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ABSTRACT

Three "C-labeled l,4-dihydroxy-5,8-bis|2-[(2-hydrox)eth)l)amino]-
ethyl|amino-9,10-anthracenedione dihydrochloride (mitoxantrone) isoto-
pomers were synthesized to prove the proposed chemical structures of
human urinary metabolites by means of nuclear magnetic resonance
spectroscopy. After application of labeled mitoxantrone to an anesthe
tized pig, urine was collected by way of a vesicourethral catheter. The
urinary metabolites were isolated by liquid Chromatograph) using a new
procedure developed for extraction of mitoxantrone metabolites. Struc
tural elucidation by nuclear magnetic resonance spectroscopy and tandem
mass spectrometry confirmed the proposed mono- and dicarboxylic acid
structures of the metabolites. High-performance liquid Chromatograph)
of native pig urine showed an additional metabolite detected by its IV-
visible absorption. The new metabolite was identified as a glucuronic acid
conjugate of mitoxantrone by means of nuclear magnetic resonance
spectroscopy and tandem mass spectrometry. Incubation with 0-glucu-
ronidase under high-performance liquid chromatography control revealed
mitoxantrone as the sole product. Quantitative high-performance liquid
chromatography analyses showed that the new urinary metabolite rep
resents the main biotransformational pathway of mitoxantrone in pigs,
indicating significant interspecies variation in mitoxantrone biotransfor
mation. Expressed in equivalents of mitoxantrone, the new metabolite
amounts to 25% and 31%, respectively, of urinary excreted drug-related
material. Extraction of patient urine using the same procedure led to the
isolation of pure metabolite B. Tandem mass spectrometric data delivered
definitive evidence for the structure of metabolite B as monocarboxylic
acid of mitoxantrone.

INTRODUCTION

Mitoxantrone' (Novantrone, NSC 301739; American Cy-

anamid Company), (Fig. 1, mitoxantrone M) is a representative
of synthetic anticancer agents developed to diminish cardiotox-
icity associated with the clinical application of anthracyclines
(1-3). Although the drug is widely used in treatment of breast
cancer, acute leukemia, and non-Hodgkin's lymphoma, little is

known about its metabolism in humans and animals.
During the investigation of the pharmacokinetics of the drug

in patients, only 2 metabolites of mitoxantrone, 1,4-dihydroxy-
5,8-bis| 12-[(1-carboxymethyl)amino]ethyl)amino|-9,10-anthra-
cenedione (Fig. 1, metabolite A) and l,4-dihydroxy-5-||2-[(l-
carboxymethyl)amino]ethyl|amino)-8-j|2-[(2-hydroxyethyl)-
amino]ethyljamino|-9,10-anthracenedione(Fig. 1, metabolite B)
have been detected in plasma and urine (4-14). They were
identified as drug-related material by typical light absorption
of the anthracenedione chromophor or by radioactivity after
application of'''C-labeled drug. Incubation of human urine with

0-glucuronidase or sulfatase did not alter the retention times of

these metabolites in high performance liquid chromatography.
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suggesting that they are neither glucuronide nor sulfate conju
gates of mitoxantrone (14).

In rabbits (15) and rats (16, 17), however, additional metab
olites were observed, and in vitro experiments with rat liver
microsomes and hepatocytes indicated that mitoxantrone might
conjugate with glucuronic acid and glutathione (9, 18, 19). The
structures of the mitoxantrone conjugates found in animals are
still unknown, and the structures of the human metabolites
require further investigation because the published spectromet
ric data are not sufficient for final structural proof. The main
reason for the poor knowledge of the metabolites' structures is

related to the very low occurrence of urinary metabolites, the
lack of suitable methods for preparative separation, and prob
lems in mass spectrometric detection of the parent compound
and the metabolites in urinary extracts (20).

The chemical structures of the 2 human urinary metabolites
have been proposed in this journal in 1986 by coworkers of the
American Cyanamid Company (6) (Fig. 1, A and B). Both
metabolites have also been detected in rabbits (15) and pigs
(20). Structure elucidation was achieved by mass spectrometry
using negative ions. However, chemical ionization using meth
ane as the reagent gas led to very low intensities of negatively
charged molecular ions, especially in the case of the metabolite
regarded as monocarboxylic acid derivative (metabolite B).
Thus, the proposed oxidation of the terminal hydroxymethylene
groups of the side chains remains to be proved using methods
more suitable for the identification of carboxylic acids.

This report describes a new analytical technique for the
extraction of mitoxantrone metabolites from urine. The method
has been developed to protect metabolites from chemical de-
naturation during extraction and separation. Mass spectromet
ric analyses of the highly purified metabolites have been carried
out using soft ionization methods such as electrospray and fast
atom bombardment ionization. Both methods produce high
intensities of molecular ions of the metabolites. Structure elu
cidation has been carried out by application of tandem mass
spectrometry and led to the unequivocal identification of 2
urinary metabolites.

To obtain further evidence for the oxidation of the side
chains, "C-labeled mitoxantrones were synthesized (Fig. 2).

