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LIQUID CHROMATOGRAPHIC ANALYSIS OF 

MONITORED BY FLUORESCENCE INDUCED 
UPON POSTCOLUMN ACIDIFICATION 

9-AMINOCAMPTOTHECI N IN PLASMA 

JEFFREY G. SUPKO AND LOUIS MALSPEIS 
Latmratov of Pharmaceutical Chemistv 

Developmntal Therapeutics Program 
Division of Cancer Treatment 

National Cancer Institute 
Fwa!erick, Maryland 21 702 

ABSTRACT 

Through preclinical studies by the Developmental Therapeutics Program of the 
National Cancer Institute with 9-amino-20(S)-camptothecin (AC), this new investigational 
anticancer agent will soon enter phase I clinical trials in cancer patients. During initial 
attempts to monitor the drug in biological fluids, it became evident that the presence of 
an amino group on the camptothecin A-ring suppressed the intense native fluorescence 
characteristic of the unsubstituted compound. However, subsequent spectro- 
fluorometric studies revealed that the fluorescence of AC was highly pH-dependent in a 
manner not typically exhibited by aromatic amines. The uncharged species that exists in 
neutral and weakly acidic solution is nonfluorescent. Protonation of the C-9 amino 
group proceeds with the development of fluorescence, the intensity of which is optimum 
in moderately acidic solution of apparent pH 1.7-2.3. Under more strongly acidic 
conditions, fluorescent intensity again diminishes due to further protonation at the 
quinoline nitrogen atom. Therefore, postcolumn acidification prior to fluorescence 
detection provided a convenient and sensitive method to monitor the elution of AC 
during liquid chromatography. Following protein precipitation induced by mixing with a 
solution of the internal standard, camptothecin, in methanol chilled to -7O"C, plasma 
samples were separated on a 5 pm Ultrasphere ODS column (4.6 mm x 25 cm) using an 
isocratic mobile phase composed of acetonitrile-methanol-0.1 M ammonium acetate 
buffer, pH 5.5 (23: 10:67, v/v/v) at a flow rate of 1 .O ml/min. Prior to detection, the column 
effluent was mixed inline with 0.3 M aqueous trifluoroacetic acid at a flow rate of 0.3 
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3262 SUF'KO AND MALSPEIS 

mllmin and ambient temperature. Fluorescence was then monitored using an excitation 
wavelength of 352 nm and a 41 8 nm emission cutoff filter. Typical retention times of the 
drug and internal standard were 7 and 12 min, respectively. Employing sample volumes 
of 50 pl, the lowest plasma concentration of AC included in the standard curve, 13.3 nM 
(5.0 ng/ml) was quantified with a 7.63% coefficient of variation (n = 10). 

INTRODUCTION 

20-(S)-camptothecin (CA; NSC 94600) was discovered in 1966 by the bioassay 

guided fractionation of stemwood from the Chinese tree Cmptotheca acuminata Decne 

using an in vivo L1210 leukemia screen (1, 2). The compound is an unusually 

hydrophobic quinoline alkaloid and its rapid introduction into clinical trials was greatly 

facilitated by the formation of a water soluble sodium salt (CA-Na, NSC 100880) upon 

alkaline hydrolysis of the labile terminal a-hydroxyd-lactone ring (Figure 1). Evidence 

available at the time indicated that the two forms of the drug were equipotent (1, 3); 

however, subsequent studies revealed that the in vivo efficacy of CA-Na against L1210 

and P388 murine leukemias was considerably lower than the intact lactone structure (4- 

6). The poor objective response rate among cancer patients treated with the sodium 
salt, coupled with dose limiting myelosuppression and severe gastrointestinal toxicities, 

prompted discontinuation of phase II trials in 1972 (7-12). 

Seldom has an investigational antitumor agent generated more interest following a 

highly unfavorable clinical evaluation in the early stages of its development. These 

endeavors have largely focused upon two primary objectives. Studies undertaken to 

elucidate the mechanism of antitumor activity have identified CA and its analogs as the 

first, and currently only, known class of compounds which induce cytotoxic effects 

through the inhibition of topoisomerase I (13-17). There has also been a continued effort 

to improve the therapeutic effectiveness of the drug through structural modifications. 

