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Abstract: We recently identified two compounds of 5-benzylidene-2-phenylimino-1,3-thiazolidin-4-one (BPT) analog, 5-
(4-methylbenzylidene)-2-phenylamino-1,3-thiazolidin-4-one (MMPT) and 5-(2,4-dihydroxybenzylidene)-2-phenylimino-
1,3-thiazolidin-4-one (DBPT), that can effectively induce apoptosis in cancer cells but not in normal cells, independently
of P-glycoprotein status. To further investigate the antitumor activity of BPT analogs, we obtained 18 commercially avail-
able analogs of BPT and synthesized 7 analogs in our lab, and analyzed their antitumor activity in various cancer cells, in-
cluding paclitaxel- and vinorelbine-sensitive and -resistant human lung cancer cells. Two of the compounds were more
potent than MMPT or DBPT in induction of apoptosis in certain cancer cell lines and remained tumor selective. Seven
compounds did not induce any cytotoxic effects in any of the cell lines tested at the highest concentration tested (31 uM).
The other compounds induced cytotoxic effects in some cancer cells but not in others or were less potent than MMPT and
DBPT. Cell uptake studies showed that analogs that effectively induced cell killing in paclitaxel- and vinorelbine-resistant
cells could be taken up easily by those cells despite their high levels of P-glycoprotein expression. These data further
demonstrate that thiazolidinone analogs are not P-glycoprotein substrates and could be useful for treatment of P-

glycoprotein overexpressing refractory cancers.
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INTRODUCTION

Multidrug resistance (MDR), a phenotype of cross-
resistance to multiple drugs with diverse chemical structures,
is one of the major reasons for failure of anticancer chemo-
therapy and can be caused by a variety of mechanisms [1-2].
The most well-documented mechanism is overexpression of
the MDR-1 gene which encodes a 170-kD P-glycoprotein, a
member of the ATP-binding cassette transporter family [1-
3]. P-glycoprotein is a transmembrane ATP-dependent drug
efflux pump that is expressed in a wide variety of tumors and
in some normal tissues with barrier function, including epi-
thelia of the liver, kidney, and intestine and capillary endo-
thelial cells in the brain, ovary, and testis [2-4]. It binds to
many hydrophobic drugs, including taxanes, vinca alkaloids,
epipodophylotoxins, anthracyclines, and actinomycin-D, and
prevents their intracellular accumulation by increasing their
efflux out of cells, leading to multidrug resistance [1-2].

Efforts have been made to overcome MDR by inactivat-
ing P-glycoprotein activity through P-glycoprotein inhibitors
(such as verapamil, cyclosporin A, tamoxifen, and LY-335
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979) [5-7], antisense oligos [8], ribozyme [9-10], or small
interfering RNA [11]. Although a growing body of evidence
shows that the MDR phenotype can be reversed in cultured
cells by these approaches, clinical trials that examined the
ability of P-glycoprotein inhibitors to sensitize MDR-positive
tumors to agents such as vinblastine revealed either no ap-
preciable activity [7] or no definitive conclusion [2,6] More-
over, inhibition of P-glycoprotein may lead to myelosuppres-
sion and neurological toxicity [2,6], presumably because P-
glycoprotein plays an important role in the excretion of cy-
toxines, which prevents toxic effects to normal tissues.
Therefore, the discovery of new compounds that are not sub-
strates of P-glycoprotein and are effective against drug-
resistant cells but spare normal human cells is an important
step for cancer therapy.

