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Abstract 

A sensitive high performance liquid chromatographic (HPLC) assay has been developed and validated for the 
quantitation of the novel anticancer agent topotecan and topotecan as its lactone plus carboxylate forms in rat and 
dog plasma. Linear responses in analyte standard peak areas were observed over the concentration ranges 0.10-10 
ng ml 1 using 100/~1 of rat plasma and 0.2-100 ng ml J using 100/~1 of dog plasma. Due to the instability of the 
drug in the biological matrix it was necessary to obtain the plasma fraction within 5 min after blood sampling by 
centrifugation, immediately followed by protein precipitation with cold methanol (-30°C).  For the determination of 
total drug levels (lactone plus lactone ring-opened form), plasma samples were deproteinated with methanol and 
subsequently acidified with 2% (v/v) perchloric acid. 

The samples were analysed by HPLC using a Zorbax SB-C18 Stable Bond column and methanol-0.1 M 
hexane-l-sulfonic acid in methanol-0.01 M N,N,N',N'-tetramethylethylenediamine in distilled water pH 6.0 (25:10:65, 
v/v/v) as the mobile phase. The detection was performed fluorimetrically. 

The analytical column was thermostated at 19-21°C to obtain baseline resolution between an interfering 
endogenous compound in rat and dog plasma and topotecan. This endogenous peak was absent in human plasma. 
Variation of chromatography temperature appeared to be a very useful tool in the bioanalysis of topotecan. It 
allowed optimization of the separation between the endogenous compound and the analyte; different mechanisms of 
solute interactions are apparently involved in this reversed-phase ion-pair chromatographic system. 
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I. Introduction 2. Experimental 

Topotecan (SK&F 104864, [S]-9-dimethyl- 
aminomethyl-10-hydroxy-camptothecin, NSC 
609669; Hycamtin"~; Fig. 1) [1], is a semi-synthetic 
water-soluble analog of camptothecin and an in- 
hibitor of the intranuclear enzyme topoisomerase-I 
[2,3]. Topotecan has exhibited antitumor activity 
in an array of experimental tumor models [1,4], has 
been tested recently in several phase I clinical trials 
[5-11] and is currently undergoing phase II clinical 
evaluation [12,13]. Topotecan is known to undergo 
a pH-dependent, reversible hydrolytic dissociation 
of its lactone moiety into the hydroxyl carboxylate 
form (SK&F 105992; Fig. 1) [14-16]. Knowledge 
of this hydrolytic process is considered essential in 
the evaluation of clinical studies, since it is assumed 
that the carboxylate form possesses less topoiso- 
merase I inhibitive activity than the parent drug 
[17]. Several pharmacokinetic studies, however, 
have shown that the total levels (lactone plus 
carboxylate forms) of topotecan are predictive for 
pharmacodynamic outcome [18-20], which ques- 
tions the clinical relevance of discriminating be- 
tween the lactone and its ring-opened form. 
Recently, the present authors reported an improved 
high performance liquid chromatography (HPLC) 

technique for the determination of topotecan and 
total topotecan in human plasma with a lower limit 
of quantitation of 0.05 ng ml 1 [21]. This method 
was also intended to be used for topotecan deter- 
minations in rat and dog plasma to support 6 month 
oral toxicity studies. During validation with rat and 
dog plasma, however, interfering endogenous peaks 
were observed in these matrices which had not been 
seen in human plasma (n > 4000). An attempt was 
then made to improve the separation between the 
peaks of topotecan and the interfering endogenous 
compound by changing the composition of the 
eluent, the stationary phase and also the sample 
pretreatment procedure. Finally it was found that 
temperature had a very selective effect on the chro- 
matography of topotecan and the interfering agent. 
In this paper the development and validation of 
an assay for topotecan and topotecan as its lactone 
plus carboxylate forms in rat and dog plasma is 
described exploiting the selective influences of tem- 
perature on the separation of the analytes. 

2.1. Chemicals 

Topotecan, as the hydrochloride salt (SKF 
104864-A; lot. MM-15906-194), was supplied by 
SmithKline Beecham Pharmaceuticals (King of 
Prussia, PA). All other reagents were of analytical 
grade and double-distilled water was used 
throughout. 