Molecular modifications have been designed to increase water solubili and thereby 

facilitate parenteral administration of the intact lactone form of the drug (4, 18-20). Two 

soluble analogs of CA, topotecan and CPT-11, are currently under clinical evaluation 

(21 22). An alternate objective of considerable interest has been to enhance the 

efficacy of the parent compound (4,5, 23-25). Among the numerous CA derivatives that 

have been prepared, the extremely potent 9-amino (AC; NSC 629971) and 10,ll- 

methylenedioxy (MDCA NSC 606174) analogs synthesized by Wall et a/. (6) were 

selected by the Developmental Therapeutics Program of the National Cancer Institute for 

preclinical evaluation (Figure 1). 
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9-AMINOCAMPTOTHECIN IN PLASMA 3263 

FldURE 1. Chemical structures of camptothecin (CA), Saminocamptothecin (AC) and 
10,ll -methyienedioxycamptothecin (MDCA). 

We recently reported a reversedphase HPLC method for determining plasma 

levels of CA lactone in the presence of its opened ring carboxylate form (26). The 

intense native fluorescence of CA (27), associated with the highly conjugated quinoline 

ring system, afforded an extremely sensitive ahd specific means of detection. The assay 
was subsequently employed to characterize in Vitto lactone ring opening and total drug, 

intact lactone and carboxyiate plasma pharmacokinetics in mice treated with CA and 

CA-Na (28). Although the analytical method developed for CA was suitable for 

determining MDCA, it was found that AC could not be monitored with fluorescence 
detection. This paper describes the unusual, marked decresse in native fluoregcence 

imparted by substitution of the camptothecin A-ring with an amino group and the 

application of postcolumn ac id i i i on  foilowfng liquid chrommgraphy to facilitate 
detection of AC with acceptable sensitivity. 

MATERIALS AND METHODS 

Reaaents and Chernic* 

Camptothecin (CA NSC 94600) and 9-amim2O(RS)camptothecin (AC NSC 

629971) were supplied by the Pharmaceutical Resources Branch, Developmental 

Therapeutics Program, National Cancer institute, and used as the analytical reference 
standards in these studies. Their purity was not assigned during the course of this work. 
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3 264 SUPKO AND MALSPEIS 

The following chemicals were used as supplied: analytical reagent glacial acetic acid 

(Mallinckrodt, Paris, KY) and trifluoroactic acid (Aldrich, Milwaukee, Wl); ACS reagent 

ammonium acetate (Eastman Kodak, Rochester, NY), 60% perchloric acid (G. Frederick 

Smith, Columbus, OH) and N,N-dimethylformamide (MCB, Cincinnati, OH); OmniSok 

grade acetonitrile and methanol (EM Science, Gibbstown, NJ). Deionized double 

distilled water was passed through a 0.2 pm nylon-66 filter (Rainin Instrument, Woburn, 

MA) before use. 

Apparatus 

Liquid chromatography was performed using a model 114M pump (Beckman 

Instruments, Berkeley, CA) and a manual Rheodyne 7125 injection valve (Cotati, CA) 

fitted with a 200 pI sample loop. A Waters model 510 HPLC pump (Millipore, Milford, 

MA), Rheodyne 7040 switching valve and 90" metal-free mixing tee with a 3.1 pI dead 

volume (Upchurch Scientific, Oak Harbor, WA) were employed for postcolumn treatment 

of the effluent. Fluorescence was monitored using a Kratos 980 programmable detector 

(ABI Analytical, Ramsey, NJ) with a deuterium excitation source (5 nm bandwidth) and 5 

pl flow cell. The detector inlet was connected directly to the outlet of the mixing tee 

using 0.010 inch I.D. stainless steel tubing. The 1 volt output of the detector was 

provided as the signal to a model 3393A recording integrator (Hewlett-Packard, 

Avondale, PA). The integrator was configured to report peak heights using a 0.3 min 

peak width, a threshold setting of 5, and baseline construction through each detected 
valley point. A 0.2 cm/rnin chart speed with an attenuation of 4 was used for plotting the 

chromatograms. The integrator was interfaced to a Hewlett-Packard 91 14B disc drive 

for storage of the bunched signal data. Samples were loaded into the injector using 500 

pI Hamilton syringes (Reno, NV) silanized with a 5% solution of Surfasil (Pierce Chemical 

Co., Rockford, IL) in hexane and dried at ambient temperature. The syringe and injector 

were thoroughly flushed with methanol and the mobile phase between successive 

injections. Syringes were cleaned weekly by soaking for 30 min in a hot mixture of 
sulfuric acid-nitric acid (4:1, v/v) and vigorously rinsed with distilled water followed by 

methanol. 

