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ARTICLE INFO ABSTRACT

Keywords: In the current study, one new quercetin-based Zn(II) complex [Zn(Qr)(CNNCN)(H20),] (Complex
Quercetin 1) which is developed by condensation of quercetin with ZnCl; in the presence of NaN(CN), and
Metal complex Cu(Il) complex [Cu(Qr)N3(CH3OH)(H,0)] (complex 2) which is developed by the condensation

DNA/protein binding

Cell viability reaction of quercetin and CuCl, in presence of NaN3 are thoroughly examined in relation to their

use in biomedicine. The results of several spectroscopic studied confirm the structure of both the
complexes and the Density Functional Theory (DFT) study helps to optimize the structure of
complex 1 and 2. After completion of the identification process, DNA and Human Serum Albumin
(HSA) binding efficacy of both the investigated complexes are performed by implementing a long
range of biophysical studies and a thorough analysis of the results unveils that complex 1 has
better interaction efficacy with the macromolecules than complex 2. The binding efficacy of
complex 1 is comparatively higher towards both macromolecules because of its pure groove
binding mode during interaction with DNA and the presence of an extra H-bond during
connection with HSA. The experimental host-guest binding results is fully validated by molecular
docking study. Interestingly complex 1 shows better antioxidant properties than complex 2, as
well as quercetin, and it has strong anticancer property with minimal damage to normal cells,
which is proved by the MTT assay study. Better DNA and HSA binding efficacy of 1 may be the
reason for the better anticancer property of complex 1.
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1. Introduction

In drug development research DNA is the primary target of the drug molecule as after association with DNA the drug molecule can
hinder the quick replication of the DNA [1-4]. Simultaneously high toxicity to normal cells after consuming the drug is a matter of
concern to the scientific community and the reduction of the side effect of the drug molecule is a challenging issue to the researchers [5,
6]. Using a drug delivery system is the most acceptable pathway to reduce the side effects because the vehicle can transport the
molecule to the target place without giving any scope of release the molecule to the normal The prevalent protein in the blood is HSA
and it is recognized as a drug transporter [7-10]. Thus, prior to reviewing the biological application, verifying the compounds’ ability
to bind DNA and HSA is crucial in order to assess their suitability for application in therapeutics. Flavonoids are a diverse class of
polyphenolic compounds that are frequently found in nature and have fascinating physicochemical properties. These compounds are
beneficial to human health because of their biological properties, which include activity against HIV, influenza, and bacteria [11-15].
Generally, flavonoids comprises two aromatic rings and a heterocycle that contains oxygen. The presence of several bioactivities in
terms of anti-oxidant, anti-cancer, anti-inflammatory, anti-diabetic, anti-atherosclerotic, and anti-apoptotic capabilities, flavonoids
attract the scientific community to carry out interface research in chemistry and biology [16-18]. Flavonoids are recognized anti-
cancer material and it is already proved that these compounds create obstacles to some particular stages of the carcinogenic process
with the reduction of cell growth [19-23]. Quercetin (3,3',4,5,7 pentahydroxyflavone) is one of numerous physiologically significant
flavonoids that has been the subject of much investigation and notable sources of this well-known flavonoid include apples, red grapes,
onions, raspberries, honey, cherries, citrus fruits, and green leafy vegetables. It’s interesting to note that it is a well-known anticancer
agent and that its mechanism of cell death is also disclosed [24,25]. The use of cisplatin as an effective anticancer drug, inspires the
scientific community to develop several metal-based compounds with effective biological applications [26-32]. At the same time,
many quercetin-metal complexes are synthesized and inspected with respect to their DNA and HSA binding efficacy [33-36]. But no
literature report is obtained where the quercetin-metal complex with one ancillary ligand has been developed, although it is well
established that the presence of ancillary ligands like azide, thiocyanate, and dicyanamide in the metal center enhances the DNA/HSA
binding efficacy [37-40], Therefore, it is reasonable to anticipate that the addition of an ancillary ligand will improve the ability of
quercetin metal complexes to bind with macromolecules (see Scheme 1).

At the same time, the several side effects of cisplatin [41] boost chemists to develop nonplatinum metal complexes with effective
biomedical applications. It is already proved that in anticancer drug development research, Cu and Zn complexes are acceptable
non-platinum metal complexes [42-47] with effective anticancer properties. A thorough search discloses that Cu-quercetin and
Zn-quercetin complexes have been already studied with respect to their DNA and HSA binding. But not no study has been done where
metal quercetin complexes with ancillary ligands are developed and inspected for their efficacy checking towards DNA/HSA binding
and anticancer properties on both cancer cells and normal.

