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HIGH PERFORMANCE REVERSE PHASE
LIQUID CHROMATOGRAPHIC METHOD FOR
TOPOTECAN TRACE ANALYSIS

L. C. Hsu

Corporate Environmental Research Laboratory
SmithKline Beecham Corporation
King of Prussia, PA 19406, USA

ABSTRACT

A highly sensitive and selective reversed-phase high
performance  liquid chromatography (RP-HPLC) with
fluorescence detection for topotecan (SK&F 104864A) trace
analysis is presented. Topotecan is the prototype of a novel class
of antitumor agents, which exert their activities exclusively by
inhibition of cellular topoisomerase I. The analytical method is
based on an efficient HPLC separation using a Zorbax®
StableBond® narrow bore (150 x 2.1 mm id) Cg column
(particle size¢ 5 mm). A secondary-retention phenomenon was
noticed during the studies, however, and the problem was solved
by adding 0.1% (v/v) triethylamine. Zorbax® StableBond®
columns represent the new class of silane-modified silica, and
have proved to be stable at least four months with continuously
analyzed samples containing bleach and hydrogen peroxide.
Column effluents were monitored via fluorescence with the
excitation wavelength set at 225 nm and the emission wavelength
at 520 nm. The limit of quantification (LOQ) for topotecan was
0.2 ng/mL. Linear response was observed for concentration of
topotecan from 0.2 to 20 ng/mL. The method not only provided
sensitive, precise and accurate support to photolysis,
biodegradation and deactivation treatment system studies but also
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reduced the organic solvent waste by two-thirds as compared to
conventional HPLC columns (4.6 mm i.d.).

INTRODUCTION

Topotecan ((S)-9-Dimethylaminomethyl-10-hydroxy-camptothecin hydro-
chloride SK&F 104864A, Fig. 1), is a semisynthetic analogue of camptothecin.
Topotecan demonstrated considerable cytotoxic and antitumour activity by
exclusive inhibition of topoisomerase 1.'” Topoisomerases are intranuclear
enzymes that transiently break and rejoin DNA strands to facilitate processes like
replication, recombination and transcription that are essential for cell survival.
Currently, one SmithKline Beecham facility has been modified to handle
secondary production for topotecan clinical trials. Due to its potential health
hazards, a topotecan deactivation treatment system was required to treat the waste
generated from the packaging process. This system was set up prior to the sewer
discharge system and consisted of eight UV lamps with an auxiliary hydrogen
peroxide delivery system. Photolysis and biodegradation pathways have also been
investigated. To support the large-scale waste treatment system, biodegradation
and photolysis studies, an efficient HPLC method capable of analyzing more than
three samples per hour was required.

N(CHs)2 O

HO

Ete” Nog

Figure 1. Topotecan (SK&F 104864A) structure. - is the possible adsorption site for
silanol groups.

This paper describes an efficient, sensitive and specific HPLC method for
the determination of topotecan. By using narrow bore columns (2.1 mm i.d.) with
fluorescence detection, the limit of detection and the limit of quantification were
found to be at 0.06 ng/mL and 0.2 ng/mL, respectively. This method is also mass
spectrometry compatible and, as such, would be suitable for further planned LC-
MS investigations.
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EXPERIMENTAL

Instrumentation

All measurements were made with a Hewlett-Packard 1050 HPLC system
with an HP 1046A fluorescence detector (Hewlett Packard, Palo Alto, CA,
USA). The excitation wavelength was set at 250 nm ( 2 x 2 mm slit) and
emission wavelength was set at 520 nm (4 x 4 mm slit). The PMT gain was set
according to the sample concentration range and the Xenon lamp flash
frequency was set at 200 Hz and the response time was set at 1 sec. A Nelson
900 Series interface and PE Access*Chrom VAX chromatographic software
(Perkin-Elmer Nelson System, Cupertino, CA, USA) were used for data
collection and analysis. The sampling rate was 1 pt/s and the samples were
injected at least three times. Chromatographic separations were carried out on
a 150 x 2.1 mm id. Zorbax Cg column (MacMod, Analytical Inc., Chadds
Ford, PA, USA) at room temperature. The injection volume was 10 pL.
Triethylamine (J. T. Baker, Phillipsburg, NJ, USA) 0.1 % (v/v), adjusted to pH
3 with trifluoroacetic acid (J. T. Baker, Phillipsburg, NJ, USA), was used as
mobile phase A and acetonitrile (J. T. Baker, Phillipsburg, NJ, USA) as mobile
phase B. The gradient profile was 8% B isocratic for 1 minute; to 35% B in 6
minutes; back t0 8% B in 1 minute; and re-equilibrate for 10 mins. Total run
time was 18 minutes. The optimal excitation and emission wavelengths were
determined by trapping the sample in the flow cell, and the best illumination
wavelength was found by scanning the wavelength characteristic of the flow
cell contents.

