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Abstract Purpose: The present study was designed to
determine pharmacological and biochemical properties
of 2-methoxyantimycin A analogs (OMe-Al, OMe-A2,
OMe-A3, and OMe-AS), which are novel antitumor
compounds, and provide a basis for future pharmaceu-
tical development, preclinical evaluation, and clinical
trials. Methods: A high-performance liquid chromatog-
raphy (HPLC) method was established and employed to
assess the biostability of these analogs and to determine
their pharmacokinetic properties in mice and rats.
Results: In vitro biostability of the 2-methoxyantimycin
analogs was esterase-dependent, compound-dependent,
and species-dependent. In the absence of esterase
inhibitors, all of the analogs were relatively unstable.
Stability was greater, however, in human and dog plas-
ma than in rat and mouse plasma. In the presence of
esterase inhibitors, OMe-Al was stable at 37°C for
60 min in mouse and rat plasma, moderately stable in
human plasma, and unstable in dog plasma. OMe-A2
was generally stable in all types of plasma. OMe-A3 was
stable in dog and rat plasma, but not in human or mouse
plasma. OMe-AS5 was stable in human and dog plasma,
but not in mouse or rat plasma. Each of these analogs
was highly bound to plasma proteins. Of S9 fractions
from four species, human S9 was least efficient in
metabolizing OMe-A3. Following an intravenous dose
of OMe-Al in mice, plasma levels decreased rapidly,
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with an initial half-life of 2.7 min and a terminal half life
of 34 min. Following an intraperitoneal dose in mice,
plasma levels decreased less rapidly with a terminal half-
life of 215 min. Following an intravenous dose of OMe-
A1l or OMe-A3 in rats, plasma levels decreased more
rapidly with initial half-lives of about 1.0 min. At an
equivalent dose, OMe-A3 had a faster clearance than
OMe-Al. Conclusions: For 2-methoxyantimycin A ana-
logs, species differences in biostability, metabolism, and
pharmacokinetics may be pertinent in assessing their
pharmacological and toxicological profiles and antitu-
mor activity in humans.

Keywords 2-Methoxyantimycin A - HPLC -
Metabolism - Protein binding - Pharmacokinetics

Introduction

One of the characteristics of malignant cells is loss of
apoptosis, resulting in uncontrolled cell growth. Proteins
of the Bcl2 family are involved in the response of cells to
apoptotic stimuli. In general, Bcl2 proteins can be clas-
sified into two groups: proapoptotic (such as Bax and
Bid) and antiapoptotic (such as Bcl2 and Bcl-xy). Bel-xp,
a pore-forming oncoprotein, is a component of mito-
chondrial membranes [1]. When cancer cells are exposed
to radiation or chemotherapeutic drugs or are deprived
of growth factors, those overexpressing Bcl-x; demon-
strate increased cell survival and multidrug resistance [2—
4]. In human cancers, Bcl-xy is often overexpressed [5];
this is the case in nearly all advanced prostate cancers
[6]. For breast cancer, Bcl-x; overexpression is associ-
ated with high tumor grade and nodal metastases [7].
Therefore, inhibitors of anti-apoptotic proteins such as
Bcl2 and Bcl-x;, would be expected to be potent antitu-
mor agents.

In fact, by binding to the hydrophobic groove on the
surface of Bcl-xp, proapoptotic proteins such as Bax
inhibit the function of the oncoprotein [5]. There is an
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increasing interest in developing small molecules that
mimic the Bcl-x;-binding effects of Bax-like proapop-
totic proteins as cancer therapeutic agents [5, 8, 9].
Antimycin A3, an antibiotic isolated from Streptomyces
sp. [10], and its analogs exhibit inhibitory effects on Bcl2
and Bcl-x [8, 9]. Antimycin A3 is, however, also a po-
tent inhibitor of mitochondrial electron transport [§].
Given to mice as a single dose intravenously, this com-
pound is highly toxic, with an LDs, of 1 mg/kg (infor-
mation provided by the National Cancer Institute).
Therefore, the clinical utility of this compound as an
anticancer agent may be limited. More recently, efforts
have been devoted to the development of novel anti-
mycin analogs as antitumor agents. Several representa-
tive analogs are illustrated in Fig. 1.