Considering all the points, discussed above, herein the synthesis, identification, and bio medical application of one pendant
dicyanamide bearing Zn(II) (complex 1) and azide bearing Cu(II) (complex 2) are demonstrated. DFT analysis optimizes the structures
of both the complexes and the oxidation state of complex 2 has been confirmed by the EPR study. Following structural confirmation,
techniques such as UV, fluorescence, and CD titration are used to measure the DNA/HSA binding efficiency of the complexes under
study. The results of all the biophysical studies approve the fact that both complexes can effectively bind with both macromolecules.
But the association ability of complex 1 is comparatively better than 2. Additionally, complex 1 has a good antioxidant properties than
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Scheme 1. Synthesis of complex 1 and 2.
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complex 2 and quercetin. Finally, the cell viability of both complexes has been done by implementing an MTT assay study on HeLa cells
and normal HEK cells and the results show that complex 1 has effective anticancer properties with low toxicity to the normal cell.

2. Results and discussions
2.1. Synthesis, IR, UV and ESI-MS analyses of the complexes

Complex 1 has been developed by the reaction of quercetin and ZnCl; in the presence of sodium dicyanamide whereas complex 2 is
developed by the reaction of quercetin and CuCl; in the presence of sodium azide. To get confirmation about the existence of the bonds
in both the complexes in the initial stage the FT-IR spectral study of quercetin, complexes 1 & 2 has been carried out and Fig. S1, S2 &
$3 in the supporting information file display the IR spectrum of all the stated compounds. Generally, the C=O stretching frequency in
free quercetin is seen at 1663 cm !, which is shifted to 1604 cm™! & and 1611 cm™! corresponding to complex 1 and complex 2
respectively. This observation supports the coordination of carbonyl oxygen with metal ions. The C=C stretching frequency of free
quercetin is identified at 1604 cm !, which changes to 1553 cm ™! and 1545 cm ™! in the case of complex 1 and complex 2 respectively.
The C-O-C stretching frequency of free quercetin is recognized at 1251 cm ™}, which changes to 1309 cm ™! and 1286 cm ™ for complex
1 and complex 2 respectively. Magnificently, the IR spectra demonstrate a sharp peak at 2059 em™! and 2060 cm ™! which provide
reliable proof concerning the existence of the terminal dicyanamide and azide in complex 1 and 2 respectively. Furthermore, Zn-O and
Cu-O stretching vibration bands at 630 cm ™! and 631 cm ™! respectively assign the development of a metal complex and the non-
existence of this band in pure quercetin also validates the formation of the metal complex.

The findings of the UV-vis spectroscopic data of the free quercetin and complex 1 and 2 in DMSO is shown in Fig. S4 (supporting
information file). Quercetin shows two major absorption bands at 372 nm and 310 nm assigning B-ring absorption (cinnamoyl system)
and A-ring (benzoyl system) respectively. After complexation, a noticeable blue shift alteration at 325 nm (band IV) and 265 nm (band
I1I) of the two spectral positions is observed along with the generation of one additional peak at 470 nm supporting the development of
complex 1. On the other hand, for complex 2, the former two peaks appear at 310 nm (band IV) and 275 nm (band III) along with the
development of one additional peak at 435 nm, supporting the formation of complex 2.

The electrospray ionization mass spectra (positive mode, m/z up to 1200 amu) of the complexes are recorded in methanolic so-
lutions (Fig. S5 & S6 in the supporting information file). Complex 1 and 2 consist of the abundant peaks at m/z = 240.9866 and m/z =
226.9515 which can be justified with the molecular formula [C16H162nN309K]2+ (calculated m/z = 441.2500) and [Cy6H; 509CuK]2+
(calculated m/z = 226.7500) respectively.

2.2. EPR spectral study

The solid-state EPR spectrum for complex 2 has been recorded at room temperature and is pictographically represented in Fig. S7 in
the supporting information file. The pictograph displays a sharp-ended feature along with a very small hyperfine splitting. The
measured spin Hamiltonian parameters, namely, gII, Ay;, values (2.28, 165 x 10~* cm-1), ensure +2 oxidation state of the metal canter.
The calculated gefre, 811, .1, values are 2.001, 2.28, 2.010. All the results support the existence of the +2-oxidation state of complex 2.
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Fig. 1. Geometry optimized molecular structure of (a) 1 and (b) 2 (c) Frontier molecular orbital with an energy difference of complex 1 and 2.
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3. Structural optimization through DFT

Following detailed recognition, The DFT investigation assists in structural optimization of two compounds and the DFT-optimized
structure of complexes 1 and 2 is displayed in Fig. 1. Before optimization work, the mass spectral data is utilized to confirm the
composition of the complexes as [Zn(Qr)(NCNCN)(H20)2]1(1) and [Cu(Qr)(MeOH)(H30)(N3)1(2). Table 1 summarizes the.

theoretical parameters associated with complex geometry. The neutral complexes 1 and 2 are penta-coordinated with Zn?>* and
Cu?* metal centers respectively. complex 1 fulfills the penta coordination geometry by deprotonated bi-dented Qr ligand, one mono-
negative dicyanamide anion as secondary anionic residue, and two water molecules. Whereas one deprotonated bidented Qr molecule,
one azide anion as secondary anionic residue and one water and methanol solvent satisfy the coordination forming a pentacoordinate
geometry. The Addison parameters are T = 0.006 and 0.31 for mononuclear complexes 1 and 2 respectively. The theoretical M-N1
bond distance is as 1.915 A and 1.860 A and M — O bond lengths are ranging as 1.991-2.191 A and 1.875-2.020 A for complexes 1 and
2 respectively. The observed HOMO-LUMO energy gap (Fig. 1) are AE = 7.74 eV and 7.34 eV for complexes 1 and 2 respectively and
this satisfies the stabilization of the complexes.