Milligram quantities of the samples used for preparing stock solutions were 

weighed on a Cahn 25 electrobalance (Cahn Instruments, Inc., Cerritos, CA). Stock 

solutions were prepared in class A borosilicate glass volumetric flasks. Except where 
noted, other solutions used in the assay were prepared in screw top borosilicate glass 

test tubes. All glassware used to contain solutions of the drug were treated with 3% 
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9-AMINOCAMPTOTHECIN IN PLASMA 3265 

Surfasil in toluene. An Eppendorf model 541 2 microcentrifuge (Brinkmann Instruments, 

Westbury, NY) was used for centrifuging assay samples contained in 1.5 ml poly- 

propylene microcentrifuge tubes (WVR Scientific Inc., Philadelphia, PA) at 12,000 x g. 

Ultraviolet absorption spectra were measured with a model 8452A UVNS diode 

array spectrophotometer (2 nm resolution) controlled through a model 79994A analytical 

workstation (Hewlett-Packard, Palo Alto, CA). A holmium oxide filter was used to verify 

wavelength calibration. Uncorrected fluorescence excitation and emission spectra were 

recorded with a Farrand MK-2 Spectrofluorometer (Farrand Optical Co., Valhalla, NY) 

using 2.5 nm slits and 0.7 sec time constant at a scan rate of 100 ndmin. Wavelength 

calibration was ascertained with a 1.0 pg/ml solution of quinine sulfate in 0.1 N sulfuric 

acid. The spectra were electronically stored by directing the 100 mV output from the 

instrument to a model 9114B disc drive interfaced through a model 33934 recording 

integrator (Hewlett-Packard). All spectra were acquired with solutions contained in a 10 

mm rectangular quartz cuvette. A Beckman 4500 Digital pH Meter equipped with a 91- 

03 combination electrode (Orion Research, Cambridge, MA) was used for pH 

measurements. 

UV Absorption and Fluorescence Spectra 

Absorbance spectra were determined in acetonitrile-0.1 M ammonium acetate 

buffer, pH 5.5 (28:72, vh), the HPLC mobile phase previously used in the CA assay (26), 
by dissolving AC and CA directly in the solvent system to provide concentrations of 30.2 
and 27.3 nM, respectively. Fluorescence excitation and emission spectra of both 

compounds were measured in solutions prepared by diluting their methanolic stock 

solutions (5.0 ml) quantitatively to 10 ml with the following aqueous buffers: 0.02 M 

ammonium phosphate, pH 6.0 and 7.0; 0.02 M ammonium acetate, pH 4.0 and 5.0 0.02 

M ammonium formate. pH 3.0 and 0.02, 0.1, 0.2, 1.0 and 2.0 M HCI. The final 

concentrations of CA and AC were 2.885 and 29.83 pM, respectively. Scans were 

initiated immediately after thoroughly mixing the solution and degassing for 

approximately 1 min in an ultrasonic bath. All spectra were referenced to the 

appropriate drug-free solvent system. The pH of each solution was measured after 

acquiring the spectra and reported without activii correction. Consequently, these 

determinations must be regarded as apparent pH values. 

Postcdumn Acidification and Detector Optimization 

The concentration and flow rate of aqueous trifluoroacetic acid mixed inline with 

the column effluent prior to fluorescence detection eliciting maximum response was 
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3266 SUPKO AND MALSPEIS 

initially evaluated. Liquid Chromatography was performed according to the conditions 

specitied below. Five replicate injections (50 pl) of a 0.10 nap1 solution of AC in 

methanol-water-acetic acid (45:55:0.5, v/v/v) were made under each set of conditions to 

provide an average chromatographic peak height. The pH of effluent collected at the 

detector outlet was measured. The optimum excitation wavelength in the 220370 nm 

region for detecting AC was then determined from the response of duplicate injections, 

using a 418 nm emission cutoff filter, 5 sec rise time and 0.10 /.LA photomultiplier current. 