Biochemical studies have indicated that one of the
derivatives of antimycin A3, 2-methoxyantimycin A3
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Fig. 1 Structure of 2-methoxyantimycin A (OMe-A) analogs

(OMe-A3), binds to the hydrophobic groove of Bcl-xy,
and inhibits Bel-xp -induced pore formation but does not
interfere with mitochondrial respiration [8]. OMe-A3
induces apoptosis in cell lines derived from human
multiple myelomas that overexpress Bcl-x;. Human
myeloma cells RPMI-8226, transplanted into mice as
xenografts, respond to OMe-A3 given intravenously as
repeated doses of about 1.5 mg/kg (information pro-
vided by the National Cancer Institute). In OMe-A3
treated mice, host toxicity is limited, suggesting that it is
a candidate for further clinical development.

The purpose of this investigation was to determine
pharmacological and biochemical properties of various
2-methoxyantimycin A analogs (OMe-Al, OMe-A2,
OMe-A3, and OMe-A5) in various in vitro and in vivo
models. Emphasis was on species differences in drug
metabolism and disposition. The results from the pres-
ent study may be useful in deciding if these compounds
are appropriate for clinical evaluation as anticancer
agents and, if so, to provide information useful for fu-
ture pharmaceutical development, preclinical evaluation
and clinical trials.

Materials and methods
Test compounds, chemicals, reagents, and animals

All chemicals and solvents used for sample preparation
and HPLC analysis were analytical HPLC grade. Ace-
tonitrile, methanol, and phosphoric acid were purchased
from Fisher Scientific (Atlanta, Ga.). Commercially
available plasma samples of mouse, rat, dog, and hu-
mans were purchased from Lampire Biological Labo-
ratories (Pipersville, Pa.). These plasma samples,
obtained from pathogen-free animals or normal human
healthy volunteers, were rapidly frozen, kept at —80°C,
shipped to our laboratory in dry ice, and then kept at
—80°C until use. Hepatic S9 fractions from male CD2F1
mice, male Sprague-Dawley rats, male dogs, and male
humans were purchased from In Vitro Technologies
(Boston, Mass.). The Developmental Therapeutics Pro-
gram, National Cancer Institute, provided the test
compounds, HL60 and RPMI-8226 cells, and male
CD2F1 mice. Male Fischer 344 rats with implanted
jugular cannulas were obtained from Charles River
Laboratories (Cambridge, Mass.). All animal use and
care procedures were approved by the Institutional
Committee on Animal Use and Care at the University of
Alabama at Birmingham.

Analytical method

The HPLC equipment consisted of a Hewlett Packard
1050 ChemStation with a fluorescence detector (Agilent
100 series). Quantification of the test compounds was
achieved with a Zorbax SB-C18 (5 um, 150 x 4.6 mm)
analytical column protected by a LiChroCART 100



RP-18 guard column. The mobile phase was methanol:
ammonium acetate buffer (87:13, v/v; 0.2 M; pH 5.8,
adjusted with HCI). The flow rate was 1 ml/min. The
column elute was monitored fluorometrically at an
excitation wavelength of 232 nm and an emission
wavelength of 418 nm.

For analysis of samples, two volumes of cold meth-
anol/acetonitrile (50:50, v/v) were added to portions of
plasma, culture medium, or cell extract. The prepara-
tions were mixed and then centrifuged to obtain clear
supernatants, which were dried at room temperature by
a stream of compressed air. With this method, no effects
on test drug stability were observed. The residues were
dissolved in 200 pl of the mobile phase described above,
and a portion (80 pl) was injected onto the HPLC col-
umn. For each of the test compounds, the amounts
present in samples were quantified using standard curves
established from the peak areas. In the investigated
concentration range of 10-500 ng/ml, the calibration
curves were linear, with mean correlation coefficients (%)
of >0.999. The final concentration of each sample was
calculated from the standard curves and adjusted by the
corresponding recovery rate. The mean recovery rates,
in the presence of NaF/EDTA, were determined to be
70£5%. Intraday (triplicate samples) and interday
(3 days) variations, assayed with three different con-
centrations (50, 100, and 500 ng/ml), were acceptable
(<5% for each of the plasma samples from mice, rats,
dogs, and humans, and cell culture medium). The re-
tention time and limit of quantitation (LOQ) of each
compound are shown in Table 1.

