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Abstract In the present study, we screened newly synthesized antiviral amino-
pyrazoloquinoline derivatives for their cytotoxic and genotoxic potential in human
normal and breast cancer cell lines using apoptosis and DNA adducts biomarkers.
The compounds, along with the well-known antiviral drug acyclovir, were incu-
bated with the normal (MCF-10A, MCF-12A) and cancer (MCF-7, MDA-MB-231)
cell lines at 10, 50, and 100 puM for 72 h at 37°C. The most potent antiviral methoxy
derivative (compound 3) was found to be more cytotoxic in the normal breast
epithelial cell lines (MCF-10A and MCF-12A) and MDA-MB-231 cell lines at
50 uM. MCF-7 cells were found to be almost completely resistant to all these
compounds while MDA-MB-231 cell lines were significantly killed by apoptosis.
Acyclovir was ineffective in all these cell lines. We further tested these compounds
using modulation of benzo[a]pyrene (BP)-DNA adduct formation in these cell lines.
An inverse correlation was found between the degree of apoptosis and BP-DNA
adduct levels for most of these compounds, although this seems to be the case only
with the cancer cell lines. Our results suggest that the newly synthesized antiviral
compounds have an associated risk of cytotoxicity and/or genotoxicity compared to
acyclovir.
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Acyclovir had been the drug of choice for herpes simplex virus (HSV) for several
decades; however, the emergence of acyclovir-resistant isolates in immunocom-
promised patients and organ and bone marrow recipients has motivated the
discovery of new antiviral compounds (Englund et al., 1990; Ljungman et al., 1990;
Darville et al., 1998; Morfin and Thouvenot, 2003; Danve-Szatanek et al., 2004).
Bearing this in mind, we synthesized several pharmacologically active aminopy-
razoloquinoline derivatives (Fig. 1) with and without sugar moieties, which have
been shown to possess different degree of antiviral activities against HSV type 1
(HSV-1) (Bekhit et al., 2004; Bekhit et al., 2005). The aldehydo-sugar derivatives
of pyrazoloquinoline (compounds 4 and 5) inhibited HSV-1 replication (Bekhit
et al., 2005). However, the precursors of these aldehydo-pentose derivatives
exhibited more or less comparable anti-HSV-1 activity to the widely used drug
acyclovir (Bekhit et al., 2005). 3-amino-7-methoxy-1H-pyrazolo[3,4-b]quinoline
(compound 3) was found to be an equally effective antiviral compound as acyclovir
on an equimolar basis (Bekhit er al., 2005).

The design of new drugs with the least possible genotoxic and/or clastogenic
effects in patients is of utmost importance to limit or minimize serious side-effects. In
the majority of cases, the cytotoxic and genotoxic potential are determined by the
biomarkers of the cell cycle (e.g., apoptosis and viability) or effect-based biomarkers
(e.g., sister chromatid exchanges, chromosomal aberrations, and strand breaks).
Little attention has been given in the past to the biomarkers of exposure (DNA
damage) to assess the genotoxic potential of the promising new drug candidates.
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Fig. 1 Chemical structures of aminopyrazoloquinoline derivatives. Compound 1: 3-amino-1H-
pyrazolo[3,4-b]quinoline; compound 2: 3-amino-7- methyl-1H-pyrazolo[3,4-b]quinoline; compound 3 :
3-amino-7-methoxy-1H-pyrazolo[3,4-b]quinoline; compound 4: aldehydo-D-arabinose{7-methyl-1H-
pyrazolo[3,4-b]quinoline-3-yl }imine; compound 5: aldehydo-D-xylose{7-methoxy-1H-pyrazolo[3,4-
b]quinoline-3-yl }imine; compound 6: acyclovir
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In the present study, we evaluated the cytotoxic and genotoxic potential of the
selected antiviral aminopyrazoloquinoline derivatives using both apoptosis and
carcinogen-DNA adduct modulation as biomarkers in various human normal and
breast carcinoma cell lines. An association between degree of apoptosis and BP-
DNA adduct level in different cell lines is discussed.

Materials and methods
Chemicals and cell lines

The aminopyrazoloquinoline derivatives were synthesized as described earlier
(Bekhit et al., 2004; Bekhit et al., 2005). Human breast carcinoma cell lines (MCF-7,
MDA-MB-231) and normal human breast epithelial cell lines (MCF-10A, MCF-12A)
were purchased from the American Type Culture Collection (Rockville, MD, USA).
All the cell culture reagents and media were obtained from the Sigma Chemical
Company (St. Louis, MO, USA) except cholera toxin, which was purchased from
Miller and Miller (Chemical) Ltd. (London, UK). A Vybrant apoptosis assay kit 2 was
purchased from Molecular Probes Inc. (OR, USA). [y->*P]ATP was purchased from
ICN Pharmaceuticals (Costa Mesa, CA, USA). Other chemicals used for the 32p.
postlabeling have been described elsewhere (Gupta 1996).