3.1. DNA binding study

Subsequent confirmation of the structure, the physiological features of the two complexes have been examined in relation to their
interactions with HSA and DNA. Prior to proceeding, we first recorded the absorbance spectra of the two complexes as a function of
time in the working buffer at pH 7.4 in order to confirm the stability of the complex. The outcome shows that the two concerned metal
complexes are extremely stable (Fig. S8 in the supporting information file), with very little variation in their absorption spectra.
Following the stability evaluation, the following biophysical analysis is executed to ascertain the complexes’ capacity to bind DNA.

3.2. UV absorption titration study

UV-metric titration is a well-established method to understand the binding efficacy of the investigated complexes with DNA. In this
experiment, the absorbance changes were recorded after the incremental addition of DNA to a fixed concentration of a target complex.
The results unveils that (Fig. 2) after interacting with DNA, in complex 1 the absorption bands in the range 244-265 nm and 315-344
nm are gradually decreased whereas in complex 2 the absorption band in the range 308-345 nm decreases with appearance an iso-
sbestic point near at 360 nm. The binding constant can be calculated by implementing the Benesi — Hildebrand (B — H) equation (eq

(1)).

1 1 1

= . 1
Ao A (Ao —Ap)Ky X C (Ao — Apmr) @

Where A and A refer to the absorbance values of complexes 1 and 2 in the presence and absence of DNA whereas A,y represents
the value of absorbance at the saturation of interaction between the investigated complex and DNA. C indicates the concentration of
DNA and Kj is the binding constant. The binding constants can be calculated as 5.7 x 10* M ™! and 1.7 x 10* M~ for complex 1 and 2
respectively. The whole experimental proceedings provide strong proof of the binding efficacy of complexes 1 and 2 with DNA. In a
modest comparison, it is found that complex 1 exhibits slightly higher binding efficacy than 2. This is probably due to the loss of
planarity in complex 1 forcing it to bind with DNA via pure groove binding mode whereas complex 2 binds with DNA via partial groove

Table 1
Selective bond distances and bond angles for 1 and 2.

1.915 1.860 N1- M1-01 119.16 106.50
M1-01 2.055 1.875 N1- M1-02 122.62 93.80
M1-02 1.991 1.902 O1- M1-02 89.29 93.59
M1-Olw 2.191 2.008 O1-M1-Olm 13451 161.27

NIEQmRRy 2 2.020 01-MI-Olw 6953 8651

02- M1-Olm 71.04 86.31

02-M1-Olw  134.13 179.87

NI1-MI1-Olw  103.10 86.21

N1-MI-Olm  105.78 92.17
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Fig. 2. Change of absorption spectra of (a) complex 1 (15 uM) and (b) complex 2 (15 uM) after incremental addition (2.5-40 pM) of ctDNA to the
aqueous buffer solution at pH 7.4. (c) The B — H double reciprocal graph of complex 1 and 2 to determine binding constants for during interaction
with DNA.

as well as partial intercalation mode and this partial binding character decreases the binding efficacy of complex 2 than complex 1.

3.3. Fluorescence displacement study

The aforementioned experimental findings make us believers in the binding capability of the complexes with DNA. Now at a glance,
it can be seen that the presence of ancillary ligand in the structure of the complexes (dicyanamide moiety in complex 1 and azide
moiety in complex 2) is the main reason for the planarity loss in both complexes and due to this signature, it is expected that both the
target complexes will favor binding with DNA via groove mode. A thorough structural inspection reveals that the loss of planarity is
higher for complex 1 than 2 and this observation provides hints that maybe the groove binding mode will be better for complex 1. To
get more insight into the DNA binding interaction of the complexes the fluorescence titration study was performed by using a
traditional fluorophore 4',6-diamidino-2-phenylindole (DAPI), which is a recognized groove binder.

In this study initially, DAPI is bound with DNA, and after binding to the DNA, a significant (more than 20-fold) fluorescence in-
tensity enhancement of DAPI can be observed which assure us the strong binding among DAPI and DNA [48,49]. After confirming the
saturated binding of DNA with DAPI, the change in Fluorescence intensities of this DNA — DAPI adduct were recorded separately after
incremental addition of the complexes in two separate sets. Interestingly from the results it can be seen that (Fig. 3) with separate
incremental addition of the complexes to the DNA — DAPI adduct, the fluorescence intensity gradually quenched. In comparison, it is
found that the quenching is higher for complex 1 (Fig. 3c) (see Fig. 4).

Using the Stern-Volmer equation (eq (2)), [50].

