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ABSTRACT

Pharmacokinetic studies were carried out in 25 patients with advanced
cancer receiving deoxyspergualin (DSG), a candidate anticancer agent,
in a dose-finding Phase I study. The dosage range explored was 80 to
2160 mg/m!/day for 5 days by continuous i.v. infusion. The drug levels
in plasma and urine were measured by high-performance liquid chroma-
tography with postcolumn derivatization and fluorescence detection. One
drug metabolite was demonstrated in plasma and urine of treated patients.
This metabolite was extracted from urine and purified to homogeneity;
thereafter, it was examined by high-performance liquid chromatography,
nuclear magnetic resonance, and fragmentation mass spectrometry and
was demonstrated to be identical to chemically synthesized desaminopro-
pyl-DSG. The mean steady state plasma concentrations of DSG ranged
from 0.28 to 11.1 *iMat, respectively, the 80- and 2160-mg/m2 dosage

levels. The plasma concentration at steady state and the area under the
plasma concentration versus time curve of DSG were proportional to dose
(r = 0.97). Following discontinuance of the infusion, DSG was cleared
from the plasma in a biexponential fashion. The mean total body clear
ance was 364 Â±78 ml min in. Desaminopropyl-DSG was formed exten
sively at all dosage levels; mean steady state plasma levels of this
metabolite reached a plateau 2.65 MMat a dose of 720 mg/nr/day and
did not rise with further dose increments. The urinary content of DSG
was examined in 20 patients over the dosage range from 160 to 960 mg/
mVday; in this group less than 10% of the administered dose was excreted
as DSG. In four patients at the 720- and 960-mg/m2/day dosage levels,

the total DSG plus metabolite excretion ranged from 7 to 18% of the
administered dose, with comparable quantities occurring as the parent
drug and desaminopropyl-DSG.

INTRODUCTION

DSG4 is a synthetic analogue of the antitumor antibiotic

spergualin, that was first isolated from culture filtrates of Ba
cillus iaterosporus (1, 2). The parent compound has good anti-

tumor activity against murine neoplasms, including the lym
phatic leukemias LI210 and P388, mastocytoma P815, thy-
moma EL-4, Sarcoma 180, and the myeloid leukemia 1498 (1).
DSG was selected for further development, rather than sper
gualin itself, because it is more potent in vivo and its direct
synthesis is simpler. DSG is particularly active against murine
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leukemia when given by prolonged infusion (3).
Although DSG contains the polyamine spermidine within its

structure, and therefore can be considered a spermidine ana
logue (Fig. 1), its antitumor activity cannot be duplicated by
administration of spermidine or spermine (4). In cell cultures
DSG causes nonspecific inhibition of the synthesis of DNA,
RNA, and protein (5); in some study systems the cytotoxic
effects of the drug are dependent upon the presence of amino
oxidase activity (from added serum) in the culture medium (6).

In addition to its antileukemic activity, DSG exhibits im-
munomodulating properties in experimental animals (7-12).
The drug has broad activity to suppress the immune response
in multiple models, including experimental allergic encephalo-
myelitis (8), tissue graft rejection (9), and humoral immunity
(10-12). Although the mechanism of the immunomodulatory
properties of the drug is unclear, DSG has been shown to
increase interleukin 2 production in mixed lymphocyte culture,
to enhance natural killer cell activity in spleen cells of tumor-
bearing mice, and to activate T-lymphocytes (13). Clinical trials
of DSG as immunosuppressive agent have been initiated in
patients with recurrent episodes of renal graft rejection (14).

We have carried out a Phase I and clinical pharmacological
study of DSG at the Memorial Sloan-Kettering Cancer Center,
administering the drug by continuous i.v. infusion over 5 to 7
days. The Phase I study will be reported separately; the present
communication examines the pharmacokinetic behavior and
metabolism of this drug, and identifies DAP-DSG as a major
metabolite of DSG in humans. A preliminary report on the
Phase I and early pharmacokinetic studies has appeared in
abstract form ( 15).

