
Abstract. Cdc25 protein phosphatases are regulators of
cyclin-dependent kinases and are often highly expressed in
human malignancies. Few small molecule inhibitors of the
Cdc25 phosphatase family have been identified and little is
known about their disposition, metabolism or efficacy in
xenograft models. In this study, the efficacy, pharmacokinetics,
and metabolism of a potent quinolinedione Cdc25
phosphatase inhibitor, DA3003-1, in mice was examined.
DA3003-1 inhibited the growth of subcutaneous human colon
HT29 xenografts in SCID mice. After a single i.v. dose of 5
mg/kg, DA3003-1 was not detectable in plasma or tissues
beyond 5 min. In vitro studies showed that DA3003-1 was
rapidly dechlorinated and conjugated to glutathione. Following
DA3003-1 treatment of tumor-bearing SCID mice, reduced
glutathione concentrations in HT29 tumor were decreased to
a greater extent and remained decreased for longer than the
reduced glutathione concentrations in liver and kidneys. These
studies suggest that the minimal antitumor activity of DA3003-1
in mice may be due to its rapid metabolism. 

DA3003-1 is the first of a series of quinolinediones that
were identified as potent in vitro inhibitors of the Cdc25
family of phosphatases (1). Cdc25 phosphatases regulate
cell cycle checkpoints, making them an attractive molecular

target for possible antineoplastic agents (1). Overexpression
of Cdc25A and Cdc25B has been observed in cultured
human tumor cells and many human tumor types (2-5). 

Several small molecule inhibitors of Cdc25 phosphatases
have been identified, and additional more potent and
selective inhibitors are likely to follow (1, 6-9). Although
Cdc25 inhibitors have been shown to have cytotoxicity
against tumor cell lines in vitro, their activity against human
xenografts in vivo has been marginal, and tumor growth
continues once treatment has been stopped (6, 7).
Pharmacokinetic studies of Cdc25 inhibitors in animals are
lacking. DA3003-1 (NSC 663284), a prototype phosphatase
inhibitor, has considerable antiproliferative activity in vitro
against a number of murine and human tumor lines (10-12).
In this study, we describe the toxicity, antitumor efficacy,
pharmacokinetics and metabolism of DA3003-1 in tumor-
bearing mice. 

Materials and Methods

Reagents. Acetonitrile (HPLC-grade) and water (HPLC-grade)
were purchased from Fisher Scientific (Fairlawn, NJ, USA).
Nitrogen gas and liquid nitrogen were purchased from Valley
National Gases Inc. (Pittsburgh, PA, USA). Formic Acid (99%)
was purchased from Sigma-Aldrich (St. Louis, MO, USA).
DA3003-1 (NSC 663284) and JRoxime were synthesized as
previously described (10, 13). Dextrose (5%) for injection, saline
(0.154 M NaCl) and sterile water were purchased from Baxter
Healthcare Corporation (Deerfield, IL, USA).

Mice. Specific-pathogen-free, adult, female Balb/C and C.B.-17
SCID mice (5-6 weeks of age) were obtained from the Animal
Program administered by the Biological Testing Branch of the
National Cancer Institute (Frederick, MD, USA). Mice were allowed
to acclimate to the University of Pittsburgh Cancer Institute Animal
Facility for at least 1 week before studies were initiated. To minimize
exogenous infection, mice were maintained in microisolator cages
and handled in accordance with the Guide for the Care and Use of
Laboratory Animals (National Research Council, 1996) and on a
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protocol approved by the University of Pittsburgh Institutional
Animal Care and Use Committee. Ventilation and airflow in the
animal facility were set to 12 changes per hour. Room temperature
was regulated at 22.2±1.1ÆC, and the rooms were kept on automatic
12-hour light/dark cycles. The mice received Prolab ISOPRO RMH
3000, Irradiated Lab Diet (PMI Nutrition International, Brentwood,
MO, USA) and water ad libitium except on the evening prior to
dosing for the pharmacokinetic studies, when all food was removed
and withheld until 4 hours after dosing. 

