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Simple and sensitive HPLC method for
determination of amrubicin and amrubicinol
in human plasma: application to a clinical
pharmacokinetic study

Reiko Ando®¥, Yoshinori Makino® Tomohide Tamura®, Noboru Yamamoto®,
Rena Nishigaki®, Takehiro Kimura?, Nobuaki Yokote® and
Hiroshi Yamamoto®

ABSTRACT: A simple and sensitive high-performance liquid chromatographic (HPLC) method was developed for determina-
tion of amrubicin and its metabolite amrubicinol in human plasma. After protein precipitation with methanol without
evaporation procedure, large volume samples were injected and separated by two monolithic columns with a guard
column. The mobile phase consisted of tetrahydrofuran-dioxane-water (containing 2.3 mm acetic acid and 4 mm sodium
1-octanesulfonate; 2:6:15, v/v/v). Wavelengths of fluorescence detection were set at 480 nm for excitation and 550 nm for
detection. Under these conditions, linearity was confirmed in the 2.5-5000 ng/mL concentration range of both compounds.

- The intra- and inter-day precision and intra- and inter-day accuracy for both compounds were less than 10%. The method was

successfully applied to a clinical pharmacokinetic stidy of amrubicin and amrubicinol in cancer patients. Copyright © 2009

John Wiley & Sons, Ltd.

Keywords: amrubicin; amrubicinol; cancer; protein precipitation; monelithic column
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introduction

Amrubicin, a completely synthetic 9-aminoanthracycling, is an
active anticancer agent. Both amrubicin and amrubicinol, the
C-13 hydroxy active metabolite of amrubicin, are inhibitors of the
DNA topoisomerase Il mediated cleavable complex. The antitu-
mor activity of amrubicinol is 10-100 times greater than that of
the parent compound in vitro (Yamaoka et al,,; 1998). In:phase I/
I trials conducted in-Japan the recommended dose of amrubicin
was determined to be 45 mg/m?for three consecutive days every
3 or'4 ' weeks. In-phase |l trials of amrubicin monotherapy the
response rate of small cell lung cancer (SCLC) and non-small cell
lung cancer (NSCLC) was found to be 75.8% (Yana et al., 2007)
and 27.9% (Sawa et al, 2006), respectively. Amrubicin was
approved in Japan for the treatment of SCLC and NSCLC in
December 2002. The major problem with amrubicin is hemato-
logical toxicity. An incidence of grade 3 or 4 toxicity of 76.8% has
been found for neutropenia, 54.7% for leucopenia, 26.0% for
anemia, 22.1% for thrombocytopenia and 35% for the more
serious toxicity, febrile neutropenia (Kato et al., 2006). The sever-
ity of these toxicities varies from individual to individual.
Neutropenia has been reported to be associated with the area
under the curve of the plasma amrubicinol concentration, which
is one of the major pharmacokinetic (PK) parameters (Matsunaga
et al.,, 2006). A prospective PK and pharmacodynamic {PD) study
was planned in our institution, the National Cancer Center
Hospital (Tokyo, Japan), to evaluate the PK and PD parameters of
amrubicin and amrubicinol and to develop an individualized
dosing strategy for amrubicin.

Development of a simple and sensitive HPLC method for deter-
mination of amrubicin and_amrubicinol in human plasma was
required to conduct the PK/PD study. Four methods, including
two HPLC methods (Noguchi et al;; 1998; Matsunaga et al., 2006),
an-HPLC-MS-MS ‘method: (Yanaihara et al, 2007) and a UPLC-
MS-MS method (Li et al., 2008), have-already been reported: The
two HPLC methods (Noguchi et al., 1998; Matsunaga et al., 2006)
involve preparation by liquid-liquid extraction and solid-phase
extraction, respectively, and they lack sensitivity because of low
recovery and loss during processing. The HPLC-MS-MS method
(Yanaihara et al,, 2007), on the other hand, involves preparation
by solid-phase extraction, but the lower limits of quantification
(LOQ) of amrubicin and amrubicinol is 20 ng/ml, which is higher
than the plasma concentration of amrubicin 24 h after an intra-
venous bolus and higher than the concentration of amrubicinol,
stated in the application for the approval of amrubicin, However,
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although an UPLC-MS-MS method by protein precipitation (Li et
al., 2008) improved the LOQ and preparation procedure, it is not
general measurement equipment in hospitals because the
equipment is too expensive,

A monolithic column, which has applied for bioanalysis with
in the past 10 years, has a lower back-pressure than packed beds
(Nguyen et al,, 2006). Many applications of analysis using mono-
lithic column have been investigated in p-HPLC and capillary
electrochromatography. Otherwise, few methods refer to the use
of a monalithic column by HPLC. The advantage of using mono-
lith columns is that sensitivity can be improved by a long column
and large volume samples can be injected.