Reagents and Solutions

Mobile phase A was prepared by adding 10 mL tricthylamine (TEA) to
970 mL HPLC water followed by pH adjustment to 2.9-3.1 through addition of
about 15 mL trifluoroacetic acid (TFA). The final volume was brought to 1000
mL with HPLC water. The solution was mixed and filtered through a separate
0.4-0.5 mm polycarbonate, PVDF, or equivalent membrane filter. A 100
pg/mL topotecan stock solution (SmithKline Beecham Pharmaceutical, King of
Prussia, USA) was prepared by accurately weighing about 10 mg of topotecan
into a 100 mL volumetric flask. Ten mL’s mobile phase A was added to totally
dissolve the compound, and then solution was diluted to volume with mobile
phase A. The standard solution was stored at 4°C and protected from light.



13:15 24 January 2011

Downl oaded At:

614 HSU

Standard dilutions of the stock solution were prepared, as needed, using
volumetric glassware and mobile phase A.

RESULTS AND DISCUSSION
Narrow Bore Columns and Column Characteristics

Reducing organic solvent waste and the associated disposal cost has
become a priority for many HPLC users, especially when the organic waste is
potentially hazardous as in the present study. The feasibility and desirability of
using capillary zone electrolysis (CZE) in the biodegradation studies of a
pharmaceutical compound has been previously demonstrated.®> With no organic
solvent consumption, CZE is an environmentally friendly method for the assay
analysis. However, CZE lacks the sensitivity needed for the trace analysis,
although laser-induced fluorescence detection has been used with CZE.*°
Unfortunately, these lasers are available in quantity only for visible and near-IR
wavelengths. Thus, an alternative method was needed for topotecan trace
analysis.

Columns with internal diameters of less than 4.6 mm, (i.e., 3.0 mm or 2.1
mm) will dramatically reduce solvent consumption and solvent waste, because a
smaller flow rate is used (0.2-0.4 mL/min). Simpson and Brown  have
compared the performance characteristics, such as column efficiency,
selectivity, resolution and detection limit obtained in the narrow bore mode
with those obtained by conventional HPLC. There are two additional benefits
to use columns with smaller internal diameters.

First, there is an increase in sensitivity. Samples are eluted in smaller
peak volumes on 2.1 mm i.d. columns. Therefore, the concentration of the
analyte is greater and sensitivity is increased (assuming same injection
volumes). Second, narrow bore columns are compatible with most HPLC
instruments with little or no system modification; they can also interface
directly to other detectors. The lower flow rates (0.2-0.4 mL/min) of small bore
columns make it possible to interface directly with many current LC/MS
systems. As suggested by Snyder et al.® gradient elution was also used to
improve peak shape should 10 pl injection cause any noticeable losses in
resolution on a 2.1 mm i.d. column. The combination of gradient elution and
the narrow bore column provided enough separation power to positively
identify topotecan from other possible interference compounds (Fig. 2).
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Figure 2. Chromatograms of treated waste samples. Solid line is the treated waste
sample chromatogram; dotted line is the same sample spiked with a 2 ng/mL topotecan
standard (arrow). HPLC condition: Injection volume: 10 mL; Column temperature:
Ambient, Instruments: Hewlett-Packard 1050 with 1046A fluorescence detector;
Mobile phase A: 0.1 % TEA and TFA pH 3 solution. Mobile phase B: acetonitrlle.
Gradient profile: 8% B isocratic for 1 minute; to 35% B in 6 minutes; and back to 8% B
in 1 minute; re-equilibrate for 10 mins.; Detection: fluorescence (ex =225 nm, em=520
nm PMT gain =16).