By screening a chemical library from Chembridge Cor-
poration, we identified two novel synthetic agents, 5-(4-
methylbenzylidene)-2-phenylamino-1,3-thiazolidin-4-one
(MMPT) and 5-(2,4-dihydroxybenzylidene)-2-phenylimino-
1,3-thiazolidi-4-one (DBPT), which induce cytotoxic effects
in cancer cells but not in normal human fibroblasts or human
bone marrow mesenchymal stem cells [12-13]. We have
shown that MMPT and DBPT have potent antitumor effects
on non-small cell lung cancer cells or colon cancer cells that
overexpress G-glycoprotein and are resistant to paclitaxel
and vinorelbine. MMPT and DBPT have similar chemical
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structures. In vivo studies showed that MMPT suppressed
tumor growth without noticeable toxicity. Interestingly, one
compound of BTP analogs induced no cytotoxicity in either
cancer cells or normal cells. Nevertheless, it remains unclear
whether other analogs of BPT except MMPT and DBPT may
induce cytotoxicity in cancer cells and whether MMPT or
DBPT mediated cytotoxic effects in paclitaxel-resistant cells
correlate with their intracellular accumulation. To determine
the structure-activity relationship of BPT analogs, we evalu-
ated antitumor activity of 27 compounds, which included
MMPT and DBPT, in various cancer cells. We also assessed
intracellular accumulation of some of these compounds in
paclitaxel- or vinorelbine-resistant cancer cells. Our results
showed that the analogs can be taken up effectively by
MDRI1-overexpressing cells.

RESULTS AND DISCUSSION
Chemical Structure of BPT Analogs

To test whether BPT analogs can also induce tumor-
selective cytotoxic effects, we obtained 25 compounds that
have chemical structures similar to those of MMPT or DBPT
(ChemBridge Corporation). Seven of them (BPT-12, BPT-
15, PBT-23 to BPT-27) were synthesized in our laboratory.

CTMAB
1 Step 1 7
Ry
| x NH,
e 5
/
EtOH
Step 3 /

Ry

R,=-CHj; -OCHz; -OH
Ry=-H; -OH; -OCHs; -NH,

CTMAB= Cetyltrimethylammonium Bromide

Fig. (1B). Synthetic route to BPT analogs.
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The intermediates and the final products were separated and
purified by silica gel column chromatography based on po-
larity of the compounds. The purity and molecular identity
were determined by high-performance liquid chromatogra-
phy-mass spectrometry (LC-MS).The compounds have pu-
rity of >95%, and their molecular weights matched the pre-
dicted mass. For some BPT analogs, we verified their chemi-
cal structure by nuclear magnetic resonance (NMR) analysis.
Fig. (1A) shows the core chemical structure of BPT and the
synthetic route to BPT analogs. For convenience, we refer to
the two aromatic cyclic-ring structures, where modification
occurs, as ring A and ring B (Fig. 1A). The modifications at
different positions of these two rings that characterize the
analogs are summarized in Table 1. They are divided into
two groups based on the position of substituents in ring A
and ring B. Group I contains 15 analogs that have substitu-
ents in the ring A only. Group II contains 12 analogs that
have substituents in ring B or both rings A and B.

Cytotoxic Effects of BPT Analogs

The cytotoxic effects of 27 thiazolidinone compounds
(including MMPT and DBPT) were evaluated by cell viabil-
ity assays. For this purpose, human lung cancer cell lines

R]l
Yield=40-50%
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Table 1. BPT Analogs Tested

