  or after  three  freeze/thaw  cycles.
The mean  recoveries  of  CPT  in  suspension,  loaded  into  SLN  and  in  a physical  mixture  with  SLN  at  three
concentrations  of 10,  50  and  200  ng/mL  were  higher  than  86.4%.  The  detection  limit  (DL) was  ≤0.2  ng/mL
and  the  quantification  limit  (QL)  was  ≤0.5  ng/mL.  The  method  developed  is reliable,  precise  and  accurate
and  can  be  used  in the  determination  of  CPT amount  in  rat  organ  samples  after  i.v.  administration  of CPT
in  suspension,  in  physical  mixture  with  SLN  and  incorporated  in  SLN.
. Introduction

The natural alkaloid camptothecin (CPT) is a well-established
opoisomerase I inhibitor against a broad spectrum of cancers [1,2].
dditionally, pre-clinical and clinical studies have shown the effi-
iency of CPT in malignant gliomas therapy [3–8]. Although, despite
he strong anticancer activity, its in vivo use is highly limited
ue to poor aqueous solubility and instability of the lactone ring,
onditioning its bioavailability, and rising toxic effects to normal

issues. The intact lactone ring of CPT is a crucial structure for their
nticancer activity [9,10].  Unfortunately under physiological pH
onditions (pH 7.4) the unstable CPT lactone ring readily opens to

∗ Corresponding author. Tel.: +351 222 078 900; fax: +351 222 003 977.
E-mail address: susana.martins@ff.up.pt (S.M. Martins).

570-0232/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2011.11.023
© 2011 Elsevier B.V. All rights reserved.

the carboxylate form, which is less cell-membrane permeable, pos-
sesses lower affinity for the target topoisomerase I, being therefore
much less pharmacologically active (10-fold less) and simultane-
ously more toxic [2,9]. The CPT lactone-carboxylate equilibrium is
reversible and pH-dependent (Fig. 1) with the lactone prevalence
at acidic pH. At neutral and alkaline pH the carboxylate form is
dominant.

To circumvent problems of rapid lactone hydrolysis and poor
aqueous solubility, CPT is proposed to be incorporated into
nanoparticles. One of the most promising nanoparticulate sys-
tems are solid lipid nanoparticles (SLN), submicron colloidal drug
delivery systems with a mean size range usually between 100

and 400 nm [11], with a matrix composed of lipids being solid at
room and body temperatures, dispersed in an aqueous surfactant
solution, which combines the advantages of traditional colloidal
carriers such as liposomes, polymeric nanoparticles and emulsions,

dx.doi.org/10.1016/j.jchromb.2011.11.023
http://www.sciencedirect.com/science/journal/15700232
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Fig. 1. CPT pentacyclic structure with a dynamic pH dependent equilibrium betw

ut avoid or minimize the physical instability drawbacks associated
ith them [11,12]. The use of lipid and/or excipients of physiologi-

al or accepted status is an exceptional advantage once it decreases
he risk of acute and chronic toxicity. Moreover, SLN are biodegrad-
ble and biocompatible, with low toxicity and easy to produce.
hese carriers have the suitability to incorporate both lipophilic and
ydrophilic drugs within the lipid matrix in considerable amounts
11,12].

Moreover, the encapsulation of CPT into SLN appears to be
dvantageous for the stability of CPT. Yang et al. [13] showed that
LN greatly increased the stability of CPT towards hydrolysis and
dequate retention of the active lactone, being SLN considered as

 promising carrier for controlled release and targeted delivery
f CPT. Since injectable formulations are difficult to achieve with
he CPT lactone form due to its low water solubility, the poor in
ivo stability of the drug turns SLN an attractive system for CPT
elivery, because lipophilic nanoparticles are expected to chemi-
ally stabilise and solubilise CPT so that it is present in the active
ydrophobic form and in therapeutically appropriate concentra-
ions [13–15].

In order to produce the preclinical pharmacokinetic data of CPT-
oaded SLN, it is required to develop an analytical method for CPT
n biological matrices that could allow the accurate and precise
etermination of the drug at therapeutic concentrations, for a wide
ange and number of biological samples. Some methods, based on
PLC with fluorescent detection, have already been described for

he detection and quantification of CPT [16–20] and CPT analogues
21–27] in biological matrices, but those methods demonstrated
elatively high limits of quantification, which may  limit their appli-
ation. Despite that, to the best of our knowledge, no study reported
as so complete and analyse as many different biological matrices

s are analysed in the present paper. Therefore, the main objective
f the present work was  to develop and validate a simple and sen-
itive HPLC method with a sufficiently low quantification limit to
upport pharmacokinetic and bioequivalence studies of CPT-loaded
LN.

