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(E)-2-Benzylidenecyclanones: Part XVL' Study on the interaction of
some (E)-2-benzylidenebenzosuberone derivatives with serum alb-
umin by UV-Vis method, inhibitory effect on topoisomerase

Zsuzsanna Rozmer!”

Abstract:

Pl Perjésit

Interaction of some cyclic chalcone analogs, (E)-2-(4-X-benzylidene)-1-benzosuberone deriva-

tives with bovine serum albumin (BSA) and human serum albumin (HSA) has been investigated using UV-Vis
spectroscopic methods. Recording the UV-Vis spectra of compounds in the presence of BSA or HSA indicated
interaction of the molecules with the hydrophobic binding site(s) of the proteins. Investigated analogs have shown
remarkable topo I and topo II inhibitory activity compared to camptothecin and etoposide, respectively, at 40 uM
concentration. The observed interactions between the cyclic chalcone analogs and the cellular macromolecules
might play a role in the previously detected cytotoxicity against several tumor cell lines.

Keywords:
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1 Introduction

The chemistry and biological activities of chalcones
(1,3-diphenyl-2-propenones) (A) (Figure 1) have been
of interest for a long time. Chalcones are intermedi-
ary compounds of the biosynthetic pathway of natu-
ral flavonoids!!!. The wide range of biological activi-
ties of both naturally occurring and synthetic analogs,
among others cytotoxic, antitumor, anti-inflammatory,
and chemopreventive properties, are well documented
in the literature!'~”!. To study the structure-activity rela-
tionship of chalcones, cyclic analogs were synthesized,
and their molecular structure, chemical reactivity, and
biological activity were investigated'®~'?!,

Several cyclic chalcone analogs with various sub-
stituents at different positions have been synthesized,
and their in vitro antineoplastic activity (ICgg values)
has been investigated against murine and human can-
cer cell lines™ 3. It was found that the cytotoxic
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activity of the compounds was mainly influenced by
the ring size and the nature and position of sub-
stituents. Among the compounds investigated (E)-2-
(4’-methoxybenzylidene)-1-bensosuberone (B1) and (E)-
2-(4’-dimethylaminobenzylidene)-1-bensosuberone (B3)
(Figure 1) showed the most significant tumor toxicity!®!.
Previously we have investigated the effect of compound
B1 and its methyl-substituted analog (B2) (Figure 1) on
the cell cycle of Jurkat cells by flow cytometry!!* 13! Tt
was found that equitoxic doses of these compounds in-
duced apoptosis, but they had different effects on cell
cycle progression. Compound B1 caused an immediate
G lift and Go/M arrest, which was followed by cell death
(apoptosis and/or necrosis) accompanied by formation of
hyperdiploid cells. Such a remarkable effect of B2 on the
G, and G, checkpoints could not be observed!'¥!. While
investigating the mechanism of cytotoxicity of the com-
pounds, the effect on the mitochondrial outer membrane
of some (E)-2-arylmethylene-1-benzosuberone analogs
was tested by fluorescence spectroscopy!!®!”1. The ef-
fect of some analogs on isolated rat liver mitochondrial
functions were also investigated. It was demonstrated
that compound B1 increased the mitochondrial oxygen
consumption and enhanced the activity of the ATPase
enzyme. Alteration of mitochondrial functions may play
a role in the cytotoxic effect!!”!.

Interaction of the compounds (B1-B4) with ctDNA ex-
hibited relative high intrinsic binding constants in the
range of 3.1x10%-1.0x10°> M~!, which indicates the
existence of weak, non-covalent interaction. The ex-
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perimental analysis reveals primarily groove binding of
chalcones investigated with ctDNAP.  Furthermore,
the DNA cleavage activity of the compounds (B1-B4)
was investigated by agarose gel electrophoresis. Each
compound showed slight DNA cleavage activity with
pBR3221%1 Tt was concluded that biological activity, in-
cluding the cytotoxic effect of the cyclic chalcone deriva-
tives, might be partially a consequence of non-covalent
interaction between the compounds and cellular macro-
molecules!® 13181,