Fo =K, 041 i @

The Stern-Volmer quenching constant can be calculated as 1.19 x 10° M ™! and 7.79 x 10* M~! for complexes 1 and 2 respectively.
It can be explained that the replacement of DAPI by the developed complex from the DNA-DAPI adduct releases bare DAPI into the
buffer medium and this phenomenon leads to a substantial reduction in fluorescence intensity. As DAPI is a recognized groove binder,
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Fig. 3. Fluorescence intensity quenching of DAPI — DNA adduct with the incremental addition of (2.5 pM-40 pM) (a) complex 1 and (b) complex 2.
(c) The Stern-Volmer plots of complex 1 and 2 to DAPI -DNA adduct for determining the quenching constants.
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Fig. 4. Thermal melting curves of DNA in the absence and presence of the complexes. [DNA] = 100 pM and [complex] = 10 pM.

this experiment proves that complexes 1 and 2 both can bind with DNA via groove binding mode. However, the quenching ability of
complex 1 is found to be higher than that of complex 2, confirmed by the quenching constant value. The bigger space-fill arrangement
and high planarity loss character boost it for pure groove binding towards DNA, leading to better binding ability.

3.4. DNA melting study

The groove-binding mode of both the complexes and DNA is further validated by the DNA helix melting experiment. This
experiment, upon heating in a controlled path, breaks the hydrogen bonding as well as the base stacking interactions between the
strands of the double helix structure of DNA which leads to the conversion of the double strand to single strands structure of DNA [51].

DNA melting temperature (Ty,) is considered as the temperature when half of the DNA double-strand is transformed into single
strands and in this study, Ty, is measured in the absence and in the presence of the complexes [52-54]. Interestingly, the Ty, values
continuously change with the variation of probe-DNA interaction upon heating. As a measurement parameter, the absorbance of DNA
at 260 nm is utilized. In general, When the intercalative binding mode is functioning, the thermal stability of the DNA double helix
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Fig. 5. Absorbance changes of (a) complex 1 (15 uM) and (b) complex 2 (15 uM) after incremental introduction of HSA (2-30 uM). (c) Benesi-
Hildebrand double reciprocal plot for complex 1 and complex 2. Fluorescence intensity of 5 pM HSA with increasing concentrations of (d) com-
plex 1 (2.5-40 pM) and (e) complex 2 (2.5-40 uM) at 298 K. (f) Double log plots of Complex 1 and 2 to determine the binding constants during the
interaction of HSA with the complex.
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structure is increased. That’s why Ty, value is increased by around 5-8 °C [55-57]. On the other hand, this temperature enhancement is
found to be slightly less (2-3 °C) [50] in the case of groove binding. In this experiment we observed that the measured melting
ternperatureso(Tm) for free DNA, DNA-complex 1, and DNA-complex 2 systems’ are found to be 68.42 (iO.Z)0 C, 74.15 (i0.2)0 C, and
73.12 (£0.2) C, respectively. This experiment yields authentic proof about the groove-binding nature of both complexes with DNA.

3.5. Protein binding study

substantial quantity of HSA is present in plasma, where it functions as a drug transporter to transfer drug molecules to the right
target regions, reducing the unintended negative effects of the drug molecules. Here, the binding efficiency of both target complexes
with this transporter HSA protein has been evaluated using a range of biophysical techniques.

3.6. Spectroscopic investigation

In this study, we adopted all the experiments discussed earlier. But instead of DNA, we tried to investigate the interaction between
the investigated complexes with HSA. Here from the UV spectroscopic titration experiment it is observed that with the gradual
incorporation of HSA into a fixed concentration of each complex the absorption maxima of the complexes significantly decrease. Fig. 5
pictographically unveils that after the incremental introduction of HSA in complex 1 the absorption maxima in the range of 243-266
nm and 316-342 nm are gradually decreases while in complex 2 the similar observation is noticed in the range of 314-318 nm. This
experimental finding demonstrate the effectiveness of the inaction of HSA with both the studied complexes. The isosbestic points on
the titration pictograph for the two discussed complexes justify the existence of equilibrium among the free and HSA-bound complexes
(Complex 1 and 2). Applying the B- H equation (eq (1)) the binding constant values for protein-complex interaction are listed in
Table 2. HSA exhibits strong fluorescent properties due the presence of Tyrosine (Tyr) and tryptophan (Trp), two aromatic amino acid
residues as a fluorophore, which are utilized to explain the binding interaction of HSA with investigated drug molecules. Here, in the
fluorescence titration experiment after the subsequent addition of each complex separately into HSA at a given concentration, the
fluorescence intensity of HSA at around 340 nm is significantly quenched, as shown in Fig. 5.

This observation is a strong indication of HSA-complex binding. The binding constants for the two HSA-complex adducts (Fig. 6)
have been determined using the double-log equation (eq (3)), and the results are summarized in Table 2.