Substituent *
Group Analog Molecule Formula LogP* i
No. Name Ring A Ring B
1 MMPT C7H1;sN,08 4.10 4-CH;
DBPT Ci6H12N,O5S 2.83 2-OH
4-OH
BPT-3 CisH16N,O5S 343 2-OH
4-OEt
BPT-4 Ci6H12N,0,S 3.22 3-OH
BPT-5 C;H14N,O5S 3.10 3-OCH;
4-OH
BPT-6 CyH 1sN,OsS 4.05 3-OCH;
4-OCH,CHCH,
BPT-7 C7H12N,O5S 3.17 3-COOH
BPT-8 CisH2N,O,S 3.22 4-OH
BPT-9 CisHsN;0,S 2.52 4-NHAc
BPT-10 C7;H141N,O5S 3.10 2-OH
3-OCH;
BPT-11 CisH2N,O,S 3.22 2-OH
BPT-12 CisH16N,O5S 3.36 2-OCH;
4-OCH;3
BPT-13 C7H1uN,O,S 3.93 4-OCH;
BPT-14 CsH6N,OsS 3.67 3-OCH;
4-OCH;
BPT-15 CisH6N,O5S 3.36 2-OCH;
5-OCH;
11 BPT-16 C7H1sN,O5S 2.71 3-OCH; 4'-OH
4-OH
BPT-17 C3sH6N,04S 2.58 3-OCH; 4'-OH
4-OH
5-OCH;
BPT-18 C;H14N,OS 4.10 4'-CH;
BPT-19 Cy7H1,CN»0,S 4.60 2-OCH; 3'-Cl
4'-Cl
BPT-20 CsH16N,O5S 3.36 3-OCH; 4'-OCH;
BPT-21 Ci6H,,CIN,O,S 3.78 4-Cl 4'-OH
BPT-22 CioH 1sN,O58 3.85 2-OCH; 4'-CH;
3-OCH;
BPT-23 CisHsN,04S 2.97 2-OCH; 4’-OH
5-OCH;
BPT-24 CoH sN,O4S 3.23 2-OCH; 4’-OCH;
5-OCH;
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(Table 1. Contd....)
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Substituent *
Group Analog Molecule Formula LogP*
No. Name Ring A Ring B
BPT-25 CisHsN,04S 2.97 2-OCH; 4’-OH
4-OCH,
BPT-26 CoH1sN,O,S 3.23 2-OCH; 4’-OCH;
4-OCH;
BPT-27 CisH7N;058 2.56 2-OCH; 4’-NH,
4-OCH;

* LogP was calculated using Crippen's fragmentation Method

# The numbers indicate the positions where substitution occurs as in Fig.(1A).

H460 and H1299, human colon cancer cell lines Lovo and
DLD-1, human breast cancer cell line MDA-MB-231, and
normal human fibroblasts were seeded in 96-well plates and
treated with each compound at various concentrations. The
1Cs of these compounds obtained by XTT assay are summa-
rized in Table 2. Seven of the analogs killed none of the six
cell lines, at concentrations ranging from 31nM to 31uM. Six
of analogs killed some of cancer cell lines or normal cells,
but their ICs, values were higher than that of MMPT. Seven
of the analogs had lower ICsy values, indicating that they
were more potent than MMPT in inducing cytotoxic effects.
Of these eight, four (DBPT, BPT-5, 12, 16 and 27) were less
toxic to normal human fibroblast cells than MMPT (Fig. 2).

By comparing substituents and cytotoxic effects, we
found that simple substitution of 4-CH; in MMPT by 4-OH,
4-OCH3;, or 4-NHAc abolished the cytotoxic effects of BPT-
8, 13, and 9, respectively, even though their logP are lower
than MMPT. Substitutions in ring A with 2-OH or 3-COOH
abrogated the cytotoxic effects of BPT-11 and 7. In contrast,
a substitution with 3-OH (BPT-4) resulted in cytotoxic effect
in normal and cancer cells. These results suggest that polar-
ity or hydrophility at 2- and 4- positions of ring A may dra-
matically influence cytotoxic effects of the compounds.

Interestingly, while either 4-OH or 2-OH (compounds 8
and 11) in ring A is not cytotoxic, the presence of the both
(compound DBPT) is cytotoxic. Moreover, compounds with

Table2. Median Inhibitory Concentrations of BPT Analogs in Six Cell Types
Analog ICs, (uM) = SD
Name NHFB DLDI1 MDA- H460 H1299 LOVO
BPT- MB-231
Group A
6 >31 >31 >31 >31 >31 >31
7 >31 >31 >31 >31 >31 >31
8 >31 >31 >31 >31 >31 >31
9 >31 >31 >31 >31 >31 >31
11 >31 >31 >31 >31 >31 >31
17 >31 >3] >3] >3] >3] >3]
18 >31 >31 >31 >31 >31 >31
Group B
10 13.4+3.46 6.2+0.14 >31 9.6x1.56 5.2+1.56 2.4+0.21
13 >31 5.2+0.07 >3] 26.3+1.69 1.6+0.42 1.9+0.21
14 >31 >31 8.5+0.92 25.7 >31 16.7+4.52
19 22.2+3.35 7.8+0.21 13.4+1.77 >31 13.4+1.48 1.75+0.21
21 >31 >31 >31 >31 20.5+13.4 2.6+0.42
22 16.5+£5.51 >3] 7.6+0.28 21.4+2.12 >31 6.5+0.98
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(Table 2. Contd....)