1: X = OCHa, 2: X = CHy,
3 X = N(CHz)p, 4 X = OH

Figure 1. Structure of chalcone (A) and the investigated (E)-2-
(4’-X-benzylidene)-1-benzosuberon analogs (B1-B4)

Serum albumins are multifunctional proteins with high
ligand binding ability, which act as transporters for a
diverse range of drugs and metabolites. Human serum
albumin (HSA) is the dominating plasma protein in man.
It is a 66 KDa monomer containing three homologous
helical domains (I-III), and each is divided into A and
B subdomains!?'l. Bovine serum albumin (BSA) is usu-
ally employed as a model protein due to its low cost and
ready availability. Moreover, bovine and human serum
albumins are homologous proteins; they display approx-
imately 76% sequence homology!??!. The 3D structure
of BSA is believed to be similar to that of HSA. BSA
has two tryptophan residues (Trp 134 and Trp 212), lo-
cated in sub-domains IA and IIA, respectively!®*!. HSA,
however, has only one tryptophan residue (Trp 214) lo-
cated in the physiologically important subdomain ITA?4.
Analysis of fluorescence properties of these residues is
a useful tool of investigation of binding characteristics
of small molecules to the proteins nearby these chro-
mophores>>?4. The affinity between drugs and serum
albumin can change the overall distribution, metabolism,
and efficacy of drugs since serum albumins often increase
the apparent solubility of hydrophobic drugs in plasma
and modulate their delivery to cells?>2°!, Thus, the inves-
tigation of drugs binding to serum albumin is of important
significance.

DNA topoisomerases are nuclear enzymes that make
transient strand breaks in DNA to allow a cell to manipu-
late its topology. There are two types of topoisomerases
in humans, namely topoisomerase type I (topo I) and
type II (topo II). Topo I makes single-strand brakes of the
double helix, while topo II makes double-strand breaks
and passes double-stranded DNA through the nick to al-
low relaxation of over-coiled DNA?’!, Topoisomerases

are highly conserved enzymes; they function in DNA
replication, chromosome condensation, and segregation.
Topoisomerases are one of the most promising targets for
the development of anticancer agents because they are
highly overexpressed in proliferating cancer cells?®=3!1,

Earlier, interaction with DNA of the cyclic chalcone
analogs B1-B4>"! and analogs of B3 with different ring
sizes®2! was investigated. Furthermore, the interaction of
BSA and HSA with the 4-dimethylamino-substituted B3
and its analogs with varying ring sizes was reported!*>33.
As a continuation of our previous works!>*3# here we
report the results of UV-Vis studies on the interaction
of selected (E)-2-(4’-X-benzylidene)-1-benzosuberones
(B1-B4) (Figure 1) with BSA and HSA, and topoiso-
merase inhibitory activity of the compounds.

2 Materials and methods

2.1 Materials

Cyclic chalcone analogs B1-B4 (Figure 1) were syn-
thesized and purified as described before!®°!. Their pu-
rity was checked by thin-layer chromatography and high-
pressure liquid chromatography!®>!. Their structures were
established by X-ray!® '3, MS!!%! and '"H NMR spec-
troscopy!” 2!, All chemicals used were of the analyti-
cal grade and if otherwise not specified, purchased from
Sigma-Aldrich Hungary (Budapest, Hungary).

2.2 Albumin binding studies

UV-Vis measurements were performed on Jasco V-670
(Japan) spectrophotometer using 1 cm path length quartz
cuvettes at ambient temperature.

For BSA/HSA binding studies, stock solution of
BSA/HSA (50 upuM) was prepared by dissolving
BSA/HSA in sodium phosphate buffer (0.1 M, pH 7.4).
Variation in the absorption spectrum of BSA/HSA (10
1M) has been studied as a function of chalcone concentra-
tion from 0 to 20 M. Compounds B1-B4 were dissolved
in DMSO immediately before used. The freshly prepared
solutions were diluted with 0.1 M sodium phosphate solu-
tion (pH 7.4) to the final concentrations (0-20 uM). The
concentration of DMSO in the mixtures was 1% v/v. Mea-
surements were performed in the presence of BSA/HSA
(10 uM) after 2 min equilibration at room temperature in
the dark. Alteration of absorbance in time was followed
for 30 minutes in a solution containing chalcone (20 M)
and BSA/HSA (10 uM), prepared as described before.