Tumor. HT-29 human colon carcinoma cells were obtained from the
NCI Tumor Repository (Frederick, MD, USA) and MDA-MB-435
breast carcinoma cells were obtained from ATCC (Manassas, VA,
USA) and were MAP (murine antibody profile) test negative. The
cells were cultured in RPMI 1640 medium (Invitrogen, Carlsbad, CA,
USA) supplemented with 10% heat inactivated fetal bovine serum
(Invitrogen) and 10 Ìg/ml gentamicin (Invitrogen) in an humidified
atmosphere of 5% CO2. Cells in logarithmic phase growth were
harvested, and 5x106 cells in 0.1 ml of medium were implanted
subcutaneously on the right flanks of passage C.B.-17 SCID mice.
When the tumors reached approximately 100 mm3, the passage mice
were euthanized with CO2 and the tumors harvested aseptically. The
harvested tumors were cut into approximately 25 mm3 fragments and
implanted on the right flanks of study mice. When the tumors in the
study mice were approximately 300 mm3, the animals were stratified
into treatment groups of 9-10 animals each, such that there were no
differences in mean body weights and tumor volumes among the
treatment groups.

Toxicity study. Dose range-finding studies were conducted in Balb/C
female mice and in C.B.-17 SCID female mice using the Up/Down
method (Toxicity testing for assessment of environmental agents:
interim report, National Research Council, 2006). Mice were
administered single i.v. doses of 5, 7, 10 or 20 mg/kg DA3003-1 in
sterile 5% dextrose (0.01 ml/g body weight). Mice were followed
for 14 days after dosing and clinical observations and body weights
were monitored daily for the first 4 days after dosing and twice
weekly thereafter. Vehicle-treated controls received a single dose
of 5% dextrose. Any moribund animal was euthanized. 

Efficacy studies. C.B.-17 SCID mice bearing HT29 human colon
carcinoma xenografts were stratified into the following groups of
9-10 animals: Control, vehicle control, positive control
(gemcitabine, 50 mg/kg/dose i.v.), DA3003-1 at the following doses:
2, 3 or 5 mg/kg/dose i.v.. The mice were dosed every 4 days for 6
doses, and body weights and tumor volumes were recorded twice
weekly. Tumors were measured with calipers, and tumor volumes
were calculated using the formula: TV= L x W2/2, where L is the
largest diameter of the tumor and W is the smallest diameter
perpendicular to L. Mice were followed for 3 weeks following the
completion of the dosing to monitor tumor regrowth. In a second
study, C.B.-17 SCID mice bearing MDA-MB-435 human breast
cancer xenografts were stratified to the same treatment groups,
except that paclitaxel at 20 mg/kg i.v. every 7 days was used as the
positive control.

Pharmacokinetic studies. C.B.-17 SCID mice bearing HT29
xenografts (2 per time point) were fasted overnight and treated
with DA3003-1 i.v. at a dose of 5 mg/kg. The mice were
euthanazed at the following times: 2, 5, 10, 15, 30, 45, 60, 120, 240,

420 and 1440 min after DA3003-1 administration or 5 min after
vehicle administration. Mice were euthanized by CO2 inhalation
and blood was collected by cardiac puncture using heparinized
syringes and needles. Blood was centrifuged at 12,000 xg for 4 min
to obtain plasma and RBCs. The following tissues were also
collected, weighed and snap frozen in liquid nitrogen: liver,
kidneys, spleen, lungs and tumor. All samples were stored at
–70ÆC until analysis. 

Pharmacokinetic sample processing. Plasma was assayed directly.
Tissues were thawed and homogenized using an Omni Tissuemizer
(OMNI International, Marietta, GA, USA) in three volumes of
phosphate-buffered saline (Invitrogen). To 200 Ìl of plasma or tissue
homogenate, 10 Ìl of internal standard (JROxime, 100 Ìg/ml) was
added, and the samples were vortexed for 15 s at setting 4 (Vortex
Genie, Scientific Industries, Inc. Springfield, MA, USA). Acetonitrile
(1 ml) was added to each sample and the samples were then vortexed
for 1 min and centrifuged at 12,000 xg for 6 min. Each supernatant
was transferred to a clean 12x75 mm culture tube and evaporated to
dryness under a gentle stream of nitrogen gas. Each dried residue was
resuspended in 150 Ìl of initial mobile phase, and 100 Ìl was injected
into the HPLC or resuspended in 100 Ìl and 25 Ìl was injected onto
the HPLC-MS.