The method described in this paper is a simple, accurate HPLC
ethod to quantify CPT in several organs with fluorescence detec-

ion, fully validated according to ICH guidelines [28]. Furthermore,
t gives information about the stability of CPT both in the matri-
es and during sample processing (24 h at room temperature (RT),
4 h in the autosampler of the HPLC device, and three freeze–thaw
ycles), which is a noticeable advantage for assessing a large num-
er of samples for pharmacokinetic and bioequivalence studies in
ivo.

. Experimental

.1. Chemical and reagents

The wax cetyl palmitate (CP) was a gift from Gattefossé SA,
France). The surfactant polysorbate 80 (P80) was provided by

erck KgaA (Germany). (S)-(+)-Camptothecin (CPT) (with a purity

f ∼95%) was provided by Sigma–Aldrich (Portugal). All organic sol-
ents were of HPLC grade. Acetic acid was obtained from Pronalab
José M.  Vaz Pereira Lda, Portugal). Acetonitrile was  procured from
anreac Químicas S.A.U. (Spain). Dimethyl sulfoxide (DMSO) and
he lactone (closed ring, left) and carboxylate (open ring, right) form of the drug.

di-sodium hydrogen phosphate anhydrous were obtained from
Merck KgaA (Germany). Ortho-phosphoric acid 85% (w/w) was  pro-
vided by Panreac Químicas S.A.U. (Spain). Triethylamine (TEA) was
obtained from VWR  International S.A.S. (France). Purified water
was  of MilliQ®-quality prepared in our laboratory.

2.2. Solid lipid nanoparticles production

Formulations containing the lipid CP and the surfactant P80
were prepared at concentrations of 5% (w/w)  of lipid and 2% (w/w)
of surfactant by the high shear homogenisation and ultrasonica-
tion (US) techniques. Briefly, the lipid and surfactant mixture was
melted at approximately 5–10 ◦C above the melting point of the
lipid (CP melting point around 57 ◦C). MilliQ water was  heated to
approximately the same temperature and transferred to the surfac-
tant lipid mixture. A pre-emulsion consisting of lipid and surfactant
in water was  prepared with an ultra-turrax T25 (IKA-Labortechnik,
Germany) at 8000 rpm during 30 s, and an US probe at 70% ampli-
tude for 2.5 min  (VibraCell model VCX 130 equipped with a 6 mm
probe, Sonics & Materials, Inc., Newtown, CT, USA). CPT-loaded SLN
was  prepared by adding the drug (0.1% w/w) to the molten lipid
prior to particle preparation.

2.3. Physicochemical characterisation of solid lipid nanoparticles

Particle size and distribution (polydispersity index, PI) was
determined by dynamic light scattering (DLS), using a Zetasizer
Nano ZS laser scattering device (Malvern Instruments Ltd., Malvern,
UK). The samples were diluted with water with a conductivity
adjusted to 50 �S/cm, by dropwise addition of 0.9% (w/v) NaCl solu-
tion, and analysed. The Zetasizer Nano Series V6.20 software was
used to correlate the intensity of scattered light (at a backscatter-
ing angle of 173◦) with the hydrodynamic radius of the spherical
particle. Several dilutions of the sample were tested at 25 ◦C to
obtain dispersed and isolated nanoparticles in the solvent. For each
sample, the mean of at least three determinations (±standard devi-
ation) was  calculated applying multimodal analysis.

The electrophoretic mobility (zeta potential (ZP)) of the
nanoparticles and ultimately their surface charge was measured
by combining laser Doppler velocimetry and phase analysis light
scattering (PALS) using a Zetasizer Nano ZS (Malvern, Worces-
tershire, UK). The samples, diluted in water with conductivity
adjusted to 50 �S/cm by dropwise addition of 0.9% (w/v) NaCl solu-
tion, were placed in polystyrene cuvettes with platinum electrodes
and then an electric field was  applied across the dispersion of
the nanoparticles. Surface charged particles within the dispersion
migrated towards the electrode of opposite charge and the veloc-
ity of particles migration was converted in ZP values by using the
Smoluchowski’s equation. The ZP results reported are the mean of
at least three determinations (±standard deviation).

