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Abstract

Three 1,2 dithiole 3-thion fluoroquinolone esters (2-4) were prepared via condensation of (p-hydroxyl phenyl) -1,2dithiole-
3-thione with fluoroquinolones (Ciprofloxacin, Gatefloxacin and Moxifloxacin). The biological activity of these compounds
was assayed against 60 types of cancer cells in vitro. The compound 2 (NSC=760553) showed anticancer activity against renal
cell, while the comound 4 (NSC=760555) show activity against three types of cancer cell. The expected mechanism of their
activity is that 1,2dithiole 3-thione derivatives may give H,S as new gas transmitter which play an important role in the
biological systems.
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Introduction these compounds. Dithiolethione derivatives expected to
release sulthydrl group (SH) seems to contribute to the
Dithiolethiones 1 (1,2 dithiole-3-thiones) and its pathogenesis of several diseas, including Alzheimer
derivatives have anti cancer activity (1). Oltipraz and disease, hypertension and other diseases (3,4).
related dithiolethione derivatives are an important class of
chemopreventive agents that enhance the expression of g s

carcinogen detoxication and antioxidant agents (2). Since,
many synthetic compounds have been used to protect
animals against a variety of cancer (3). Hydrogen sulfide N—
has been shown to be a potent endogenous gasous mediator

in many physiological and pathological processes. \ Y
Hydrogen sulfide (H,S)" in mammalian tissues is produced N
from L- cysteine, the sulthydryl group (SH) be the essential Oltipraz
species which responsible for the biological activities of
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Dithiolthiones (1,2 dithiol-3-thione) derivatives are a
family of promising cancer chemoprotective agents (2).
Fluoroquinolones ability to inhibit the activity of DNA
grase and topoisomerase IV and promise to have dual
acting as antibacterial agents and anticancer agent (5).

In view of the biological importance of 1,2 dithiole 3-
thione derivatives, it was planned to synthesize a new
compounds linkage with fluoroquinolones and were
evaluated for in vitro anticancer activity against 60 types of
cancer cells.

Materials and methods
All the solvents and reagents used are of AR grade,

Fluoroquinolones were purchase from China. The other
chemicals were purchased from Sigma-Aldrich Chemical

Company (Germany).
Melting points (mp) were determined in open
capillaries, using Thomas melting point apparatus,

expressed in ° C and are uncorrected. The IR spectra of the
compounds were recorded on Shimazu model WQF-510
FT-IR spectrometer using KBr disc.The pH of the solution
were determined on pH-meter.

Biological Activity

The biological activity of the compounds were tested
against 60 types of cancer cell at National Cancer Institute
(NCI), Development Therapeutic Program using One Dose
Mean Graph,Maryland, USA.

Sylzlthesis of 5-(4-hydroxyphenyl)-1,2-dithiol-3- thione
@

A solution of p-hydroxyacetophenone (0.04 mole,
5.44¢g) in benzene 10 ml was mixed with (0.06 mole, 4.56
ml) of piperidine, then reflux under azeotropic condition for
10h. The reaction mixture was evaporated to dryness under
reduced pressure. The crude product was dissolved in THF
Sml, then add carbon disulfide (0.06 mole, 4.5ml) was
added dropwise and also a solution of sulfur (0.19g) in THF
15ml. The mixture was heated at 70 °C until the color of
solution be red, then complete stirring at room temperature
for 24h. The mixture was poured on ice-water 75 ml, then
extract the product with dicholomethane. The organic layer
was washed four times with water, then dried with sodium
sulfate, filter then evaporate the solvent under reduced
pressure give the compound (I). The melting point is (105-
106 °C), with 75% percentage yield. IR spectra show v cm’™
3437 (OH phenol), 2924 (C-H), 1662 (C=C), 1246 (C=S).

Synthesis of fluoroquinolone ester derivatives (2- 4) 243
To a solution of proper fluoroquinolone (0.001 mole) in
pyridine 5ml, thionyl chloride (0.001 mole) was added
dropwise in ice-bath. The resulted solution was refluxed for
I h., then poured on an ice-water50ml, neutralized with
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10% sodium bicarbonate to pH=8.5. The solid crude
product was washed with ice-water, filter and dried. These
compounds were decomposed when the temperature was
elevated to give high yields up to 86%. The IR spectra (v,
em™ 3197 for (N-H), 2973-2933 (C-H), 1711 (C=0), 1626
(C=0), 1244 (C=8).