Analog ICsy (uM) = SD

Name NHFB DLD1 MDA- H460 H1299 LOVO

BPT- MB-231

Group C

MMPT 11.5%2.12 1.9+0.07 2.4+0.70 2.8+0.09 2.0£0.14 10.5%0.70

DBPT 17.5+4.94 0.51x0.35 4.4+0.07 3.420.07 1.6%2.10 3.9+3.96
3 5.320.42 >31 4.120.78 2.6+0.14 3.30+.71 1.35+0.21
4 3.4+0.42 1912 3.3x0.42 5.9+0.49 2.30.28 2.9+0.35
5 15.8+1.06 7.8+0.78 5.6+0.78 4.1£1.27 4.8+0.42 5.4%1.20
12 18.7£1.77 1.1x0.07 0.83+0.67 2.6+0.35 15.9+3.32 0.44+0.07
16 >31 0.80+0.08 12.3214.3 2.5+0.42 0.48+0.21 0.73+0.09
20 6.9+2.89 3.50+0.21 0.73%0.15 3.40.28 3.520.21 1.8+0.07

two substitutive groups consisting of -OH, -OCHj, or both in
ring A (DBPT, BPT-3, 5, 10, 12, and 14) have cytotoxic ef-
fects for at least some cancer cells. Compound 6 is not ac-
tive, however, presumably because of an unfavorable sub-
stituent size of -OCH2CH=CH,.

Compounds 16 and 20, which have 4’-OH and 4’-OCH;
modifications in ring B, have a greater degree of cytotoxic-
ity. Notably, compounds 16 and 5 have the same modifica-
tions in ring A. Yet, addition of 4’-OH in ring B increased
the cytotoxic effect of compound 16 in four of five cancer
cell lines tested. However, a further modification of ring A
of compound 16, addition of 5-OCH; (compound 17), abol-
ished cytotoxic effects. Moreover, changing the methyl
group of MMPT in ring A to position 4 in ring B (analog 18)
also abrogated the cytotoxic effect of the compound. It is
possible that an increase of polarity or hydrophility in ring B
would enhance the cytotoxic effect of the compounds. Thus,
hydrophility or polarity of substituents and their positions in
both rings may play roles in the cell-killing activity and cell-
type specificity of the compounds.
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Cell-killing Activity in Chemoresistant Cancer Cells

Our recent study [12-13] showed that both MMPT and
DBPT are active in P-glycoprotein over-expressing cells. To
test whether the compounds in Table 2 that induced tumor-
selective cytotoxic effects were also effective for chemore-
sistant cells, we determined the cytotoxic effects of MMPT,
DBPT, and BPT-12 and 16 in parental H460 cells and their
paclitaxel- or vinorelbine-resistant derivatives, H460/TaxR
and H460/VinR. We found that all four compounds induced
dose-dependent cell killing in all three cell lines (Fig. 3).
Interestingly, ICs and ICy values were comparable for those
compounds in parental H460 cells; the ICsy and ICy, values
for the resistant cells were markedly lower for compound R
(Table 3). This result demonstrates that analogs of BPT can
induce cytotoxic effects like those of MMPT in P-glyco-
protein-over- expressing cells.

Uptake of Compounds by Cancer Cells

The P-glycoprotein-independent cell killing induced by
some BPT analogs suggests that those compounds are not

H460

—&— MMPT
—— DBPT

—&— BPT-16
—®— BPT-12

1 0.1 100 10 1 0.1

Concentration (uM)

Fig. (2). Cell viability in H460, H460/VinR, and H460/TaxR cells. Cells were treated with MMPT, DBPT, analog BPT-12, or analog BPT-
16 at concentrations indicated. Cell viability was determined by SRB assay 4 d after treatment. Cells treated with the same amount of DMSO
(v/v: 0.1%) were used as controls, whose viability was set 1. The values represent mean + SD of a quadruplicate assay.
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Fig. (3). Uptake of compounds by cells. Cells were incubated with 10 ug/ml of analog BPT-12 or analog BPT-16, or 8 ug/ml of paclitaxel,
for 5 or 17 h in cell culture medium. After rigorous washing, compounds remaining in cells were extracted and quantified by HPLC analysis.