After application to pigs, metabolites could be isolated from
urine. The structural changes in the side chain(s) could be
confirmed by "C-NMR spectroscopy.

MATERIALS AND METHODS

Drugs and Reagents

Reagents. Sodium ["Cjcyanide with 91% "C enrichment was pur
chased from Amersham-Buchler (Braunschweig, Federal Republic of
Germany). [l-"C]Glycine with 99% "C-enrichment and ii-glucuroni-

dase (EC 3.4.1.31) was obtained from Sigma (Deisenhofen, Federal
Republic of Germany). Synthetic reference substances of metabolites A
and B were kindly supplied by Lederle Laboratories (Pearl River, NY).
Sodium 1-pentanesulfonate (98%) and dimcthylformamide (HPLC
grade) were purchased from Aldrich (Steinheim. Federal Republic of
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Fig. 1. Structures of mitoxantrone and proposed structures of urinary metab
olites A and B.

H

Fig. 2. Structures of 13C-labeled niitoxantronc Â¡sotopomers.For convenience,

the side chain carbon atoms are numbered as shown. Mitoxantrone isotopomers
labeled at position 1'. 3'. and 4' on both side chains are abbreviated as |P-I3C]-,
[.V-'JC|-, and [4'-"C]mitoxantrone. The correct chemical names are given in
"Materials and Methods." Labeled metabolites are abbreviated using the same

principles.

Germany), acetonitrile (HPLC grade) from Merck (Darmstadt, Federal
Republic of Germany) and Baker (Gross-Gerau, Federal Republic of
Germany), 1-pentanesulfonic acid (Pic B5) from Waters Millipore
(Eschborn, Federal Republic of Germany). Water was deionized and
filtered with a Milli-Q water purification system (Milford, MA). PRP-
1 resin (11-20 pm) was purchased from Hamilton (Darmstadt, Federal
Republic of Germany), and LiChrosorb RP-select B (10 um) was from
Merck. Other chemicals and reagents were obtained from regular
commercial sources.

Synthesis and Purification of "C-Labeled Mitoxantrones. 1,4-Dihy-
droxy-5,8-bis||2-[([l-13C]-2-hydroxyethyl)amino]ethyl|amino|-9,10-
anthracenedione and l,4-dihydroxy-5,8-bis||-[(2-hydroxyethyl)-
amino]-[l-"C]ethy!)amino|-9,10-anthracenedione were synthesized

from labeled sodium cyanide in our laboratory following the synthetic
schemes described previously (21). 1.4-Dihydroxy-5,8-bis||2-[([2-13C]-
2-hydroxyethyl)amino]ethyl|amino|-9,10-anthracenedione was synthe
sized from [l-"C)glycine. The site of labeling is illustrated in Fig. 2.
Instead of recrystallization of the raw product from ethanol-water, the
following preparative HPLC separation was used for purification. Raw-

product (300 mg) was dissolved in 10 ml of 180 mM aqueous sodium
1-pentanesulfonate solution. After filtration through disposable filters,
fractions of 2.5-ml solution were chromatographed using a self-filled
glassy HPLC column (150x10 mm) on LiChrosorb RP-select B. The
separation was achieved at a flow rate of 2 ml/min applying a linear
gradient from 0 to 20% of solvent B with 5 mM aqueous solution of 1-
pentanesulfonic acid (Pic B5) as solvent A and a mixture of 5 mM
aqueous solution of sodium 1-pentanesulfonate and acetonitrile (20:80,
v/v) as solvent B. The fractions containing mitoxantrone in high purity
were lyophilized, resolved in 2 ml of water, and adsorbed on a disposable
filtration column (Baker) filled with 1 ml PRP-1 to remove pentane-
sulfonic acid. After the column was washed with 4 ml water, mitoxan
trone was desorbed with 0.1 M methanolic hydrochloric acid. Purity of
the product was 99.9% (determined by HPLC). The product was
lyophilized immediately and stored at 4Â°C.

In Vivo Experiments

Experiments were performed in male GÃ¶ttinger minipigs weighing
25 kg. Atropine (0.5 mg), azaperone (100 mg), ketamine hydrochloride
(29 mg), and flunitrazepame (2 mg) were used as sedatives before
anesthesia with isoflurane/oxygen. A laparotomy was performed and
the bile duct was cannulated. Urine was collected by way of a vesico-
urethral catheter. For venous access, the vena cava was catheterized. A
few minutes before application, mitoxantrone was dissolved in 20 ml
0.3% sodium chloride solution. The drug was injected as a bolus via
the vena cava catheter. Urine and bile were collected up to 8 h after

application of the drug. During the experiment, 3 liters of electrolyte
solution and 10 mg furosemide (30 min after application of the drug)
were applied by continuous infusion via the catheter.

High-Performance Liquid Chromatography

The Chromatographie system for preparative isolation of metabolites
from urine consisted of a HPLC pump equipped with a preparative
pumphead (model 2200: Bischoff, Leonberg, Federal Republic of Ger
many). For urine extraction, glassy columns (Superformance system,
50x16 mm; Merck) were used. The columns were filled in our labora
tory with 4 g PRP-1 resin. Depending on the quality of the urine, up
to 2 liters of urine could be extracted with one column. The urine was
pumped on the column with a flow rate of 10-20 ml/min. Due to the
intense blue color of mitoxantrone and its metabolites, the different
fractions could easily be detected visually.