Fo—F
log oF =log K, + nlog[Q]............... @

For the HSA-complex conjugates, Temperature-dependent binding experiments are conducted (Fig. 6), and the analysis of the
results reveals that the binding constant values are directly proportional to the temperature changes (Table 3) [58]. We have applied
equation (4) (eq (4)) to the determine the value of AH and AS (AH > 0, AS > 0), and these values proclaim a significant information
that the interaction is ruled by hydrophobic force [59,60].

AH" AS°

anb: *W+T .................... (4)

Finally, the spontaneous interaction among complexes and HSA is confirmed by negative free energy change.

3.7. Circular dichroism study

The approach preference to find out whether or not the biomacromolecules suffer any secondary conformational changes during
their interactions with the title complexes, circular dichroism (CD) spectral titration was carried out. The CD spectra of bare DNA and
HSA are first recorded in this measurement. Then, following the addition of complexes 1 and 2 in a dose-dependent manner, the
changes in the CD spectra of the biomacromolecules are meticulously documented. Fig. 7 displays the experimental finding of the CD
titration results. The canonical B form of DNA is supported by the CD spectrum of free DNA, which can be seen in the photograph as it
exhibits a positive lobe at 276 nm and a negative lobe at 243 nm. Interestingly it is observed that no discernible change in spectral
character appears upon the association of each complex with DNA whereas only the lobe depth varies very little. This result indicates

Table 2
Binding parameters of HSA with complex 1 and 2.

Kp x 10* (L mol™)

HSA-complex 1 3.85 4.07 0.99

HSA-complex 2 3.23 3.54 1.08
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Table 3
Binding constant alteration (K,) of HSA during association with complex 1 and 2 with

temperature changes.

Complexes Temperature (K) K} Values
Complex 1 293 3.98 x 10*
298 4.07 x 10*
303 4.11 x 10*
308 4.14 x 10*
Complex 2 293 3.50 x 10*
298 3.54 x 10*
303 3.59 x 10*
308 3.62 x 10*
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12 a) —=— 10 uM Complex 1 b) —<— 10 pM Complex 2
- 20 uM Complex 1 124 —<— 20 uM Complex 2
— 6 6
>
D —
Z’ o \ \-‘E: [1 1 ORI CHPRUIR—..
o o
.(s-,%a S -6
124 % -124
-184 -18
240 270 300 330 240 270 300 330
Wavelength (nm) Wavelength (nm)
4 —=—2 uM HSA _ - —e—2 uM HSA
10 r‘{ c) —2 :M Complex 1 19 ’F- d) —2 :M Complex 2
] —=— 4 uM Complex 1 5_{/‘ —— 4 uM Complex 2
2 =
= 3 -
§ ] % [ e
-5 ) -5
-
-10 -10 4 ,‘*::.‘Je
15 -15
200 260 200 260

220 240 220 240
Wavelength (nm) Wavelength (nm)

Fig. 7. CD spectral changes of ctDNA in the absence and presence of (a) complex 1 and (b) complex 2. CD spectral changes of HSA in the absence
and presence of (c¢) complex 1 and (d) complex 2.
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that a significant amount of the DNA configuration is maintained when interacting with the complexes being studied.

On the other hand, HSA exhibits two negative peaks at 208 and 222 nm offers confirmation for the helical shape of the macro-
molecule. The CD spectral nature of HSA in the current study differs slightly when target complexes are present (Fig. 7), and this
observation suggests that the developed complexes have some ability to alter the structure of the protein.

3.7.1. Molecular docking study

Molecular docking study gives important information in understanding the binding interactions of small biologically active
molecules with biological macromolecules such as DNA, protein etc. [61-63]. In the present study following a successful experimental
investigation of the binding interactions of the two complexes with ctDNA and HSA, the precise binding locations and active binding
sites of the probe inside the macromolecules have been theoretically interpreted using Auto Dock Vina program (see experimental
section). The scoring function in Auto Dock Vina (measured in kJ mol-1) is utilized to estimate the predicted binding affinity between a
ligand and its receptor, assessing the strength of the binding interaction between the two molecules. The scoring function is influenced
by both conformation-dependent factors (intra- and intermolecular contributions, steric, hydrophobic, and hydrogen bonding in-
teractions) and conformation-independent factors (rotatable bonds present in ligands) [64,65]. The docking calculations on the
complex-DNA system provide clear evidence that, for the most stable conformer, both complexes bind to the minor groove region of
the DNA helix (Fig. 8). The groove binding mechanism is primarily driven by strong hydrogen bonding between the ligand complexes
and nucleic acid bases. The computed docking energies for the most stable docked conformations are —43.26 kJ/mol for complex 1 and
-35.28 kJ/mol for complex 2, exhibiting a similar trend to the experimental complex-DNA binding constants mentioned above.

The higher binding affinity of complex 1 towards DNA can be attributed to the formation of additional hydrogen bonds relative to
complex 1. This existence of extra hydrogen bonds is believed to contribute to a stronger interaction between the complex and the DNA
molecule. Fig. 8 gives strong evidence that the orientation of the ligand in complexes significantly influences the binding affinity of the
target complexes with DNA.