Zorbax StableBond Cg columns used in this study represent the new type
of siliane bond stationary phases which have been prepared with monomeric
"sterically-protected" bonded silanes containing diisopropyl- and diisobutyl-
silane side groups and a variety of interactive ligands (Cs, Cys, etc.)™'° It is the
steric bulk of the side group (from dimethyl to diisopropyl) which greatly
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Table 1
System Suitability Report During Four Months Studies

Parameter k*  R® (x105 N¢ Al

Month 0 4.44 1.96 69295 141
Month 1 4.44 201 68957 1.40
Month 2 4.57 2.04 70120 1.35
Month 3 4.49 2.02 66453  1.45
Month 4 4.43 1.94 65413 146
Average 4.47 1.99 68048 1.41
%R.S.D.° 1.32 2.11 2.95 3.12

® Capacity Factor; ° Response Ratio;

¢ Theoretical Plate Number, calculated usign Foley-
Dorsey approximation.'* ¢ Asymmetry Factor
= ratio of the distances from the perpendicular
to the rear side and the front side of the peak,
along the 10% horizontal line. °% RSD =
(Standard deviation (o) divided by the average)
x 100.

increases the stability of these monomeric silane coatings against degradation
during use and maintains high column efficiency and reproducibility.'"'> The
columns’ characteristics have been reviewed elsewhere®'® The Zorbax
StableBond columns appeared to be very stable during the course of our
experiments (Fig. 3). Table 1 is the system suitability report during the four
months of studies. Although the peak is broader than desired, which may be
due to 10 pL injections used to increase the sensitivity, the assymmetry factor is
still acceptable (<1.6). It is very important, once the desired separation method
has been obtained, that column characteristics should remain unchanged for as
long as possible so that any need for further adjustment of separation conditions
(or replacement of the column) is minimized.

Secondary-Retention

A secondary-retention phenomenon was observed during the topotecan
method development (Fig. 4A). Secondary - retention in the reverse phase
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Figure 3. Chromatogram of 20 ng/ml. topotecan standard during four months
treatibility studies. HPLC conditions are the same as Fig. 2.

separations has been variously attributed to silanol groups of different kinds
and to the presence of trace metal impurities in the column packing.'>'® It is
believed that this strong retention in reverse phase systems is due to two kinds
of silanol interactions: hydrogen bonding or ion exchange. The
benzyldimethylamine functional group (x in Fig. 1) with a pKa of 10.5 [17] is
likely the main contributor to the secondary-retention with silanol groups.
When a secondary effect such as that of Fig. 4A is present, the most effective
solution generally is the addition of some mobile phase modifier that will
preferentially interact with (and block) these secondary-retention sites (silanol
groups in the present example). Amine-additives such as triethylamine (TEA)
are commonly used for this purpose.'® Fig. 4B shows the effect of adding 0.1 %
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Figure 4. Secondary retention. Topotecan 10 mg/mL in (A) phosphate pH 3 buffer (B)
0.1 %(v/v) TEA/TFA. HPLC conditions are the same as Fig. 2, except fluorescence
PMT gain=11. See text for details.

TEA (v/v) to the mobile phase. The result is a pronounced sharpening of the
bands for topotecan, with the elimination of any band-tailing. Presumably, the
amine-modifier (TEA) effectively eliminates the silanol groups as sorption sites
for sample molecules.

Even with the special efforts using the bulky sterically protecting groups
in the bonded phase, which have been shown to increase column efficiency and
better peak symmetry for basic samples,'’ Zorbax StableBond columns still
suffered from the secondary-retention effect. Secondary-retention not only
affects the peak shape, but the retention time as well (Fig. 4).

Two interactions are involved in the retention process: from the stationary
phase and from the silanol groups. The strong retention caused by secondary-
retention will also affect the accuracy of the computer-assisted HPLC method
development package such as DryLab® (LC Resources Inc., Walnut Creek,
CA) where a single retention is assumed. Currently, the secondary-retention
effects on the reverse phase LC retention predictions are under study in our
laboratory.
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Figure 5. Chromatogram of 0.2 ng/mL topotecan standard. HPLC conditions are the
same as Fig. 2.