Further purification of the metabolites was achieved with a gradient
HPLC pump (model 2249) and an integrator (model 2221; Pharmacia-
LKB. Freiburg, Federal Republic of Germany). Light absorption was
measured with a Spectra 200 UV-visible detector (Spectra-Physics,
Darmstadt, Federal Republic of Germany). Injection was carried out
by hand using Hamilton syringes and a Rheodyne 7125 injection valve
or an EC6W switching valve (VICI; Schenkon, Switzerland). Glassy
columns (150x10 mm) filled with LiChrosorb RP-select B were used
at flow rates of 1-2 ml/min. Analytical separations were obtained using
Ci8-iiBondapak columns (300 x 3.9 mm; 10 urn; Waters Millipore,
Eschborn, Federal Republic of Germany).

Quantitation of mitoxantrone and metabolites in native urine and
bile was performed by means of a HPLC apparatus equipped with a
Waters pump 510, a Waters 712 sample processor (WISP), and a
Waters Lambda-Max model 481 LC spectrophotometer. The Maxima
software from Waters was used for data evaluation.

Metabolite Isolation

Urine was centrifuged in fractions of 800 ml at 3000 rpm for 20 min
and then filtered through a hollow fiber dialyzer to remove solid
impurities and high molecular weight substances (especially peptides)
to avoid damage to the Chromatographie columns (dialysis was only-

necessary when human urine was processed). After dialysis, solid so
dium 1-pentanesulfonate was added to achieve a 5 m\i urinary concen
tration. The addition was necessary to avoid partial loss of the metab
olites due to desorption by urinary components during the solid phase
extraction with PRP-1 resin. After rinsing the column with 50 ml of a
1 mM aqueous solution of sodium 1-pentanesulfonate, the metabolites
were separated using a step gradient from 5 m.Maqueous solution of
sodium 1-pentanesulfonate and acetonitrile ( 10-50%, v/v). All fractions
were lyophilized immediately and stored at room temperature until
further purification. The fraction containing metabolite C was resolved
in water and chromatographed on LiChrosorb RP-select B with a linear
gradient from 0 to 20% of solvent B within 20 min (solvent A was 5
mM aqueous solution of sodium 1-pentanesulfonate, solvent B was a
mixture of 5 mM aqueous solution of sodium 1-pentanesulfonate and
acetonitrile (20:80, v/v)]. The metabolite fraction was lyophilized, re
solved in 2 ml water, and adsorbed on a disposable filtration column
filled with 300 ^1 PRP-1 resin. To remove sodium 1-pentanesulfonate,

the column was washed with 10 ml water and the metabolite was
desorbed with watenmethanol (90:10. v/v).

Most fractions were sufficiently pure, and only removal of excess
sodium 1-pentanesulfonate was necessary. In the case of metabolite A,
several irregularities were observed. Even with more than 40% metha-
nol, only partial desorption could be achieved. A purple part remained
adsorbed. Furthermore, a mixture of methanol and 0.1 M hydrochloric
acid (1:1, v/v) failed to elute the bulk of adsorbed metabolite. Elution
could be effected by treatment with 2 M NaOH, and the color turned
back to blue using basic conditions. Few fractions had to be purified
using a newly developed HPLC separation because interfering urinary
components could not be eliminated using the HPLC conditions de
scribed above. Separation was effected using a PRP-1 filled glassy
column and a basic buffer (0.1 M sodium carbonate, pH 9.1) containing
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URINARY METABOLITES OF MITOXANTRONE

5 HIMtetrabutylammonium-bromide as an ion pairing reagent. A step
gradient beginning at 10% acetonitrile was used. The elution strength
of the solvent system was adapted to the separation as necessary.

Nuclear Magnetic Resonance Spectroscopy

NMR data were obtained on a WM 400 and AM 600 NMR spec
trometer from Bruker (Rheinstetten, Federal Republic of Germany).
"C-NMR spectra of 3'-'3C- and 4'-'-'C-labeled metabolites were ac
quired using the 'H-broadband decoupling technique. Two-dimensional
NMR spectra of 1'-"C-labeled metabolites were measured using a
pulse sequence allowing extremely high sensitivity for "C-labeled po

sitions by making use of polarization transfer (22). The data acquisition
occurred in the region of protons. Splitting of the resonance peaks into
doublets with a coupling constant of 'JCH is the consequence. The 2-

dimensional heteronuclear shift correlation NMR experiment allows
the correlation of carbon atoms bearing a proton. Carbons without an
adjacent proton were not detected and had to be measured using normal
'H-broadband decoupling.