There are many methods of sample preparation, including
protein precipitation, liquid-liquid extraction and solid-phase
extraction. Protein-precipitation is the simplest method in terms
of procedure and technigque. Moreover, recovery with protein
precipitation is higher than that with liquid-liquid extraction or
solid-phase extraction because amrubicin and amrubicinol have
both hydrophilic sites and hydrophobic sites.

The aim of this study was to use monolithic columns to develop
a simple and sensitive HPLC method for determination of amru-
bicin and amrubicinol in human plasma.

Experimental

Chemicals

Amrubicin: and: amrubicinol- were : provided- by- Dainippon: Sumitomo
Pharmaceuticals Co. Ltd {Osaka, Japan). The chemical structure of amrub-
cin and amrubicinol are shown in Fig. 1. All other chemicals and reagents
used were of analytical reagent grade or HPLC grade and were purchased
from Wako (Osaka, Japan).

Chromatographic Instrumentation and Conditions

The chromatographic system consisted of an LC-20AD pump, ‘a SiL-20AC
auto sampler, an RF-10AXL fluorescence detector and C-R8A Chromatopac
integrator with: a. CTO-10A oven {(Shimadzu; Kyoto, Japan). Two:con-
nected Onyx Monolithic Ci (100 x 4.6:'mm) columns were used with an
Onyx. Monolithic. Cig Guard: Cartridge: (10: X- 4.6 mm;. Phenomenex,
Torrance, CA, USA), Effluent was monitored with a fluorescence detector
set at an excitation wavelength of 480 nm and a detection wavelength
of 550 nm. The mobile phase consisted of tetrahydrofuran-dioxane-
water (containing 2.3 mM acetic acid and 4 mM sodium 1-octanesulfo-
nate; 2:6:15, v/v/V) pumped - at flow rate of 0.9 mL/min at a column
temperature of 35°C,

amrubicin

Figure 1. Chemical structures of amrubicin and amrubicinol.

Preparation of Standards and Plasma Samples

Stock solutions of amrubicin and amrubicino! were stored in plastic
microtubes to avoid adsorption to glassware, and stored at -80°C.
Working solutions were obtained by diluting the stock solutions with
acetonitrile. Blank plasma samples for use in validating the method were
obtained: from healthy volunteers. The patient plasma samples were
obtained from the National Cancer Center Hospital. Both the blank
plasma samples and patient plasma samples were stored at —80°C until
analyzed. Heparin sadium salt was added to patient blood samples to
prevent coagulation. Then the. blood samples were centrifuged at
5000 rpm for 10 min.

Extraction Procedure

Plasma (100 pul)in a 1.5 mL screw-capped tube was diluted with 20 ul of
16 mM citric acid=16 mM Na,HPO,~0.9% NaCl solution, and after adding
480 pL of methanol the tube was shaken for 30 min. The mixture was
then centrifuged for 10 min at 12,000 rpm. The supernatant was filtered
through an UltraFree-MC filter (Millipore, Tokyo, Japan), and 250 pL'of the
solution was transferred into auto sampler vials and vortex-mixed with a
500 ul of 16 mM citric acid-16 mM Na,HP04-0.9% NaCl solution. A
450 uL volume of the solution was injected into the HPLC system for
analysis.

Validation

Specificity. - The specificity of the method was evaluated by comparing
different blank plasma samples and plasma samples spiked with amrubi-
cin and amrubicinol. The blank plasma samples were collected from nine
volunteers.

Accuracy, precision and recovery. “'Accuracy and precision were deter-
mined by replicate analysis (n = 6) of plasma samples spiked with three
concentrations of amrubicin and amrubicinol: 10, 100 and 1000 ng/mL.
Accuracy was evaluated as relative error (RE), and precision was evaluated
as coefficient of variation (CV). Recovery was assessed by comparing the
results of analyses of extracted plasma samples and unextracted stan-
dards containing the same concentrations.