The data represent one of two experiments with similar results.

substrates of P-glycoprotein. To test whether intracellular
accumulation of the compounds is affected by P-glycopro-
tein status, we determined levels of compounds inside of
cancer cells after treatment with the compound. For this pur-
pose, we treated H460, H460/TaxR, and H460/VinR cells
with 10pg/ml concentrations of analogs BPT-12 or 16. Cells
were harvested 5 or 17 h later and compounds inside of cells
were extracted as described in Materials and Methods. The
extract was then subjected to HPLC and the amount of each
compound within 1x107 cells was determined through nor-
malization with an internal standard as described in Materi-
als and Methods. Analog BPT-9 was used as the internal
standard compound. As shown in Fig. (4) analog 9 can be
separated from 12 and 16 completely (resolution >1) with
HPLC, and the signal response factors for BPT-12 and 16
were 1.011 and 1.425, respectively.

The results show that uptake of BPT-12 and 16 in paren-
tal H460, H460/TaxR, and H460/VinR cells increased over
time from 5 h to 17 h (Table 4). Overall, the uptake of BPT-
12 in these three cancer cell lines was much better than that
of analogue 16, although the water-solubility of BPT-16
(logP=2.536) is higher than that of BPT-12 (logP=3.882)
based on their logP values. Nevertheless, the results showed
that accumulation of these compounds in the cancer cells
was not affected by level of drug efflux pump P-glyco-
protein. In contrast, the intracellular accumulation of palci-

taxel was dramatically lower in H460/TaxR cells than in
parental H460 cells. This result suggests that BPT-12 and 16
are not substrates of P-glycoprotein.

In summary, we obtained 27 analogs of BPT and ana-
lyzed 21 analogs for their cytotoxic effects in cancer and
normal cells. The results showed that the cell killing effects
of these compounds were affected by modifications occur-
ring in two phenyl rings of BPT. We also found that, in addi-
tion to MMPT and DBPT, compounds 5, 12 and 16 induced
tumor-selective cytotoxicity, when compared to their effects
on normal human fibroblasts. Moreover, compound 12 was
more effective than these other analogs in killing cancer cells
that are resistant to paclitaxel or vinorelbine and overexpress
P-glycoprotein. Analysis of cell uptake of these compounds
demonstrated that accumulation of these compounds in can-
cer cells was not affected by P-glycoprotein. Together, the
tumor-selective cytotoxic effects and effectiveness in cancer
cells overexpressing P-glycoprotein indicate that these com-
pounds might be useful for treatment of refractory tumors.
Nevertheless, clinical application of these agents may also
depend on their in vivo efficacy and toxicity, and their
chemical and pharmacological properties, including absorp-
tion, distribution, metabolism, and excretion [16-19]. Thus,
much work remains to be done to determine whether some
BPT analogs can be used for treatment of cancers.

Table 3. Inhibitory Concentrations of BPT Analogs in Sensitive and Resistant Cancer Cells
I1Cs/ IC M
MMPT and Analog @/ 1Cs (1M
H460/TaxR H460/VinR H460 NHFB
MMPT 2.0/>31 1.1/>31 2.8/>31 11.5/>31
DBPT 1.1/17 2.5/16 3.4/20 17.5/>31
BPT-12 0.36/5.9 0.15/0.79 2.6/25 18.7/>31
BPT-16 1.9/14 2.2/6.8 2.5/18 >31
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Fig. (4). Chromatography of Analogs BPT-9, 12, and 16. Analog BPT-9 was used as the internal standard compound. It can be separated
from BPT-12 and 16 completely (resolution >1) with HPLC, Retain Time (min): BPT-16=7.28, BPT-9=7.63, BPT-12=7.96. Signal Response
(Area): BPT-16 =9127, BPT-9 =9233, BPT-12 =6477 and the signal response factors for BPT-16 and BPT-12 were 1.011 and 1.425, respec-

tively.