2.3 In vitro DNA topoisomerase I-mediated
relaxation assay

A DNA topo I inhibition assay was performed as pre-
viously described by Fukuda et al. with minor modifica-
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tions*®37). Briefly, compounds B1-B4 and camptothecin

were dissolved in DMSO as 4 mM stock solutions. The
activity of DNA topo I was determined by assessing the
relaxation of supercoiled DNA pBR322. To this end, a
mixture of 100 ng of plasmid pBR322 DNA and 1 unit of
recombinant human topo I (TopoGEN INC., USA) was
incubated with or without the compounds (40 M) at 37
°C for 30 min in relaxation buffer (10 mM Tris HCI (pH
7.9), 150 mM NaCl, 0,1% BSA, 1 mM spermidine and
5% glycerol). The reaction was terminated by adding 5
pL of a stop-solution (5% sarcosyl, 0.0025% bromophe-
nol blue, and 25% glycerol) to a final volume of 20 uL.
The samples were then electrophoresed on a 1% agarose
gel at 50V for 1h in Tris-acetate-EDTA (TAE) running
buffer. Gels were stained for 30 min in an aqueous solu-
tion of ethidium bromide (0.5 ptg/mL). DNA bands were
visualized by UV transillumination.

2.4 In vitro DNA topoisomerase II-mediated
inhibition assay

The DNA topo II inhibitory activity of the compounds
investigated were measured as follows*”-38!, A mixture
of supercoiled pBR322 plasmid DNA and 1 unit of hu-
man DNA topoisomerase Ilav (TopoGEN INC., USA) was
incubated with or without the compounds B1-4 or etopo-
side as reference (40 pM) for 30 min at 37 °C in assay
buffer (10 mM Tris HCI (pH 7.9), 50 mM NacCl, 5 mM
MgCl,, 1 mM EDTA, 1 mM ATP and 15 pg/mL BSA).
The reaction was terminated by the addition of 3 uL of 7
mM EDTA to a final volume of 20 L. The samples were
then electrophoresed on a 1% agarose gel at 50V for 1h
in TAE running buffer. Gels were stained for 30 min in an
aqueous solution of ethidium bromide (0.5 pug/mL). DNA
bands were visualized by UV transillumination.

3 Results and Discussion

UV-Vis absorption measurements are applicable to ex-
plore the structural change of protein and to identify the
formation of a complex between serum albumin and small
molecules?®2%!, The UV absorption spectra of chalcones
usually have one or two main bands. Band I (320-400 nm)
is possible from the conjugated system of B-ring and the
carbonyl group in the molecule and Band II (220-270 nm)
is attributed to the absorption for the conjugated system
of A-ring and the carbonyl group'**!.

The absorption spectra of the cyclic chalcone analogs
B1-B4, the free BSA/HSA, and the mixture of the chal-
cones and BSA/HSA were recorded and presented in
Figure 2 and Figure 3, respectively. The absorption max-
ima of complexes of the compounds B1, B2, and B3 with
BSA and HSA exhibited hypsochromic shift (blue shift)

Table 1. UV-Vis absorption maxima of chalcone derivatives B1-
B4 (20 uM) without and in the presence of BSA/HSA (10 M)

Compound free compound with BSA with HSA
Amaz(nm) Amaz(nm) Amaz(nm)

Bl 342 338 334

B2 322 320 314

B3 414 411 404

B4 339 342 341

relative to the absorption maxima of the respective free
chalcones. However, in the case of B4, the opposite phe-
nomenon, a weak red shift could be observed compared
to the absorption maxima of the free compound (Table
1). The observed hypsochromic shifts are in accord with
the interaction of the molecules with the hydrophobic
binding site(s) of the two proteins!*?l. On the other hand,
the observed bathochromic shift of B4 can be rational-
ized by deprotonation of the phenolic hydroxyl group,
resulting in extension of the conjugation?!). Moreover, it
was suggested that conjugation of the molecule could be
impaired during the binding!?!.