Stability in plasma

Plasma samples from mouse, rat, dog, and humans were
incubated at 37°C with or without addition of NaF
(2.5 mg/ml) and EDTA (1 mg/ml). NaF and EDTA were
used as esterase inhibitors to prevent in vitro degradation
by esterase activity. To these preparations were added
OMe-Al, A2, A3, or A5 dissolved in methanol to result
in a final concentration of 500 ng/ml in each plasma
sample. Portions of plasma, taken at designated times
after an addition of analog, were extracted and analyzed
as described above. Additionally, the stability of OMe-
Al, OMe-A2, OMe-A3, and OMe-AS5 in the plasma from
mice and humans was also evaluated at —80°C. From
these preparations, portions were analyzed immediately;

Table 1 HPLC analysis of OMe-A analogs

Test compound Retention LOQ Standard
time (min) (ng/ml) curve (ng/ml)
OMe-Al 6.0 4.6 10-500
OMe-A2 7.3 14.3 10-500
OMe-A3 8.3 7.3 10-500
OMe-A5 5.6 17.2 10-500
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other portions were quickly frozen and then stored at
—80°C for 1, 2, and 4 weeks before analysis.

Stability in cell culture medium

HL60 and RPMI-8226 cells were maintained in cell
culture medium containing (or not containing) 20% fetal
bovine serum (FBS). OMe-A1 (500 ng/ml) was added to
a culture containing 200,000 cells/ml, and to control
cell-free medium. Portions of culture medium were re-
moved at various times and, as appropriate, centrifuged
to collect cells. Samples of cell-free medium, to which
NaF/EDTA was added, were extracted using the
aforementioned procedure for the treatment of plasma
samples. Collected cells were suspended in phosphate-
buffered saline containing NaF/EDTA, subjected to
sonication, and then extracted and analyzed as described
above for plasma samples.

Binding to plasma proteins

Protein binding properties of the OMe-A analogs were
analyzed using a previously described protocol involving
the use of a microultrafiltration system [11]. Solutions of
the OMe-A analogs were diluted with plasma (from
mouse, rat, dog, or humans) containing NaF/EDTA to
a final concentration of 1000 ng/ml. Controls (to mea-
sure non-specific binding to membranes) were diluted
with water (containing NaF/EDTA) to the same final
concentration. These preparations were incubated at
37°C for 20 min, at which time portions were taken and
placed into the sample reservoirs of Amicon Centrifree
ultrafiltration systems (Millipore Corporation, Bedford,
Mass.). The filter systems were centrifuged at 37°C until
the reservoirs were dry. From each filtrate, portions were
taken for analysis by HPLC. The amounts present in the
filtrates were designated as ‘“‘free drug” (F). The con-
centrations of the unfiltered solutions were also deter-
mined and expressed as the “total drug” concentration
(T). The percentage of test analogs bound to plasma
proteins was calculated from the following equation:

Percent of bound = [(T — F)/T] x 100.

Similar experiments were performed for OMe-A3 in
dog or human plasma in the absence of NaF/EDTA.

S9 metabolism

To evaluate metabolism of the test compounds by S9
fractions from various species, reaction systems con-
taining OMe-A3 (500 or 2000 ng/ml) and S9 (1 mg
protein/ml) in 100 m M Tris buffer (pH 7.4) were
maintained at 37°C. At designated times, i.e., 0, 5, 10, 20,
30, 45, and 60 min, triplicate portions of the mixtures
were removed, processed, and analyzed by a procedure
similar to that described above for plasma samples.
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Pharmacokinetic studies with mice and rats

To determine the pharmacokinetics of OMe-A1 in male
CD2F1 mice, groups of three were dosed either intra-
venously (tail vein) or intraperitoneally with OMe-Al
(20 mg/kg) in a vehicle of Cremophor (5%) and ethanol
(5%) in 0.9% saline. For both dosing routes, the volume
administered was 5 ml/kg body weight. At various
times, animals were anesthetized by inhalation of ether,
and blood samples were collected by cardiac puncture
into tubes containing NaF/EDTA (dry powder,
4.375 mg NaF and 1.75 mg EDTA in each tube). Plas-
ma was prepared and immediately frozen at —80°C. The
protocols for the pharmacokinetic studies were essen-
tially the same as previously described [12—-14].