Standard Solutions 

Stock solutions of AC were made in dimethytformamide containing 10 mM acetic 

acid and stored at 5'C to prevent the lactone ring from opening. Serial dilution of the 

AC stock solution (0.1 mglml) with this same solvent system provided a series of nine 

secondary stock solutions which ranged in concentration from 0.05037 pg/ml. Plasma 

standards were individually prepared, immediately prior to assay, by adding 3 jtl of the 

secondary stock solutions to chilled human donor plasma (300 pl) in a microcentrifuge 

tube and mixing for 15 sec on a vortex action stirrer. The resulting concentrations of AC 

which defined the standard curve were 0.0, 13.29, 26.58, 53.17, 79.75, 106.3, 265.8, 

505.1, 757.6 and 983.6 nM. 

SamDle Preparation 

A stock solution of the internal standard, CA (2 pg/rnl), was made in acetonitrile 

containing 10 mM acetic acid and stored at 5°C. The deproteinizing reagent was 

prepared daily by diluting this solution (10 pl) with methanol (10 ml) and maintained at 
-7O'C in a dry ice-propanol bath. The subsequent procedures to prepare plasma 

specimens for analysis were reported previously (26). Briefly, to specifically determine 

the intact lactone form of the drug, plasma samples (50 pl) were treated with 150 pl of 

the cold deproteinizing reagent in a microcentrifuge tube. The mixture was thoroughly 

stirred by vortexing for 10 sec and centrifuged for 2 min. An aliquot of the supernatant 

(1 50 pl) was separated from the pellet, diluted with 125 pl of ice-cold ammonium acetate 

buffer (0.1 M, pH 5 4 ,  and immediately chromatographed after filling the injector loop 

with the solution. Total drug levels were separately quantified by initially acidifiying the 

plasma specimen (50 pl) with aqueous perchloric acid (5 pl, 1.5 M). The mixture was 

vortexed for 1 min and permitted to stand for an additional 5 min at ambient temperature 

before deproteinization. The pH of the separated supernatant was adjusted to 

approximately 3 with 25 mM potassium acetate (125 pl) and centrifuged for 5 min just 

prior to chromatography. 
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9-AMINOCAMPTOTHECIN IN PLASMA 3261 

Chromatoaraphic Conditions 

Chromatography was performed with an isocratic mobile phase of acetonitrile- 

methanol-0.1 M ammonium acetate buffer, pH 5.5 (23:10:67, v/v/v) on a 4.6 mm x 25 cm 

stainless steel column packed with 5 pm Ultrasphere ODS (Beckman Instruments). The 

analytical column was protected by a 0.5 pm postinjector filter and a 1.5 cm Brownlee 

RP-18 precolumn (Rainin Instrument Co., Emeryville, CA). Variability in the retention 

times of the drug and internal standard between analytical columns was minimized by 

adjusting the fraction of methanol, typically from 8-12% (v/v), to effect elution of AC 

within 7.0-7.5 min. The eluent was degassed in an ultrasonic bath for 15 min before use. 

Separations were performed at ambient temperature with a flow rate of 1.0 mllmin. 

Quantitation 

Standard curves constructed by plotting the drug to internal standard peak height 

ratio versus AC plasma concentration were run on a daily basis. Linear least squares 

regression was performed with a weighting factor of l /~2~bo, without inclusion of the 

origin, to determine the slope, y-intercept and correlation coefficient of the best fn line. 

Drug concentrations in unknown samples were calculated using the results of the 

regression analyses. 

R w e t v  and Assav Rewoducibilii 

AC Carboxylate Plasma Standards: Solutions comprising a series of 

concentrations analogous to the secondary stock solutions were made by serially 

diluting the 0.1 mg/ml stock solution of AC with 0.1 M aqueous potassium hydroxide and 

incubating at 37'C for 15 min to effect complete hydrolysis of the lactone ring. Plasma 

standards of AC carboxylate were obtained upon 100-fold dilution of these solutions with 

human plasma 

Nonplasma Standard Solutions: A set of solutions was prepared in a methanol- 

water-acetic acid (45:55:0.5, v/v/v) solvent system such that AC lactone and the internal 

standard were present at concentrations corresponding to the plasma standards 

processed for analysis assuming quantitative recovery. 