Calibration curve. The LOQ was determined from the peak and the
standard deviation of the noise level (SN). The LOQ was defined as the
concentration of amrubicin and amrubicinol resulting in a peak height of
10 times SN. The calibration curve was generated by linear regression of
the peak areas (y) of amrubicin and amrubicinol against the correspond-
ing concentrations (x) of amrubicin and amrubicinol in plasma,

amrubicinol
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Analysis of Patient Samples

For the analysis of plasma concentration of amrubicin and amrubicinol,
plasma samples were obtained from lung cancer patients treated with
40 mg/m’ of amrubicin. All patients were enrolled in the prospective PK/
PD study, which was aimed to evaluate the correlation between PK and
PD of amrubicin and amrubicinol, Written informed consent was obtained
from all patients. This study was approved by the Ethical Review Board of
National Cancer Center Hospital and is ongoing. The plasma samples
were obtained from blood samples collected immediately before injec-
tion, and immediately after the injection, and 5, 15 and 30 min, and 1, 2,
4, 8 and 24 h after the end of injection, Each sample was determined in
triplicate.

Results
Specificity

No endogenous interference was observed at the retention
times of amrubicin and amrubicinol. The retention time of amru-
bicin and amrubicinol was approximately 8.5 and 10.2 min,
respectively. Representative chromatograms of the blank plasma
sample, the plasma sample spiked and the patient plasma sample
are shown in Fig. 2. The capacity factors (k') of amrubicin and
amrubicinol were 1 and 1.4, respectively.

Accuracy, Precision and Recovery

The results for intra- and inter-day accuracy, precision and recov-
ery are shown in Table 1. Intra-day accuracy ranged between —4.1
and 0.8% for amrubicin and between —~9.8 and ~2.1% for amrubi-
cinol. Inter-day accuracy was between 3.1 and 3.0% for amrubi-
cin and between —4.0 and 23% for amrubicinol. Intra-day
precision was 1.4-8.8% for amrubicin and 1.3-4.2% for amrubi-
cinol. Inter-day precision was 2.7-8.8% for amrubicin and 5.3—
5.5% for amrubicinol. Recovery was greater than 95% at all
concentrations (10, 100 and 1000 ng/mL) of amrubicin and
amrubicinol.

Lower Limit of Quantitation

The LOQ was 2.5 ng/mL for both amrubicin and amrubicinol. At
that level the coefficient of variation (CV) was 8.3% for amrubicin
and 3.2% for amrubicinol (n = 6).

Linearity

Under the chromatographic conditions described; linearity and
the appropriate cotrelation coefficient were achieved for-amru-
bicin within the concentration range from 2.5t6 5000 ng/mt. The
linear regression equation for amrubicin wasy=526.3x + 6156.3,
and the correlation coefficient (r) was 0.999. Simila¥ resuilts were
obtained for amrubicinol with the concentration range from 2.5
to 5000 ng/mL. The linear regression equation for amrubicinol
was y = 662.9x + 2947.7, and the cotrelation coefficient (r) was
0.996.

Analysis of Patient Plasma Samples

The amrubicin and amrubicinol.in: the patient plasma:samples
were separated well under the optimal chromatographic condi-
tions. Figure 2(C) shows a chromatogram of amrubicin and amru-
bicinol in'a plasma sample from a patient who: was treated at
dose of 40-mg/m? of amrubicin. Figure 3 shows the concentra-
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Figure 2. Representative: HPLC. chromatogram...(a). Blank:- plasma
sample; (b) plasma sample spiked with 100 ng/mL amrubicin and amru-
bicinol; () patient plasma samiple obtained 2 h after anintravenous bolus
dose of 40 mg/m? of amrubicin, Peaks:1 = amrubicin; 2 = amrubicinol, For
chromatographic condition see Experimental section.

tion=time profiles for amrubicin:and amrubicinol after an intra-
venous bolus. The amrubicin concentrations ranged between 4.3
and. 2504 ng/mL, and. the- amrubicinol: concentrations ranged
between 3.0 and 18.5 ng/mL. These concentrations were similar
to.the: concentrations. stated in the application for approval of
amrubicin:

