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Abstract

The anticancer drug topotecan was detected in human plasma and whole blood using two-photon
excitation at 730 or 820 nm. These wavelengths are longer than the main absorption bands of
hemoglobin. Two-photon excitation of topotecan was demonstrated by a quadratic dependence of
the emission intensity on the incident power, compared to a linear dependence for one-photon
excitation at 410 nm. The observed emission centered at 525 nm was shown to be topotecan from
the similarity of the emission spectrum and decay times observed for one-photon and two-photon
excitation. Topotecan was detected at concentrations as low as 0.05 and 1 xM in plasma and whole
blood, respectively. Since skin blood and tissues are translucent at long wavelengths, these results
suggest the possibility of homogeneous or noninvasive clinical sensing with two-photon excitation.

Topotecan (Scheme 1) is a water-soluble topoisomerase inhibiter which displays antitumor
activity in animals and humans. This new drug has recently been approved by the FDA for
chemotherapeutic treatment of ovarian cancers. Treatment with topotecan requires careful
control of its concentration to assure effectiveness without excessive toxicity (1, 2).

Topotecan and its analogs are known to display fluorescence when excited by one-photon
near 350-420 nm (3, 4). However, such wavelengths are inconvenient for clinical monitoring
because they are absorbed by tissues such as skin and blood, and these wavelengths also
result in significant autofluorescence. In recent years there has been an increasing interest in
the biomedical applications of light above 600 nm. This interest arises from the realization
that the autofluorescence from tissues decreases with longer wavelength illumination, and
that tissues are minimally absorbing at wavelengths above 650 nm. These spectral properties
of tissues suggest the possibility of noninvasive diagnostics or imaging based on long-
wavelength illumination. However, there are few natural chromophores or analytes of
interest which display absorption at these long wavelengths.
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Advances in laser technology have resulted in long wavelength lasers with femtosecond
pulse widths. The high peak intensity of such sources raises the possibility of two-photon
excitation, that is the simultaneous absorption of two long-wavelength photons to yield the
first singlet state observed with uv excitation. Two-photon excitation has been applied in
analytical chemistry (5-7), time-resolved fluorescence (8-10), and in fluorescence
microscopy (11-13). To the best of our knowledge there have been no reports on the use of
two-photon-induced fluorescence to detect analytes in human tissues or whole blood. In the
present report, we show that physiologically relevant concentrations of the antibiotic
topotecan can be detected by two-photon near infrared (NIR)1 excitation, in both human
plasma and whole blood. Apparently, two-photon-induced fluorescence of the numerous
possible interferences is not significant compared to the signal observed from micromolar
concentrations of topotecan. This observation suggests the possibility of using long-
wavelength two-photon excitation for direct measurements in whole blood or noninvasive
detection through skin.

MATERIALS AND METHODS

Chemicals.

Topotecan was obtained from the National Cancer Institute, Division of Cancer Treatment.
The drug was in the 20S configuration and was of high purity (>98%) as determined by
HPLC assays with fluorescence detection (14—16). Drug stock solutions (2 x 1073 M) were
prepared in dimethyl sulfoxide (DMSO) and stored in the dark at —20°C. All other
chemicals used in the study were reagent grade and were used without further purification.

Preparation of whole blood.

Whole human blood was obtained from a healthy male donor by drawing blood into sterile
vacutainers containing either ethylenediaminetetraacetic acid (EDTA) or heparin to prevent
clot formation. Human plasma samples were obtained from the Red Cross of Ohio and were
used without further processing.

Instrumentation.

The emission of topotecan was observed using a combination of Corning filters: 3-71 and
4-96 plus a 03FHAO020 heat filter. This combination showed a peak transmission of 55%
near 530, with over 10% transmission from 440 to 580 nm.