Mass Spectrometry

For acquisition of fast atom bombardment and chemical ionization
mass spectra, a triple stage quadrupole mass spectrometer TSQ 70
from Finnigan-MAT (Bremen, Federal Republic of Germany) was used.
lonSpray mass spectra were obtained with an API III mass spectrometer
of Sciex (Thornhill, Ontario, Canada). For details of the ionization
techniques, see the literature (23, 24).

Enzymatic Degradation

Metabolite C was incubated with /J-glucuronidase in an ammonium
acetate buffer that was adjusted to pH 5 with acetic acid. After 40 min
at 37Â°C, HPLC analyses revealed quantitative liberation of

mitoxantrone.

RESULTS AND DISCUSSION

Figs. 3 and 4 illustrate the HPLC chromatogram of native
urine and native bile, respectively, from pigs treated with mi
toxantrone. The urinary excretion of mitoxantrone and its
metabolites was studied in 4 pigs. Quantitation results are
summarized in Tables 1 and 2. Metabolite C, up to now not
observed in human urine, was the main excretory pathway
within the observation period of 5 h. Metabolites A and B
showed the same retention times as the known human urinary
metabolites and were produced in the same range as found in
patients. Therefore, minipigs are more suitable for investigation
of mitoxantrone metabolism than rats that do not produce the
2 urinary metabolites4 observed in urine of humans. As previ

ously found in humans, mitoxantrone and metabolites with
unknown structures are mainly excreted via bile (25). Biliary
excretion of pigs contains mainly mitoxantrone and metabolite
B and only very small amounts of the other metabolites found
in the urine. The similar behavior of metabolite B compared
with mitoxantrone is consistent with the presence of one un
changed side chain in the biotransformation product B. The
isoelectric point of mitoxantrone was determined by isoelectric
focusing to 9.15.4 Thus, the basic amino group of the side chain

remains protonated even in bile (pH 8.2). As discussed later,
metabolite C represents a glucuronic acid derivative of mitox
antrone, whereas metabolite A has the structure of a dicarbox-
ylic acid. Therefore, both should form anions at the pH of bile.
A strong relation between ion charge and pathway of excretion
can be observed.

Identification of urinary components as drug-related material

o
C/3

-C

O 10
Time (min)

4J. Blanz. G. Ehninger. and K-P. Zeller, unpublished observations.

Fig. 3. HPLC chromatogram (detection at 658 nm) of I ml 0-5-h pig urine
after i.v. injection of 6.5 mg [_V-"C]mitoxantrone/kg. The glucuronic acid con

jugate (metabolite C) possesses a retention time of 3.39 min. metabolite A 5.08
min. metabolite B 6.99 min, and mitoxantrone M 9.44 min. Separation was
achieved on a dg-jjBondapak column using isocratic conditions and 5 mM
pentanesulfonic acid:acetonitrile (80:20. v/v) as solvent system.

was effected predominantly by monitoring light absorption at
658 nm providing a highly selective and sensitive detection
without any interfering peaks from urine. The second identifi
cation method, used by Chiccarelli et al. (6), was the use of
radioactively labeled parent compound leading to the identifi
cation of 2 human urinary metabolites. Although the radioac
tivity elution profile published in 1986 showed one additional
peak with very low retention time, this peak was not referred
to in the text. In our opinion, this peak should be related to the
glucuronic acid conjugate of mitoxantrone now found in the
urine of pigs. However, using human urine, our efforts to isolate
this metabolite failed.

Thus far, no experiments using stable isotopes have been
performed to investigate the metabolism of mitoxantrone. La
beling with "C can yield additional structural proof of metab

olites, provided that chemical changes correlate with a signifi
cant variation of the chemical shift at the "C-enriched positions
in the corresponding "C-NMR spectra. Thus, clear evidence

for the oxidation of the terminal hydroxymethylene group of
the side chains in metabolites A and B was obtained by "C-
NMR spectroscopy after application of [4'-"C]mitoxantrone

and isolation of the corresponding metabolites. The chemical
shifts of the "C-resonance signals found in "C-labeled mitox-
antrones and "C-labeled metabolites are summarized in Table

3 and illustrated in Fig. 5. Chemical shifts of metabolites A and
3429
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URINARY METABOLITES OF MITOXANTRONE
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Fig. 4. HPLC chromatogram (detection at 658 nm) of 10 ^1 pig bile (dilution
1:10) after i.v. injection of 6.5 mg |3'-"C]mitoxantrone/kg. Separation was
achieved on a Cig-jiBondapak column using isocratic conditions and 5 HIM
pentanesulfonic acid/acetonitrile (76:24, v/v) as solvent system.

Table 1 Urinary excretion of mitoxantrone and metabolites after
i.v. injection of different p'CJmitoxantrone isotopomers"

Dose UrineMitox-No.
Label (mg/kg) (ml)antrone*1

I-"C 4 5406.92
1-13C 4 9351.13
3-"C 6.5 18002.04
4-"C 5.2 610 2.2Metab

oliteC*0.891.33MetaboliteA*0.170.140.330.30MetaboliteB*0.080.40.260.43Timer(h)8855

Â°Quantitation was performed by injection of 1 ml native urine.
* Quantitation depends on the assumption of same molar absorption coeffi

cients of mitoxantrone and metabolites. This seems to be justified as the chro-
mophoric system remains essentially unchanged. Data are calculated as equiva
lents of mitoxantrone and expressed as percentage of injected dose.

c Time of sample collection.