Male Fischer 344 rats with implanted jugular cann-
ulas (five per group) were dosed via a lateral tail vein
with either OMe-Al or OMe-A3 (0.25 mg/kg). The
dosing vehicle was the same as that used for mice; the
dosing volume was 1.3 ml/kg body weight. Blood sam-
ples were collected via the implanted jugular catheter,
and plasma was prepared and analyzed. Further, sam-
ples of plasma, urine, liver, and kidney were collected
from rats kept in metabolism cages for 24 h [15]. NaF
and EDTA were added to tubes (4.375 mg NaF and
1.75 mg EDTA) for collection of blood and urine sam-
ples and to the homogenizing buffer (NaF 2.5 mg/ml
and EDTA 1 mg/ml). Pharmacokinetic parameters were
estimated using WinNonlin (Mountain View, Calif.) as
reported previously [14]. They included the area under
the curve (AUC, ng h/ml), initial half-life (T}5,, min),
terminal half-life (T4, min), maximum concentration
(Chax, ng/ml), clearance (CL, ml/kg/h), mean resi-
dence time (MRT, min), and volume of distribution

Fig. 2 Stability of OMe-Al 120
(a), OMe-A2 (b), OMe-A3

(¢), and OMe-A4 (d) in mouse,
rat, dog, and human plasma in
the presence or absence of
esterase inhibitors NaF and
EDTA
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(V, ml/kg). A two-compartment model was used to fit
the concentration-time curves.

Results
Stability in plasma

There were remarkable species differences in in vitro
stability in plasma among the OMe-A analogs when the
esterase inhibitors NaF/EDTA were not added into the
assay system (Fig. 2). For all four compounds, stability
was generally greater in dog and human plasma than in
rat and mouse plasma. After 60 min, 61% of the added
OMe-Al and 53% of the added OMe-A2 remained in
dog plasma. For the other compounds and other types
of plasma, however, <33% of the amounts added were
present at this time.

In the presence of NaF/EDTA, the stability of all
four compounds was substantially increased, with
greater than 60% of the amounts added being present
after a 60-min incubation. This suggests that esterase-
associated metabolism is the major degradation pathway
for OMe-A compounds. As shown in Fig. 2a, OMe-Al
was substantially stable in mouse, rat, and human
plasma. In the presence of NaF/EDTA, the stability of
OMe-Al in dog plasma was increased for early time
points (up to 10 min), but no changes were observed
afterwards (Fig. 2a), indicating that esterase activity is
responsible only for initial degradation of this com-
pound. As shown in Fig. 2b, OMe-A2 was generally
stable in all types of plasma containing NaF/EDTA:
greater than 80% of the amounts added were present
after a 60-min incubation and there were no statistically
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significant differences among plasma samples from the
four different species. Under the same assay conditions,
OMe-A3 was largely stable in dog and rat plasma, with
greater than 92% of the amounts added being present at
60 min. There were notable differences in stability of
OMe-A3 for the other two species, with 72% and 65%
of the amounts added being present at 60 min in human
and mouse plasma, respectively (Fig. 2¢). OMe-AS was
stable in human and dog plasma, with greater than 98%
of the amounts added being present at 60 min. There
were substantial decreases in concentration for mouse
and rat plasma, with 74% and 63% of the amounts
added being present at 60 min, respectively (Fig. 2d).