MATERIALS AND METHODS

Chemicals and Reagents. OSA, OPA, guanidinosuccinic acid, guani-
dinoacetic acid, and ninhydrin were obtained from Sigma Chemical
Co. (St. Louis, MO); 2-mercaptoethanol was purchased from Eastman
Kodak Co. (Rochester, NY); and L-arginine was from Mann Research
Laboratory (New York, NY). HPLC grade acetonitrile, methanol, and
2-ethoxyethanol were obtained from either Baker Chemical Co. (Phil-
lipsburg, NJ) or EM Science (Cherry Hill, NJ). Analytical grade deox-
yspergualin-HCl was supplied by the Pharmaceutical Resources
Branch, Developmental Therapeutics Program, Division of Cancer
Treatment, National Cancer Institute (Bethesda, MD). DAP-DSG was
a gift from the Nippon Kayaku Co., Ltd. (Tokyo, Japan). All other
chemicals were of analytical grade. Cell culture reagents were obtained
from either Flow Laboratories (McLean, VA) or Gibco Laboratories
(Grand Island, NY).

Plasma and Urine Samples. Plasma and urine samples were obtained
from 26 patients who had been enlisted in the Phase 1clinical evaluation
of DSG of this Center as a 5-day continuous infusion. Details of the
drug administration and dose escalation schedule will be published
elsewhere. Blood samples were collected in heparinized tubes at the
following times. On treatment day 1, immediately prior to the start of
drug infusion, and at 1, 2, 4, and 6 h; on subsequent days (days 2-5),
twice daily; at the end of the drug administration, at 0, 5, 10, 15, 20,
30 min, and at 1,2, 3, 4, 5, 6, 12, and 24 h. Blood samples were placed
on ice, then centrifuged within 15 min to separate the plasma. Twenty-
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four h urine collections were initiated prior to the start of therapy and
continued throughout the following 6 days. Both plasma and urine
samples were stored at â€”70Â°Cin plastic tubes until assay.

Preparation of Samples for HPLC Analysis. Plasma and urine sam
ples were processed in plastic tubes to prevent binding of the drug to
glass. Proteins in 0.75 ml of plasma were precipitated by the addition
of 30 M!of 70% perchloric acid, vortexed, and centrifuged at 15.600 x
g for 5 min at room temperature. The resulting supernatant was filtered
through 0.22-Mm Millex filters, and 10 to 200 n\ were injected directly
for the HPLC assay. This extraction procedure gave 98% recovery of
DSG in the 0.1 to 10 pM concentration range. Urine samples were
diluted by 10- to 25-fold with distilled water, centrifuged, and filtered
as above before assay.

Standard HPLC Assay of DSG and Its Metabolites. The detection of
DSG and its metabolites was based upon the reaction of the primary
amino group of the drug with 0-phthaldialdehyde to form a highly
fluorescent product; the method is a modification of that used to
measure polyamines (16, 17). The separation of DSG from amino
acids, physiological polyamines, and other biological compounds con
taining primary amines was achieved by using a reverse phase ion-pair
technique with postcolumn derivatization and fluorescence detection.
Two RP 18 Brownlee columns (100 mm x 4.6 mm. 5 Mm)arranged in
series, preceded by an RP 18 (Newguard, 15 x 3.2 mm, 7 Â¿im)guard
column were used to achieve the separation. The mobile phase used a
linear gradient starting with 55% A (A = 0.1 M NaH:PO4, pH 2.55,
containing 8 mM OSA, 0.1 mM EDTA, and 2% acetonitrile), and 45%
B (B = 70:30, v/v, mixture of 0.2 M NaH2PO4, pH 3.1, containing 8
mM OSA and acetonitrile) to final conditions of 25% A and 75% B
over 20 min at a flow rate of I ml/min. Post-column, on-line derivati
zation with OPA took place in a 2-m-long reaction coil maintained at
41Â°C,using a derivatization buffer of 0.5 M potassium borate. pH 8.8,

containing 0.8 g/liter, 1% methanol, and 0.06% 2-mercaptoethanol at
a flow rate of 0.7 ml/min. DSG and its metabolites were detected by
fluorescence with excitation at 340 nm and emission at 440 nm. The
slit width for both was 5 nm. The method is linear between 0.1 and 10
MM;samples were diluted as required to fall within this range.