Table 2 Biliary excretion of mitoxantrone and metabolites after i.v. injection of
[3'-"C]mitoxantronea

Dose
(mg/kg)

Bile
(ml)

Mitoxantrone*

(8.3)
Metabolite

C*
Metabolite

A*
Metabolite Time'

B* (h)

6.5 44.2 8.3 0.15 1.2
Â°Quantitation was performed by injection of 10 nl 1:10 diluted bile.
* Quantitation depends on the assumption of same molar absorption coeffi

cients of mitoxantrone and metabolites. This seems to be justified as the chro-
mophoric system remains essentially unchanged. Data are calculated as equiva
lents of mitoxantrone and expressed as percentage of injected dose.

e Time of sample collection.

B correspond well with data obtained from the reference sub
stances in our laboratory. Structure elucidation of metabolite
C was also effected by NMR spectroscopy. Fig. 6 shows the 2-
dimensional heteronuclear shift correlation NMR spectra of
[1'-"CJmetabolite C demonstrating the high sensitivity for I3C-
labeling. NMR-data of [4'-"C]metabolite C are given in Table

4. The structure of metabolite C is illustrated in Fig. 7.
From the data presented in Table 3, it follows that in metab

olites B and C, the 2 formerly identical side chains have become

different. The small differences in the chemical shifts of the 2
terminal carbon atoms (C-4', C-4'") in metabolite C (Table 4)

indicate 2 slightly different chemical environments. Further
more, the 2 chemical shifts are very close to the value found for
C-4' in mitoxantrone (Table 3).

All "C-signals of the unlabeled positions are due to the
natural "C-abundances (1.1%) and therefore, compared with

the 2 labeled positions, are relatively weak. In particular, the
chemical shift assignments of quartenary carbon atoms may be
less exact. From the enzymatic degradation experiment and
from mass spectrometric studies, it follows that metabolite C
is a glucuronic acid conjugate of the parent mitoxantrone.
Either glucuronidation at a phenolic hydroxyl or at an alcoholic
hydroxyl could produce molecular asymmetry responsible for
the splitting of the "C-labeled terminal carbon atoms. From
the "C-NMR data, no decision between these 2 possibilities
can be made. However, in the 'H-NMR spectrum, the 4 aro
matic protons at C-2/3 and C-6/7 are split into 4 doublets. The
observed splitting pattern suggests glucuronidation at a phe
nolic rather than an alcoholic hydroxyl. Details of the 'H-NMR

spectrum will be given in a forthcoming publication.
The large downfield shift of the resonance of the terminal

carbon atom in one side chain of metabolite B indicates the
conversion of a hydroxymethylene group into a carboxylic
group.

Efforts to isolate metabolites from urine were hindered by
the absence of procedures allowing preparative separation.
Thus, the development of a new extraction and separation
method was necessary to allow the extraction of the metabolites
of mitoxantrone from urine in a very efficient way. Extraction
by ion pairing with sodium 1-pentanesulfonate was found to
give very good recovery, but retention of the metabolites was
found to be pH dependent and substantial losses of metabolite
A have been noticed at pH >6. This behavior suggests that
basicity of the side chain amino groups is reduced after biotrans
formation because retention of the metabolites during extrac
tion depends on the interaction of protonated substrate and the
ion pairing reagent used. The oxidation of C-l of the 2-ami-
noethanol moiety yields an /V-alkylated amino acid with
strongly decreased basicity of the amino group. The equilibrium
between the different forms in which amino acids could exist is
shifted at higher pH to neutral or negatively charged forms
lacking pairing possibilities with the ion pairing reagent used.
As urinary pH was 5-6, buffering was not necessary to obtain
good recoveries of oxidized metabolites. The rather unusual
behavior of metabolite A to precipitate from eluate and to be
extremely poorly soluble in most solvents and neutral aqueous
solutions made it difficult to obtain MS and NMR spectra.
Low solubility and changes of color during separation are
probably a result of the zwitterionic structure of the side chain
after biotransformation. The purple color observed during sep
aration could be explained as the result of protonation of the

Table 3 "C-NMR chemical shifts of the various "C-labeled carbons in the side

chains of mitoxantrone and from metabolites isolated from pig urine

Chemical shift Ã³[ppm]

J'-"C| |4'-Â»C]

Sidechain 1 + 2

MitoxantroneMetabolite
CMetabolite
AMetabolite

B41.3"40.5"41.5*39.4*51.8"52.2"50.5r51.8'51.8"52.2Â°50.5'51.8'59.2Â°59.7"168.7*169.9''59.2"59.8Â°168.7*57.7''
Solvents: " deuterium oxide; deuterium oxide/deuterohydrochloric acid; ' di

methyl sulfoxide-<4: ''dimethyl sulfoxide-rfi/deuterohydrochloric acid.
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160 120 80 40 0

Fig. 5. "C-NMR spectra of mitoxantrone and metabolite A isolated from pig
urine after application of |4'-"C|mito\antrone. A/. "C-NMR spectrum of syn
thesized |4'-"C]mitoxantrone; A. "C-NMR spectrum of 4'-"C-labeled metabo

lite A.