Plasma standards containing the intact or hydrolyzed lactone forms of the drug 

were prepared for analysis according to the appropriate procedure and 

chromatographed in pairs with a corresponding nonplasma sample. Five replicate 

assays were performed for both sets of solutions at concentrations spanning the range 

of the standard curve. Absolute recovery was calculated from the drug to internal 
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FIGURE 2. Liquid chromatograms of reference solutions determined using a mobile 
phase of acetonitrile-methanol-0.1 M ammonium acetate buffer, pH 5.5 (23:10:67, vhr/v) 
at 1.0 ml/min. (A) 10 ng of AC with UV detection at 332 nm; (8) 10 ng of AC detected by 
fluorescence with excitation at 347 nm; (C) 2.5 ng of CA detected by fluorescence with 
excitation at 347 nm. 

standard peak height ratio for the plasma standards relative to the nonplasma samples. 

Backcalculated concentrations determined from results of linear regression analyses for 

calibration curves of AC in plasma run during a 3 month period provided a measure of 

relative recovery and assay reproducibility. 

RESULTS 

Liauid ChromatoaraDhy 

The capacity factor of AC under isocratic reversed-phase conditions was much 

lower than that of CA and particularly sensitive to the fraction of acetonitrile in the eluent 

(Figure 2). Incorporating methanol in the mobile phase significantly improved the 

chromatographic behavior of AC, providing narrower bands than realized with buffered 

eluents modified with acetonitrile alone. Employing a mobile phase composed of 

acetonitrile-methanol-0.1 M ammonium acetate buffer, pH 5.5 (23:10:67, v/v/v) at a flow 

rate of 1 .O ml/min, AC and CA eluted from a 4.6 mm x 25 cm column of 5 pm Ultrasphere 

ODS with RT of 8.2 and 13.4 min, respectively. Thus, based upon the separation 
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achieved, CA was selected as the internal standard (IS) for quantifying its 9-amino 

analog. 

The liquid chromatograms shown in Figures 2A and 28 demonstrate the extremely 

poor fluorescence of AC using the optimum conditions for detecting CA (excitation at 

347 nm with a 418 nm emission cutoff filter). The relative response of the AC 

chromatographic peak was only 3.5% of that realized for CA. This was similar to the 

sensitivity attained when the elution of AC was monitored by UV absorption at 332 nm 

(Figure 2C). 

UV Absorotion Soectra 

UV spectra of CA and AC measured in the HPLC mobile phase showed that 

absorptivity at 347 nm was similar for both compounds (Figure 3). However, the 

presence of the exocyclic amino group resulted in several prominent alterations in the 

parent chromophore, indicative of a strong influence upon the electron density 

distribution within the ring system. Amino substitution produced an apparent 

bathochromic shift of the 254 nm band in the spectrum of CA to 262 nm with 

considerable broadening and diminished intens’ity. Absorptivity of the CA band evident 

as a shoulder near 335 nm appeared greatly enhanced in the spectrum of AC. The 

minor peak at 288 nm was completely obscured with absorption tailing well into the 

visible region. 

Smrofluorometric Studies 

The uncorrected fluorescence excitation spectrum of CA in 5096 (vhr) aqueous 

methanol, pH 5.0, was characterized by a major band with A m u  376 nm, a shoulder near 

360 nm and a low intensity band at 255 nm (Figure 4A). The corresponding emission 

spectrum consisted of a single major band with Amax 430 nm (Figure 48). Fluorescence 

intensity was invariant above pH 4 but diminished with increasing acidity to 

insignificance. A plot of fluorescence intensity versus apparent pH exhibited a single 

inflection point near an apparent pH of 1.8 (Figure 4C). Therefore, fluorescence of the 

molecule is lost upon protonation of the weakly basic quinoline nitrogen atom. 

A similar experiment with AC confirmed the observation that the compound was 

nonfluorescent during liquid chromatography at pH 5.5 (Figure 5). However, 

fluorescence developed with increasing acidity, becoming relatively invariant from pH 

2.3 to 1.7, although it again vanished as the solutions were made strongly acidic. The 

inflection points of this bell-shaped relative fluorescence-pH profile occurred near pH 1.2 
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A 

0.0 O-’ 200 - 300 400 500 600 

WAVELENGTH (nm) 

FIGURE 3. UV absorption spectra determined in acetonitrile-0.1 M ammonium acetate 
buffer, pH 5.5 (2872, v/v): (A) 27.3 DM CA, Amax 222, 254, 288, 358 and 370 nm; (B) 
30.2 1M AC, Amax 224,262,332 and 368 nm. 

and 3.1 (Figure 5C). Uncorrected excitation and emission spectra in moderately acidic 

solution exhibited Amax at 372 and 455 nm, respectively. 