HPLC. The HPLC system consisted of a Beckman Coulter System
Gold with a 568 auto-sampler, 126 solvent module, and a 166
detector. Separation was performed on a Phenomenx Luna C18(2)
(5 Ìm, id 4.6x100 mm) column (Torrence, CA, USA) and a
Brownlee C18 guard column (PerkinElmer, Shelton, CT, USA).
The mobile phase was a gradient of acetonitrile and water, each
containing 0.1% formic acid:acetonitrile from 0-40% over 10 min,
40-80% over 5 min, hold 80% for 5 min, and then acetonitrile was
reduced to 0% (the initial condition) over 2 min and re-
equilibrated for 15 min. The flow rate was 1 ml/min, and the
column eluate was monitored at 274 nm. The assay was linear
between 0.1 and 30 Ìg/ml. The retention time of DA3003-1 was
approximately 18 min and the major metabolite’s retention time
was approximately 16 min. The retention time of JRoxime (internal
standard ) was 32 min. The ratio of DA3003-1 to internal standard
was calculated for each standard by dividing the analyte peak area
by the peak area of the internal standard. Standard curves of
DA3003-1 were constructed by plotting the internal standard ratio
versus the known concentration of DA3003-1 in the sample.
Duplicate standard curves containing DA3003-1 concentrations of
0, 0.03, 0.1, 0.3, 1, 3, 10, 30 and 100 Ìg/mL were included with each
analytic run. Standard curves were fit by linear regression followed
by back calculation of concentrations. The lower limit of DA3003-
1 quantification was 0.1 Ìg/ml. Coefficients of variation in plasma
at a low mid-range concentration (1 Ìg/ml) and high mid-range
concentration (10 Ìg/ml) were 2% and 5%, respectively. Recoveries
of DA3003-1 from plasma containing 3 Ìg/Ìl and 30 Ìg/ml were
71.7±8.6% and 70.6±4%, respectively.

HPLC/MS. The HPLC/MS system consisted of a Waters Alliance
2695 system with a Micromass Quattromicro triple-stage, bench-
top mass spectrometer operated in single quadrupole mode. The
column and gradient mobile phase were as described for the
HPLC/UV but the flow rate was 0.5 ml/min. The mass
spectrometer had the following parameters; positive electrospray
ionization, capillary voltage of 3.0 kV, cone voltage of 20 V,
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source temperature of 120ÆC, desolvation temperature of 450ÆC,
cone and desolvation gas flows of 110 and 550 l/h, respectively.
The eluate was monitored with full scan from 200-600 m/z. The
system was controlled and the data were acquired using Masslynx
4.0 software. 

In vitro metabolism. Livers were removed from untreated C.B.-17
SCID mice and were homogenized in 3 volumes of 0.1 M
Na2HPO4/KH2PO4 buffer, pH 7.4. The S-9 supernatants,
microsomes and 105,000 xg cytosol were prepared using standard
methods (14) and analyzed for the disappearance of DA3003-1 by
HPLC. Subcellular fractions were incubated in the presence of
either NADH or NADPH as cofactors. The incubation volume
(200 Ìl) contained 160 Ìl 0.1 M Na2HPO4/KH2PO4 buffer, pH
7.4, 20 Ìl of 1 mM DA3003-1, 10 Ìl of S-9 supernatant,
microsomes or cytosol, and 10 Ìl of 30 mM NADPH or NADH.
The incubations were carried out for up to 15 min in a shaking
water bath at 37ÆC. Reaction blanks were kept on ice for 15 min.
The samples were extracted with 1 ml of acetonitrile and
processed as described above. DA3003-1 remaining in the
samples was measured by HPLC. The formation of the metabolite
was also quantified as DA3003-1 equivalents formed/mg
protein/min.

Protein assay. Protein content of the subcellular fractions was
measured using the Bio-Rad Protein Assay (Hercules, CA, USA)
and following the manufacturer’s directions. 

GST metabolism in vitro. To evaluate the role of glutathione
S-transferase in the cytosolic metabolism of DA3003-1, 20 Ìl of a 1
mM solution of DA3003-1 was incubated for times between 0 and
15 min at 37ÆC in the presence of GSH alone (10 Ìl of 50 mM
solution) or in the presence of both GSH and GST from rat liver
(20 Ìl of 5 mg/ml glutathione S-transferase, G8386, Sigma-Aldrich,
St. Louis, MO, USA) and 0.1 M Na2HPO4/KH2PO4 (pH 7.4) in a
total volume of 200 Ìl. 

GSH concentrations. The concentrations of reduced glutathione
were measured in liver, kidney, HT29 tumor xenografts and red
blood cells using the colorimetric assay for glutathione (GT10,
Oxford Biomedical Research, Oxford, MI, USA) following the
manufacturer’s instructions. 