Evaluation of the in Vitro Cancer Screen

The human tumor cell lines of the cancer screening
panel are grown in RPMI 1640 medium containing 5% fetal
bovine serum and 2 mM L-glutamine. For a typical
screening experiment, cells are inoculated into 96 well
microtiter plates in 100 pL at plating densities ranging from
5,000 to 40,000 cells/well depending on the doubling time
of individual cell lines. After cell inoculation, the microtiter
plates are incubated at 37°C, 5 % CO,, 95 % air and 100 %
relative humidity for 24 h prior to addition of experimental
drugs (6).

After 24 h, two plates of each cell line are fixed in situ
with TCA, to represent a measurement of the cell
population for each cell line at the time of drug addition
(Tz). Experimental drugs are solubilized in dimethyl
sulfoxide at 400-fold the desired final maximum test
concentration and stored frozen prior to use. At the time of
drug addition, an aliquot of frozen concentrate is thawed
and diluted to twice the desired final maximum test
concentration with complete medium containing 50 pg/ml
gentamicin. Additional four, 10-fold or ' log serial
dilutions are made to provide a total of five drug
concentrations plus control. Aliquots of 100 pl of these
different drug dilutions are added to the appropriate
microtiter wells already containing 100 pl of medium,
resulting in the required final drug concentrations (7).

Following drug addition, the plates are incubated for an
additional 48 h at 37°C, 5 % CO2, 95 % air, and 100 %
relative humidity. For adherent cells, the assay is
terminated by the addition of cold TCA. Cells are fixed in
situ by the gentle addition of 50 pl of cold 50 % (w/v) TCA
(final concentration, 10 % TCA) and incubated for 60
minutes at 4°C. The supernatant is discarded, and the plates
are washed five times with tap water and air dried.
Sulforhodamine B (SRB) solution (100 pl) at 0.4 % (w/v)
in 1 % acetic acid is added to each well, and plates are
incubated for 10 minutes at room temperature. After
staining, unbound dye is removed by washing five times
with 1 % acetic acid and the plates are air dried. Bound
stain is subsequently solubilized with 10 mM trizma base,
and the absorbance is read on an automated plate reader at a
wavelength of 515 nm. For suspension cells, the
methodology is the same except that the assay is terminated
by fixing settled cells at the bottom of the wells by gently
adding 50 pl of 80 % TCA (final concentration, 16 %
TCA). Using the seven absorbance measurements [time
zero, (Tz), control growth, (C), and test growth in the
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presence of drug at the five concentration levels (Ti)], the
percentage growth is calculated at each of the drug
concentrations levels. Percentage growth inhibition is
calculated as (8):

[(Ti-Tz)/(C-Tz)] x 100 for concentrations for which
Ti>/=Tz

[(Ti-Tz)/Tz] x 100 for concentrations for which Ti<Tz.

Three dose response parameters are calculated for each
experimental agent. Growth inhibition of 50 % (GI50) is
calculated from [(Ti-Tz)/(C-Tz)] x 100 = 50, which is the
drug concentration resulting in a 50% reduction in the net
protein increase (as measured by SRB staining) in control
cells during the drug incubation. The drug concentration
resulting in total growth inhibition (TGI) is calculated from
Ti = Tz. The LC50 (concentration of drug resulting in a
50% reduction in the measured protein at the end of the
drug treatment as compared to that at the beginning)
indicating a net loss of cells following treatment is
calculated from [(Ti-Tz)/Tz] x 100 = -50. Values are
calculated for each of these three parameters if the level of
activity is reached; however, if the effect is not reached or
is exceeded, the value for that parameter is expressed as
greater or less than the maximum or minimum
concentration tested

NCI60 testing is performed in two parts: first a single
concentration is tested in all 60 cell lines at a single dose of
10° molar or 15 pg/ml. If the results obtained meet
selection criteria, then the compound is tested again in all
60 cell lines in 5 x 10 fold dilutions with the top dose being
10-4 molar or 150 pg/ml. Compounds accepted for NCI60
testing are prepared for both 1-dose and 5-dose testing at
the same time (9).

Synthetic agents for the Cancer screen with a known
molecular weight are prepared in DMSO:glycerol 9:1
(unless otherwise noted) at a concentration of 4 mM for the
one dose assay and 40 mM for the 5-dose assay. In both
cases the solution is diluted 1:400, giving a High Test
concentration of 10 or 100 uM respectively. Synthetic
agents (macromolecules) without a molecular weight are
prepared in DMSO:glycerol 9:1 (unless otherwise noted) at
a concentration of 6 and 60 mg/ml which is diluted 1:400,
giving a High Test concentration of 15 and 150 pg/ml.