HPLC Method for Detection of Guanidino Groups. Guanidino com
pounds were detected by cation exchange HPLC with on-line post-
column ninhydrin derivatization by the method of Hiraga and Kinoshita
(18). Two Brownlee aquapore cation columns (100 mm x 4.6 mm. 7
Mm)arranged in series, and guard column aquapore cation (30 mm x
4.6 mm, 7 Mm)were used to separate the standards (guanidinosuccinic
acid, guanidinoacetic acid and L-arginine), DSG, and its metabolites.
The assay method uses fluorescence detection with excitation at 395
nm with a slit width of 5 nm, and emission at 500 nm with a slit width
of 10 nm. The method has a sensitivity of 1 MM.

Additional evidence for the presence of a primary aminÃ©on the
isolated metabolite (see below) was obtained by analysis of the metab
olite and the authentic DAP-DSG sample by using the HPLC method
for DSG described recently by Sprancmanis et al. (19). This method
involved precolumn derivatization of the primary amine with naphtha-
lene-2,3-dicarboxaldehyde/cyanide to give the corresponding fluores
cent l-cyanobenz[/]isoindole derivative (20). After derivatization with
naphthalene-2,3-dicarboxaldehyde/cyanide both the authentic standard
and the isolated metabolite gave fluorescent peaks (Xâ€ž420, Xem490
nm) with a retention time of 3.85 min on an octadecylsilane Hypersil

column (150 x 4.6 mm, 5 Mm)eluted with a mobile phase of KH2PO4
(0.1 M):H,PO4:acetonitrile (48:0.8:52, v/v/v).

Isolation of Major Metabolite of DSG from Patient Urine. The major
metabolite of DSG was isolated from urine by a carboxymethyl-cellu-
lose column (bed volume, 16ml). The column was initially washed with
50 ml of distilled water, loaded with 2 ml of undiluted urine, and further
washed with 100 ml of distilled water followed by 30 ml of 0.002 N
HC1. DSG and its metabolite were then eluted from the column by a
stepwise pH gradient using 30 ml of 0.003 N HC1 followed by 30 ml of
0.01 N HC1. Column eluents were collected in 2-ml aliquots and were
analyzed for primary amines and guanidino groups by HPLC.

Spectroscopic Analysis of Urine Metabolite. A metabolite isolated
from urine (0.29 mM) and an authentic standard of 30 mM DAP-DSG
were analyzed directly as aqueous solutions because attempts to remove
the solvent without degrading the solutes were unsuccessful. High
resolution 'H-NMR spectra were obtained on a Bruker AM-500 NMR

spectrometer. Spectral data for the standard were obtained by using a
presaturation technique: 'H-NMR f,(D2O:H2O, 12.5: 1, v/v; 500 MHz),

5.47 (s, IH), 3.31 (m, 2H), 3.19 (t, 2H, J = 7 Hz), 3.04 (t, 2H, J = 7
Hz), 2.31 (t, 2H, J = 7 Hz), 1.83-1.69 (m, 2H), 1.65-1.59 (m, 6H),
1.37 (t, 4H) ppm. Spectral data for the metabolite were collected by
using a binomial H2O suppression technique (1:3:3:1), and all the
corresponding peaks from the authentic standard were present. Fast
atom bombardment mass spectra were obtained in the positive ion
mode by using a VG ZAB mass spectrometer equipped with a xenon
gun; m/z: (a) standard, 331 (M* = 1, 100), 329 (M* - 1, 10); (b)
metabolite 330 (M+, 20), 331 (M+ + I, 100), 329 (M+ - 1, 97).

Analysis of Pharmacokinetic Data. DSG and its metabolite were
quantitated by peak area. A standard curve for DSG (from 0.1 to 10
MM)was constructed for each patient by spiking pretreatment patient
samples (urine or plasma) with known amounts of the drug. No internal
standard was used. The within/day reproducibility of the method was
Â±5%over the concentration range O.I to 10 MM-The day to day
variability of the method was also 5%. Plasma DSG concentration (C)
versus time (t) data were fit to the equation:

C, =

where N is the number of exponential terms, using NONLIN84 (Sta
tistical Consultants, Inc., Lexington, KY), an iteratively reweighted,
nonlinear least-squares regression program (21). The method of resid
uals was used to select the number of exponential terms which best fit
the concentration versus time data (22). The pharmacokinetic parame
ters were calculated in the currently conventional manner, as we have
previously described (23).

