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Abstract

We report here the synthesis of aromatic coumarins and aromatic a-quinolones which were evaluated in vitro for their protective
potentialities against fert-butyl hydroperoxide (+~-BHP)-induced oxidative damage on human liver cell death, i.e., human hepatoma HepG2 cell
line and human hepatocytes in primary culture. We found that the presence of a benzylidene at the 3-position or a heterocycle with N and S
heteroatoms on the benzopyrone or quinolone system was essential for the protective effect of these compounds against r~-BHP-induced
decrease in viability of cells. We found also that a methoxy group on the aromatic ring systems decreased this potential. ~-BHP-induced
cytotoxicity in primary cultures of human hepatocytes could be therefore prevented by these compounds suggesting that they could display

hepatoprotective effects in humans.
© 2004 Elsevier SAS. All rights reserved.

Keywords: Coumarins; Quinolones; Human liver cells; Cell viability

1. Introduction

During these last 30 years, a great number of heterocyclic
coumarins or quinolones have been synthesized and their
biological activities extensively evaluated. Indeed, heterocy-
clic coumarins and quinolones display some interesting phar-
macological activities, particularly as anticoagulants, photo-
sensibilizing drugs, estrogen mimics or antiproliferative
compounds [1-9].
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Tert-butyl hydroperoxide (--BHP) is a well known inducer
of oxidative stress in biological systems and it is believed that
reactive free radical intermediates including peroxy, alkoxy
and carbon centred radicals are mediators of peroxide-
dependant injury [10,11]. The human hepatoma cell line
HepG2 is classically used [12-18] to investigate the mecha-
nisms of the cytotoxic or cytoprotective effects of xenobio-
tics. In particular, --BHP-induced oxidative stress, its conse-
quent cytotoxicity, and the protective effects of various
compounds against this toxicity have been recently described
using this specific cell line [19-21].

We report here the synthesis of benzothiazinic derivatives
of coumarin (2a-b) and quinolones (2¢—d) (Fig. 1) as well as
3-benzylidene derivatives of coumarins (Sa-b) and quinolo-
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Fig. 1. Synthesis of quadricyclic coumarins and quinolones.

nes (5c—d) (Fig. 2) [22-26]. We were investigated their effect
on t-BHP-induced cytotoxicity in HepG2 cells and primary
cultures of human hepatocytes, widely used for the evalua-
tion of hepatotoxic and hepatoprotective compounds in hu-
mans [27-29]. We were also tested the potential hepatopro-
tective activity of the reported derivatives and their effects on
t-BHP-induced cytotoxicity in primary cultures of human
hepatocytes.

2. Chemistry

The 6,12-dihydrobenzopyrano[3,4-b][1,4]benzothiazin-
6-ones 2a-b and 6,12-dihydroquinolo [3,4-b][1,4]benzo-
thiazin-6-ones 2c—d were prepared as shown in Fig. 1. The
quadricyclic system was synthesized according to the
method of Tabakovic [3,22,25]. The addition of 2-amino-
thiophenol on the substituted 4-hydroxycoumarins 1a-b or
on the substituted 2,4-quinolinediols 1¢—d was made in polar
aprotic solvents such as DMSO or DMF. This addition was
accompanied by the elimination of one molecule of water

o)
OH 7
x
+
Ry X (o]
R,
1a: X=0, R=H 3:R=H
1c : X=NH, R;=H 4 : R,=H

1d : X=NCH;, R;=H

and conducted to a non-isolable enaminone intermediate
[26]. Subject to a nucleophilic attack at the 3-position of the
coumarin or the quinolone, the bis(o-aminophenyl)disulfde
(DAPDS) motif was cleaved and the enaminone led to the
desired products 2a—d by an intramolecular cyclisation. The
expected compounds were crystallized from DMSO or DMF
on cooling at room temperature and were isolated by filtra-
tion under vacuum. Their structures were assigned from
FTIR and '"H-NMR spectroscopy, EI-MS spectrometry and
elemental analysis.

The 3-benzylidenecoumarins Sa-b and 3-benzylidene-
quinolones Sc—d were prepared as shown in Fig. 2. The
Knovenagel condensation of 4-hydroxycoumarins la-b or
2,4-quinolinediols 1¢—d on the substituted benzaldehydes (3,
4) carried out in pyridine gave compounds Sa—d in only one
diastereoisomeric form (Z). These compounds were crystal-
lized from alcohol and were isolated by filtration under
vacuum.