We further determined the long-term stability of
these analogs under frozen storage conditions that may
be used in future clinical studies. In the absence of NaF/
EDTA at —80°C, none of the compounds was com-
pletely stable over 4 weeks in human or mouse plasma
(Table 2). Under the storage conditions without NaF/
EDTA, OMe-Al was the most stable, with 86% and
78% of the amounts added being present after 4 weeks
for human and mouse plasma, respectively (Table 2).
Under these conditions, all analogs were more stable in
human plasma than in mouse plasma. In mouse plasma,
OMe-AS was the most unstable analog: only 27% of the
amount added was present at that time (Table 2). As
seen in the aforementioned in vitro assays, NaF/EDTA
increased the stability of all four OMe-A analogs in both
human and mouse plasma (Table 2). In human plasma,
OMe-A2 was less stable than the other three analogs,
with a decrease of 18% of the amount added. In mouse
plasma, OMe-Al and OMe-A3 were more stable than
the other two compounds, with OMe-AS5 being the least
stable under these storage conditions (Table 2).
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Stability in cell culture medium

The relative instability of some OMe-A analogs in
vitro in the absence of esterase inhibitors led us to
investigate further the stability of these compounds
under cell culture conditions, which may have impli-
cations for the extrapolation in vitro results to in vivo
settings. We tested cellular uptake and stability of
OMe-Al in cell culture with FBS-containing or FBS-
free medium. As shown in Fig. 3a, OMe-A1 was taken
up rapidly and accumulated markedly in HL60 cells
cultured with the FBS-free medium (Fig. 3a). In con-
trast, more OMe-Al was detected in FBS-containing
medium than in FBS-free medium (Fig. 3b). Greater
stability of OMe-Al in the presence of FBS may be
associated with protein binding of this compound.
With RPMI-8226 cells and medium, there was no
appreciable difference from the results obtained with
HL-60 cells (not shown).

Protein binding

Considering the in vitro stability of the test compounds,
protein binding assays were accomplished in the pres-
ence of NaF/EDTA and with a relatively short but
sufficient incubation period (20 min). Duplicate samples
were run for each assay. As shown in Table 3, extensive
plasma protein binding (>99%) was observed for all
test compounds in all plasma samples from four species.
In the absence of NaF/EDTA, similar results were ob-
tained for OMe-A3 in dog and human plasma (not
shown).

Table 2 Stability of OMe-A

analogs stored at —80°C for Test compound

Human plasma

Mouse plasma

4 weeks. The data presented are

Without With Without With
the mean £+ SD percentages of
the amonnts added (SOOgng ) NaF/EDTA NaF/EDTA NaF/EDTA NaF/EDTA
present after 4 weeks of storage
OMe-Al 85.8+04 93.4+0.2 78.2+0.6 95.8+0.2
OMe-A2 70.3+£0.4 82.6+0.3 62.7+0.2 77.2+0.2
OMe-A3 72.8+0.6 95.0+0.3 45.4+0.0 89.9+0.5
OMe-A5 79.2+0.3 92.3£0.6 27.4+0.1 63.8+0.1

Fig. 3 Stability and 160
accumulation of OMe-Al in
HL-60 cells grown in FBS-
containing or FBS-free
medium. The contents of OMe-
Al in the cells (a) and medium
without cells (b) were analyzed
by HPLC
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S9 metabolism

In experiments to determine the effect of S9 proteins on
the stability of OMe-A3 (500 or 2000 ng/ml), the initial
levels of the compound dropped rapidly, even in the
absence of S9 proteins (Fig. 4). Thus, OMe-A3 was not
stable in solution at pH 7.4. Under these conditions,
degradation of OMe-A3 was observed after incubation
with mouse, rat, and dog S9 components. As shown in
Fig. 4a, at a concentration of 500 ng/ml, the half-lives of
OMe-A3 in the presence of mouse, rat, or dog S9 were
approximately 2 min. However, in the presence of hu-
man S9 components, a prolonged half-life (10 min) was
observed, indicating a relatively weak S9 metabolic
capability in humans compared with other species. At a
concentration of 2000 ng/ml, the half-lives of OMe-A3
in the presence of mouse, rat, or dog S9 components
were shorter than 5 min (Fig. 4b). In the presence of
human S9 components, however, the concentration
curve was not significantly different from that of control
(no S9 added), indicating again no appreciable S9
activity towards OMe-A3 metabolism.