Cells and Culture Conditions. P388 mouse leukemia cells were used
to compare the cytotoxicity of DSG with that of the isolated metabolite.
They were maintained as a suspension culture in RPMI 1640 supple
mented with 10% heat-inactivated fetal bovine serum, antibiotics, and
0.02 mM 2-mercaptoethanol. Cells in the log phase of growth were
exposed to either the parent drug or to its metabolite continuously for
72 h in a humidified incubator with 5% CO2. Growth inhibition was
assessed by cell counts by using a ZM Model Coulter Counter. Cell
counts of the drug-treated cultures were expressed as a percentage of
the untreated cultures.

NH2-(CH2)3-NH-(CH2)4-NH-C

CH-OH
I
NH Â«3HCI
I

NH2-C-NH-(CH2)e-C

NH 0
Fig. 1. Structural formula of DSG.

RESULTS AND DISCUSSION

DSG has a primary amine at one end of the molecule and a
guanidino group at the other. This drug can be detected by
fluorescence following derivatization of either the primary
amine group (by OPA) or the guanidino group (by ninhydrin).
Theoretically, the structure of the drug would permit detection
of metabolites in which either the terminal primary amine or
the guanidino group was lost. Catabolites which had loss of
both groups would be nondetectable by these methods. The
OPA method was used for routine plasma and urine pharma-
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Fig. 2. HPLC chromatograms of plasma
from a patient receiving 400 mg/mVday of
DSG./I, pretreatment plasma: B, pretreatment
plasma spiked with 200 pg of DSG; C, ob
tained 72 h into the drug infusion. Peak 1,
DSG; Peak 2, DAP-DSG.
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cokinetic studies because the ninhydrin derivatization yields a
product with 10-fold lower fluorescence intensity and is also
more technically demanding.

The Chromatographie patterns of pretreatment plasma,
plasma spiked with DSG, and plasma from a patient 72 h into
an infusion of DSG at a dose of 400 mg/nr/day are displayed
in Fig. 2; the method produced a comparably satisfactory sep
aration of the drug from endogenous materials in the urine
(data not shown). The Chromatographie separation provides a
10-min separation between DSG and the last endogenous
plasma peak, and a 7-min separation between DSG and the
only metabolite we have identified. The metabolite was isolated
and characterized as DAP-DSG (see below); we will describe
the pharmacokinetic behavior of the drug and this metabolite
in the following paragraphs and then provide details on the
isolation and characterization of the metabolite.

Pharmacokinetics of DSG. Plasma steady state concentra
tions of the parent drug and its major metabolite were achieved
within 2 h of the start of the infusion and were well maintained
throughout the 5 days of therapy with no evidence of accumu
lation; following the conclusion of the infusion, the drug was
cleared in a biexponential fashion (Fig. 3). Disappearance of
the metabolite occurred in close parallel to the parent; the
crossing of the two curves within 15 min following discontinu
ance of the drug administration supports the proposed precur
sor-product relationship between them. The pharmacokinetic
parameters with respect to DSG are presented in Table 1.

The a phase half-life ranged from 5 to 7 min at low dosage
levels to 30 min at highest dose level; the ÃŸphase half-life

i iki ziÂ» <hr iti n a M Â» de os 10 2.0 3.0 4.0 5.0 M

Fig. 3. Plasma concentration over time of DSG and of the metabolite DAP-
DSG in a patient receiving a continuous infusion of DSG at a dosage of 960 mg/
mVday for 5 days. â€¢,DSG; O, DAP-DSG.

ranged from 44 to 87 min at dosage rates below 1000 mg/m2/
day and then rose to 160 min at 2160 mg/m2/day. These data

are consistent with the rapid attainment of plasma steady state
concentrations mentioned above. The total body clearance
ranged from 258 to 451 ml/min/m2, without evidence of dose

dependency. No correlation was observed between total body
clearance and either total serum protein (r â€”0.07) or serum
albumin (r - 0.04). Urinary excretion of DSG was determined

in 20 patients; less than 10% of the administered DSG was
excreted unchanged in urine. The quantities of DSG and the
metabolite DAP-DSG in the urine were roughly comparable;
therefore, the cumulative total of the administered DSG that
could be demonstrated in the urine as DSG or DAP-DSG was
less than 20% of the administered dosage.