SO

100

86420
ppm

Fig. 6. Two-dimensional heteronuclear shift correlation NMR spectra of 1'
"C-labeled metabolite C.

plienylenediamine moiety of the chromophor causing a hypo-
chromic shift of light absorption. In the zwitterionic form, these
amino groups are more basic than those of the amino acid
moiety of the side chain.

In our view, the mass spectrometric data obtained by Chic-
carelli et al. (6) cannot be seen as rigorous structural proof for
metabolite B. The chemical ionization technique used in their
study is known to produce adduci ions (26. 27). With methane
as the reagent gas, the negative molecular ions produced are
often accompanied by a series of ions of the composition [M +
(CH:),,]~. In fact, control measurements with mitoxantrone

showed the occurrence of negative ions having higher masses
than the molecular ion at m/: 444. Accidentally, these ions at
m/: 458 and 472 (// = 1. n = 2) interfere with the molecular

masses of metabolites A and B.
The daughter ion spectra of negatively charged 5.8-diamino-

l,4-dihydroxy-9,10-anthracenediones obtained by application
of the mass spectrometry/mass spectrometry daughter scan
mode are dominated by an intense fragment Â¡onat m/: 268.
Using the parent scan mode of our triple stage quadrupole mass
spectrometer, it is possible to demonstrate the occurrence of
adduci ions of mitoxantrone by detection of parent ions of m/
: 268 (Fig. 8). The presence of the ion m/: 444, which is not a
fragment ion of pure metabolite B, indicates the presence of
mitoxantrone in the sample measured by Chiccarelli et al. (6).
Thus, the ion at ml- 458 regarded as molecular ion of metab
olite B could also represent one of the adduci ions of mitox-
anirone described above.

Fig. 9 illustrates the daughter ion spectra of "C-labeled

metabolile A and B isolated from pig urine and the correspond
ing daughter ion spectra of the unlabeled reference substances.
The collision-activated dissociation mass speclra of melabolile
B isolated from patient urine shows the identily of melabolite
B in humans and pig (Fig. 10). The ions of m/z 459 and 473
produce the same characteristic fragments after collisional ac-
livalion as ihe corresponding reference subslances. This proves
that these ions in fact represent the positively charged molecular

Table 4 "t'-\MR Â¡lalaof lite glucuwnic acid conjÃºgate<>/'mitoxantrone

(solvent, D2O)
The resonances marked with an asterisk (*) are tentative assignments.

Carbon: 1.4 2.3 5.8 6.7 4a.9a Sa.lOa 9.10 2' .V 4'

A[ppm|: 152.5 128.3 148.2 127.4 â€”" â€”" â€”Â°41.3 49.2 52.2 59.84

Carbon: 1'" 2'" 3'" 4'" 1" 2"* 3"* 4"" 5"* 6"

6|ppm|: 41.3 49.2 52.2 59.77 177.9 75.5 72.2 77.9 74.5 105.1
" Resonances are not delectable.

OH

Fig. 7. Structure of metabolite C"(molecular mass, 620 dallen).
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Fig. 8. Negative ion collision-activated dissociation mass spectra of mitoxan
trone after detection of parents of the 5.8-diamino-1.4-dihydroxy-9.10-anthra-
cenedione typical fragment ion 268. Adduci ions with mÃ©thylÃ¨neradicals (458
and 472) were observed above the 444 molecular mass of mitoxantrone (ionisa
tion: desorption chemical Â¡onizationwith methane as reagent gas; source temper
ature. 15()'C: manifold temperature. 70Â°C;source pressure. 0.5 Torr: collision

gas. argon: collision gas pressure, 2.5 m Torr; collision energy. 50 eV).
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Fig. 10. Collision-activated dissociation mass spectra of metabolite B (nÃ¬/z
459) isolated from patient urine showing identity of metabolite B in humans and
pig (Â¡onization. lonSpray: collision gas, argon: collision gas pressure. 3.6x10"
atoms/cm2: orifice potential. 80 V; collision chamber potential. -50 V).
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Fig. 11. Proposed collision-activated dissociation fragmentation pathway of
positive ions of 3'-"C-labeled mitoxantrone and 3'-"C-labeled metabolites.
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Fig. 9. Collision-activated dissociation mass spectra of [3'-"C]-labeled metab

olites A and B and collision-activated dissociation mass spectra of the unlabeled
reference substances (A'. B') (ionization: fast atom bombardment with xenon:
matrix compound. .Vthio-2-hydroxy-l-propanol acidified with trifluoroacetic
acid; collision gas, argon; collision gas pressure, 1.2 mTorr: collision energy, â€”20

eV).