Pharmacokinetics

Following an intravenous dose of OMe-A1l (20 mg/kg)
in mice, plasma levels dropped rapidly, with the con-
centration at 30 min after dosing (1040 ng/ml) being
about 15% of that at 5 min after dosing (Fig. 5).
Pharmacokinetic modeling indicated that a two-com-
partment model best fit the concentration-time curve
(Table 4). The terminal half life (T;,5) was 34 min.
Nevertheless, the drug was still detectable (15 ng/ml) at

Table 3 Protein binding (%) of OMe-A1l, OMe-A2, OMe-A3, and
OMe-A5 in mouse, rat, dog, and human plasma (1000 ng/ml, ini-
tial concentration)

24 h after dosing (Fig. 5). With an intraperitoneal dose
of 20 mg/kg, plasma levels increased to a maximum at
30 min after dosing, then decreased with a T, ,5 value of
215 min. The drug was still detectable (18 ng/ml) at 24 h
after dosing. Relative to dosing intraperitoneally, the
intravenous dose gave higher AUC and C,,,, values and
a lower T;, value (Table 4). Bioavailability by the
intraperitoneal route was approximately 62%.

For rats dosed intravenously with OMe-A1 (0.25 mg/
kg) (Fig. 6), plasma levels dropped quickly, with a dis-
tribution half-life (T;/,) of 1.0 min and terminal half-
life (T}/2p) of 35.8 min (Table 5). For rats dosed intra-
venously with OMe-A3 (0.25 mg/kg), plasma levels
dropped even more quickly, with a T;;, of 0.9 min
(Table 5). At 2 h after dosing, the concentration of
OMe-Al was 10 ng/ml; OMe-A3 was undetectable at
10 min after dosing. Compared with OMe-A1l, OMe-A3
had smaller values of AUC and Vg, shorter MRT, and
lower C.x, and its clearance was faster (Table 5). It
should be noted that larger standard errors in modeling
pharmacokinetic parameters for OMe-3 data were ob-
served, presumably due to the limitation of available
data points. For these rats, little or no detectable
amounts of OMe-Al or OMe-A3 were present in the
urine, collected over a period of 24 h, or in livers or
kidneys taken at 24 h after dosing.

Discussion

The OMe-A compounds are promising, novel antitumor
agents that are under extensive preclinical evaluation.
Results from the present investigation allow several
conclusions. First, in vitro studies with plasma from
various species demonstrated that stability of these
compounds depends not only on the presence of NaF/
EDTA (for esterase inhibition) but also on the structure
of the compound, the temperature, and the type of
plasma present. The major degradation pathway ap-

Test Mouse Rat Dog Human . - s
compound peared to be associated with esterase activity in plasma,
since, for most of the analogs, addition of NaF/EDTA
OMe-Al 99.0+0.40  99.9+0.03 99.8+£0.31 99.5+0.73 retarded in vitro degradation. In future clinical trials,
8%"’% ggZigg? 33'318’?2 gggiggg gg-gigg% species differences in degradation of these compounds
€- . . . . . . . . : . . .
OMe-AS 9971009 999400 9914064 996L054 should be con&der@d, especially for monitoring of drug
levels and host toxicity.
Fig. 4 Mouse, rat, dog, and 120 A —o— Control 120 B —o— Control
human S9 metabolism of OMe- o o
A3 at an initial concentration of £ 100 Human £ 100 Human
500 ng/ml (a) or 2000 ng/ml (b) ‘5 %0 —&—Dog ‘5 % ——Dog
= 1 —o— Rat b= —o— Rat
-
g 60 4 —a&— Mouse § 60 —a— Mouse
=] =3
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Fig. 5 Pharmacokinetics of OMe-Al in CD2F1 mice dosed
intravenously or intraperitoneally with 20 mg/kg
Table 4 Pharmacokinetic parameters for OMe-Al following

intravenous or intraperitoneal injection into male CD2F1 mice

Parameter Intravenous dose Intraperitoneal dose
Dose (mg/kg) 20 20

AUC (ng h/ml) 3209+76 2000+411

T, 2, (min) 2.7+0.1 33.6+41.4

Ty 25 (min) 34.1+0.1 214.8+69.4

Chnax (ng/ml) 26,939 + 864 528.9+465.7

CL (ml/kg/h) 6232+ 149 10,001 +2062

MRT (min) 25.8+2.8 222.1+50.1

Vs (ml/kg) 2685+249 32,160 + 1882

F (bioavailability) - 0.62

1000

—0O— OMe-Al (i.v.)
—@— OMe-A3 (i.v.)