Two-photon excitation at 820 nm was provided by a femtosecond mode-locked Tsunami
Ti:Sapphire laser from Spectra Physics. The repetition rate of 80 MHz was held fixed by the
Loc-to-Clock accessory. The repetition rate was divided by 8 by the Loc-to-Clock
electronics, and used as the 10-MHz reference signal for the FD instrument. The pulse width
was near 80 fs. Two-photon excitation at 730 nm was provided by pyridine dye laser, 7-ps
pulse width, which synchronously pumped by mode-locked argon ion laser. Frequency-
domain (FD) intensity decays with two-photon excitation were obtained on instrumentation

LAbbreviations used: PBS, phosphate-buffered saline; TD, time domain; FD, frequency domain; TCSPC, time-correlated single
photon counting; 1PE, one-photon excitation; 2PE, two-photon excitation; NIR, near infrared; DMSO, dimethyl sulfoxide.
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described previously (17, 18). Time-domain (TD) intensity decays were obtained by time-
correlated single-photon counting (TCSPC) (19) using a R2809 microchannel plate PMT as
the detector.

Excitation and emission spectra of topotecan are shown in Fig. 1. One-photon excitation of
topotecan requires excitation at wavelengths below 400 nm, resulting in an emission
centered at 530 nm. The single-photon excitation wavelength and emission spectrum of
topotecan (Fig. 1) overlaps with the absorption of human plasma and whole blood (Fig. 2).
These spectra suggest that it would be difficult, if not impossible, to detect topotecan with
one-photon excitation.

We compared the emission spectra of topotecan in PBS excited with one photon with the
emission spectra of topotecan in plasma using two-photon excitation (Fig. 3). Plasma was
selected for the initial experiments because one can readily remove the erythrocytes in a
clinical setting. The emission spectra of topotecan in PBS and plasma were identical for
excitation at 410 and 820 nm, respectively (Fig. 3). At these wavelengths the emission
intensities depended linearly and quadratically on the intensity of the incident light,
respectively (Fig. 4). The same emission spectrum was observed for excitation at 730 nm
(not shown), and the topotecan intensity depended quadratically on the incident intensity at
730 nm (Fig. 4). These results indicate that the emission of topotecan is due to one-photon
excitation (1PE) at 410 nm, and due to two-photon excitation (2PE) at 730 and 820 nm.

The advantages of two-photon excitation for detection of topotecan are shown in Fig. 5,
which shows emission spectra for excitation at 340 and 410 nm. At 340 nm the background
fluorescence from the plasma essentially overwhelms the emission from topotecan. At 410
nm one can detect the spectral shape of topotecan but one notices the increased amount of
autofluorescence and/or scattered light on the short wavelength side of the emission
spectrum. Comparison of the emission spectrum in PBS with 410 nm excitation (Fig. 5),
with that observed for topotecan with two-photon excitation at 820 nm in plasma (Fig. 3),
demon-strates a lower level of autofluorescence in plasma with two-photon excitation.

We questioned our ability to detect clinically relevant concentrations of topotecan using two-
photon excitation. The concentration-dependent intensity of topotecan in plasma with 820
nm excitation is shown in Fig. 6. Remarkably, concentrations down to 0.2 ¢/M are readily
detected (10-fold over background), and the detection limit (2-fold over background) is near
0.05 uM for topotecan.

We were also able to detect topotecan in whole blood with 820 nm excitation (Fig. 7). In this
case the signal was weaker, probably due to reabsorption of the topotecan emission by blood
(Fig. 2). Nonetheless, the signal was linearly dependent on topotecan concentration, and the
detection limit is about 1 M. It was difficult to record the emission spectrum of topotecan in
whole blood, but the spectrum we did observe appeared to be characteristic of topotecan (not
shown).
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Blood and plasma contain numerous chromophores absorbing from 365 to 410 nm, and
some of these may be expected to display 2PE at 730 or 820 nm. To confirm that the
emission was in fact due to topotecan, we examined the fluorescence lifetimes. Frequency—
domain lifetime data are shown in Fig. 8 for 820 nm excitation. Similar decay times were
observed for two-photon excitation in plasma (top) or in PBS (bottom). The observed decay
times are comparable to those observed for topotecan with one-photon excitation (5.8 ns).
The decay times were also measured by TCSPC, in plasma (Fig. 9) and whole blood (Fig.
10) with 730 nm excitation. Once again the observed decay times in the 5-ns range are
characteristic of topotecan. These lifetimes indicate that topotecan is the species responsible
for the observed emission.