Sensitivity, Accuracy, Precision and Linearity

The limit of detection (LOD) was determined using Equation 1, derived
by Foley and Dorsey:'”

LOD = 3sg/S H

where sg and S are the standard deviation of the noise and the analytical
sensitivity (or calibration factor), respectively. The analytical sensitivity is
defined as the slope of the calibration curve (signal output per unit
concentration). Based on these calculations, the LOD for topotecan is 0.06
ng/mL. The limit of quantification (LOQ) is defined as the amount of analyte
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Figure 6. Representative topotecan calibration curve from 0.2 to 20 ng/mL; The error
bar is the 95% confidence interval.

detected at ten times the standard deviation of the noise?® and was calculated
using Equation 2:

LOQ = 10sy/S (2)

Using this calculation, the 1.OQ for topotecan is 0.2 ng/mL. Figure 5 is the
chromatogram of 0.2 ng/mL topotecan standard,; the signal to noise ratio (S/N)
was estimated at 6. An extensive method validation was performed. The
within-day precision of the assay was less than 11% for all concentrations
within the standard curve range (Table 2). By using 2.1 mm id. HPLC
columns, the lowest concentration of topotecan that could be determined
quantitatively in 1 mL of waste samples was 0.2 ng (475 fmol). The calibration
curve obtained was linear over the range of 0.2-20 ng/mL of topotecan. Linear
regre;ssmn ana];/sm of calibration curves provided the equation y = 1.019
x10x-5x10 and a correlation coefficient greater than 0.999 (Fig. 6). The



13:15 24 January 2011

Downl oaded At:

TOPOTECAN TRACE ANALYSIS 621

Table 2

Accuracy and Precision Data for Topotecan in Four-Day

Parameter Concentration (ng/mL)

0.2 0.5 1 2 5 8 10 20
R.S.D. (%)

Day1l 930 472 189 199 072 070 0.61 1.17
Day2 1393 234 377 092 065 057 1.13 1.42
Day3 1283 403 458 271 206 064 120 1.88
Day4 546 597 604 282 151 084 117 063
Error (%)2

Dayl 1060 452 -516 -265 -220 -519 -221 -0.29
Day2 1040 1148 -2.17 -160 -407 -424 -376 0.37
Day3 370 0.76 -3.92 -422 -347 -382 -213 0.65
Day4 -380 372 -392 -672 503 -436 -292 197
Day-to-day

RSDP" 1324 578 448 299 173 087 139 158

Within-day
RSD° 1038 426 407 211 123 069 103 128

Mean Accuracy
(%) 9290 949 962 962 963 956 972 99.0

2 (Calculated concentration-actual concentration)/actual concentration x 100
b Coefficients of variation of daily means
€ Mean of the daily R.S.D.’s

calibration curves were highly reproducible and the accuracy, estimated by the
average concentration back calculated from the composite standard calibration
curve, was within 10% of the original value at each concentration. The
precision, as measured by the R.S.D.s at each concentration, was within 7%
across the calibration range (except for 0.2 ng/mL).
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Table 2 summarizes the results obtained from a four-day validation study
in which five replicate standards at eight concentrations, 0.2, 0.5, 1,2, 5, 8, 10
and 20 ng/mL, were analyzed each day. The mean accuracy of the assay at
these concentrations ranged from 92.9 to 99%, whereas the within-day
precision, indicated by the mean of the daily R.S.D.’s, varied from 0.69 to
10.38%. The reproducibility of the assay was high with day-to-day precision,
indicated by the R.S.D.’s of the daily means, ranging from 0.87 to 13.24%.

CONCLUSIONS

A simple and sensitive HPLC method is presented for the trace analysis of
topotecan. The assay can detect 0.2 ng/mL and is compatible with many
LC/MS interfaces. The increase in the use of narrow bore columns is largely
due to several inherent advantages relative to conventional HPLC, such as
smaller sample requirements, reduced mobile-phase consumption, and lower
costs. With little or no hardware modification, narrow bore columns are the
preferable columns for HPLC trace analysis. Although, larger injection
volumes ( >20 pL) can be used to increase the sensitivity on 4.6 mm id.
columns, this usually results in peak broadening, thus, poor reproducibility and
resolution. During the four months topotecan treatment analysis, most of the
waste samples contained hydrogen peroxide and bleach; Zorbax® StableBond®
columns were still very stable as indicated in Table 1. Further work with the
LC/MS, for possible topotecan degradants characterization, is currently
underway in our laboratory.
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