Isolation and Characterization of DSG Metabolite by Chemical
Reactivity. The rapid plasma clearance coupled with the ap
pearance and consistent presence of at least one metabolite and
the modest drug quantity excreted in the urine suggest extensive
metabolism of this drug in humans. As noted previously, the
chromatograms of plasma and urine samples of patients receiv
ing DSG demonstrate the presence of a metabolite (Fig. 2).
Using a carboxymethyl-cellulose column and a stepwise pH
gradient elution, this metabolite was isolated free of DSG and
other primary amine-containing compounds (Fig. 4). Successful

derivatization of this metabolite by both OPA and ninhydrin
indicates that it contains both a primary group and a guanidino
group. The metabolite eluted from the C)8 column before DSG
in this ion pair Chromatographie system, indicating the loss of
at least one positively charged group. The simplest candidate
molecule fitting these specifications is DAP-DSG. We were
provided with a synthesized sample of DAP-DSG by Nippon
Kayaku Co. Ltd.; its Chromatographie behavior in the three
HPLC systems described previously was identical to that of the
metabolite purified from urine.

Table 1 Pharmacokinetic parameters ofdeoxyspergualin in plasma

Dose
(mg/m2)8016026440056072096014402160N231\34433(min)(min)22Â°7.0

535.6
5137Â°16.7

8710.0
6812.3
7224.1
10330.8

160AUC(Â¿IM

â€¢h)32721142602472805348361164ClTe(ml/min/m2)421375390258451450356305315(fiM)0.30.61.02.22.12.46.57.611.1

" Only one compartment was defined for the 80- and 400-mg/m2 dosage levels.
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Characterization of DSG Metabolite by Mass Spectrometry
and Nuclear Magnetic Resonance. The metabolite and the stand
ard were also analyzed by proton nuclear magnetic resonance
and fast atom bombardment mass spectrometry. The mass
spectrum of the authentic standard showed characteristic peaks
at ml z 331 (M+ + 1) and 329 (M+ - 1). The mass spectrum of

the isolated metabolite showed characteristic peaks at m/z 331
(M- = 1), 330 (M-), and 329 (M+ - 1).

The 'H-NMR spectrum of the authentic standard was ob

tained by using a presaturation technique and the signals ob
served were consistent with the structure of DAP-DSG. How
ever, there was a complete lack of signals from the amine
protons and hydroxyl proton. The 'H-NMR spectrum of the

urine metabolite was obtained by using a more sensitive H2O
suppression technique, binomial H2O suppression, because of
the lower concentration of the analyte (0.29 misi, cf. 30 HIMfor
the standard). The signals observed were also consistent with
the proposed structure of the metabolite (i.e., DAP-DSG).

In summary, the behavior of the metabolite in three HPLC
systems, and assessment by NMR and mass spectrometry tech
niques, indicate that the metabolite isolated from urine and the
authentic standard, DAP-DSG, are the same chemical entity.
Research at Nippon Kayaku Co. has identified DAP-DSG as a
major metabolite in dogs;5 this metabolite is also detected in
mice treated with DSG.6 These data suggest that removal of

the aminopropyl group may be relevant to the initial metabo
lism of DSG. The following studies indicate that there has been
a net loss of cytotoxic activity through this conversion.

Cytotoxic Characterization of DAP-DSG. The cytotoxic activ
ity of DAP-DSG was examined by using P388 mouse leukemic
cells, a strain with established sensitivity to DSG in cell culture
and in vivo. We found DAP-DSG to be noncytotoxic, even in
millimolar concentrations. Under the same conditions DSG
inhibited P388 cell growth with a 50% inhibitory concentration
of 2.5 Â¿Â¿M.These results suggest that the presence of the
aminopropyl group may be a major determinant of the antipro-
liferative properties of DSG. The cytotoxic effect could be

5Y. Hashimoto, unpublished data.
6C. Riley and J. Muindi, unpublished data.