Regarding serum protein binding, molecular docking calculations suggest that both complexes bind to the sub-domain IB of the
HSA protein through a combination of hydrogen bonding and hydrophobic interactions (Fig. 9). The docked binding energies for the
complexes 1-HSA and complex 2-HSA interaction are determined as —42.8 kJ/mol and —40.7 kJ/mol, respectively. Interestingly,
these theoretical observations not only align with the experimental binding constant values but also demonstrate a close proximity
between the two numerical values, which shows different behavior, observed during DNA binding. During interaction with HSA,
similar orientation exhibited by both the complexes is mainly the responsible factor for giving close binding constant values during
interaction of target complexes with HSA. However, complex 1 forms an additional hydrogen bond in comparison to complex 2,
resulting in a slightly enhanced of binding affinity. Therefore, consistent with other spectroscopic studies, the molecular modeling
further corroborates the proposition of groove binding interactions between complexes with ctDNA, as well as their binding affinity
towards serum protein.

3.8. Antioxidant property

By employing a UV-vis spectrophotometer and the stable DPPH molecule, the antioxidant activity of quercetin and its two studied

Complex1-DNA

Complex2-DNA
o o
A
W »

L.l

Fig. 8. Minimum energy molecular docked conformations of complex 1 and 2 with the DNA and binding interactions between complexes and DNA
(green dotted lines represent H-bonding between these two).
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Fig. 9. Minimum energy molecular docked conformations of complex 1 and 2 with the HSA and binding interactions between ligands and HSA
protein (green dotted lines represent H-bonding between these two).

complexes have been assessed in terms of its hydrogen-donating or radical-scavenging capacity. The maximum absorption at 517 nm
(purple colour) results from the interaction of a free radical of DPPH with an odd electron. The reaction between DPPH and a free-
radical scavenger antioxidant produces DPPHH, which has a lower absorbance than DPPH due to the lower hydrogen content. This
radical form exhibits decolorization (a yellow hue) in comparison to the DPPH-H state due to the enhancement of gathered electrons.
The results of the experiment are pictographically summarized in Fig. 10 and Fig. S9 (In the supporting information file). It can be
observed that at a fixed concentration, complex 1 has the highest antioxidant property than Complex 2 as well as Qr. The percentage of
antioxidant activity can be calculated as 78.31 %, 58.40 %, and 32.58 % for complex 1, 2 and Qr respectively.

. It is well known that quercetin shows significant DNA/protein binding and antioxidant activity but when it forms a complex with
different metal ions then the antioxidant property as well as the binding efficacy of the macromolecules readily increases [66-71].
Here interestingly the binding ability towards macromolecules and the antioxidant property of the metal -quercetin complex with the
presence of ancillary ligand is comparable with the simplex quercetin-metal complex.

3.9. In-vitro cytotoxicity assay

Following the DNA and HSA binding efficacy testing, the MTT assay is used to verify the cytotoxicity experiment of both target
complexes on the HEK 293 normal cell line and the HeLa cancer cell line in a dose-dependent manner. The results of the cell viability
studies are summarized in Fig. 11. After both cells are incubated for 24 h at different dosages of the two complexes, the IC50 values
have been determined. Cisplatin has been utilized as a positive control against the HeLa cell line (IC50 = 14.7) for the entire MTT test.
[72].

The IC50 values for complex 1 (displayed in Table 4) provide strong evidence for potent anticancer ability with low toxicity to
normal cells confirms by its high IC50 value for normal cells. On the other hand the large IC50 value for compound 2 for HeLa cells
indicates that it is unable to demonstrate any meaningful anticancer effects. In this case, it’s important to remember that Zn- or Cu-
quercetin complexes have also shown anticancer effects in the past, but there’s no evidence to suggest that the complex has less of an
impact on normal cells [73,74].

4. Conclusion

One Zn(II) complex based on quercetin, called Zn(Qr)(CNNCN)(H20),, (complex 1) has been developed in recent work by a simple
condensation reaction between quercetin and zinc chloride in the presence of NaN(CN),, and one Cu(Il) complex, called Cu(Qr)Ng
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Fig. 10. Optical colour change of DPPH in addition to different concentrations of (a) Quercetrin (b) Complex 1 (¢) Complex 2 and (d) Plot of
[sample] vs % of Inhibition to calculate the antioxidant activity.
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Fig. 11. Cell viability of HeLa cell line after incubation with complex 1 via dose dependent manner for a) 24 h b) 48 h..