The Cancer screen requires 100 pl for 1 log, 5-dose
dilutions of regular compounds and 75 pl for 1-dose testing.
1-dose testing is done at 1/10th the high concentration of 5-
dose testing, so the volume requirement is 210 ul + 20% at
40 mM for compounds with molecular weights or 210 pl +
20% at 60,000 pg/ml = 250 pl for compounds without
molecular weights (macromolecules) (i.e. less than 10 mg
for MW = 1000 or 15 mg for compounds tested as
weight/volume).
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Compounds that are identified as needing to be prepared
fresh before use are solubilized no more than one hour
before serial dilution. It is serial diluted on a TECAN
Freedom 200 (two drugs/plate), transferred to a column
plate and stored under nitrogen in a desiccator box until
delivered to the testing lab.

For 1-dose 60 cell testing: On the day of or the day
before drug addition to growing cells in tissue culture, a
strip of standards (adriamycin, NSC 123127 prepared and
stored the same as the compounds) is added to the
detachable well plate, and 90 ul DMSO is added to each
well (4 mM solution), and mixed/sonicated and 75 pl is
transferred, using a 12 channel hand pipettor, to a 12
channel reservoir plates (column plates), which is sealed
and stored under nitrogen in a desiccator box until delivered
to testing lab. The labels are placed at the right and the left
of the front of the reservoir plate. It will be the first and the
last NSC number in the row. Rows are transferred from
detachable plate to columns 3-12 of column plates. Plates
are sealed and stored under nitrogen no more than 24 hours
prior to drug addition (10).

Results and Discussion

In the present study, three compounds were synthesized
as depicted in (scheme 1) in two steps. Firstly, the
compound (I) (5-(4-hydroxyphenyl)- 1,2 dithiol-3 thione)
was prepared in a high yield via condensation of the 4-
hydroxyl acetophenone with piperdine to form an
intermediate (I), then react with mixture of CS ;, and Sulfur.

Secondly, the condensation of the dithio-3-thione
compound (II) with the proper fluoroquinolones
(Ciprofloxacin NSC=760553, Getafloxacin NSC=760554,
Moxifloxacin NSC=760555) to give compounds (2,3&4)
respectively as shown in scheme 1.

The anti-infective agents are fight cancer cells. The
evaluation of in vitro anti cancer activity against 60 types of
cancer cell lines (10). The vehicles of choice are DMSO
and water. The three agents are solubilized using one of
these two vehicles. Other vehicles are used at the request of
the supplier or based upon past testing methods. Agents
utilizing volatile solvents as a vehicle are labeled 'Fresh'
and are prepared within an hour of screening addition.
Currently, all synthetic agents for Prescreen/Cancer
screening are prepared in DMSO:glycerol 9:1, unless
another vehicle is indicated. When water is indicated, the
compound is solubilized in either distilled water or in cell
culture media (RPMI 1640) without serum. All
solubilizations requiring THF, Ethanol, Methanol, or other
volatile solvents are prepared fresh to reduce evaporation
(8,9).

The goal of solubilization is to deliver the highest
requested concentration of an agent for the screening
process. However, the number of vials required by the
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program screening the agent determines the minimum
amount of vehicle that can be added. For the cancer
screening lab, if the amount of material sent is insufficient
to create the required number of aliquots, the concentration
must be dropped to ensure an appropriate volume is met. If
it is a retest compound, permission must be obtained prior
to dropping the concentration.

The compound 2 (NSC= 760553) show anti cancer
activity against renal cell (type 786.0) about 47.85%, while
the compound 4 (NSC= 760555) show activity against three
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types of cancer cells (Leukemia CCRF-CEM, Melanoma
LOX. IMVI, and Renal UO-31) the activities are 78.57,
77.83 and 77.53)% respectively. All activities against
cancer cell in vitro are low, further studies are needed to
enhance activity (11).

The expected mechanism is due to sulthydral group
(SH) act as source for H,S gas which plays an important
role gastransmitter in the biological cells, and the effect of
the third generation antibacterial fluoroquinolones that
inhibit DNA grase will increase the inhibition of the tumor.
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Scheme 1: Synthesis of 1,2dithiol 3 -thione 4 - fluoroquinolone ester derivatives
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Figure 1: The Screening test of compound 2 against 60 cancer cells in vitro.
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Figure 2 : The Screening test of compound 4 against 60 cancer cells in vitro.
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