Table 2. Time dependence of UV-Vis absorbances of chalcone
derivatives B1-B4 (20 ©M) in sodium phosphate buffer (0.1 M,

pH 7.4) without and in the presence of BSA (10 uM) at the Apaz
values of chalcone-BSA complexes

Absorbance
B1 B2 B3 B4
(334 nm) (314 nm) (404 nm) (341 nm)

Without protein 0.485 0.384 0.369 0.314
With BSA

0 min 0.401 0.354 0.374 0.289

1 min 0.395 0.352 0.372 0.297

2 min 0.394 0.350 0.371 0.298

5 min 0.393 0.345 0.370 0.300

10 min 0.390 0.337 0.369 0.301

15 min 0.386 0.330 0.363 0.302

20 min 0.383 0.326 0.356 0.305

25 min 0.381 0.323 0.350 0.309

30 min 0.375 0.318 0.345 0.313

Table 3. Time dependence of UV-Vis absorbances of chalcone
derivatives B1-B4 (20 M) in sodium phosphate buffer (0.1 M,
pH 7.4) without and in the presence of HSA (10 M) at the Ayaa
values of chalcone-HSA complexes

Absorbance
B1 B2 B3 B4
(338 nm) (320 nm) (411 nm) (342 nm)

Without protein 0.287 0.282 0.342 0.214
With HSA

0 min 0.356 0.372 0.409 0.212

1 min 0.357 0.371 0.409 0.214

2 min 0.354 0.372 0.408 0.214

5 min 0.352 0.369 0.413 0.214

10 min 0.344 0.366 0411 0.213

15 min 0.335 0.364 0.410 0.214

20 min 0.324 0.359 0.401 0.215

25 min 0.315 0.350 0.386 0.214

30 min 0.300 0.344 0.369 0.215

Using BSA, a hypochromic effect was observed for
each compound (except B3) on mixing them with the
protein (Figure 2). On the contrary, a comparison of the
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Figure 2. UV-Vis absorption spectra of BSA (10 uM), compound B1 (A), B2 (B), B3 (C) and B4 (D) (20 M) and the mixture of BSA
and chalcone compounds (10 uM; 20 M) in sodium phosphate buffer (0.1 M, pH 7.4).
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Figure 3. UV-Vis absorption spectra of HSA (10 M), compound B1 (A), B2 (B), B3 (C) and B4 (D) (20 zM) and the mixture of HSA
and chalcone compounds (10 uM; 20 M) in sodium phosphate buffer (0.1 M, pH 7.4).
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Figure 4. Effect of compound B1 to UV-Vis absorption of BSA (A) and HSA (B) (10 M) Concentration of compound B1 was 0-20

M for curves a-i, respectively, with an increment of 2.5 uM (pH 7.4).

D1 D2 Tl C B1 B2 B3 B4

Relaxed form

Supercoiled form

Figure 5. Topoisomerase I inhibitory activity of compounds
B1-4. Lane DI1: pBR322 only; Lane D2: pBR322 + DMSO (as
control); Lane TI: pBR322 + topo I; Lane C: pBR322 + topo I +
camptothecin; Lane B1-4: pBR322 + topo I + compounds B1-4.
The compounds were examined in a final concentration of 40 ©M.
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Figure 6. Topoisomerase II inhibitory activity of compounds
B1-4. Lane D1: pBR322 only; Lane D2: pBR322 + DMSO (as
control); Lane TII: pBR322 + topo Ila; Lane E: pBR322 + topo
Il + etoposide; Lane B1-4: pBR322 + topo Ila + compounds
B1-4. The compounds were examined in a final concentration of
40 puM.

absorbance of the chalcones before and after combining
with HSA, initially, a hyperchromic effect could be de-
tected for each compound, except B4. In both series of
experiments, the initial absorbance gradually decreased
(Table 2 and Table 3). Change in intensities of absorbance
can be explained by the different molecular environment
of the bound chalcone molecules. Reduced planarity re-
sults in a decrease in intensity of Band 1 of flavonoids™’.
Based on these observations, it is reasonable to assume
that the observed intensity changes are the consequences
of the conformational changes caused by interactions of
the molecules with the proteins. According to our previ-
ous results with cyclic chalcones with related structures,
the kinetics of development of the binding equilibrium in
the case of the two proteins are different!®**. The binding
properties of HSA and BSA have been frequently dis-
cussed on the assumption of their structural similarities
because the three-dimensional structure was determined
only for HSA*!!, However, the present results also indi-
cate that attention should be paid to the small differences
in their structures in discussing the correlation between

structure and binding properties!*>=41.