The structural determination of compounds 5a-d was
realised on the basis of NMR studies. The stereochemistry
(Z) of compounds (5a-d) was easily determined by simple

(1¢) 5a : X=0, R;=H, R;=H

(1d) 5b : X=0, R;=H, R,=CH;
(2b) 5¢ : X=NH, R=H, R,=H
(2d) 5d : X=NCH3, R;=H, R,=H

Fig. 2. Synthesis of benzylidene coumarins or quinolones.
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examination of "H-NMR spectra and comparison with the
data reported in the literature [30,31]. For compounds Sa—d
the (Z) configuration has been characterised by the presence
of an intramolecular hydrogen bond.

3. Results and discussion

Among the synthesized products, the coumarin 2a was
particularly interesting for its protective activity against
t-BHP-induced cytotoxicity in the cultured human hepatoma
HepG?2 cell line. Actually, it was shown that a concentration-
dependent protective effect on 3 mM -BMP-induced cyto-
toxicity in HepG2 cells (Fig. 3b). Of note, 2a displayed a
complete protection at 10 uM comparable to that of quercetin
(tested as a reference antioxidant compound) at the same
concentration (Fig. 3c) [32-35]. A significant effect on
HepG?2 cell line viability was also observed with +-BHP from
1 mM and about 50% cell mortality was observed at 3 mM
+-BHP (Fig. 3a).

Table 1 shows the percentage of HepG2 cells viability
co-incubated for 3 h with 3 mM #-BHP in the absence or in
the presence of the tested compounds at various concentra-
tions.

As shown in this table, the presence of a benzylidene
group at the 3-position (compounds Sa—d) or a heterocycle
with two heteroatoms on the coumarin or the quinolone
(2a—d) system appeared essential for the protective effect of
coumarin and quinolone derivatives. Note that compounds
with a methoxy group on the aromatic ring (2b, Sb) are
totally devoid of cytoprotective activity. Our data confirm
also recent studies from other groups [19-21], which were
reported that the human hepatoma cell line HepG2 provides a
useful model to study compounds with antagonist effects on
t-BHP-induced oxidative stress and cell damage.

In order to assess how the data obtained with the human
hepatoma cell line HepG2 correlate with those obtained with
primary cultures of human hepatocytes, the protective effects
of compound 2a were also assessed on primary cultures of
human hepatocytes isolated from three different donors.
Fig. 4a shows that ~-BHP-induces a significant effect on the
cell viability of human hepatocytes with 50% cell viability at
0.3 mM ¢-BHP. It thus appeared that primary cultures of
human hepatocytes were much more sensitive to t+-BHP-
induced oxidative stress than the cell line HepG2. Actually,
we have previously reported that HepG?2 cells express only in
part some fundamental metabolic pathways [13] and mimic
in part the pleiotropic responses to xenobiotics [14] of pri-
mary cultures of human hepatocytes. It could be possible that
the metabolic pathways potentially involved in the produc-
tion of reactive free radical intermediates [10—11] are only
partly expressed in HepG2 cells. Another possibility could be
that the HepG2 cell line of human liver origin is more
resistant to oxidative stress-induced damages than their pri-
mary human hepatocyte counterparts, due to a higher expres-
sion of defence systems against oxidative stress. As we re-
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Fig. 3. Cytotoxic effect of fert-butylhydroperoxide in HepG2 cells. Results
are reported as mean + SEM of three independent experiments. * Values
significantly different from control, P < 0.05 (Tuckey’s test). (a) Of 3 mM
t-BPH-induced cytotoxicity in HepG2 cells (b) Protective effect of com-
pound 2a (c) of quercetin. Results are reported as mean + SEM of three
independent experiments. * Values significantly different from control,
P < 0.05 (Tuckey’s test).

 Values significantly different from (+~-BHP 3 + 10 mM 2a or quercetin).

cently described that the antioxidant status in primary
cultures of rat hepatocytes was depressed compared to livers
[36], a similar pattern in primary cultures of human hepato-
cytes could explain their greater sensitivity to oxidative
stress. Further studies are required to explore this hypothesis.