CPT association efficiency (AE) was determined by HPLC upon
separation of CPT-loaded SLN from free CPT by centrifugation (Cen-
trifuge 5804 with rotor A-4-44, Eppendorf, Spain) using centrifugal

filter units (Amicon Ultra, ultracel 50 K, Milipore, Carrigtwohill, Co.
Cork, Ireland). Prior to centrifugation (1500 × g, 20 min), SLN were
diluted 100 times in MilliQ water. Following centrifugation, the
supernatant was collected, further diluted 20 times in PB3 and
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nalysed by HPLC as described below. CPT concentration in SLN
as detected indirectly by HPLC according to Eq. (1):

E = Total amount of CPT = Free CPT in supernatant
Total amount of CPT

× 100 (1)

.4. Analytical procedure

.4.1. Instruments and analysis conditions
A Shimadzu UFLC Prominence System (USA) equipped with

wo Pumps LC-20AD, an autosampler SIL-20AC, a column oven
TO-20AC, a degasser DGU-20A5, a System Controller CBM-20A
nd a LC Solution, Version 1.24 SP1 (Shimadzu) was used in all
hromatographic analysis. The Shimadzu RF-10Axl fluorescence
etector (FD) coupled to the LC System was used for peak area
etection. The chromatographic analysis was performed at 30 ◦C
n an analytical reversed-phase (RP) MediterraneaTM Sea18 col-
mn  (150 mm × 4.0 mm,  5 �m,  Teknokroma, Spain) protected with

 precolumn UltraguardTM (Guard column Sea18, 10 mm × 3.2 mm,
eknokroma, Spain).

The optimised method used a binary gradient mobile phase with
% (v/v) triethylamine buffer at pH 5.5 (pH adjusted with acetic
cid) as mobile phase A and acetonitrile as mobile phase B. A flow
ate of 1.2 mL/min was used with a 10 �L injection volume. The
rogram started with a gradient of 75%A and 25%B and after 1 min
he gradient changed continuously until the minute seven were it
eaches the gradient of 40%A and 60%B which was maintained until
inute nine. Afterwards, the gradient was changed again to 75%A

nd 25%B and remained constant until minute sixteen.
The eluted peaks were monitored at excitation and emission

avelengths of 360 and 440 nm,  respectively.

.4.2. Preparation of stock and standard solutions
Stock solutions of CPT were prepared daily in DMSO at concen-

ration of 1 mg/mL  and further diluted in 9 mM phosphate buffer,
H 10.5 (PB10.5) and pH3 (PB3) to a concentration of 10 �g/mL.
tandard solutions were prepared by dilution in PB3 (lactone CPT-
tandards) or PB10.5 (carboxylate CPT-standard) to a final CPT
oncentration between 0.5 and 200 ng/mL.

The QC samples at three different levels (low, middle and high)
ere prepared as a single batch at each concentration (10, 50 and

00 ng/mL) in PB3.

.4.3. Preparation of biological matrices sample
Firstly, a mixture of PB 3 and 0.15 M phosphoric acid (1:1,

/v) was added to each organ at the same amount (1:1, w/w),
nd homogenised using an ultra-turrax. Secondly, 200 �L of phos-
horic acid (0.15 M)  and 800 �L of acetonitrile were added to
.2 g of the homogenate. This mixture was vigorously vortexed for

 min, followed by centrifugation at 3000 rpm for 15 min  to iso-
ate the supernatant. The filtered supernatant (150 �L) was  mixed

ith 150 �L of PB3 standard solution to a final CPT concentration
etween 1 and 200 ng/mL. The resultant sample (300 �L) was ana-

ysed for CPT content by HPLC.
The QC samples at three different levels (low, middle and high)

ere prepared as a single batch at each concentration (10, 50 and
00 ng/mL) by adding 150 �L of the appropriate standard solution

n PB3 in 150 �L of the appropriated biological matrix.

.5. Method validation
The chromatographic method was validated for specificity, lin-
arity, accuracy, precision, range and robustness according to ICH
uideline [28].
gr. B 880 (2012) 100– 107

2.5.1. Selectivity
Selectivity of the method was  determined by analysing six dif-

ferent samples of blank PB, serum brain, blood, heart, kidneys, liver,
lungs or spleen obtained from healthy rats.

2.5.2. Linearity and range
To evaluate linearity, calibration curves were prepared and

analysed in triplicate on three consecutive days. Linearity was
determined by calculation of a regression linear line from the peak
area vs. concentration plot for eight standard solutions in PB3 (0.5,
1, 2.5, 10, 25, 50, 100 and 200 ng/mL) or six standard solutions
spiked in biological matrices (1, 2.5, 10, 50, 100 and 200 ng/mL)
using linear least squares methodology, and by analysis of the
respective response factors (i.e., peak area divided by concentration
of each standard sample).

2.5.3. Accuracy and precision
The accuracy and precision were also determined by replicate

analyses (n = 6) of QC samples at three concentration levels (10,
50 and 100 ng/mL) followed by their comparison with the calibra-
tion curves prepared on the same day and on different days to
assess intra-day and inter-day variation, respectively. The accu-
racy was expressed by (mean observed concentration)/(spiked
concentration) × 100 (%) and the precision by the coefficient of vari-
ation (CV = (standard deviation/mean) × 100%). The concentration
of each sample was determined using the calibration curve and
analysed on the same day.