DISCUSSION

The data described above indicate that at micromolar concentrations the emission of
topotecan resulting from two-photon excitation at 730 and 820 nm is the dominant
chromophore in whole blood or plasma. Our findings concerning the detectability of
topotecan in blood at micromolar levels suggests that topotecan displays a high cross section
for 2PE compared to those of endogenous fluorophores. In fact, we have recently confirmed
that the cross section of topotecan is comparable to that of the classical fluorescence
standard coumarin 110. We also now know that a variety of other camptothecins differing by
substitutions in the quinoline fluorochrome can be readily detected at submicromolar
concentrations in plasma using 2PE. In addition to the camptothecins, it is possible that
other drugs and analytes displaying detectabilities in optically dense media due to high 2PE
cross sections and good quantum yields may be identified.

Of profound interest to the medical scientists involved in the design of dosing regimens is
the free or unbound fraction of drug present in blood, since it is this species which can exert
activity. Previous investigations from this lab have shown that several camptothecins of
current clinical interest display lifetimes and emission spectra that exhibit marked changes
upon interaction with blood proteins and red blood cells, and these parameters have already
been employed to delineate free and bound drug fractions in translucent samples using 1PE
(14, 16). We are currently exploring the feasibility of using these spectral properties of the
camptothecins in combination with 2PE in order to directly measure free and bound drug
fractions in patient blood samples.

The topotecan detection limits of 0.05 and 1 M in plasma and whole blood, respectively,
determined in our experiments are comparable to some of the higher concentrations
achieved in patients during treatment. Clinical dosing regimens for camptothecins is an area
of active investigation and dosing may be reduced if host tissue toxicities cannot be safely
controlled. At present we are examining possible implementation of existing detection and
laser technologies in order to improve on the 2PE detectibility limits for topotecan as well as
other clinically relevant camptothecins. Low levels of quantitation and the minimal health
risks associated with long-wavelength illumination suggest the possible use of two-photon-
induced fluorescence for noninvasive detection of camptothecin drugs and perhaps other
analytes as well.
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FIG. 1.

Fluorescence excitation and emission spectra of topotecan in PBS (1, 5, and 50 /M).
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FIG. 2.
Absorption spectra of whole blood and whole blood diluted 100-fold.

Anal Biochem. Author manuscript; available in PMC 2019 December 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Burke et al. Page 8

A
10 TOPOTECAN IN PLASMA
~——— ONE ~ PHOTON
Exc.=410nm
8 -_—— = TWO-PHOTON
Exc.=820nm
[TH]
(&)
o
O b6F
w
L)
o
o
D
_t
T
4
Ll
>
-
<
_
L
(4 e 2
| il | 1 S
450 500 550 600
WAVELENGTH (nm)
FIG. 3.

Emission spectra of 5 £M topotecan in plasma or in PBS for excitation at 820 nm or 410 nm,
respectively. The intensities were normalized to unity at the highest excitation intensities.
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FIG. 4.

Emission spectra of 5 £M topotecan in plasma for excitation at 340 and 410 nm.
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FIG. 5.
Dependence of topotecan emission intensity in plasma on the excitation intensity at 410,

730, and 820 nm. The intensities were normalized to unity at the highest excitation
intensities.
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FIG. 6.
Concentration-dependent emission intensity of topotecan in plasma for excitation at 820 nm.
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Concentration-dependent intensity of topotecan in whole blood for excitation at 820 nm.
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FIG. 8.
Frequency—domain intensity decay of topotecan in PBS and plasma with 820 nm excitation.
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FIG.9.
Time—domain intensity decay for topotecan in plasma for excitation at 730 nm.

Anal Biochem. Author manuscript; available in PMC 2019 December 17.



1duosnuey Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Burke et al.

Page 15

1000

100

COUNTS

10

TOPOTECAN IN BLOOD
T =4.96 ns

OH

osss ot

CH;N(CH3)» - HCI O

' ' M I ']] '

BLOOD ONLY
Ex. 730 nm , Em. 520 nm

| | L i

0

FIG. 10.

200 400 600 800
CHANNELS

Time—domain intensity decay for topotecan in whole blood for excitation at 730 nm.
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Structure of the lactone form of topotecan.
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