Statistics. The data were analyzed using ANOVA with pairwise
comparisons made using Dunnett’s t-test. Non-parametric analysis
used Kruskall-Wallis with pairwise comparisons using the Mann-
Whitney test. Significance was set at p≤0.05. The statistical
package used was Minitab (State College, PA, USA).

Results

Maximum tolerated dose. The maximum tolerated i.v. dose
of DA3003-1 in both Balb/c and C.B.-17 SCID mice was 
5 mg/kg. Mice that received 10 or 20 mg/kg DA3003-1 as
single i.v. injections were moribund by 4 days after the
injection. Mice receiving 7 mg/kg DA3003-1 i.v. lost more
than 10% of their body weight within the first 4 days after
administration, while the mice receiving 5 mg/kg DA3003-1
lost less than 10% body weight and began gaining weight by
4 days after treatment.

Efficacy. Based on the results of the range finding toxicity
study, SCID mice bearing established HT29 tumor
xenografts were treated with 2, 3 or 5 mg/kg of DA3003-1
or a therapeutic dose of 50 mg/kg of gemcitabine i.v. every
4 days for 6 treatments. Significant tumor growth inhibition
was seen with 5 mg/kg DA3003-1 that was slightly less
than that seen with 50 mg/kg gemcitabine (Figure 1; Table
π), but not significantly different. The maximum mean %TC
(%treated tumor volume/control tumor volume) was 50%
on day 25 after 5 mg/kg/dose of DA3003-1 compared to
30% for gemcitabine at 50 mg/kg on the same schedule. The
mean time for the tumors to double was also significantly
prolonged in the mice that were treated with 5 mg/kg
DA3003-1 (Table π). No significant decrease in body weight
was seen with any of these treatments. However, two mice
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Figure 1. Antitumor activity of DA3003-1 in mice bearing human HT29
tumor xenografts. Results are the mean±SD tumor volumes for 9 animals
in each treatment group and 10 animals in the control group. Two animals
in the 5 mg/kg DA3003-1 treatment group were moribund and euthanized
on days 25 and day 28 of study. The days of treatment are indicated by
the arrows.

Table I. Time in days for HT29 tumor xenografts to complete two
doublings. 

Treatment Groups Days to 2 doubling time±SEM

Vehicle Control 16.4±3.4 
2 mg/kg DA3003-1 21.7±3.7
3 mg/kg DA3003-1 20.9±3.7
5 mg/kg DA3003-1 29.1±3.9*
50 mg/kg Gemcitabine 33.6±3.5*

Values are the mean±standard errors for each treatment group.
*Values are different from vehicle control, ANOVA with pairwise
comparisons using Dunnett’s test (p≤0.05).



treated with DA3003-1 were euthanized due to toxicity. The
first was euthanized on day 25 after the measurements were
taken and the second was euthanized on day 28. In contrast,
in an additional study, no significant tumor growth
inhibition or toxicity was observed in SCID mice bearing
MDA-MB-435 tumors using similar DA3003-1 doses and
schedule (data not shown). 

Pharmacokinetics. At 2 min after an i.v. injection of 5 mg/kg
of DA3003-1 into a C.B.-17 SCID mouse bearing an
established HT29 tumor, DA3003-1 was detected in plasma,
red blood cells, liver, kidneys and lungs, but was below the
detection limit in tumor (Table ππ). Within 5 min after
treatment, the DA3003-1 concentration in the plasma was
reduced to half that seen at 2 min (0.21 Ìg/ml) while the red
blood concentration was slightly higher (0.25 Ìg/ml). Parent
compound could not be detected in the liver or kidney while
its concentration in the lung was 0.37 Ìg/g. DA3003-1 was
not detectable in plasma or other normal tissues at 15 min
and all later time points. 