The UV-Vis absorption spectra of BSA/HSA titrated by
individual chalcone solutions were monitored to explore
the structural changes of the proteins caused by inter-
action with the compounds. The absorption spectra of
BSA/HSA in the absence and presence of chalcone ana-
log B1, as a representative of the investigated compounds,
are given in Figure 4. The absorption peak of BSA ob-
served at 278 nm is mainly attributed to the aromatic rings
in tryptophan residues (Trp 134 and Trp 212), located in
sub-domains TA and IIA, respectively!?’!. Similarly, in
the case of HSA, the aromatic rings in tryptophan (Trp
214), tyrosine (Tyr 411), and phenylalanine residues re-
sult in the absorption peak at 278 nm!?!. The absorption
intensity of BSA and HSA increased at 278 nm with the
increasing concentration of each compound, indicating
that compounds could interact with albumin, and the pep-
tide strands of BSA/HSA were extended™®!. However,
the shift of the absorption peak at 278 nm could not be ob-
served. The lack of red shift in the absorption maximum
of tryptophan residues indicates no significant changes
in its microenvironment*!. The results suggest a non-
covalent interaction between the compounds and albumin,
which occurs via the -7 stacking between aromatic rings
of the chalcones and the Trp, Tyr, and Phe residues lo-
cated in the binding cavity of BSA/HSA[%3:26:461,

Topoisomerase relaxation inhibitory activities were
evaluated using recombinant topo I and human topo Il
(TopoGEN) by observation of relaxation of supercoiled
pBR322 plasmid DNAP”!, Camptothecin and etoposide
well-known topo I and topo II inhibitors, respectively,
were used as positive controls, Inhibitory activities were
evaluated at 40 uM. The results are shown in Figure 5
and Figure 6.

The compounds displayed comparable topoisomerase I
inhibitory activity to camptothecin at the test concentra-
tions (Figure 5). The compounds have shown a topo 11
inhibitory effect as well; however, they were less effec-
tive than etoposide, which was used as a positive control.
Although there were no clear correlations between the
topoisomerase inhibitory activities and the structures of
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the investigated derivatives, the observed results suggest
that the shape of the cyclic chalcone system and the na-
ture of the functional groups are an important factor for
interaction between the DNA-protein complex and chal-
cone analogs during DNA unwinding process*’). The
biological role of topo enzymes is consistent with their
expression pattern across the cell cycle, whereby topo Ilav
primarily expressed in late S and Go/M phase cells!*®!,
The observed topo inhibitory effect might play an impor-
tant role in the previously detected Go/M arrest caused by
compound B114,

4 Conclusions

In this work, the interaction of four cyclic chalcone
analogs, substituted (E)-2-benzylidene-1-bensosuberone
derivatives (B1-B4), with BSA and HSA, was studied
by UV-Vis spectroscopy. The binding reaction with the
cellular macromolecules was spontaneous, and in general,
non-covalent, hydrophobic interaction played a signifi-
cant role in the interactions. The observed differences
in the spectral features suggest the importance of a spa-
tial arrangement of the electron-rich moieties of the com-
pounds. Among the investigated compounds, chalcone B1
displayed the most pronounced cytotoxic effect against
different tumor cell lines. Structure-activity relationship
analyses of these toxicity studies also indicated the im-
portance, in addition to the ring size, the presence of the
electron-rich aromatic substituent'®!'?!, The interaction
with cellular macromolecules, like DNA and proteins,
might be one of the contributing vectors of the observed
cytotoxicity of the compounds. Furthermore, the inves-
tigated compounds showed topoisomerase inhibitory ac-
tivity, which might be an attribute of their previously
reported biological effects. The obtained results provide
additional knowledge on the pharmacological effect of
the cyclic chalcone analogs.
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