2.5.4. Detection limit and quantification limit
Detection limit (DL) and quantification limit (QL), for each

matrix, were calculated according to Eqs. (2) and (3),  respectively:

DL = 3.3�

S
(2)

QL = 10�

S
(3)

where � = the standard deviation of the response, S = the slope of
the calibration curve.

2.5.5. Robustness
2.5.5.1. Stability. The short-term stability was  assessed by main-
taining the QC samples at RT for 24 h. Freeze–thaw stability of the
samples was obtained over three freeze–thaw cycles, by thawing at
RT for 2 h and refreezing for 24 h. Autosampler stability of CPT was
tested by analysis of QC samples, which were stored in the autosam-
pler tray of the HPLC instrument for 24 h. For each concentration
and each storage condition, six replicates were analysed in one ana-
lytical batch. The concentration of CPT after each storage period was
compared to the initial concentration determined for the samples
that were freshly prepared and processed immediately.

2.5.5.2. Extraction recovery. The absolute extraction recoveries of
CPT from biological matrices at three QC levels were determined by
assaying the samples as described in Section 2.4.3 and comparing
the peak areas of the CPT with those obtained from direct injection
of the analyte spiked in the same amount in the supernatant of the
processed blank matrices.

2.6. Application of the method to pharmacokinetic studies

Healthy male Wistar rats (250–300 g) used for pharmacokinetic
studies were obtained from Charles River (Spain). Animal han-

dling and procedures used were according to standard operating
procedure approved in the ETS 123-European Convention for the
Protection of Vertebrate Animals used for Experimental and Other
Scientific Purposes, and approved by Direcç ão Geral de Veterinária
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Fig. 2. Chromatograms of blank brain (A), heart (B), kidneys (C), l

DGV, Portugal). The different formulations (CPT in suspension,
PT-loaded SLN and physical mixture of CPT and unloaded SLN)
ere administered intravenous via the lateral tail vein (0.5 mg/kg).

he animals were sacrificed 1 h after CPT injection with lethal dose
f anaesthesia. The total blood was removed by exsanguination
nd the organs were collected and preserved in ice during all the
rocedure.

The concentration of CPT in the biological matrices (serum,
rain, heart, kidneys, liver, lungs and spleen) was determined by
rocessing the samples as described and further analysing the CPT
ontent by the developed and validated HPLC method. Groups of

 healthy male Wistar rats were chosen for the pharmacokinetic
tudy for each formulation. Three formulations (CPT in suspension,
PT-loaded SLN and physical mixture of CPT and unloaded SLN)
ere prepared immediately before the experiment and injected

n the lateral tail vein at a final concentration of 0.5 mg/kg of rat
∼125–150 �L). CPT-loaded SLN were prepared as described above,
he physical mixture of CPT and empty SLN were prepared by
dding the CPT to unloaded SLN (1 mg/g) followed by 20 min  of
onication in a sonicating water bath (Bandelin SONOREX RK100H,
andelin Electronic GmbH & Co. KG, Germany). CPT suspension
as prepared according a procedure developed by Fox et al. [29]

o assure the redispersibility and distribution of CPT. Previous to

he CPT suspension, 3.6 g of P80, 32.4 g of purified water and 4 g of
aCl solution (0.9%, w/v) were mixed and CPT was  suspended in the
revious solution (1 mg/g) and sonicated for 20 min  in a sonicating
ater bath.

Fig. 3. Chromatogram of CPT in PB3 (1
), lungs (E), spleen (F), serum (G) and CPT in PB3 (10 ng/mL) (H).

2.7. Statistical analysis

For the SLN physicochemical characterisation results are shown
as the mean ± standard deviation (SD) of at least 3 different batches
of the same formulation. The t-test and the one-way analysis of
variance (ANOVA) were performed to compare two or multiple
groups, respectively. If the group by each time interaction was
significantly different (P < 0.05), differences between groups were
compared within a post hoc test (Tukey HSD). To describe statistical
differences between results obtained with CPT in suspension (con-
trol) and CPT incorporated into SLN or in physical mixture with SLN
the Dunnett test was used. All statistical analyses were performed
with the software PASW Statistic 18 (SPSS Inc., Chicago, USA).

3. Results and discussion

3.1. Physicochemical characterisation of solid lipid nanoparticles

Unloaded SLN and CPT-loaded SLN were produced and char-
acterised in terms of mean diameter, PI and ZP on the day of
production. Unloaded and CPT-loaded SLN had similar mean sizes
of 148.70 ± 7.92 nm and 159.71 ± 3.0 nm,  respectively, and PI val-

ues of 0.208 ± 0.040 and 0.156 ± 0.013, respectively. The ZP values,
slightly negative for all the formulations, were −18.77 ± 2.4 mV
(unloaded) and −24.02 ± 2.86 mV  (CPT-loaded SLN). CPT was incor-
porated with a higher AE of 96.5%.

