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Abstract
The syntheses of [Cu(PPh3)2(L)]NO3 and [Cu(PPh3)2(L-SO3Na)]NO3 were achieved through the reaction of Cu(PPh3)2NO3 
and equimolar amount of the ligands (L = 5,6-diphenyl-3-[2-pyridyl]-1,2,4-triazine;  LSO3Na = 5,6-diphenyl-3-[2-pyridyl]-
1,2,4-triazine-4,4′-disulfonic acid disodium salt). The complexes were characterized by NMR and IR spectroscopy and mass 
spectrometry. The compounds exhibit similar absorption and emission spectra, suggesting a similar electronic structure. 
Ct-DNA binding studies show the strong influence of the net charge as Cu-L (positively charged) is able to bind to ct-DNA 
while Cu-LSO3Na (negatively charged) is not. The net charge of the complexes affects the thermodynamic and kinetic binding 
parameters toward human serum albumin. HSA-binding of the complexes was further investigated by molecular docking, 
revealing different binding sites on the HSA protein as a function of the net charge. The different anticancer activities of the 
complexes towards ovcar-3 and hope-62 cancer cell lines are suggestive of a role for the overall charge of the complexes. 
Interaction with the DNA is not the major mechanism for this class of complexes. The overall net charge of the pharmaco-
phore (anticancer agent) should be a key consideration in the design of anticancer metal complexes.

Keywords Copper(I) · Dipyridophenazine · DNA-binding · Anticancer properties · Molecular docking

1 Introduction

Several transition-metal complexes, mainly containing 
platinum, have been approved or are currently in clinical 
trials for chemotherapy. Cisplatin is one of the most wide-
spread chemotherapeutic drugs, being used in 50% of the 
chemotherapeutic treatment regimes, but its severe side 
effects have motivated further research efforts to develop 
alternatives [1–3]. Carboplatin and oxaliplatin have been 
approved (by the FDA) for clinical use while nedaplatin, 
lobaplatin, and heptaplatin have gained approval for clinical 
use [4]. Another strategy for the design of chemotherapeu-
tic agents has involved the use of different metals, such as 
ruthenium, palladium and gold [5–7]. Promising coordina-
tion compounds of copper(I) and copper(II) have been exam-
ined as candidates in cancer therapy, aiming for less toxic 
compounds than platinum compounds with comparable or 
better activities (because copper is an essential trace ele-
ment in biological systems) [8–10]. In particular, the inter-
est in copper(I) complexes with mixed phosphine/diimine 
ligand sets has been growing tremendously. Recent research 
has confirmed the role of the diimine ligands in improving 
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the cytotoxic properties of the copper complexes. A set of 
copper(I) complexes of the type [CuX(N^N)(tris-(2-cya-
noethyl)phosphine)] has been synthesized and evaluated for 
their in vitro antineoplastic properties against several cancer 
cell lines, highlighting that the most effective complex was 
the one with a dipyrido-[3,2-d:2′,3′-f]-quinoxaline ligand 
[11]. In another study, a set of complexes with the general 
formula [CuBr(PPh3)(N^N)] was examined for their antican-
cer activities, the authors concluding that complexes with 
3-[2-pyridyl]-5,6-diphenyl-1,2,4-triazine and dipyrido[3,2-
a:2′,3′-c]phenazine (dppz) exhibited better cytotoxicity 
against several cancer cell lines than complexes with substi-
tuted phenanthroline and bipyridines [12]. Moreover, func-
tionalizing the dppz ligand with groups such as nitro, cyano, 
methyl, etc., has been shown to alter the anticancer prop-
erties significantly, proving the critical role of the diimine 
ligands in the biological properties [13]. Other reports have 
examined the effect of incorporating hydrophilic phos-
phines such as tris(hydroxymethyl)phosphine [14, 15] and 
N-methyl-1,3,5-triaza-7-phosphaadamantane [16]; these 
limited studies have concluded that the water-soluble com-
plexes have good anticancer activities with improved physio-
chemical properties. Copper(I) complexes including diimine 
ligands with water-solubilizing groups have also been exam-
ined for their in vitro anticancer potential against human 
tumor cell lines, exhibiting moderate to high cytotoxic activ-
ities and with potential to overcome cisplatin resistant cell 
lines [17]. Other strategies employed to improve the delivery 
of chemotherapy include functionalization of the drug with 
ester or carboxylic acid moieties [18–20], assembling pH- or 
temperature-responsive multilayer polymers encapsulating 
drugs [21–23], and encapsulating drugs in nanosheets [24] 
or metal–organic frameworks [25].

As mentioned above, the use of 5,6-diphenyl-3-[2-
pyridyl]-1,2,4-triazine (L) as a ligand in CuBr(PPh3)(L) 
improves the anticancer activities. In this work, water-sol-
ubilizing sodium sulfonate units were incorporated into the 
5,6-diphenyl-3-[2-pyridyl]-1,2,4-triazine ligand (affording 
L-SO3Na). Two complexes were synthesized with the for-
mula [Cu(PPh3)2(L)]NO3 and [Cu(PPh3)2(L-SO3Na)]NO3, 
and the DNA-binding, protein-binding and anticancer activi-
ties were evaluated to assess the role of the complex net 
charge.