10 15 20 25
J
30 min

Fig. 4. HPLC chromatogram of a DSG metabolite purified from human urine
and demonstrated by NMR and fast atom bombardment mass spectrometry
analysis to be identical with synthesized DAP-DSG.

dependent upon an interaction of the aminopropyl moiety
(while on DSG) with a cellular receptor; alternatively, it may
be that the process of removing the aminopropyl group gener
ates cytotoxic intermediates. We will consider possible enzy
matic pathways of the catabolism of the drug in the following
paragraphs.

Cellular Metabolism of Spermidine. DSG can be considered
to be an analogue of spermidine, having glyoxylspermidine and
7-guanidoheptanamide components; modifications of the sper
midine moiety or its replacement with other polyamines were
associated with a loss of activity (24). In view of these consid
erations, the reactions to which spermidine is subject may be
of interest in considering possible enzymatic steps in the catab
olism of DSG. The primary intracellular conversion pathway
of spermidine is characterized by removal of the aminopropyl
group through the sequential action of two enzymes, SAT and
(FAD-dependent) PAO which catalyze the sequential reactions:
spermidine + acetyl-coenzyme A â€”Â»/V'-acetylspermidine â€”Â»
putrescine + 3-acetamidopropanal (25). PAO can be shown to
cleave nonacetylated spermidine and spermine in vitro (yielding
3-aminopropanal); however, those reactions require aldehyde
activation at (aldehyde) concentrations that are nonphysiolog-
ical in the normal course of polyamine metabolism (26). The
putrescine generated by PAO can reenter the polyamine syn
thetic pathway, be subject to further intracellular catabolism by
diamine oxidase, or be excreted from the cell. Since DSG is a
spermidine analogue and its established catabolite DAP-DSG
is a putrescine analogue, the proposed parallelism in the enzy
matic conversion is not unreasonable.

In intact animals and in mammalian cells in culture, the
acetylation step is rate limiting for the conversion of spermidine
to putrescine because the FAD-dependent polyamine oxidase
is present in large excess. SAT is an enzyme with a very short
half-life; however, it is subject to manifold induction by a wide

variety of stimuli, including general toxic injury, exposure to
spermine and spermidine, and a variety of polyamine analogues,
including the antitumor agent methylglyoxal bis(guanyl-
hydrazone) and deoxyspergualin itself (27, 28). The enzyme
induction mechanism includes an increase in synthesis of SAT-
mRNA, increased synthesis of SAT, and slowed degradation of
the enzyme (29).

Amine Oxidases. Spermine, spermidine, and putrescine are
also catabolized by several CAO; these exist both intracellularly
and in serum (30). By use of specific inhibitors of the two
systems, A'1-methyl-Ar2-(buta-2,3-dienyl)butane-l,4-diamine for

polyamine oxidase (FAD dependent), and aminoguanidine for
the copper-containing amine oxidases, Seiler et al. (30) pro
jected that 40% of the body catabolism of exogenously admin
istered polyamines in rats derives from the sequential SAT â€”>
FAD-dependent polyamine oxidase pathway, while 60% of
catabolism resulted from the action of the copper-containing
amine oxidase systems.

Kuramochi et al. (31) have used aminoguanidine to reexam
ine the relationship between the cytotoxicity of DSG and CAO
activity; they found that the inhibitor did not prevent the
cytotoxic effects of DSG on LI210 leukemia cultures main
tained in the presence of human serum with a low amine oxidase
content. These observations support the concept that the DSG
â€”Â»DAP-DSG conversion is a physiologically meaningful one.

Dose-CP5S and Dose-Area under the Concentration-Time
Curve Relationships for DSG and DAP-DSG. We observed a
linear relationship (r = 0.97) for DSG itself with regard to dose
versus CPSS(Fig. 5) and dose versus area under the concentra-
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tion-time curve (data not shown). In contrast, with increasing
dosage, the plasma level of DAP-DSG reached a plateau at a
dosage of 720 mg/m2 and remained at 2.65 Â±0.3 UM in spite

of a further increase to 2160 mg/nr/day (Fig. 5). In regard to
possible relationships between the observed drug levels and
possible biological effects, the steady state plasma concentra
tions reached at the 1440- and 2160-mg/m2/day dosage levels

(7 and 11 pM, respectively) are comparable to the levels of 6 to
10 ÃŸMwhich have antileukemic effects in mice (3). It is also of
interest that these dosage levels are associated with blood
pressure changes during the period of the infusion. Hypotension
was observed in all 4 patients receiving 2160 mg/nr/day of
DSG; in contrast, at 1440 mg/nr/day, hypotension was absent
in 7 patients and mild in 3. Clinical hypotension rarely became
manifest earlier than 24 h into the infusion.