0 (A), 50 (B) and 100 (C) ng/mL).
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According to the literature [30], the mean diameter of SLN seems
o be suitable for reaching cancer cells, to be taken up and to release
rug inside cells. In relation to the charge surface, unloaded and
PT-loaded SLN had slightly negative charge, and these values of
P are good indications also for brain tumour targeting [30,31].
nother advantage of using negatively charged SLN is that they
re expected to be less toxic and more stable compared to posi-
ively charged nanoparticles [32]. Based on these facts, we propose
hat the currently developed formulations with a slightly negative
harge may  not exert surface associated cytotoxicity and increase
he drug delivery of incorporated drugs to the brain.

.2. Chromatography

The validation of the analytical HPLC method was  carried out
alculating selectivity, linearity, intra-day and inter-day preci-
ion and accuracy, extraction recovery and stability. These are
andatory parameters proposed by the Authorities and desired by

harmaceutical Industry in order to obtain better and more safety
edicines.
Selectivity is the capability of an analytical method to distin-

uish and quantify the analyte in the presence of other inherent
omponents in the samples [33]. For selectivity, analyses of blank
amples (6 replicates) of all the matrices were performed.

Fig. 2 represents chromatograms of blank matrices samples and
PT in PB3 (10 ng/mL). It was established that the detection of
he analyte was not interfered, in chromatographic separation, by
ndogenous compounds present in the serum or organs samples
ince no peaks at the CPT retention time were detected (Fig. 2),
eing any potential interfering compound washed from the column
ogether with the solvent.

To evaluate linearity, calibration curves were constructed by
lotting the peak area of each analyte against the concentration of
he analyte. Data were fitted to least squares linear regression. In a
inary gradient mobile phase with 1% TEA in water and acetonitrile,
he assay demonstrated good linearity in the tested range for CPT,
n all the matrices (R2 > 0.999). Under the present chromatographic
onditions, the run time for each sample was 16 min. The reten-
ion times were 3.0 and 9.8 min  for CPT, carboxylate and lactone
orm, respectively, as demonstrated by the analyses of CPT solu-
ions at different pH (data not shown). No CPT carboxylate peaks
ere detected in the organs due to the low pH (pH∼3) of the sam-
les after pre-treatment that transforms any CPT carboxylate form

n the lactone form (acid-lactone inter-conversion) (Fig. 3). Thus, in
his work, no calibration curve was presented for the carboxylate
PT form.

Regression analysis of calibration curves for PB3, serum, brain,
eart kidneys, liver, lung, and spleen, over the specified concentra-
ion rate, are depicted in Table 1. Calibration curve (n = 6) for CPT
n PB3 was linear and reproducible over the concentrations exam-
ned (0.5–200 ng/mL). Regression coefficient (R2) was  greater than
.999. The suitable range for CPT analyses from 0.5 to 200 ng/mL
as also demonstrated by the response factors versus concentra-

ion (Fig. 4), since the linear curve slope of approximately zero
slope = 0.1132) indicate that a linear response is obtained over
he specified concentration range. The calculated DL of CPT was
.2 ng/mL and the QL was 0.5 ng/mL. The QL value found revealed

 precision expressed by % CV equal to 7.3% and accuracy of 99.9%.
ccording to FDA guidelines the QL found had an acceptable preci-
ion (i.e., CV < 20%) and accuracy (i.e., accuracy 100 ± 20%) [33].

Calibration curves for CPT in biological matrices (serum, brain,
eart kidneys, liver, lung, and spleen) were also linear for the range

ested (1–200 ng/mL) with a regression coefficient (r2) higher than
.999 (Table 1). The DL and QL limits of the biological matrices
ere ≤0.18 and ≤0.54, respectively (Table 1). Despite the low cal-

ulated QL for some biological matrices, these values will probably
Fig. 4. Linearity studies for the proposed HPLC method. Response factors versus CPT
standard solutions concentration.

be associated with a low precision and accuracy. For the purpose
of this work we  only considerate as measurable CPT concentra-
tions values, in biological matrices, higher than 1 ng/mL, since they
have acceptable precision (CV between 4.7% and 7.5%) and accuracy
(accuracy between 95.3% and 104.3%) values.

Accuracy and precision (inter- and intra-day) were also esti-
mated. The accuracy of an analytical method depicts the closeness
of the mean results achieved by the method to the nominal con-
centration of the analyte [33]. The precision of an analytical method
represents the closeness of individual measures of an analyte when
the procedure is used repetitively to multiple aliquots of a single
homogenous volume of matrix [33].

The intra-day precision and accuracy were calculated by
analysing the QC of all matrices at concentrations of 10, 50 and
100 ng/mL. The intra-day precision was  ≤2.7% and accuracy ranged
between 94.4 and 102.2% (Table 2).