Fig. 12. Collision-activated dissociation mass spectra of [.V-"C]mitoxantrone
(M. [M-fH]* m/i 447) and the [3'-"C]glucuronic acid conjugate of mitoxantrone
(C, [M-t-H]*, m/z 623) obtained with lonSpray ionization at atmospheric pressure
(collision gas. argon; collision gas pressure, 3.7x 10" atoms/cm2: orifice potential.
100 V; collision chamber potential. -50 V).

ions of the mono- and dicarboxylic acid of mitoxantrone as
suggested by Chiccarelli et al. (6). Fragmentation patterns of
the molecular masses are explained in Fig. 11.

Mass spectra of metabolite C have been acquired using
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lonSpray ionization. Structure elucidation of metabolite C is
supported by the daughter ion spectra of the "C-Iabeled metab
olite, which is shown in Fig. 12. The loss of neutral dehydro-
glucuronic acid from the protonated molecular cation [MH-
176]+ has been reported to be a favored fragmentation pathway
of ether and phenol-linked glucuronides (28) and is also ob

served in the daughter ion spectra of metabolite C. Further
fragmentation is typical for the mitoxantrone moiety. HPLC
analyses after incubation of metabolite C with fi-glucuronidase
prove that mitoxantrone is liberated from the metabolite.

Human biliary excretion of mitoxantrone metabolites is well
established (25), but the structures of biliary metabolites are
still unknown. Although molecular mass threshold values for
biliary excretion are assigned to be about 470 Â±50 g/mol in
humans and 400 Â±50 in guinea pigs (29), the glucuronic acid
conjugate with a molecular mass of 620 is excreted predomi
nantly via urine. This pathway of biotransformation may rep
resent a new detoxification pathway for mitoxantrone in hu
mans if human liver shows different behavior in excretion
selectivity.

ACKNOWLEDGMENTS

We would like to thank Dr. \V. VVagner-Redeker (Finnigan-MAT,
Bremen, Federal Republic of Germany) for his technical collaboration
in obtaining some of the mass spectrometry/mass spectrometry data.
Dr. Bermel (Bruker, Rheinstetten, Federal Republic of Germany) for
acquisition of the 2-dimensional NMR spectra, and E. Frick and K.
Wolf (Chirurgische UniversitÃ¤tsklinik TÃ¼bingen,Federal Republic of
Germany) for their excellent technical assistance. We thank the col
leagues and the staff of the Robert-Bosch-Krankenhaus (Stuttgart,
Federal Republic of Germany) for the collection of patient urine. Prof.
Dr. E. Bayer for enabling measurements at the API III mass spectrom
eter, and Dr. G. Pawelec (Medizinische Klinik TÃ¼bingen,Federal
Republic of Germany) for his critical comments on the manuscript.
This publication is dedicated to Prof. Dr. Dr. H. D. Waller on his 65th
birthday.

REFERENCES

1. Murdock. K. C.. Child. R. C., Fabio, P. F.. Angler. R. B.. Wallace, R. E..
Durr. F. E.. and Citarclla. R. V. l,4-Bis[(aminoalkyl)amino]-9.10-anthra-
cenedioncs. J. Mod. Chem., 22: 1024-1030. 1979.

2. Murdock. K. C.. and Durr, F. E. American Cyanamid Company. U.S. Paient
4,197,249. AprÂ¡18.1980.

3. Zee-Cheng. R. K. Y., and Cheng. C. C. Anthraquinone anticancer agents.
Drugs Future, S: 229-249, 1983.

4. Ehninger, G., Proksch. B.. Hartmann, F.. GÃ¤rtner, H-V.. and \Vilms, K.
Mitoxantrone metabolism in the isolated perfused rat liver. Cancer Chenio-
ther. Pharniacol., 12: 50-52. 1984.

5. Alberts, D. S., Peng, Y-M.. Leigh, S.. Davis, T. P.. and Woodward, D. L.
Disposition of mitoxantrone in cancer patients. Cancer Res.. 45: 1879-1884,
1985.

6. Chiccarelli. F. S.. Morrison. J. A., Cosulich, D. B.. Perkinson, N. A., Ridge.
D. N., Sum. F. \\., Murdock. K. C.. Woodward. D. L.. and Arnold. E. T.
Identification of human urinary mitoxantrone metabolites. Cancer Res., 46:
4858-4861. 1986.

7. Ehninger. G.. Proksch, B., and Schiller. E. Detection and separation of
mitoxantrone and its metabolites in plasma and urine by HPLC. J. Chro-
mutugr., 342: 119-127, 1985.

8. Ehninger. G., Proksch. B.. licinzcl. G.. Schiller. E., Weible. K-H.. and
Woodward. D. L. The pharmacokinetics and metabolism of mitoxantrone in
man. Invest. New Drugs. 3: 109-116, 1985.

9. Macpherson. J. S.. Smyth. J. F.. Clements, J. A.. Ramsay. M. \\ .. Warring-
Ion, P. S.. Leonard. R. C'. F., and Wolf. C. R. Pharmacokinetics and

metabolism of mitoxantrone. Br. J. Cancer. 50: 252-253. 1984.
10. Pavel. B.. Arnoux. P.. Catalin. J., and Cano. J. P. Direct determination of

mitoxantrone and its mono- and dicarboxylic metabolites in plasma and
urine by high-performance liquid Chromatograph)1. J. Chromatogr.. 424:
337-345. 1988.