100

Concentration (ng/mL)

04 0—@& T T -
0 20 40 60 80 100 120

Time (min)

Fig. 6 Pharmacokinetics of OMe-Al and OMe-A3 in F344 rats
dosed intravenously with 0.25 mg/kg
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Table 5 Pharmacokinetic parameters of OMe-Al and OMe-A3
following intravenous injection into Fischer 344 rats

Parameter OMe-Al OMe-A3
Dose (mg/kg) 0.25 0.25

AUC (ng h/ml) 87.2+5.3 16.4+5.0

T\ /24 (min) 1.0+0.02 0.9+0.05

T, 2p (min) 35.8+4.8 8.9

Cnax (ng/ml) 1442 £21 744 + 38

CL (ml/kg/h) 2866 +174 15,233 +1929
MRT (min) 33.1+5.3 1.32+4.3
Vs (ml/kg) 1581 £167 33641055

Second, the S9 components from mice, rats, and
dogs, showed appreciable capacity for metabolizing
OMe-A3 in the in vitro assay. In contrast, human S9
fractions had limited capacity to metabolize these com-
pounds. It is likely that in humans metabolism of OMe-
A compounds occurs primarily in plasma. Because of
the lack of microsomal metabolism, there would prob-
ably be a slower clearance in humans than in other
species. The exact metabolic pathways are not known
and metabolites were not identified in the present study.
Therefore, it remains to be determined whether these
apparent species differences would have an impact on
the drug availability to tumor tissue versus host tissues,
therapeutic effectiveness, dosing and schedule, and tox-
icity to hosts.

Third, regardless of structure or species, binding of
OMe-A analogs to plasma proteins was >99%. This
may explain why, in some cases, these compounds have
prolonged elimination half lives. One may anticipate
that these compounds will interact with other drugs
binding to plasma proteins and that possible competi-
tion for binding sites and disposition of these bound
drugs will be different for individual patients with
varying levels of plasma proteins. It is generally accepted
that the biological activity of drugs is largely associated
with free (unbound) drug levels in the blood circulation,
and not with total drug levels. Therefore, in clinical
trials, patients with low levels of total plasma proteins
and those being concurrently treated with other drugs
should be carefully monitored for toxic effects [11].

Fourth, pharmacokinetic studies in mice dosed
intravenously indicated that, relative to intraperitoneal
dosing, OMe-Al has a short plasma half-life and a rel-
atively large AUC value. The sixfold longer terminal
half-life for intraperitoneal dosing may reflect continuing
absorption from the peritoneal cavity. A pharmacoki-
netic study in rats involving a lower dose administered
intravenously showed that OMe-A3 is eliminated
from plasma more readily than OMe-Al. Thus, phar-
macokinetic values vary depending upon the route of
administration and on the structure of the analog.

Since we used NaF/EDTA in the collection of bio-
logical samples, in vitro degradation of the test com-
pounds after sampling was minimized. Therefore, the
short plasma half lives in rodents may be related to
instability of these compounds in plasma as seen with in
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vitro assays. The results of pharmacokinetic studies in
rodents may be useful in designing future pharmacoki-
netic and efficacy studies in humans. For example, a
short plasma half-life may indicate that there is a need
for closer monitoring of drug levels in a pharmacoki-
netic study and continuous infusion of the drugs in an
efficacy study.

In summary, these results relating to the biostability
and pharmacokinetics of antimycin analogs are impor-
tant to the future development and evaluation of this
class of compounds, not only for assessment of their
antitumor activity but also for evaluation of their po-
tential toxicity. Since, in terms of degradation of these
compounds, human plasma is similar to dog plasma, it
may be useful, in future studies, to use the dog as a
preclinical model for evaluation of toxic effects. A tox-
icokinetic study in dogs may be valuable to future hu-
man clinical trials.
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