The well-known antioxidant compound quercetin [32-35]
displayed a concentration-dependent protective effect
against ~-BHP (0.3 mM) induced cytotoxicity in primary
cultures of human hepatocytes with a complete protection at
10 uM (Fig. 4c). The benzopyrone derivative 2a, by achie-
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Table 1

Protective effect of synthesized compounds at different concentrations on 3 mM #-BHP-induced cytotoxicity in HepG2 cells

Compounds X R, R, Concentrations of tested compounds (M)
0 0.5 1 5 10

2a (¢} H - 54+4 71+4* 716+4* 89+£3*° 104 +4°
2b O OCH,4 - 53+6 42+6 44 +2 48+9 45+ 8
Sa O H H 57«1 63+2 72+4 80+3 73+£6
5b O H OCH,4 58+2 51+2 43+4° 40+2° 4527
2c NH H - 614 762 8871 78 +1 82+47
Sc NH H H 63+7 93+3% 814 83+1 80+3
2d NCH; H - 54+2 58+5 T4+3% 83+4° 79+£5¢
5d NCH, H H 41+2 63+2° 77+3% 62+4° 65+6?

HepG2 cells were exposed to 3 mM -BHP together with various concentrations of a given tested compound. Cell viability was expressed as percentage of
HepG?2 cells viability in the absence of ~-BHP (0 mM). Results are reported as mean + SEM of two or three independent experiments.

“Significantly different from 3 mM 7-BPH alone, P < 0.05 (Tuckey’s test).

ving considerable protection from concentrations as low as
0.5 um (Fig. 4b), appeared to display even a higher protecting
potential.

4. Conclusion

In conclusion, the present work confirms that the human
hepatoma cell line HepG2 constitutes a reliable model to
study compounds with protective potentialities against
t-BHP-induced cytotoxicity. Our results suggest that the pre-
sence of a benzylidene group at the 3-position or a heterocy-
cle with two heteroatoms on the coumarin or on the quino-
lone system is essential for a protective potential and that a
methoxy group on the aromatic ring system decreases drama-
tically this protection. The observation that those compounds
also antagonised r~-BHP-induced cytotoxicity in primary cul-
tures of human hepatocytes suggests that they could display
interesting hepatoprotective effects in humans. The disco-
very of 6,12-dihydro-1-benzopyrano([3,4-b][1,4]benzo-
thiazin-6-one 2a as a cytoprotective compound against hepa-
tic oxidative stress at 0.5 uM may conduct to a promising
pharmacomodulation for the discovery of new potential
drugs.

5. Experimental protocols
5.1. Chemistry

All compounds were characterized using the methods of
elemental analyses, IR spectroscopy, NMR spectroscopy and
MS spectrometry. Infrared spectra were recorded on a Shi-
madzu FTIR-8201 PC spectrometer in potassium bromide
pellets for solids and as liquid films for oils (v in cm™).
Proton NMR spectra were recorded on a Bruker AC
200 spectrometer. The samples were dissolved in DMSO-d
or in CDCI;. All measurements were performed at 293 K and
the chemical shift values were referenced to tetramethylsi-
lane (CEA Saclay, France) as internal standard. Chemical
shift values and IR data for all compounds are summarized in
the experimental part and are in agreement with the proposed
structures.

Melting points were determined on a Biichi N°510 appa-
ratus and were uncorrected. Thin layer chromatography
(TLC) was carried out on an Alugram Sil G/UV s, plate with
appropriate solvents. Microanalyses were carried out by the
Service Central d’ Analyses, Centre National de la Recherche
Scientifique, Vernaison (France).

5.1.1. 6,12-Dihydrobenzopyrano[3,4b][ 1,4 ]benzothiazin-6-
one (2a)

The 4-hydroxycoumarin (la) (50 mmol) and
2-aminothiophenol (60 mmol) were added to 20 ml of
DMSO and heated to 140 °C for 12 h. On cooling at room
temperature, the product crystallized and was filtered under
vacuum. Recrystallization from ethanol gave 2a in 60%
yield; mp > 300 °C. IR (KBr) (cm™): 3335, 3010, 1668,
1618, 1015, 737; "H-NMR (DMSO-d®) J (ppm): 6.90-7.10
(4H, m, Ar-H), 7.50 (2H, m Ar), 7.65 (1H, dd, ,J = 6.5 Hz,
1/ =17.5Hz, H-2), 8.20 (1H, m, 3J = 7.5 Hz, H-1), 9.00 (1H,
s, NH). MS (m/z): 267 [M']; C,sHgNO,S.

5.1.2. 6, 12-Dihydro-3-methoxybenzopyrano[3,4-b][1,4]
benzothiazin-6-one (2b)

This compound was obtained in 65% yield from
7-methoxy-4-hydroxycoumarin (1b) according to the gene-
ral procedure used for the synthesis of 2a; mp > 300°C. IR
(KBr) (cm™): 3335, 3010, 2934, 1670, 1616, 1028, 750;
'"H-NMR (DMSO-dy) 6 (ppm): 3.85 (3H, s, OCH,), 6.85
(2H, m, Ar-H), 6.98 (1H, d, 5J = 2.5 Hz, H-4), 6.95 (2H, m,
Ar-H),7.02 (1H, dd, ,J=2.5Hz, ;J=9.1 Hz, H-2), 8.10 (1H,
d, H-1), 9.01 (IH, s, NH). MS (m/z) = 297 [M'].
C,6H,NO;S.