The inter-day precision and accuracy were calculated by
analysing the QC of all matrices at concentrations of 10, 50 and
100 ng/mL. The intra-day precision was ≤ 6.3 and accuracy ranged
between 99.4 and 108.9% (Table 2).

Both intra- and inter-day precision and accuracy found have an
acceptable precision and accuracy, since according to FDA  guide-
lines the precision and accuracy found for each concentration level
should not exceed 15% of the CV and accuracy range should be
between 85 and 115% [33].

In order to evaluate the robustness of the developed method, it
was  performed stability and recovery assays. The stability of CPT at
laboratory temperature was assessed analysing fresh samples and
analysing the same samples after 24 h at RT. CPT shown stability in
all matrices after this period as can be seen from Table 3.

The autosampler stability was  assessed analysing fresh samples
and analysing the same samples after 24 h after the first injection.
CPT was stable in the autosampler for at least 24 h (Table 3.)

The freeze–thaw stability of CPT was over three freeze–thaw
cycles, as can be seen in Table 3, and all the matrices show stability
after this period.

The recoveries of CPT from biological matrices were estimated
comparing the peak areas obtained with those obtained from the
injections of biological samples spiked with known concentrations
of the analyte. For CPT recoveries values ranged from 86.4 and 99.9%
and CV values between 0.3 and 9.5% were obtained (Table 4). These
values are in good agreement with a high degree of extraction
of drugs from organs, which could be a limiting step for the cor-
rect pharmacokinetics profile. And for this validation, the use of an
internal standard was considered since the linearity of the calibra-
tion curves in all the matrices was highly acceptable (R2 > 0.999)
and the intra-day and inter-day precision and recoveries of the
assay in measuring control samples without internal standards was

adequate. This is also in agreement with similar HPLC methods [24].

The comparison between the developed method and similar
methods for CPT quantification in biological matrices is depicted
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Table 1
Regression analysis of calibration curves, detection limit (DL) and quantification limit (QL) for CPT in PB3, serum, brain, heart kidneys, liver, lungs, spleen, over the specified
concentration rate.

Matrix Range (ng/mL) Slope Intercept Correlation coefficient (r) DL (ng/mL) QL (ng/mL)

PB3 0.5–200 44469 1008 0.9999 0.17 0.50
Serum 1–200 46767 −44574 0.9999 0.12 0.37
Brain  1–200 44276 −25805 0.9999 0.06 0.17
Heart  1–200 47652 75468 0.9999 0.18 0.54
Kidneys 1–200 48389 −47525 0.9999 0.04 0.12
Liver  1–200 51417 −87933 0.9999 0.03 0.10
Lungs 1–200 51319 −41806 0.9999 0.05 0.17
Spleen 1–200 44333 −57379 0.9999 0.11 0.32

Table 2
Accuracy and precision for the analysis of CPT in PB3, serum, brain, heart kidneys, liver, lungs, spleen (n = 6).

Matrix Nominal concentrationa (ng/mL) Intra-day Inter-day

Measured concentration Measured concentration

Mean (ng/mL) Accuracy (%) CV (%) Mean (ng/mL) Accuracy (%) CV (%)

PB3 10 10.1 100.9 1.4 10.1 100.7 1.3
50  51.2 102.5 0.1 51.0 102.1 0.1

100  101.7 101.7 0.6 101.3 101.3 0.6
Serum 10 9.4  94.4 4.8 10.7 107.4 1.0

100  101.6 101.6 2.0 107.1 107.1 1.1
Brain 10  10.7 106.6 1.9 10.1 100.7 1.8

100  99.2 99.2 1.4 99.4 99.4 1.4
Heart 10  9.8 98.2 1.2 10.2 102.5 1.1

100 100.8 100.8 0.8 100.4 100.4 1.7
Kidneys 10  10.0 100.0 1.5 10.0 99.8 0.5

100  100.4 100.4 2.2 100.3 100.3 1.5
Liver 10  10.3 102.5 2.2 10.2 102.0 4.2

100  102.2 102.2 4.1 101.8 101.8 6.3
Lungs 10  9.7 97.3 2.4 10.8 107.9 2.6

100  100.8 100.8 1.8 100.9 100.9 5.4
Spleen 10 9.7  96.7 1.2 10.8 108.9 1.0

100  101.1 101.1 2.7 100.1 100.1 4.3

ns. Int
f

i
7
a
c
a
s
p

T
S

(

a Selected concentrations represent the low and high quality control concentratio
or  each concentration. CV (coefficient of variation) = (SD/mean) × 100.

n Table 5. The proposed method is suitable for measuring CPT in
 different biological matrices, when generally the other methods
re suitable only for quantify CPT in one or two biological matri-

es. Additionally, the present method revealed generally lower DL
nd QL values, higher recoveries and appropriate stability of the
amples, which are, undoubtedly, clear advantages for perform
harmacokinetic studies.