(H20)(MeOH) (complex 2), has been formed through a reaction between and CuCl2 in the presence of sodium azide. Newly developed
complex 1 and 2 are properly identified via numerous spectroscopic techniques. EPR analysis verifies that the metal oxidation state in
complex 2 is + 2. DFT analysis is used to determine the two complexes’ optimized structures. After precise identification, both
complexes are subjected to a battery of biophysical tests, including UV metric, fluorometric, and CD titration, as well as DNA melting,
to assess their DNA and HSA binding ability. The results of every biophysical investigation confirm that the complexes with DNA and
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Table 4
IC50 value of the target compounds.
Compounds HeLa (uM) (24 h incubation) HEK 293 (uM) (24 h incubation)
Complex 1 31.25 £ 2.92 86.1 + 3.49
Complex 2 >100 >100
Cisplatin (Reference) 147 £1.2

HSA have substantial binding efficacies. But, complex 1 has better susceptibility for effective binding with the macromolecules due to
the presence of an additional H-bond during interaction with HSA and the operation of pure groove binding mode in the time of
association with DNA. The thermodynamic parameter measuring further validates the spontaneous binding of the investigated
compounds with HSA. Finally, the antioxidant and cancer-fighting abilities of these complexes have been investigated. The lower IC50
value for HeLa cell and higher IC50 value for normal HEK cell approve effective anticancer properties of complex 1 with little toxicity
to normal cells. Better DNA and HSA binding ability of complex 1 may play a key role in exhibiting strong anticancer properties.
Remarkably, complex 1’s antioxidant properties surpass both quercetin and complex 2, indicating a potential enhancement of the
quercetin-metal complex’s bioapplication properties when an ancillary ligand is present.

5. Experimental section
5.1. Materials and methods

There was no need for further purification because all of the reagents and solvents utilized in the synthetic process were readily
accessible on the market as reagent-grade compounds. We purchased EB, DAPI, HSA, and CT-DNA from Sigma Aldrich Chemicals.
Merck provided the quercetin hydrate, zinc chloride, copper chloride, sodium azide, sodium dicyanamide (NaN(CN)2), and trie-
thylamine (Et3N). A PerkinElmer 24001I elemental analyzer was utilized in the current investigation to conduct elemental (C, H, and
N) analysis. A Bruker Tensor-27 in ATR mode was used to obtain FTIR data. PerkinElmer UV-VIS Lambda 365 spectrophotometer was
utilized for the electronic absorption experiments, while PerkinElmer FL6500 fluorescence spectrophotometer was used for the
fluorometric measurements. The total interaction investigations among macromolecules and complexes were executed in citrate-
phosphate (CP) buffer of 10 mM [Na'] at pH 7.4 containing 0.5 mM NapHPOj4.

5.2. Synthetic procedures

Synthesis of [Zn(Qr)(MeO)(H,O)N(CN),] 5)

For the synthesis of complex 1, the methanolic solution of 0.136 g (1 mmol) ZnCl, was added in situ to the methanolic solution of
0.30 g (1 mmol) quercetin under reflux conditions with continuous stirring followed by addition of 0.089 g (1 mmol) NaN(CN),. The
mixture was then stirred for 3 h. The yellow colored ppt appeared during the complex 1 generation. After that, the solution was left at
room temperature to settle and filtered. The ppt was collected and dried for further studies. Yield: 85 %.

Anal. Calc.: For C1gH14N309Zn (MW: 481.70) C, 44.68; H, 2.73; N, 8.52; Found C, 44.88; H, 2.93; N, 8.72.

Synthesis of [Cu(Qr)(MeO)(H,0)N3] ©

During complex 2 preparation, we followed the same synthetic procedure as complex 1. Here instead of ZnCl, we have used CuCl,
and instead of NaN(CN), we have used NaNs. Here we got brown colored ppt appeared during the complex 2 generation. Yield: 85 %.
Anal. Calc.: For C16H14N309Cu (MW: 455.85) C, 41.96; H, 2.90; N, 9.02; Found C, 42.16; H, 3.10; N, 9.22.

5.3. Theoretical calculation method

Ground-state electronic structure measurements in the gas phase of the ligand and complex have been worked out using a DFT
procedure attached to the conductor-like polarizable continuum model [75]  Becke’s hybrid function [76] with the Lee—Yang—Parr
[77] correlation function was used for the exploration. The absorbance spectral characteristics in the DMSO medium for complexes 1 &
2 were reckoned by time-dependent density functional theory, attached with the conductor-like polarizable continuum model and we
measured the lowest 40 singlet—singlet transition.

For H atoms, we applied the 6-31+(g) basis set; for C, N, O, Zn and Cu atoms, we utilized LanL.2DZ as the basis set for all the
measurements. The determined electron-density plots for frontier molecular orbitals were prepared by using Gauss View 5.1 software.
By using the Gaussian 09 W software package the total measurements were done. The Gauss Sum 2.1 program [78] was used to
determine the molecular orbital contributions from groups or atoms.

5.4. DNA/protein interaction studies
The DNA and HSA stock solution were set up by dissolution of CT-DNA in a CP buffer of 10 mM Na  containing 0.5 mM NayHPOj,.
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The DNA concentration was ascertained spectrophotometrically using the molar extinction coefficient (¢) 6600 M~! cm™!, and no
dislocation from Beer’s law was detected during concentration estimation. Simultaneously, a certain concentration of HSA was pre-
pared by appointing the molar extinction coefficient (¢) of 37,500 M~ * cm 1. The subsequent biophysical studies were accomplished to
assess the binding efficacy of DNA/protein with complexes 1 and 2.