5.1.3. 6,12-Dihydroquinolo[3,4-b][ 1,4 ]benzothiazin-6-one
(2¢)

Quinolin-2,4-diol (1¢) (50 mmol) and 2-aminothiophenol
(60 mmol) were added to 15 ml of DMF and heated at 120 °C
for 12 h. On cooling at room temperature, the product crys-
tallized and was filtered under vacuum. Recrystallization
from ethanol gave (2¢) in 65% yield: mp > 300 °C. IR (KBr)
(em™): 3335, 2820, 1668, 1654, 1606, 748; 'H-NMR
(DMSO-dg) 6 (ppm): 7.05-7.70 (7H, m, Ar-H), 8.10 (1H, m,
H-1), 9.10 (1H, s, NH), 12.00 (1H, s, NH). MS (m/z): 266
[M*]. C,sH,,N,OS.
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Fig. 4. Cytotoxic effect of fert-butylhydroperoxide in human hepatocytes in
primary culture. Results are reported as mean + SEM of three independent
experiments. *Values significantly different from control, P < 0.05 (Tuc-
key’s test). (a) Hepatoprotective effect of 0.3 mM #-BPH-induced cytotoxi-
city in human hepatocytes in primary culture (b) of compound 2a (c) of
quercetin. Results are reported as mean + SEM of three independent expe-
riments. * Values significantly different from (+-BHP 0.3 + 10 mM 2a or
quercetin). ® Values significantly different from (+-BHP 0.3 + 5 mM 2a or
quercetin).

5.1.4. 5-Methyl-6,12-dihydroquinolo[3,4-b][ 1,4 ]benzothia-
zin-6-one (2d)

This compound was obtained in 65% yield from
N-methylquinolin-2,4-diol (1d) according to the general pro-
cedure used for the synthesis of 2a: mp > 300 °C. IR (KBr)
(em™): 3325, 3006, 2860, 1655, 1604, 1093, 758; '"H-NMR
(DMSO-dg). 6 (ppm): 3.55 (3H, s, N-CHs), 7.00-7.70 (7H,

m, Ar-H), 8.05 (1H, d, H-1), 9.00 (1H, s, NH), 12.00 (1H, s,
NH); MS (m/z) = 280 [M+]. Anal. calculated for
C,cH,,N,0S: C, 68.57, H, 4.29, N, 10.00, S, 11.43. Found:
C, 68.60,H, 4.22,N, 9.95, S, 11.37.

5.1.5. (Z)-2,4-Dihydro-3-benzylidenebenzopyran-2,4-dione
(5a)

The 4-hydroxycoumarin (1a) (0.01 mol) and 0.012 mole
of benzaldehyde (3) were added to 10 ml of pyridine and
refluxed for 3 h. Once cooling at room temperature, the
mixture was rapidly added to 100 ml of cold alcohol and
vigorously stirred. The product crystallized and was filtered
under vacuum. Recrystallization from ethanol gave 5a in
75% yield; mp > 230 °C. IR (KBr) (cm™): 3030, 1654, 1605,
1164, 748; "H-NMR (DMSO-d,) 6 (pm): 7.10-7.30 (10H, m,
Ar-H), 6.90 (1H, s), 9.10 (1H, s); MS (m/z): 218 [M+].
Ci6H 1005

5.1.6. (Z)-2,4-Dihydro-3-(p-methoxybenzylidene)benzopy-
ran-2,4-dione (5b)

This compound was obtained in 77% yield from benzal-
dehyde (4) according to the general procedure used for the
synthesis of 5a; mp =212 °C. IR (KBr) (cm™): 3030, 1652,
1607, 1160, 752. "H-NMR (DMSO-d) J (ppm): 7.10-7.30
(9H, m, Ar-H), 6.90 (1H, s), 3.85 (1H, s) MS (m/z) = 280
[M*]. Cy;H 5,0,

5.1.7. (Z)-2,4-Dihydro-3-benzylidenquinolin -2,4-dione (5¢)

This compound was obtained in 75% yield from
p-methoxybenzaldehyde (3) according to the general proce-
dure used for the synthesis of Sa; mp = 195 °C. IR (KBr)
(em™): 3390, 3030, 2820, 1654, 1606, 1164, 748. "H-NMR
(DMSO-dg) 6 (ppm): 7.00-7.30 (10H, m, Ar-H), 6.85 (1H,
s). MS (m/z) = 249 [M"]. C,cH,,NO.,.