2.2. Chromatography 

The chromatographic system consisted of a sol- 
vent delivery system, type P1000, and an auto- 
matic sample injection device model AS300 
(Thermo Separations Products, Fremont, CA) in 
which samples were cooled at 1 °C for the determi- 
nation of topotecan in non-acidified methanol 
extracts. Chromatographic separation was per- 
formed on a Zorbax SB-C18 column (internal 
diameter: 4.6 mm; length: 75 mm; particle size: 3.5 
/tm) (Rockland Technologies Inc., Newport, DE) 
which was thermostated at 19°C with a Haake D1 
kryostate (Haake Mess-Technik, Karlsruhe, Ger- 
many). To protect the analytical column, a guard 
column (3 mm x 10 mm) packed with reversed- 
phase material (C-18) was used (Chrompack, 
Middelburg, The Netherlands). The mobile phase 
consisted of a mixture of methanol-0.1 M hex- 
ane-l-sulfonic acid in methanol-0.01 M 
N,N,N',N'-tetramethylethylenediamine (TEMED) 
in distilled water (the pH was adjusted with phos- 
phoric acid to 6.0) (25:10:65, v/v/v). The flow was 
1.0 ml min -~ and the detection was performed 
fluorimetrically using a FP920 Intelligent Fluores- 
cence Detector (Jasco International Co. Ltd., 
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HO.._ ~ / , - ~ . ~ ,  O HO.. .-~ ' ,~/"~,~/x O 
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Fig. 1. Equilibrium reactions between (A) topotecan and (B) 
its lactone ring-opened form (SK&F 105992) [16]. 
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Tokyo, Japan) with an excitation wavelength of 
361 nm and an emission wavelength of 527 nm 
with a 40 nrn bandwith. The volume of the flow- 
cell of  the fluoresence detector was 16/~1. 

2.3. Sample pretreatment 

After centrifuging a blood sample at 2500 g for 
5 min, a 100 /ll plasma sample was taken and 
mixed with 200 ltl of  cold methanol ( -30°C) .  
After vortex mixing for 10 s and centrifugation at 
9500 g for 3 rain, the clear supernatant was 
transferred to a clean tube and stored, immedi- 
ately, at -70°C.  

For the determination of  the lactone form the 
sample was diluted 1:1 (v/v) with distilled water 
prior to injection. 

For the determination of  total levels (the total 
of the lactone and carboxylate forms) the 
methanol extract was diluted 1:1 (v/v) with 2% 
(v/v) perchloric acid. After vortex mixing for 10 s 
and centrifugation at 9500 g for 10 min, the clear 
supernatant was injected into the HPLC system. 

2.4 Calibration 

Blank plasma samples (100 /~1), in polypropy- 
lene Eppendorf tubes, were spiked with 25-100 l~l 
of an appropriate amount of topotecan in 
methanol and stored at -30°C.  Cold methanol 
( - 3 0 ° C )  was then added to achieve a total vol- 
ume of 200 Itl. After vortex mixing for 10 s and 
centrifugation at 9500 g for 3 rain, the clear 
supernatant was transferred to a clean tube and 
stored, immediately, at -70°C.  The samples were 
further treated as described in Section 2.3. 

2.5. Validation 

tecan plasma calibration standards were prepared 
and analyzed, producing a calibration line ranging 
from 0.10-10 ng ml ~ in rat plasma and from 
0.2-100 ng ml ~ in dog plasma. Based upon the 
analysis of residuals the linear regression of the 
peak area of topotecan versus the concentration 
was weighted by 1/x 2, the reciprocal of the 
squared topotecan concentration. A test for lack 
of fit to a linear model was used to evaluate the 
linearity of the calibration lines and the presence 
of any translational and/or rotational bias in the 
assay was tested with a Student t-test [22]. 

Four spiked plasma samples containing 0.1, 
0,25, 5.0 and 10.0 n g / m L  J topotecan in rat 
plasma and 0.2, 0.5, 10.0 and 100 m g / m L  t to- 
potecan in dog plasma were prepared for the 
determination of the accuracy and precision. Six 
replicates of each quality control sample were 
processed and analysed with plasma calibration 
standards to determine the lactone concentration 
and the total of the lactone and carboxylate 
forms. The within-run precision was calculated by 
the relative standard deviation, determined at 
each concentration. The average accuracy is the 
mean measured concentration divided by the 
nominal concentration multiplied by 100%, deter- 
mined for each set of replicate spiked samples. 

Six batches of control plasma were tested to 
determine whether or not endogenous plasma 
constituents co-eluted with topotecan. 

The average extraction recoveries were deter- 
mined by comparing the mean response of six 
processed quality control samples to the mean 
response of three processed samples of topotecan 
in distilled water. Recoveries were determined at 
two concentrations: 0.25 and 10.0 ng ml ~ in rat 
plasma and 0.5 and 100 ng ml 1 in dog plasma. 