MATERIALS AND METHODS
Chemicals

Twenty one analogs of BPT were purchased from Chem
Bridge Corporation. They were dissolved in dimethyl sulfox-
ide (DMSO) (Sigma-Aldrich Co., St. Louis, MO) as stock
solution (5mg/ml). Unless otherwise stated, DMSO was used
as the control in all studies.

Preparation of BPT Analogs in Small Scales

The BPT analogs were synthesized by 3 steps (Fig. 5). In
the first step [20], rhodanine (1) reacted with substituted
benzylaldehyde (2) in water media at ambient temperature
for 12-24 hrs to obtain substituted 5-benzylidene rhodanine
(3) precipitate (yield 70-80%). Methylation [21] of substi-
tuted 5-benzylidene rhodanine was carried out in step 2 with
Mel in EtOH under catalysis of (iPr),NEt for 1-4 hr (yield
40-50%). In the last step, heating was applied in reaction
between S5-benzylidene-2-(methylthio)thiazolidin-4-one (4)
and substituted benzylamine (5). The reaction was carried
out at 78-80°C for 0.5 - 4 hr, depending on the substituents in
the ring A & B (yield 30-60%). The crude products were
purified by silica gel column chromatography. Eluents of
CHCI3/MeOH or CHCIls/Aceton/MeOH was used for elution
of compounds from silica gel column. The purity and mole-
cule weight of the final product were determined by high

performance liquid chromatography-mass spectrum (LC/MS).
To further confirm their chemical identity, we also deter-
mined the NMR spectrum of some BPT analogs. NMR ana-
lysis was performed at Nuclear Magnetic Resonance Facility
of our institution, using a Bruker 500 MHz DRX NMR
Spectrometer with Me4Si as an internal standard. For exam-
ple, the purity and mass for BPT-12 synthesized in house
and analyzed by LC-MS were 96% and 341, respectively.
The BPT-12 obtained commercially and BPT-12 synthesized
in house have the same NMR profile. An example of NMR
data for BPT-12 is as following:

'H NMR (500 MHz, CDCI3) § 8.68 (s, 1H), 5 7.42 (t,
2H, J=7.87 Hz), 6 7.33 (d, 1H, J=8.75 Hz), & 7.23 (t, 1H,
J=7.87 Hz), 6 7.11 (d, 2H, J=7.87 Hz), § 5.63 (dd, 1H,
J1=8.75 Hz, J2=2.62 Hz), § 6.47 (d, 1H, J=2.62 Hz), 6 3.88
(s, 3H), 8 3.86 (s, 3H); The singlet at 8.68 was very broad
possibly due to tautomarization. BC NMR (125 MHz,
CDCI3) §,(162.7, 159.8, 130.3, 129.3 (2Cs), 127.2, 125.1,
121.6 (2Cs), 121.5, 115.9, 105.3, 98.4, 55.5, 55.5 doublet),
two carbons on the hetero cycle were not observable possi-
bly due to long relaxation times.

Cell Lines and Cell Culture

Human lung cancer cell lines H1299 and H460, human
breast cancer cell line MDA-MB-231, and human colon ade-
nocarcinoma cell lines LoVo and DLD-1 were maintained in

Table 4. Uptake of BPT Analogs 12 and 15 in H460 Cancer Cells
e P Treat ¢ Concentration in Cell
ancer Cell Line rea'men (n mole/107 cells)
Duration (h)
BPT-12 BPT-16 Paclitaxel
H460/TaxR 5 12.9 4.4 0.135
17 93.2 13.7 0.522
H460/VinR 5 14.4 4.4
17 96.5 36.5
H460 5 144 3.8 3.39
17 80.9 20.6 5.19
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our laboratory. Paclitaxel-resistant H460/TaxR and vinorel-
bine-resistant H460/VinR cells were derived from H460 and
overexpress P-glycoprotein as reported previously [12]. Nor-
mal human fibroblasts (NHFB) were obtained from Ameri-
can Type Culture Collection (Manassas, VA). Cells were
grown in RPMI 1640 1X medium supplemented with 10%
fetal bovine serum, 1% glutamine, and 1% antibiotics and
cultured at 37°C in a humidified incubator where atmosphere
contained 5% CO,.