Discussion

* We:developed a simple and sensitiveé method of determination

for amrubicin-and amrubicinol by HPLC. In- our method protein
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Table 1. Intra-day and inter-day accuracy, precision and recovery of the HPLC method for amrubicin and amrubicinol
Nominal concentration n Experimental concentration Precision Mean recovery Accuracy
(ng/mL) (mean + SD, ng/ml) (% CV) (%) (%RE)
Intra-day
Amrubicin 10 6 99106 59 98.9 -1.1
100 6 959+ 1.3 14 100.0 ~4.1
1000 6 1007.6 + 88.2 88 100.7 0.8
Amrubicinol 10 6 9.0+ 04 4.2 98.5 -9.8
100 6 97.8+13 13 97.8 -2.1
1000 6 9549+ 14.6 1.5 95.5 -4.5
Inter-day
Amrubicin 10 6 9.7%03 27 98.0 -3.1
100 6 102+86 84 100.0 20
1000 6 1029.8 + 909 8.8 100.7 3.0
Ararubicinol 10 6 100+ 0.5 53 99.3 0.1
100 6 96.0+5.5 5.7 99.3 —4.0
1000 6 1023.2 £ 564 55 1004 23
10000 monolith column with high porosity could remove matrix
macromolecules.
-"E-T L In this study, we evaluated packed-bed columns, such as
:q_, w0 ? Sumipax ODS A-212 (5 um, 6 mm X.15 cm), Synergi Hydro-RP
z k‘ (4 pm, 4.6 mm x 15 cm), Luna G (4 pm, 4.6 mm X 15 cm) and
S . Luna Cy (3pm, 46 mm X 15cm). The LOQ using Sumipax
g . ODS A-212 was 5 ng/mL for both amrubicin and amrubicinol.
§ 1oy o Using the other three columns, we could not obtain sufficient
5 ) result (data not shown). We considered the reason why small
g “A A A particles prevented the access of macromolecules in biological
E w0 T e, samples.
A-% ) Te We connected two monolithic columns in tandem like a long
) column, which made it possible to determine low concentrations
4 . O of amrubicin and amrubicinol without high pressure. As a result,
] 5 10 15 o 2 the sensitivity of our method is equal or superior to that of other
Time (h) methods, including methods that use HPLC-MS-MS or UPLC-

Figure 3. Plasma concentrations vs time curves of amrubicin (circles)
and its metabolite amrubicinol (triangles) in a patient treated with
40 mg/m? of amrubicin,

precipitation is used to prepare the samples, and monolithic
columns:are used to make determination.

During the past decade monolithic columns have emerged as
an alternative to “traditional packed-bed columns. Monolithic
columns are structurally very different from packed-bed columns.
The most interesting characteristic of monoliths is their high
external porosity resulting from the structure of the network of
through-macropores. Another interesting characteristic is the
structure of the stationary phase skeleton, which consists of a
network of small, thin threads of porous silica. These structural
characteristics allow the combination of the low hydraulic resis-
tance of the columnto the stream: of mobile phase and an
enhancement of the column of the rate of the mass transfer of
the sample molecules through the column, In this 'way, the
monolithic column improves back-pressure. Yunsheng et al.
(2003) investigated the utility of monalithic column for direct
HPLC-MS-MS analysis. Although access to the matrix in-biological
samples was prevented in‘analysis by packed-bed columns, the

www.interscience.wiley.com/journal/bmc
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MS-MS, and its sensitivity is adequate for performance of the
analyses in the PK study.

The sample preparation procedure in this method is based on
protein precipitation, because it is simple, Moreover, recovery by
protein precipitation is higher than by liquid-liquid extraction or
solid-phase extraction, because amrubicin and amurbicinol have
both hydrophilic sites and hydrophobic sites. Methanol was
selected. for. protein precipitation,- because. methanol. makes
shaper peaks-and enables better separation than other organic
solvent (data not shown). We added an appropriate-amount of
buffer, which prevents broad peaks, to the samples after protein
precipitation.

The fluorescence detector was set at an excitation wavelength
of 480 nm and a detection wavelength of 550 nm. In the excita-
tion wavelength, the highest energy should be obtained in the
480 nm region at the leve! of excitation lamps, according to the
proposal for determination of anthracyclines (Sepaniak and
Yeung, 1980). We set the excitation wavelength at 480 nm. Since
the most sensitive detection wavelength for amrubicin and
amrubicinol' was 550 nm, we used it as the detection wavelength
in our method. The mobile phase was a modification of a previ-
ous report: (Noguchi et al,; 1998). 1-Octanesulfonate improved
separation compared with other ion-pair: agents: including 1-
heptanesulfonate,: which: used -Noguchi’s method (data not

Biomed: Chromatogr. 2010; 24:301-306