able 3
tability of CPT at different experimental conditions in PB pH 3, serum, brain, kidneys, liv

Experimental condition 24 h at RT 

Matrix Nominal concentrationa (ng/mL) Measured concentration

Mean (ng/mL) CV (%

PB3 10 11.1 2.7 

100  104.6 8.7 

Serum 10  10.3 2.4 

100  103.6 3.6 

Brain 10  10.2 0.5 

100  103.3 4.3 

Heart 10  11.1 2.8 

100  105.0 2.8 

Kidneys 10  11.3 2.1 

100  102.5 3.2 

Liver 10  9.9 0.6 

100  90.1 1.0 

Lungs 10  10.9 0.6 

100  100.4 4.0 

Spleen 10  10.9 2.3 

100 97.6  0.1 

a Selected concentrations represent the low and high quality control concentrations. St
n  = 6) for each concentration. CV (coefficient of variation) = (SD/mean) × 100.
ra-day and inter-day accuracy and precision was  determined with replicates (n = 6)

3.3. Application of the method to pharmacokinetic studies

The proposed method was  used to assess the rat body distribu-

tion of CPT after i.v. administration. Results from pharmacokinetic
studies are depicted in Table 6. A complete pharmacokinetic study
of the CPT using different formulations of CPT-loaded SLN during
24 h was  also performed after the method validation, giving a more

er, heart, kidneys, liver, lungs and spleen (n = 6).

24 h in the autosampler 3 freeze–thaw cycles

) Mean (ng/mL) CV (%) Mean (ng/mL) CV (%)

9.5 2.3 11.4 4.4
98.7 0.2 101.3 1.1

9.1 1.5 10.9 0.1
96.4 0.8 105.6 0.5
10.5 1.8 10.3 1.6
96.4 0.2 101.5 1.5

9.3 1.6 10.5 1.2
96.7 0.3 97.9 0.7

9.2 1.7 10.0 5.2
93.8 2.8 97.9 1.3

9.3 0.7 11.2 9.3
89.4 0.6 93.3 5.6

9.4 0.7 9.7 1.6
96.4 0.2 91.2 0.5
10.3 1.5 10.1 0.8

105.1 1.1 99.4 0.1

ability of CPT at different experimental conditions was determined with replicates
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Table 4
Extraction efficiency of CPT from rat organs at different concentration levels (n = 6).

CPT solution CPT-loaded SLN SLN + CPT

T.C. E.E. (%) CV (%) E.E. (%) CV (%) E.E. (%) CV (%)

Serum 10 97.9 2.3 86.8 4.9 91.6 9.5
50  97.3 3.7 86.7 0.3 86.7 0.3

100  94.2 1.1 90.3 1.8 99.1 0.8
Brain 10 94.8  4.2 94.5 1.3 96.0 6.1

50 98.3  4.5 93.2 0.5 99.9 7.6
100  94.7 3.3 96.3 0.2 90.9 3.2

Heart 10  94.2 3.9 97.1 2.6 98.0 1.4
50  95.2 0.5 98.6 0.2 90.3 5.7

100  96.7 4.9 86.4 0.5 93.9 1.1
Liver 10 87.0  1.6 93.6 0.8 89.5 2.9

50 95.3  3.1 96.5 3.0 94.8 3.9
100  95.2 5.6 92.5 2.2 95.4 4.0

Lungs 10  88.7 1.8 89.7 0.9 96.1 0.2
50  89.1 1.9 92.2 2.0 99.7 1.8

100  95.4 1.1 96.5 1.9 95.3 0.6
Kidneys 10  95.6 1.4 87.2 1.3 95.5 1.1

50  98.3 1.1 90.2 1.6 96.3 4.6
100  93.8 4.4 97.7 1.4 96.7 2.5

Spleen 10 97.7  4.9 90.8 2.7 91.6 2.4
50  97.1 1.0 97.0 2.1 94.8 4.1

100 96.6  1.7 91.3 0.3 91.4 0.4

Table 5
Parameters comparison between the proposed method and other methods for the detection of camptothecin.

Biological
matrices

Time of run
(min)

Equilibrium
time (min)

DL (ng/mL) QL (ng/mL) Stability Recovery (%) Ref.