These observations are consistent with the reaction scheme shown in Figure 6. 

The development of AC fluorescence is associated with initial protonation at the C-9 

amino group. Further protonation of the molecule occurs at the quinoline nitrogen atom 

with a concurrent diminution of fluorescent intensity. Comparison of the maximum 

fluorescence intensities observed for both compounds suggested that the fluorescent 

yield of AC under optimum conditions was approximately 6.3-fold lower than CA. 
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FIGURE 4. Influence of pH on CA fluorescence in 5096 (vh) aqueous methand solutions 
(287 pM) with apparent pH 0.68-5.00: (A) excitation spectra determined with Xem 430 
nm; (B) emission spectra measured with Lx 376 nm; (C) relative Ruorescence-pH 
profile. 
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A 
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APPARENT pH 

FIGURE 5. Influence of pH on AC fluorescence in 50% (vh) aqueous methanol solutions 
(29.8 pM) with apparent pH 0.60-4.05: (A) excitation spectra determined with Xem 455 
nm; (6) emission spectra measured with Aex 372 nm: (C) relative fluorescence-pH 
profile. 
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FIGURE 6. Scheme for the protonation of 9-aminocamptothecin. 

HPLC with Fluorescence Detection Followina Postcolumn Acidification 

As suggested by the hydronium ion concentration dependent behavior of AC 

fluorescence, postcolumn acidification provided a convenient means to monitor the drug 

upon reversed-phase separation. The column effluent and aqueous acid were directed 

into the orthogonal pons of a low dead volume 90' mixing tee interfaced directly to the 

detector with 0.010 inch I.D. stainless steel tubing. Although the magnitude of baseline 

disturbances introduced by several dedicated commercial postcolumn reagent pumps 

was unacceptable, excellent results were obtained when employing an HPLC pump for 

this purpose. 

Figure 7 depicts the decrease in apparent pH imparted to the eluent and 

corresponding height of the AC chromatographic peak using aqueom solutions of 

ttifiuoroacetic acid (TFA) as the postcolumn reagent, Maximum peak height was 

realized with 0.3 M TFA at a flow rate of 0.3 ml/min. The diminished response observed 

at higher reagent flow rates was associated with band broadening in addition to 

formation of the diprotonated species in the presence of excess acid (Figure 78). 

Sensitivity was not improved when the 0.010 inch I.D. tubing between the mixing 
chamber and detector was replaced with a 3 m x 0.5 mm I.D. knitted TFE Teflon delay 

tube (Supelco, Bellfonte, PA). 

ODtimum Conditions for Fluorescence Detection 

Measurement of the AC chromatographic peak as the wavelength of excitath 

(a was incremented from 220 to 370 nm afforded an apparent hydrodynamic 

excitation spectrum. The two strongest bands occurred at 250 and 352 nm with 

relative intensities of 100 and 55.5, respectively (Figure 8). Detector response was 
greater with a 41 8 nm emission cutoff filter than filters rated at 389,440 and 470 nm. 
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FIGURE 7. Optimization of the concentration and flow rate of the postcolumn reagent, 
trifluoroacetic acid. HPLC conditions were as described in 'Materials and Methods'. 
Initially, the TFA concentration was varied at a constant flow rate of 0.25 mVmin (A) 
followed by variation of the flow rate of 0.3 M acid (B). Curves: (=) heigM of the 
chromatographic peak for 5 ng of AC; (m) apparent pH of effluent emerging from the 
detector. Points, mean of n = 5; bars, SD. 
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FIGURE 8. Hydrodynamic fluorescence excitation spectrum of AC determined by liquid 
chromatography with postcolumn acidification prior to detection using 0.3 M TFA at a 
flow rate of 0.3 ml/min. Excitation maxima: 250, 290 and 352 nm. Points, mean of two 
determinations. 

Calibration Curves 

The relatively facile hydrolysis of the AC lactone ring at physiological pH required 

that plasma standards be individually prepared immediately prior to assay. 