Metabolism. The short plasma half-life of DA3003-1
prompted us to examine the metabolic fate of DA3003-1.
DA3003-1 was metabolized by the 9000 xg supernatant of
mouse liver and by both the cytosolic and microsomal
fractions with NADPH being preferred slightly over NADH
in both fractions (Figure 2). Cytosolic metabolism of
DA3003-1 occurred much more rapidly than did microsomal
metabolism. Incubation of DA3003-1 with mouse liver
cytosol for 2 to 15 min resulted in a loss of the parent
DA3003-1 and the appearance of a more polar metabolite
that eluted approximately 2 min earlier (Figures 3A and
3B). Because of the almost complete metabolism of
DA3003-1 by cytosol, the addition of GSH to the cytosol did
not increase the metabolism of DA3003-1 (Figure 3C). Both
DA3003-1 (m/z 322) and a metabolite, a double-charged
positive ion [m +2H] of 297.5 that corresponded to a m/z
of 595 were detected in the LC/MS ESI positive spectrum
(m/z 200 to m/z 600 scan) chromatogram of plasma obtained
2 min after mice were administered 5 mg/kg DA3003-1 i.v.
The same metabolite ion spectrum was seen when DA3003-1
was added to liver cytosol fractions in the in vitro studies
(Figure 4 A and B). The mass of the metabolite was 595,

consistent with the loss of chlorine and the formation of a
glutathione conjugate. When DA3003-1 was incubated with
GST and GSH in vitro for 2 to 5 min, DA3003-1 was almost
quantitatively converted to a similar metabolite (Figure 4C).
Over the time intervals examined, no significant conjugation
of DA3003-1 was detected when GST was omitted from the
incubation mixture.

Following i.v. treatment of mice with 5 mg/kg DA3003-1,
the concentrations of GSH in liver, kidney and tumor tissue
fell (Figure 5). No decrease in GSH levels was detected in
RBCs. In kidneys the decrease in GSH was seen at the
earliest time point (10 min). It is of some note that the
decrease was most sustained in HT29 tumor tissue; 4 hours
after DA3003-1 treatment GSH remained lower, while
hepatic and renal levels had returned to normal. 

Discussion

Quinones, such as doxorubicin, mitoxantrone, and
actinomycin, or drugs, such as etoposide, that can be
converted to quinones by in vivo oxidation represent the
second largest category of antineoplastic agents (15, 16).
Consequently, there has been extensive interest in studying
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Table II. Pharmacokinetics of DA3003-1 in mice after i.v. injection. Average concentration of DA3003-1 in plasma and tissues of C.B.-17 SCID mice
bearing HT29 tumors after a 5 mg/kg i.v. injection.

Time after injection (min) Plasma (Ìg/ml) Red blood cells (Ìg/ml) Liver (Ìg/g) Kidney (Ìg/g) Lung (Ìg/g) Tumor (Ìg/g)

2 0.44, 0.49 0.14, 0.18 0.12, 0.14 0.23, 0.25 1.70, 1.72 ND
5 0.21, 0.21 0.24, 0.26 NDa ND 0.36, 0.38 ND

aND=not detected.

Figure 2. Disappearance of DA3003-1 by subcellular fractions obtained
from mouse liver. DA3003-1 was incubated with microsomes or cytosol
with NADPH or NADH for 10 min at 37ÆC. The reaction products were
extracted with 1 ml acetonitrile and DA3003-1 remaining in the reaction
was measured by HPLC as described in Materials and Methods.



quinones as new antineoplastic agents. As a class, quinones
are highly reactive compounds that frequently generate
reactive oxygen species through redox cycling and Michael
adduct formation with cellular nucleophiles such as thiols
on cysteine residues of proteins and GSH. The reactive

oxygen species can lead to DNA damage while Michael
adducts appear to promote endoplasmic reticulum (ER)
stress by activating the pancreatic ER kinase signaling
pathway, which leads to cell death (17). In the past several
years, as part of a screening activity for small molecule
inhibitors of the Cdc25 phosphatases, we have identified a
number of para-quinones that are potent in vitro inhibitors
of this enzyme family (1, 10, 11, 18). However, not all para-
quinones are in vitro inhibitors of Cdc25. In vitro, DA3003-
1 displays considerable selectivity for Cdc25 family members
when compared with the sensitivity of other protein
phosphatases (18). Moreover, DA3003-1 generates cellular
reactive oxygen species (19) and participates in Michael
adduction in the catalytic domain of Cdc25A (20). 