Serum

16 –

0.12 0.37

24 h autosampler
24 h RT
3  freeze/thaw cycles

>86

This work

Brain  0.06 0.17 >90
Heart  0.18 0.54 >90
Kidneys 0.04 0.12 >87
Liver  0.03 0.10 >88
Lungs 0.05 0.17 >87
Spleen 0.11 0.32 >90
Plasma

>12 n.a. 0.5
1

n.a.
>62

[20]
Urine  10 >55

Mont ◦

24 h a
1 mon

p
t
i
i
w
t
p
t
b
l
i
c
C

T
C

Plasma 18 3–5 n.a. 5 

Plasma 7.5 n.a. n.a. 5.74 nM 

Plasma >16 n.a 0.2 n.a 

recise outlook of the potentiality of SLN carriers of drugs for brain
arget (unpublished data). CPT distribution 1 h after CPT admin-
stration revealed that the concentration in some organs clearly
ncreased when CPT was incorporated into SLN, mainly in the brain,

here the CPT accumulation was greatly increased. CPT accumula-
ion was increased in brain (6.3 times, p < 0.05), kidneys (2.5 times,

 < 0.05), liver (1.4 times), lungs (2.4 times, p < 0.05), spleen (2.0
imes, p < 0.05) and serum (2.8, p < 0.05). This increase is proba-
ly due to a higher delivery of the drug (e.g. brain) and/or to a

ower elimination rate from the rat body. In agreement with the

ncrement of CPT levels it was also verified that the total CPT con-
entration measured in all the organs were 2.9, 5.9 and 5.3 �g/g for
PT in suspension, CPT-loaded SLN and physical mixture of CPT in

able 6
oncentration of CPT (ng/g organ) in rat 1 h after i.v. administration of CPT suspension, CP

Organ CPT suspension CPT-

Mean SD Mea

Serum 32.4 7.7 89
Brain  38.8 7.5 242
Heart  75.2 6.5 50
Kidneys 44.8 9.9 114
Liver 873.8  265.7 1229
Lungs 1378.8 463.7 3248
Spleen 468.2 126.1 949

* Significantly different (P < 0.05) from the results obtained with CPT in suspension form
h storage −80 C 4 h RT 3 freeze/thaw cycles >76 [16]
t −70 ◦C, 4 ◦C or 37 ◦C1 month stored at −70 ◦C >80 [17]
th at −30 ◦C >78 [18]

SLN, respectively. On the other hand, CPT concentration decreased
in the heart (0.7 times, p < 0.05) in comparison with CPT in suspen-
sion, which may  be a consequence of the low affinity of the SLN
containing CPT to the heart and to the deposition of SLN containing
the drug in other organs, thus less CPT in heart. The lower affinity
of SLN to the heart may  also be beneficial to reduce cardiotoxicity
of some drugs, such as doxorubicin [34,35].

Furthermore, CPT accumulation was higher, when incorporated
in SLN than when in physical mixture with SLN, in brain (4.0 times,
p < 0.05), in the lungs (2.1 times, p < 0.05) and in the serum (1.6

times, p < 0.05). This increase demonstrate the ability of SLN to
modulate and target the rational pharmacokinetics of CPT. On the
other hand, CPT concentration decreased in the heart (0.5 times,

T-loaded SLN and physical mixture of CPT and unloaded SLN (n = 6).

loaded SLN CPT + SLN

n SD Mean SD

.5* 18.8 54.4 10.7

.6* 69 61.3 8.8

.9 11.9 102.6* 7.2

.0 23.3 170.6* 39.4

.2 309.7 1774.5* 444.5
* 817.9 1575.9 485.8
.4 226.1 1529.9* 309.6

ulation.
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 < 0.05), in the kidneys (0.7 times, p < 0.05), in the liver (0.7 times,
 < 0.05), in the spleen (0.6, p < 0.05) in comparison with CPT in
hysical mixture with SLN which may  be a consequence of the tar-
eting of SLN containing the drug incorporated to the brain and
ungs with the decreasing accumulation in other organs.

CPT-loaded SLN seems to be more suitable to target CPT to brain
nd lungs than CPT in suspension or CPT in physical mixture with
LN. SLN containing the drug revealed a higher systemic concen-
ration after 1 h than the other two formulations, meaning that the
rug is able to circulate at higher concentration and during longer
ime through the body. It is well know that the tumour vascula-
ure is immature, allowing nanoparticles leaking from the blood to
ccumulate in the interstitial space in tumour tissues due to the
enhanced permeability and retention (EPR) effect” [36]. Conse-
uently, the increase of circulation of CPT incorporated into SLN is
n enormous advantage since increased systemic exposure results
enerally in increased tumour exposure to the drug, and can result
n high accumulation in the tumour.

. Conclusion

A simple, sensitive, accurate and precise HPLC method was
eveloped and fully validated according to the ICH guidelines for
nalytical procedures validation. This method was  convenient for
he quantification of CPT in rat organ samples and was  successfully
pplied to the determination of biodistribution of CPT in rat. This
ethod, based in a chromatographic separation and fluorescent

etection, could be very useful for clinical pharmacokinetic studies
n other animals and humans.
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