Representative liquid chromatograms of plasma standards at a range of concentrations 

encompassing the calibration curve are shown in Figures 9B-D. There were no 

endogenous components in human plasma that interfered with detection of AC or the 

internal standard (Figure 9A). The negatively charged AC cadmylate was poorly 

retained and eluted with partial obscurement by the sotvent front. 

Figure 10 shows a typical calibration curve constructed by platting the drug to 

internal standard peak height ratio against the concentration of AC in plasma The 

lowest concentration of AC in 50 PI of plasma amenable to quantitation was 13.3 nM (5.0 

ng/ml). Standard c u m  having concentrations ranging from 13.3 to 980 nM exhibited 

good linearity with a correlation coefficient (mean f SD) of 0.997 f 0.001 (n = 10) and 
slope of 0.00207 f O.ooO19. 

Relative Recovely 

Relative recovery of the drug from plasma and assay reproducibility for the range 

of concentrations included in the standard curves during a 3 month period are 
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FIGURE 9. Representative liquid chromatograms of standard curve samples prepared 
by adding AC to drug-free human plasma to afford concentrations of (A) 0.0 nM; (B) 
13 29 nM; (C) 505.1 nM and (0) 983.6 nM. Chromatographic peaks: AC, 6.02-6.26 min; 
IS. 11.14-11.42 min. 

summarized in Table 1. Relative recoveries ranged from 98.01 to 103.9%. Coefficients 

of variation for the replicate determinations (n = 10) ranged from 3.72 to 8.61%, with a 

value of 7.63% for the lowest plasma concentration of AC quantitated. The analytical 

method is considered reproducible inasmuch as these calibration curves were assayed 

using several different analytical columns over an extended period of time. 
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AC PLASMA CONC (nM) 

FIGURE 10. Typical standard curve of AC in human plasma: slope, 0.002820; y- 
intercept, 0.02603; corr, 0.9994, 

TABLE 1 

Relative Recovery and Reproducibility of the Analytical Method for 
9-Aminocamptothecin in Human Plasma 

Amount Mean Amount 
Added N Found R-ry cv. 

nM nM % % 

13.29 10 13.42 101.98 7.63 

26.58 10 26.05 98.01 6.48 

53.17 10 53.60 100.81 8.61 

79.75 10 79.52 99.71 6.66 

106.3 10 11 0.4 103.86 5.14 

265.8 10 264.3 99.44 3.92 

505.1 10 504.6 99.90 4.34 

757.6 10 746.6 98.55 4.31 

983.6 10 983.7 100.01 3.72 

Coefficient of variation. 
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TABLE 2 

SUPKO AND MALSPEIS 

Absolute Recovery of 9-Aminocamptothecin Lactone 
and Carboxylate from Human Plasma 

- 
intact Lactone Carboxylate 

Amount 
Added Recovery' CVb Recovery. CVb 
nM % % % % 

13.29 99.56 1.59 97.61 2.57 

53.17 97.13 3.83 94.09 3.87 

106.3 98.23 3.48 98.1 0 7.1 1 

505.1 95.75 2.91 98.03 0.89 

983.6 96.61 2.73 102.00 7.52 - 
0 Mean absolute recovery, n = 5. 
b Coefficient of variation. 

Absolute Recovery 

The absolute recovery (mean f SE) of AC lactone from plasma was 97.46 f 1.48%, 

calculated from the individual mean recoveries (n = 5) for five different concentrations 

spanning the entire range of the standard curve (Table 2). Similarly evaluated, 97.97 f 

2.80% of AC carboxylate was recovered from plasma by the total drug method of sample 

preparation. Absolute recovery of the internal standard was 101.9 f 10.6% (mean f SD, 

n =: 25). 

DISCUSSION 

lntroducion of an aromatic amino substituent at the C-9 position of CA abolished 

the intense native fluorescence of the parent compound in neutral aqueous and organic 

solutions. This behavior is unusual, since the presence of an amino group typically 

enhances the fluorescent yield of an aromatic compound. Studies to characterize the 

influence of pH on the fluorescence spectra of these compounds demonstrated that 

protonation of the CA quinoline nitrogen atom quenched fluorescence of the molecule. 