Cell Viability Analysis

Cell viability was determined by 2,3-bis (2-methoxy-4-
nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]-2H-tetrazo-
liumhydroxide (XTT) assay as described previously [14-15].
Briefly, 1 day after 4000 cells/well in 100pl medium were
cultured in 96-well plates, the cells were treated with BPT
analogs at concentrations ranging from 31 nM to 31puM.
DMSO alone was used as a control. Cells were incubated at
37°C in a humidified atmosphere containing 5% CO,. Four
days after treatment, the medium was removed and cells
were washed once with phosphate-buffer saline (PBS). Cell
viability was measured by XTT assay using Cell Prolifera-
tion Kit IT (Roche Molecular Biochemicals, Indianapolis, IN)
according to the manufacturer’s protocol. Each experiment
was performed in quadruplicate and repeated at least twice.
Cell viability was calculated according to this formula:
Areatment/ Acontrol X 100 (%). Concentrations that inhibited 50%
or 90% of cell growth (ICs5y and 1Cy respectively) were de-
termined by using Curve Fit Software.

Extraction of BPT Analogs in Cancer Cells

To determine the uptake of BPT analogs by cancer cells,
cancer cells (1x107) in dishes (¢=15 cm) were treated with
them at a concentration of 10 ug/ml concentration for 5 or 17
h. Cells were then washed three times with PBS to remove
free compounds, harvested, and counted. To release com-
pounds from the cells, cells were spun at 1200 rpm for 2
min, and the resulting cell pellets were then suspended in 1-
1.5 ml PBS and subjected to three freeze/thaw cycles. Add-
ing H;PO,4 to a final concentration of 0.02% disrupted the
compound-protein interaction/binding. After incubation at
room temperature for 10 min, cell lysates were spun at
13,500 rpm for 10 min at 4°C. The supernatants with com-
pounds were collected. Protein precipitates were washed
with 0.5-1 ml PBS and the supernatant was pooled together.
BPT analogs in the pooled supernatant were extracted by the
solid phase extraction method using the Oasis HLB (C-18)
Ice (30 mg) cartridge (Waters Corp., Milford, MA) and fol-
lowing the products instruction. Before adding sample to the
cartridge, it was conditioned with 1 ml of methanol and then
1 ml of distilled water. After sample all passed through the
cartridge, the cartridge was washed with 2 ml of distilled
water. The compound remaining in the cartridge was ex-
tracted by elution with 2 ml of methanol.

Analytical High Performance Liquid Chromatography

Chromatographic analysis of compounds in cell extracts
was performed by using the HP1100 binary pump HPLC

Wu et al.

inlet system (Agilent Technologies, Wilmington, DE) and a
Phenomenex Luna 5u C5 50 x 2.0 mm column (Phenomena,
Torrance, CA). The sample was separated by application of
the rapid linear gradient of 40% to 100% methanol in 3.5
min. The mobile phase consisted of 0.1% formic acid water
solution as phase A and methanol as phase B. A flow rate of
300 ul/ml was employed. The column was maintained at
40°C.

To quantitatively analyze the BPT analogs in cancer cell
with HPLC, BPT-9 was chosen as the internal standard
(Istd), and was added to 2 ml of the extractants already de-
scribed in same amount. Fresh analogs 12 and 15 were em-
ployed as standards (Std) to determination of the response
factor (RF) by HPLC according to the following equation:

Response Factor = (IStd peak area/Std peak area) x (Std
amount/ IStd amount)

The contents of analogs G and R in sample were calculated
by this equation:

Amount of analyte = RF x IStd amount x peak area of ana-
lyte/peak area of IStd
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