5.1.8. (Z)-2,4-Dihydro-1-methyl-3-benzylidenquinolin-2,4-
dione (5d)

This compound was obtained in 78% yield from benzal-
dehyde (3) according to the general procedure used for the
synthesis of 5a; mp = 192 °C. IR (KBr) (cmfl): 3390, 3020,
2830, 1627, 1608, 1087, 754. 'H-NMR (CDCl;) 6 (ppm):
7.00-7.30 (10H, m, Ar-H), 6.85 (1H, s), 3.50 (3H, s); MS
(m/z) =263 [M']. C,;H5NO,.

5.2. Pharmacology

Collagenase and all products for cell culture were pur-
chased from Life Technologies (Cergy Pontoise, France) and
foetal calf serum (FCS) from Eurobio (Les Ulis, France). All
other chemicals were purchased from Sigma Chemicals (St
Quentin Fallavier, France) and were of analytical grade.
Culture plastic plates were obtained from Costar (Dutscher,
France).

5.2.1. HepG2 cell culture
The HepG?2 cell line was derived from a human hepato-
blastoma and was obtained from Dr. J.P. Beck (Strasbourg).
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Cells were cultured in William’s medium containing 10%
foetal calf serum (FCS) (Gibco, France), 2 mM glutamine
and 50 pg/ml gentamycin. Cultures were maintained in 5%
CO, in air at 37 °C. HepG?2 cells were routinely maintained
in 25 cm? flasks, the medium was renewed every 48 h, and
cells subcultured every 7 days. To study the effects of the
various tested compounds, HepG?2 cells were plated in 96-
multiwell culture plates at a concentration of 0.6 10*
cells/100 pl medium.

5.2.2. Human hepatocyte isolation and culture

Adult normal liver samples were obtained from patients
undergoing partial hepatectomy for primary or secondary
tumours. All experimental procedures were done in com-
pliance with French laws and regulations and were approved
by the National Ethics Committee. Hepatocytes were isola-
ted by a two-step collagenase perfusion as previously descri-
bed by David et al. [28].

Viable hepatocytes were seeded in 96-multiwell culture
plates at a concentration of 0.3 10* cells/100 ul DMEM
medium as previously described by Goll et al. [29].

5.2.3. Assay for t-BHP cytotoxicity and protection
by various compounds

5.2.3.1. Assay of t-BHP cytotoxicity. HepG2 cells and pri-
mary cultures of human hepatocytes were plated in 96-
multiwell culture plates. Twenty-four hours after plating, the
medium was discarded and fresh medium containing ~-BHP
0.3 mM was added to cultures. After 3 hours, cellular viabi-
lity was determined by measuring reduction of the
tetrazolium-blue compound MTT to a blue formazan product
according to Carmichael et al. [37].

5.2.3.2. Assay of protection against t-BHP cytotoxicity. The
various compounds were first tested for their effects on the
viability of HepG2 cells and primary cultures of human
hepatocytes. HepG2 cells and primary cultures of human
hepatocytes were plated in 96-multiwell culture plates.
Twenty-four hours after plating, the medium was discarded
and fresh medium containing the compounds at 0-10 uM
were added to cell cultures. After 24 h, cellular viability was
determined by measuring the reduction for the tetrazolium-
blue compound MTT to formazan. All tested compounds did
not affect HepG2 cell viability and primary cultures of hu-
man hepatocytes up to 10 uM (data not shown). For this
reason, the protective effects of the various compounds at
concentrations 0—10 uM were evaluated.

The potential protective effect was tested by co-
incubating for 3 h a given tested compound at 0.5, 1.0, 5.0 or
10 uM with +~BHP (3 mM) for HepG2 cells and ~-BHP
(0.3 mM) for primary cultures of human hepatocytes. Cellu-
lar viability was then determined by measuring reduction of
the tetrazolium-blue compound MTT to formazan blue.

5.2.4. Statistical analysis
The statistical significance of the difference between the
mean results of the least two to three independent experi-

ments was calculated using the one-way analysis of variance
followed by Thuckey’s test for multiple comparisons versus
pairwise. Values were considered statistically significant at
P <0.05.
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