Cell culture, treatments, and analyses

MCEF-7 and MDA-MB-231 cells were cultured in RPMI1640 media using 10% calf
serum to its confluence. The MCF-10A and MCF-12A were cultured in Dulbecco’s
modified Eagle’s medium/Ham’s nutrient mixture F12 (1:1, v/v) supplemented with
cholera toxin (100 ng/ml), epidermal growth factor (20 ng/ml), insulin (10 pg/ml),
hydrocortisone (0.5 pg/ml), and 5% calf serum. For the benzo[a]pyrene (BP)-DNA
adducts modulation studies, cells were subcultured in 3-5 replicates using 60 mm
dishes and treated with 100 pM of the test compounds dissolved in dimethyl
sulfoxide (DMSO) (approximately 1%) for 24 h. With the change of fresh medium,
BP (0.5 pM) was added to the treated cells for a further 24 h of incubation in a CO,
incubator at 37°C. The cells were harvested by trypsinization and kept frozen at —
80°C until DNA isolation. BP-DNA adducts were analyzed by the nuclease P1-
mediated *?P-postlabeling technique as described earlier (Gupta 1996; Arif et al.,
2004a; Arif et al., 2004b).

For apoptosis and cell viability assays, the cells were treated with the test
compounds (10, 50, and/or 100 uM) in triplicate for 72 h followed by analysis by
flow cytometry using the annexin V kit as described earlier (Arif et al., 2006).

Statistical analysis
Values are presented as mean =+ standard deviation (SD) (n = 3-5). The statistical

significance was determined by Student’s #-test and a p value less than 0.05 was
considered significant.
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Results and discussion

In the present study, we evaluated aminopyrazoloquinoline derivatives for cytotoxic
potential using cell cycle progression markers. At relatively lower concentration
(10 pM), all of these compounds showed no appreciable cell death, apoptosis or cell
cycle arrest in the normal (MCF-12A) or breast cancer (MCF-7, MDA-MB-231)
cells (data not shown). However, when increasing the concentration to 50 pM, both
compound 1 and its methylated derivative (compound 2) were slightly effective in
the normal and cancer cell lines (Fig. 2). At a concentration of 50 uM, compound 2
caused insignificant apoptosis in the normal MCF-10A and MCF-12A cell lines
while no effect was observed in either of the cancer cells. No appreciable cell arrest
was observed in the G2/M phase. Further increasing the concentration to 100 pM
did not significantly change the scenario for compounds 1 and 2. However, the
methoxy derivative of aminopyrazoloquinoline (compound 3), the most active anti-
HSV-1 agent (Bekhit et al., 2005), showed the maximum toxicity. This compound
at 50 pM dose caused 20-30% cell death in the normal cells while 30-55% of the
cancer cells were killed (Fig. 2). The fraction of cells arrested in the G2/M phase
was 20-35% in the case of normal cells, with approximately 30% apoptosis
in MCF-12A; MCF-10A showed only about 5% apoptosis. However, in the
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Fig. 2 Percentage of viable, apoptotic, and G2/M arrested cells following treatment with the test
compounds at various concentrations. The data was normalized against the control (100% for viability or
0% for apoptosis). The empty bars represent 50 pM while solid bars show 100 uM concentrations of the
compounds. The values are represented as mean £ SD (n = 3)
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MDA-MB-231 cell lines, about 35% of the cells were arrested in the G2/M phase
with more than 45% apoptotic cells. Interestingly, at the 50 uM concentration,
MCEF-7 cells were the least affected with less than 10% apoptosis. Furthermore, at
the 100 pM concentration, this compound killed more than 90% of the normal
(MCF-10A, MCF-12A) and MDA-MB-231 cells with up to 80% apoptosis;
however, only 50% cytotoxicity was observed among the MCF-7 cells with just
15% apoptosis. Accordingly, both ER cells (MCF-10A and MDA- MB-231) showed
a maximum 80% apoptosis. The ER" normal MCF-12A cells showed about 60%
apoptosis. However, interestingly other ER* malignant MCF-7 cells tolerated this
compound very well, with less than 20% apoptosis.