11. Van Belle. S. J. D.. Schoemaker. T. J., Verwey. S. L.. Paalman. A. C. A.,
and McVie. J. G. Ion-paired high-performance liquid Chromatographie de
termination of mitoxantrone in physiological fluids. J. Chromatogr.. 337:
73-80. 1985.

12. Czeika, M. J., and Georgopoulos. A. Mitoxantrone determination using
high-performance liquid Chromatograph): improved sensitivi!) by loop-col
umn injection for dual-dose pharmacokinetic studies. J. Chromatogr.. 425:
429-434. 1988.

13. Van Belle, S. J. P.. de Planque. M. M.. Smith. I. E., van Oosterom, A. T..
and Schoemaker. T. J. Pharmacokinetics of mitoxantrone in humans follow
ing single-agent infusion or intra-arterial injection therapy or combined-
agent infusion therapy. Cancer Chemother. Pharniacol.. 18: 27-32. 1986.

14. Smyth, J. F.. Macpherson. J. S., \\arrington, P. S.. Leonard, R. C. F.. and
Wolf, C. R. The clinical pharmacology of mitoxantrone. Cancer Chemother.
Pharmacol., 17: 149-152. 1986.

15. Richard. B.. Fahre. G.. Fahre. I., and Cano, J-P. Excretion and metabolism
of mitoxantrone in rabbits. Cancer Res.. 4V: 833-837, 1989.

16. Avramis. V. Pharmacokinetics of dihydroxyanthracenedione (DHAD) and
its metabolites in rats. Pharmacologist. 24: 241. 1982.

17. Chiccarelli. F. S.. Morrison. J. A., and Gautam. S. R. Biliary pharmacoki
netics of MC-mitoxantronc in the rat following different intravenous doses

and characteristics of drug related material in the bile. Fed. Proc., 43: 345,
1984.

18. Wolf, C. R.. Lewis, A. D., Carmichael. J., Ansell, J., Adams. D. J.. Hickson.
I. J., Harris, A., Balkwill, F. R., Griffin. D. B.. and Hayes, J. D. Glutathione
S-transferasc expression in normal and tumour cells resistant to cytotoxic
drugs. /;;: T. J. Mantle, C. B. Picket!, and J. D. Hayes (eds.), Glutathione S-
Transferases and Carcinogenesis. pp. 199-212. London: Taylor & Francis,
1987.

19. Wolf. C. R., Macpherson. J. S.. and Smyth. J. F. Evidence for the metabolism
of mitoxantrone by microsomal glulathione Iransferases and 3-methylchol-
anthrene-inducible glucuronosyl transferases. Biochem. Pharmacol., 35:
1577-1581,1986.

20. Ehninger, G., Schuler. U.. Proksch, B., Zeller, K-P., and Blanz. J. Pharma
cokinetics and metabolism of mitoxantrone. A review. Clin. Pharmacokinet..
18: 365-380. 1990.

21. Blanz, J.. and Zeller. K-P. "C-Markierung der Seitenketten von Mitoxan
trone. J. Labelled Compd. Radiopharm.. 27: 91-101, 1989.

22. Bax, A., and Subramanian. J. Sensitivity-enhanced two-dimensional heter-
onuclear shift correlation NMR spectroscopy. J. Magn. Reson., 67: 565-
569. 1986.

23. Rinehart. K. L.. Jr. Fast atom bombardment mass spectrometry. Science
(Washington DC), 218: 254-260. 1982.

24. Huang. E. C., Wachs, T., Conboy, J. J., and Henion. J. D. Atmospheric
pressure ionisation mass spectrometry. Anal. Chem., 62: 713A-725A. 1990.

25. Savaraj. N., Lu, K.. Manuel, V., and Loo, T. L. Pharmacology of mitoxan
trone in cancer patients. Cancer Chemother. Pharmacol., 8: 113-117, 1982.

26. StÃ¶ckl,D.. and Budzikiewicz, H. Molecule/radical reactions prior to ionisa
tion under negative chemical ionisation conditions. Org. Mass Spectrom.,
/7: 376-381. 1982.

27. StÃ¶ckl,D.. and Budzikiewicz, H. Negative chemical ionisation spectra of
aromatic acids and esters or are negative chemical ionisation spectra of use
only if one knows what one is looking for? Org. Mass Spectrom., 17: 470-
474, 1982.

28. Van Breemen. R. B.. Stogniew, M., and Fenselau. C. Characterization of
acyl-linked glucuronides by electron impact and fast atom bombardment
mass spectrometry. Biomed. Environ. Mass Spectrom.. 17: 97-103. 1988.

29. Bonse, G.. and Metzler, M. Biotransformationcn Organischer Fremdsub
stanzen, p. 96. Stuttgart: Georg Thieme Verlag, 1978.

3433

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/13/3427/2444166/cr0510133427.pdf by guest on 19 M

ay 2023