A single run validation was performed to deter- 
mine topotecan and topotecan as its lactone plus 
carboxylate forms in rat and dog plasma. This 
method was an extension of a human plasma 
method that was validated over three runs and 
was previously published [21]. The following 
parameters were determined: linearity, within-run 
precision, accuracy, separation of  endogenous 
plasma constituents and absolute recovery. Topo- 

3. Results and discussion 

3.1. Separation of the interjering endogenous 
compound and topotecan 

The earlier reported method for the analysis of 
topotecan in human plasma [21] could not be used 
for the determination of the drug in rat and dog 
plasma: there was an interfering endogenous tom- 
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Fig. 2. HPLC chromatograms of total levels of topotecan (1 ng ml-~) in rat plasma recorded at different temperatures: (A) 25, (B) 
19 and (C) 12°C. The retention times of topotecan (indicated by T) in these systems are 8.5, 10.9 and 15.7 min respectively. 
Experimental conditions as described in the text. 

pound present in these matrices (Fig. 2A). This 
observation was not an artifact as comparable 
chromatograms were recorded processing several 

batches of these matrices with the same result. 
The integration of topotecan concentrations lower 
than 0.5 ng ml-~ in rat and dog plasma was not 
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Fig. 3. Van't Hoff plots for topotecan ( I )  and the interfering 
endogenous compound ([~) in rat and dog plasma. 
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Fig. 4. Dependence of the resolution factor (R~) on tempera- 
ture for topotecan and the interfering endogenous compound. 



H. Rosing et al./ J. Pharm. Biomed. Anal, 15 (1996) 279-286 283 

Table 1 
Assay performance data for the determination of topotecan and topotecan as lactone plus carboxylate forms in rat plasma (n = 6) 

Nominal Average Within-run Average Average 
concentration concentration precision accuracy recovery 
(ng m l -  i) found (ng ml - i) (%) (%) (%) 

Determination of topotecan (lactone form) 
0.10 0,095 7.4 95.0 n.d?' 
0.25 0.251 4.4 100.4 109 
5.00 4.97 3,7 99.4 n.d. 

10.00 10.08 2.3 100.8 86 

Determination of  total levels of topotecan 
0.10 0.111 13.5 111.0 n.d, 
0.25 0.213 6.1 85.2 88 
5.00 5.14 1.5 102.8 n.d. 

10.00 10.35 1.7 103.5 103 

" n.d. = not determined. 

reproducible (deviations>20%) under the re- 
ported chromatographic conditions. Changes 
were made to the composition of the eluent (de- 
creasing the solvent strength, lowering the pH to 
3.0, increasing the ion-pair concentration to 20 
raM), the stationary phase (Inertsil ®) and also the 
sample pretreatment procedure (solid-phase ex- 
tractions on C18, C8, C2, phenyl, cyano, diol and 
SCX columns) to try to improve separation. De- 
creasing the solvent strength was the only 
parameter which affected the resolution, resulting 
in increased retention, but this was not sufficient 
to achieve the required lower limits of quantita- 
tion of 0.1 ng ml ~ in rat plasma and 0.2 ng ml- 
in dog plasma. Changing the stationary phase and 
sample pretreatment procedure did not improve 
the method either. Finally, the influence of tem- 
perature on the separation was investigated as 
there might be a difference in chromatographic 
interaction between the peaks. 

3.2. Temperature effects 

HPLC chromatograms recorded at 25, 19 and 
12°C are depicted in Figs. 2A, 2B and 2C respec- 
tively. The effect of temperature on retention in 
reversed-phase chromatography is largely deter- 
mined by the Gibbs free energy (AG ° ) of the 
solute interaction with the stationary phase. The 
energy contribution is evaluated from the slope of 
plots of log k' versus 1/T, called van't Hoff plots: 

AG ° 
In k' - ~- In q 

RT 

where k' is the capacity factor, R is the gas 
constant, T is the absolute temperature and q is 
the so-called phase ratio in the column [23-27]. 
The phase ratio is defined as the ratio of the 
volumes of the mobile and stationary phases. 
Van't Hoff plots were constructed for topotecan 
and the interfering endogenous compound in rat 
and dog plasma (Fig. 3). 

In general, for components with identical sta- 
tionary phase interactions, the van't Hoff plots 
are linear with slightly different slopes as a result 
of minor differences in AG ° values. The separa- 
tion will increase with a decrease in temperature. 
This suggests that the use of lower temperatures is 
advantageous to obtaining maximum resolution; 
however, this is usually a poor choice when sepa- 
ration is required between compounds which have 
the same stationary phase interaction. The reason 
is that decreased temperature reduces column effi- 
ciency and increases operating pressures. There- 
fore, temperature is often the last parameter to be 
optimized in reversed-phase chromatography and 
is used mainly for the fine tuning the separation 
[241. 