5.5. Circular dichroism spectral study

Circular dichroism (CD) spectral studies were carried out utilising a JASCO J815 model unit (JASCO International Co. Ltd.
Hachioji, Japan) outfitted with a JASCO temperature controller (PFD 425L/15). Enhancing concentrations of complex 1 and 2 were
added to a certain concentration of CT-DNA or HSA to perform titrations. Documentation was done of the changes in the free DNA/
HSA CD spectrum following the inclusion of the complexes. The equation was utilized to compute the molar ellipticity values [0] in the
DNA interaction investigations.

[6]=100x0 /(Cx1) @)

where 0 is the noticed ellipticity in millidegrees, C is the concentration in mol/L, and [ is the cuvette cell path length in cm. The molar
ellipticity [6] (deg.cmz/dmol) values within the region of 200-400 nm are illustrated in terms of base pairs [79,80]. For the HSA
interaction study in 190-260 nm wavelength region, the CD scans were performed. The executed ellipticity () was explicited as:

MRE = 0M / acl 8

where M stands for the molar mass of the protein, a describes the number of amino acids in the protein, ¢ shows the concentration in
g L%, and [ is the path length.

5.6. Molecular modeling studies for DNA binding and HSA protein interaction

Molecular docking calculations were performed using AutoDock Vina program (version 1.1.2) in conjunction with the Autodock
Tools from the Scripps Research Institute [81]. The structures of Zn-based Complex 1 and Cu-based Complex 2 were initially obtained
from their crystallographic data in CIF file format. These CIF files were then converted into PDB files using Open Babel GUI software.
The macromolecular crystal structures of calf thymus DNA (ctDNA) and Human Serum Albumin (HSA) were obtained from the RCSB
Protein Data Bank (widely accepted database for biological research) having PDB ID 1BNA (B-DNA, d(CGCGAATTCGCG), dodecamer)
and 2127 respectively. AutoDock Vina offers superior accuracy compared to AutoDock 4 docking software in predicting the binding
affinity of the probe/drug towards the biomolecule [82]. The PDB files of the receptor/s (DNA and HSA) and ligand complexes (1 and
2) were then converted into PDBQT format using the MGL Tool (version 1.5.6) prior to conducting the docking studies. A sufficiently
large three dimensional grid box of 100 x 100 x 100 was created with a grid spacing 0.375 A (for DNA) and 1.00 A (for HSA),
encompassing the entire macromolecules and allowing the complexes to explore all potential binding sites of biomolecules. Docking
calculations were conducted using a generic algorithm run of 20 iterations, an exhaustiveness value of 8, and an energy range of 4.
Finally, according to the Autodock scoring function, the lowest energy conformer of complex-macromolecular adduct was selected as
the most stable conformation. PyMOL and BIOVIA Discovery Studio Visualizer software package were employed for visualization and
analysis of the docked conformations. These software tools are widely used in the field of biophysical chemistry for their robust
features and capabilities in analyzing the receptor-ligand interactions.

5.7. Antioxidant property experiment of the complexes by DPPH method

To assess the free radical scavenging abilities of the complexes 1,1-diphenyl- 2-picryl hydrazyl (DPPH) technique was implemented
[83]. 100 ml stock solution of DPPH was freshly prepared by dissolving 24 mg of the sample into 100 ml methanol. Then 0.1 ml of
different concentrations of complexes (8, 16, 24, and 32 pM) were added into 3.9 ml of DPPH solution (100 pM) and mixed gently.
Then it is kept in a dark room for about 30 min. A blank solvent as a sample was used as a control. After that, the absorbance change of
DPPH was recorded at 517 nm. To get accurate results this experiment was repeated 3 times. To calculate the percentage of antioxidant
activity the following equation (equa ... 6) has been used [84].

% of antioxidant activity = [(A. — A,) + Ac]x 100 ()]
where: A, is the absorbance of Control during the reaction; As is the absorbance of the sample mixture during the reaction.
5.8. In vitro cytotoxicity assay study

The traditional MTT test method was used to assess the anticancer activity of the examined complexes on the human cervical
carcinoma (HeLa) cell line and the HEK 293 normal cell line. In a 24-well plate, each cell was seeded at a density of 2 x 105 cells/well.
Cells were exposed to the aforementioned complexes for 24 and 48 h at various doses following a 24-h cell seeding period. After
incubation, cells were twice rinsed with 1X phosphate buffered saline (PBS). They were then exposed to 0.5 mg/mL MTT solution (SRL)
and allowed to incubate for a further 3-4 h at 37 °C until the formation of a purple formazan product. The outcome product was then
dissolved in DMSO and finally with the aid of a microplate reader (Bio-Rad) at 570 nm OD was determined. The following formula was
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applied to calculate the rate of survival.

Cell viability (%) = (ODar / ODac) x 100 (10)
where ODat = Absorbance of control cells and ODa¢c = Absorbance of treated cells [85].
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