While clearance of the parent compound is unchanged with
increasing dose, the plasma level of the only metabolite detected
with our analytical procedures ascends to a plateau and rises
no further with increasing dose. Although a convincing expla
nation for the observed metabolic sequence is difficult to obtain
with the available information, two possible sequences will be
offered.

(a) The rate of conversion of DSG to DAP-DSG does become

saturated with increasing drug concentrations; however, the
rate of DSG catabolism continues to increase (thus maintaining
a constant "clearance") because of progressively increasing

catabolism via an alternative pathway that is characterized by:
i) a low affinity for the compound but a high metabolic capacity;
and ii) yielding catabolic products that are not detected by our
analyses. This would be consistent with Seller's estimate in rats

with regard to exogenous spermidine that 40% was catabolized
by the SAT-PAO which would be detected in our assay, and
60% by CAO for which our assays would be much less sensitive.

(b) With increasing drug concentrations there is a continuing
increase in DSG catabolism and in formation of DAP-DSG,
without saturation over the range studied; however (hypothesis),
DAP-DSG is itself catabolized by an abundantly present en
zyme system with a low affinity for the compound (high Km)
but a very high catalytic capacity (high Vm^). In this theoretical
sequence the DAP-DSG concentration in tissue and plasma
rises initially because of the high Km for its further catabolism;
it rises to a plateau because the total capacity for DAP-DSG
catabolism exceeds that for DAP-DSG generation over the

concentration range studied.

14r

12

10

Ã¨

R g
O 200 400 600 800 1000 12001400 1600 18002000 2200

DSGdosage (mg/m2/day x 5)

Fig. S. Graphic comparison of the plasma concentration at steady state of

The extensive conversion in patients of DSG to its putrescine
equivalent, DAP-DSG, makes the hypothesis that doexysper-
gualin could be a substrate for the SAT-PAO enzyme system
(or for PAO in the absence of SAT) a possibility worth consid
ering. If deoxyspergualin were a substrate for the enzyme se
quence, the established capacity of DSG to induce SAT, and
the large endogenous catalytic capacity of PAO, would be
consistent with the relatively constant rate of clearance of the
parent compound over a broad dosage range that has been
observed in this clinical study.

The available information in this regard makes involvement
of SAT itself unlikely; Pegg failed to find DSG to be either a
substrate for, or an inhibitor of, purified SAT from rat liver.7

However, since PAO can oxidize nonacetylated spermidine,
particularly in the presence of aldehydes which could be gen
erated from DSG by the action of amine oxidases, the partici
pation of PAO in the catabolism of DSG remains worthy of
exploration. As noted above, conversion of DSG to DAP-DSG
has been observed in mice; the availability of inhibitors of both
the FAD-dependent PAO and the alternative polyamine cata
bolic system, the copper-containing amine oxidases (30), would
permit this question to be addressed in mice. The relevance of
these catabolic conversions to the antileukemic activity of the
drug could be examined at the same time.

Summary Comment. Deoxyspergualin is in clinical study at
the present time for both its immunosuppressive and its anti-
neoplastic activities, which had been extensively documented in
rodent systems. This present report has described the rapid
clearance of deoxyspergualin in patients with cancer and iden
tified a major metabolite to be desaminopropyl-deoxyspergu-
alin; the data suggest that this metabolic conversion could have
occurred by the action of the (FAD independent) polyamine
oxidase. Experiments are suggested to further explore the en
zymatic mechanisms of the DSG to DAP-DSG conversion, and
to assess whether that process generates a cytotoxic interme
diate that would be pertinent to the antileukemic and immu
nosuppressive effects of the drug.
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