Furthermore, the aldehydo-sugar derivatives showed differential responses
(Fig. 2). The arabinose derivative (compound 4) of the relatively ineffective
compound 2 showed similar responses in MCF-10A, MCF-12A, and MCF-7 cells as
was observed with the parent compound 2 except significant numbers (20-30%) of
MCF-12A cells were arrested in the G2/M phase. However, the addition of
arabinose sugar significantly affected the MDA-MB-231 cells, killing 40-60% of
cells at both 50 and 100 uM concentrations with 20-50% apoptosis. Interestingly
20-30% of cells were arrested in the G2/M phase, similar to the MCF-12A cells. In
contrast, the cytotoxic action of the most toxic methoxy derivative (compound 3) of
aminopyrazoloquinoline was drastically inhibited by the addition of xylose sugar
(compound 5). Surprisingly this coincided with their respective anti-HSV-1 activity
(Bekhit et al., 2005) where the addition of xylose sugar drastically reduced the anti-
HSV-1 activity of compound 3. At the 50 uM concentration, both normal and
cancer cells showed no sign of cytotoxicity or apoptosis. However, increasing the
dose to 100 uM killed about 50% of the normal cells (MCF-10A and MCF-12A)
and caused 40% apoptosis. Surprisingly, both MCF-7 and MDA-MB-231 were
almost completely resistant to the cytotoxic action of this compound, even at the
100 uM concentration. However, the widely used antiviral drug acyclovir did not
cause any significant apoptosis, cytotoxicity or cell arrest in either of the cell lines at
either of the 50 or 100 UM concentrations.

The resistance of the MCF-7 cell lines to any of these compounds compared to
other cell lines regardless of their nonmalignant or malignant nature suggests the
involvement of caspase-3 as one of the causes of apoptosis by these compounds. It is
one of the executioners of the apoptosis and MCF-7 cells are deficient of caspase-3
(Liang et al., 2001). In contrast, the widely used anti-HSV-1 drug acyclovir did not
cause cytotoxicity, apoptosis or cell cycle arrest in any of the cell lines. These new
antiviral aminopyrazoloquinoline derivatives have great and comparable potential
of competing with the acyclovir for the treatment of HSV-1 infection in resistant
immunocompromised patients and bone and organ transplant recipients. However,
these new antiviral compounds have an associated risk of side-effects in terms of
cytotoxicity in other organs.

We further tested the genotoxic potential of the antiviral aminopyrazoloquinoline
derivatives using BP-derived DNA adduct formation in various normal and
malignant human breast epithelial cell lines. These compounds did not result in any
type of adducts per se but instead modulated the BP-derived DNA adducts. The
DNA adduct marked with an arrow in the panels A (Fig. 3) has been previously
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characterized as BP-7,8-dihydrodiol-9,10-epoxide-deoxyguanine (Arif et al., 2004a;
Arif et al., 2004b). Differential modulation of BP-DNA adducts by all these
compounds was noticed in various cell lines. In general, BP-DNA adducts formation
in normal breast epithelial cells (MCF-10A, MCF-12A) were not affected by these
compounds, except compound 3 which showed more than 40% reduction in the BP-
DNA adduct levels in the MCF-12A cells. All other compounds, including
acyclovir, were ineffective (Figs. 3 and 4). On the other hand, the scenario in the
breast cancer cell lines, especially MCF-7, was quite different as they exhibited a
3.5-fold induction of BP-DNA adducts by compound 2. Compounds 3 and 4 also
modulated the BP-DNA adduct levels by 2-2.5 times in the MCF-7 cells (Fig. 4).
The remaining compounds, including acyclovir, were ineffective. However, the
MDA-MB-231 cells showed an increase in the BP-DNA adduct level due to
compound 1. The methoxy derivatives (compounds 3 and 5) significantly reduced
BP-DNA adduct formation by more than 60% in the MDA-MB-231 cells. In
agreement with other cell lines, acyclovir did not show any modulation of BP-DNA
adducts in these cancer cell lines.

Furthermore, acyclovir neither induced apoptosis nor modulated BP-DNA adduct
levels in cancer or normal cells indicating that it is noncytotoxic and nongenotoxic

at these concentrations.
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Fig. 3 Representative **P-adduct maps of DNA from various cells treated with benzo[a]pyrene (BP)
(0.5 uM) in the absence (A) or in the presence of the indicated test compounds (B-G). DNA (10 pg) was
digested, enriched and the adducts were analyzed by nuclease P1-mediated >?P-postlabeling assay as
described in the text. The autoradiographs were exposed using the storage phosphor screens and scanned
in a Typhoon 8600 imager. The arrow indicates that the adduct spot was derived from BP-7,8-
dihydrodiol-9,10-epoxide-deoxyguanine (Arif et al., 2004a; Arif et al., 2004b)
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Fig. 4 Levels of BP-DNA adducts in the normal (MCF-10A, MCF-12A) and cancer (MCF-7, MDA-
MB-231) cell lines by aminopyrazoloquinoline derivatives and acyclovir

Nevertheless, our results emphasize the idea of using more than one cell line
along with multiple biomarkers in the screening of new compounds to reach a
reliable conclusion on their cytotoxic, genotoxic, and/or anticancer potentials prior
to proceed with preclinical and clinical studies.
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