With the exception of BN82002 and BN82685 (6, 7),
which are not quinones, there have been no
comprehensive in vivo evaluations of potent in vitro small

Guo et al: Pharmacokinetics and Efficacy of a Cdc25 Phosphatase Inhibitor

3071

Figure 3. In vitro metabolism of DA3003-1. DA3003-1 was incubated
with liver cytosol in the presence of NADPH for 15 min at 37ÆC. The
reaction products were extracted and quantified by HPLC methods. A)
Time course of metabolism of DA3003-1 and formation of metabolite. B)
HPLC chromatograms of DA3003-1 and metabolite. In the top panel is a
chromatogram of DA3003-1 added to cytosol as a quality control assay
standard. In the middle panel, a chromatogram of DA3003-1 and the
metabolite formed after 5 min incubation with cytosol at 37ÆC. The
chromatogram in the bottom panel is cytosol without the addition of
DA3003-1. C) Formation of metabolite and disappearance of DA3003-1
in cytosol with or without exogenous GSH.

Figure 4. Total ion current chromatographic analysis of DA3003-1 fate.
A) A chromatogram of plasma obtained from a mouse 2 min after i.v.
administration of 5 mg/kg DA3003-1. B) A chromatogram of liver cytosol
incubated at 37ÆC for 5 min with 20 Ìl of 1 mM DA3003-1 (final
concentration 5 ÌM). C) A chromatogram of DA3003-1 (5 ÌM) incubated
with GST (1.6 mM) and GSH (5 mM) at 37ÆC for 5 min.



molecule inhibitors of Cdc25 reported. DA3003-1 is of
particular interest because it is one of the most potent
Cdc25 inhibitors reported (1, 9), has been shown to block
cell cycle progression of tumor cells in culture at both G1
and G2/M, and causes hyperphosphorylation of
Cdk1/Cdc2, consistent with inhibition of cellular Cdc25
(18). Unlike other quinones, the ability of DA3003-1 to
inhibit G2 progression and cell proliferation was not
affected by cellular levels of NAD(P)H:quinone
oxidoreductase-1 (21). 

The plasma pharmacokinetics of DA3003-1 suggested
rapid removal, similar to that of other quinones (15). This
appears to be due, at least in part, to the formation of a
glutathione adduct as has been seen with other not fully
substituted quinones. The metabolism of DA3003-1,
potentially, could be catalyzed by reductive dechlorination
by cytochrome P450s such as CYP1A in liver microsomes,
as has been observed with dichlorodiphenyltrichloroethane
(22) followed by conjugation catalyzed by GSTs present in
both the microsomes and cytosol (23). Alternatively,
dechlorination and conjugation can occur nonenzymatically
in both microsomes and cytosol (24, 25). Because the
dechlorinated, unconjugated metabolite of DA3003-1 was
not detected in either plasma or in vitro incubations, this
rapid metabolism, particularly in the cytosol, suggests a
direct role in the dechlorination and adduct formation for
GSTs. In vitro metabolism of DA3003-1 to dechlorinated,
glutathione conjugated metabolite by purified rat hepatic
GST confirms the role of GST. The marked decrease of
GSH in liver, kidney and tumor tissue is consistent with this
conclusion (Figure 6). It is notable that the GSH
concentrations remained low in tumor tissue for an
extended period, which may provide preferential toxic
effects to tumor tissue. Although GSH adducts are often

cytoprotective products, there is increasing evidence that the
GSH thioethers can be more toxic than the parent
compound (26).

The inhibition of HT29 tumor growth after DA3003-1
treatment was similar to that previously reported with the
Cdc25 inhibitors, BN82002 and orally administered
BN82685 (6, 7); however, treatment with DA3003-1 had no
significant antitumor activity against MDA-MB-435 breast
cancer xenografts, even though these cells were shown to be
responsive to DA3003-1 in vitro (11). We cannot exclude the
possibility that mechanisms other than Cdc25 inhibition are
responsible for HT29 tumor growth inhibition, although
HT29 cells are inhibited by other Cdc25 phosphatase
inhibitors in cell culture (7, 11). We are not aware of any
studies with inhibitors that demonstrate direct inhibition of
Cdc25 in xenografts.

The data presented in this study suggest that the rapid
metabolism of DA3003-1 limits its potential as an anticancer
therapeutic. Future studies will be directed at structural
modifications to develop Cdc25 inhibitors with better
pharmacokinetic characteristics.
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Figure 5. Decrease in GSH in tumor and tissues after DA3003-1 injection
in mice. Concentrations of GSH in liver, kidney, red blood cells (RBCs )
and tumors from vehicle treated mice were respectively: 5.069±0.266;
1.859±0.194, 1.377±0.178 and 1.240±0.198 Ìmole/g wet weight tissue.

Figure 6. Proposed metabolic fate of DA3003-1.
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