However, initial protonation of AC occured at the more strongly basic exocyclic amino 

group, preventing the resonance interaction between the lone pair electrons and the 
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aromatic ring system which apparently makes fluorescent energy transitions 

unfavorable. The absence of AC fluorescence in strongly acidic media occurs upon 

subsequent protonation of the ring nitrogen atom. 

Alternative approaches to visualize the compound following HPLC were therefore 

considered. Liquid chromatography performed with a mobile phase sufficiently acidic to 

effect the first profonation of AC had the primary disadvantage of being restricted to total 

drug determinations. The rapid lactonization of the carboxylate form of CA and its 

analogs in aqueous solution more acidic than pH 3 precluded specific quantitation of the 

intact lactone species (26, 29). Employing the sample preparation methods developed 

for the analysis of CA (26), using UV detection at 336 nm, the minimum detectable 

concentration of AC in plasma was only 80 nM (30 ng/ml). This sensitivity was 

inadequate for drug level monitoring during preclinical pharmacokinetic studies at the 

doses of interest. Although the aromatic amino group was subject to oxidation with a 

glassy carbon electrode at +0.90 V, interferences from endogenous constituents at this 

potential precluded detection of the drug in a 126.5 nM (47.1 ng/ml) plasma sample. 

Postcolumn derivatization techniques prior to fluorescence detection proved to be 

a feasible means for detech'ng AC with the sensitivity desired. In addtion to protonation, 

localization of the lone pair electrons of the C-9 amino group upon acylation also 

resulted in intense fluorescence, as exemplified by the 9-p-toluamido derivative 

employed as the internal standard in the analytical method for CA (26). This suggested 

the potential use of postcolumn acylation with a nonfluorescent reagent such as acetic 

anhydride. However, postcolumn derivatization with a fluorigenic reagent offered the 

potential for a substantial improvement in detectabilii. Fluorescence from the 

chromophore introduced with an appropriate reagent could complement the inherent 

fluorescence of the ring system upon derivatization of the amino group. Unfortunately, 

the reaction rates between AC and all reagents examined, which included aliphatic and 

aromatic acid anhydrides, dansyl chloride and OPA, were insufficiently rapid at 

conditions adaptable to an HPLC postcolumn derivatization system. 

Consequently, reversed-phase liquid chromatography followed by inline 

postcolumn acidification to pH 1.8-2.2 prior to fluorescence detection offered a 

convenient method for monitoring AC in the HPLC effluent. Implementation of the 

chromatographic procedure required an investigation of the effect of postcolumn 

reagent concentration and flow rate on detector response. Trifluoroacetic acid was 

selected for use as the acidifying reagent in consideration of its acid strength @td 0.3) 
and compatability with stainless steel HPLC hardware (30). Conditions resulting in 
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3280 SUPKO A N D  MALSPEIS 

maximum height of the AC chromatographic peak were postcolumn acidification with 0.3 

M aqueous TFA at a flow rate of 0.3 ml/min followed by fluorescence detection with 

excitation at 352 nm and a 418 nm cutoff filter. Although the sensitivity achieved with 

excitation at 352 nm was approximately 50% less than at 250 nm, interfering 

endogenous plasma components were observed at the lower wavelength. Excitation at 

the longer wavelength provided adequate selectivity at the expense of somewhat 

dirninished sensitivity. 

Postcolumn acidification preceding fluorescence detection therefore proved to be 

a convenient technique to permit the determination of AC in plasma with far superior 

sensitivity and selectivity than could be acheived with UV or electrochemical detectors. 

With typical RT for AC lactone and the internal standard of 7 and 12 min, respectively, 

approximately 3.0 hr was required to assay 9 plasma standards. The sample 

preparation procedures developed to assay intact lactone and total drug levels of CA in 

plasma were employed for AC without significant alteration (24). Selective determination 

of AC lactone was achieved by direct analysis of plasma samples immediately upon 

deproteinization. Acidfication of the sample to approximately pH 2 with perchloric acid 

prior to protein precipitation, effected complete and rapid lactonization of AC 

carboxylate, which provided a measure of total drug levels. The AC carboxylate levels 

were calculated as the difference between the total drug and AC lactone plasma 

concentrations. Employing sample volumes of 50 pl, the lowest plasma concentration of 

AC included in the standard curve, 13.3 nM (5.0 ng/ml) was quantified with a 7.63% 

coefficient of variation (n = 10). 
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