If the van't Hoff plots deviate from linearity, 
the retention of the solute molecules in the sta- 
tionary phase is affected by more than one mech- 
anism, or results from very different types of 
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Table 2 
Assay performance data for the determination of topotecan and topotecan as lactone plus carboxylate forms in dog plasma (n = 6) 

Nominal Average Within-run Average Average 
concentration concentration precision accuracy recovery 
(ng ml ~) found (ng ml -I) (%) (%) (%) 

Determination of topotecan (lactone form) 
0.20 0.198 2.6 99.0 n.d." 
0.50 0.582 2.4 116.4 112 

I0.0 10.37 0.8 103.7 n.d. 
100.0 101.6 0.9 101.6 95 

Determination of total levels of topotecan 
0.20 0.201 5.5 100.5 n.d. 
0.50 0.496 2.2 99.2 98 

10.0 10.77 4.3 107.7 n.d. 
100.0 103.3 0.7 103.3 103 

" n.d. = not determined. 

interactions. Under  these condit ions the order  
of  retention, the selectivity factor  and the reso- 
lution may all vary with temperature.  I f  ion- 
pair format ion contributes significantly to the 
distribution, the effect o f  temperature on the 
selectivity is considerable [27]. In the chromato-  
graphic system used ion-pair  format ion  is the 
predominant  so lu te -s ta t ionary  phase mecha- 
nism and the temperature had a great influence 
on the selectivity (Fig. 3). The van ' t  Hof f  plot 
for topotecan deviated slightly f rom linearity 
( p = 0 . 0 5 )  while that for the interference was 
linear (p = 0.0049), which indicated that  differ- 
ences in the retention mechanisms for both 
components  may exist. The degree o f  separa- 
tion between two peaks is defined by their 
resolution factor  (Rs), the retention time differ- 
ence between the two peak maxima (At) and 
the average base widths (W) of  the two peaks: 

At 

R ' - '  (w, + w~) 

Fig. 4 shows a plot o f  the resolution factor  
versus temperature.  Baseline resolution corre- 
sponds to an Rs value o f  1.5 or  higher. At  
19°C the value was about  1.7, sufficient to ob- 
tain resolution o f  topotecan from the endoge- 
nous substance in rat and dog plasma. 

3.3. Validation 

For  the validation the report  o f  the conference 
Analytical Methods Validation: Bioavailability, 
Bioequivalence and Pharmacokinetic Studies, held 
in 1990, was used as a guideline [28]. 

The assay was linear for the determination o f  
lactone and total levels o f  topotecan over concen- 
tration ranges o f  0 .10-10  ng ml ~ in rat plasma 
and 0 .2 -100  ng ml ~ in dog plasma. N o  lack o f  
fit was detected with the one-tailed test (c~ = 0.01). 
Calculated values o f  the Student t-test were all 
less than their critical values (~ = 0.05), indicating 

10_- 

8 

0.1 
0 1 2 3 4 5 6 

time (h) 

Fig. 5. Plasma concentrations of topotecan ( i )  and topotecan 
as lactone plus carboxylate forms (D) in the rat after oral 
administration of the drug (dose: 0.23 mg kg-~). 
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that the analytical assay was not afflicted by any 
bias. 

The assay performance data are presented in 
Tables 1 and 2. The within-run precision was less 
than 15% for all quality control samples. The 
average accuracy determined at each concentra- 
tion was within 85% and 117%. Average recover- 
ies, determined at two concentrations, were 
between 86% and 112%. When the column was 
thermostated at 19°C, the chromatograms of six 
batches of control rat and dog plasma contained 
no endogenous plasma constituents co-eluting 
with topotecan. Stability data have been reported 
earlier [21]. 

Plasma concentrations of topotecan and topo- 
tecan as its lactone plus carboxylate forms from a 
rat after oral administration of 230 /~g kg ~ are 
depicted in Fig. 5 and demonstrate the applicabil- 
ity of the assay for pharmacokinetic toxicity stud- 
ies at very low dosages of the drug. 

4. Conclusion 

In conclusion, a simple, sensitive and validated 
HPLC assay for the quantitative determination of 
topotecan and topotecan as its lactone plus ring- 
opened forms in rat and dog plasma is described. 
The assay quantifies topotecan concentrations of 
0.1-10 ng ml-~ using 100 /~1 of rat plasma and 
0.2-100 ng ml -~ dog plasma. The influence of 
temperature on the chromatographic behavior of 
topotecan and an interfering endogenous sub- 
stance is considerable in this reversed-phase ion- 
pair chromatographic system. The analytical 
column must be thermostated at 19-21°C to ob- 
tain baseline resolution between the endogenous 
compound in rat and dog plasma and topotecan. 
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