2  Experimental Section

2.1  Chemicals and Reagents

Solvents (HPLC grade) were used as received. Calf thymus 
DNA (Type I) and human serum albumin were purchased from 
Sigma-Aldrich. 5,6-Diphenyl-3-(2-pyridyl)-1,2,4-triazine (L) 
and 5,6-diphenyl-3-(2-pyridyl)-1,2,4-triazine-4,4′-disulfonic 

acid disodium salt hydrate (L-SO3Na) were purchased from 
Alfa Aesar. The synthesis of Cu(PPh3)2NO3 was achieved 
as described in the literature, by stirring copper(II) nitrate 
hemi(pentahydrate) with ca. three molar equivalents of triph-
enylphosphine in ethanol at reflux under a nitrogen gas atmos-
phere. The desired compound precipitated after a few minutes 
and was obtained by filtration as a white powder [26].

2.2  Instrumentation

Infrared spectra were recorded for powder samples of the 
compounds, using a Bruker Alpha FT-IR; peaks are reported 
in  cm−1. 1H NMR (600 MHz) and 31P NMR (242 MHz) 
spectra were recorded using a Bruker Avance 600 MHz 
spectrometer equipped with a BBO probe (BrukerBioSpin, 
Rheinstetten, Germany). The spectra were recorded using 
previously reported parameters [27]. High-resolution elec-
trospray ionization (ESI) mass spectra were recorded using 
an Agilent Q-TOF 6520 instrument; all mass spectrometry 
data are reported as m/z. Absorption spectroscopy was per-
formed using a Genesys-10 s UV–VIS spectrophotometer 
and 1 cm path-length quartz cells; bands are reported in 
the form wavelength (nm). Emission spectra were collected 
in 1 cm quartz cells using a Hitachi F-7000 fluorescence 
spectrometer.

2.2.1  Synthesis of [Cu(PPh3)2(L)] (Cu‑L)

A mixture of Cu(PPh3)2NO3 (600  mg, 0.922  mmol) 
and 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine (286  mg, 
0.922 mmol) in dichloromethane (15 mL) was stirred for 
2 h under a nitrogen atmosphere. The reaction solution was 
reduced in volume, diethyl ether was added, and the orange 
precipitate was collected by filtration, washed with petrol, 
and dried, affording complex Cu-L as an orange powder 
(420 mg, 51%). IR (solid,  cm−1): 3050 w, 1597 w, 1509 w, 
1479 m, 1434 m, 1410 w, 1342 br, 1182 w, 1158 w, 1095 m, 
1025 w, 997 w, 829 w, 797 w, 7706 m, 769 s, 744 s, 602 s, 
644 w, 618 w. 1H NMR  (CDCl3, 600 MHz, 298 K): δ 8.79 
(s br, 1H, py), 8.50 (s br, 1H, py), 8.31 (s br, 1H, py), 7.78 (s 
br, 1H, py), 7.62 (d,  JHH = 6 Hz, 2H, Ph), 7.52 (s br, 2H, Ph), 
7.44 (s br, 4H, Ph), 7.31 (s br, 6H, p-Ph  PPh3), 7.16 (s br, 
24H,  PPh3). 31P {1H} NMR  (CDCl3, 600 MHz, 298 K): 3.17 
(s,  PPh3). HR ESI MS: calcd for  [C38H29CuN4P] + [M-PPh3] 
+ 635.1425, found 635.14201.

2.2.2  Synthesis of [Cu(PPh3)2(L‑SO3Na)] (Cu‑LSO3Na)

Cu(PPh3)2NO3 (503 mg, 770 mmol) and LSO3Na (0.398 g, 
770 mmol) were stirred in a mixture of acetonitrile (10 mL) 
and methanol (5 mL) with a few drops of water for 2 h under 
a nitrogen atmosphere. The reaction solution was reduced in 
volume, diethyl ether was added, and the orange precipitate 
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was collected by filtration, washed with petrol, and dried, 
affording complex Cu-LSO3Na as an orange powder 
(262 mg, 31%). IR (solid,  cm−1): 3459 br, 3055 w, 1638 m, 
1597 w, 1511w, 1480 m, 1435 m, 1393 w, 1365 m, 1196 
br, 1156 m, 1117 m, 1096 m, 1033 s, 996 w, 907 w, 800 m, 
784 m, 746 s, 740 s, 650 w, 617 s, 574 w, 561 w. 1H NMR 
 (CDCl3, 600 MHz, 298 K): δ 8.76 (d,  JHH = 12 Hz, 1H, py), 
8.34 (d,  JHH = 6 Hz, 2H, Ph), 8.14 (t,  JHH = 7 Hz, 1H, py), 
8.07 (s br, 1H, py), 7.99 (s br, 2H, Ph), 7.53 (t,  JHH = 7 Hz, 
1H, py), 7.26 (s br, 4H, Ph), 7.19 (s br, 6H, p-Ph  PPh3), 7.06 
(s br, 24H,  PPh3). 31P {1H} NMR  (CDCl3, 600 MHz, 298 K): 
3.21 (s,  PPh3). HR ESI MS: calcd for  [C38H27CuN4O6PS2] + 
[M-2Na-PPh3] + 839.02011, found 839.0287.

2.3  DNA Binding Studies

2.3.1  Ethidium Bromide Fluorescence Quenching

A solution containing 100 µM ct-DNA and 10 µM ethidium 
bromide (EtBr) was prepared in Tris–HCl/NaCl buffer solu-
tion (pH = 7.2). The ct-DNA-EtBr solution was incubated for 
24 h. The solution was then titrated with different amounts 
of each of the complexes in DMSO, maintaining the DMSO 
at ca. 5% V/V. The changes in the emission spectra of the 
solutions were followed in the range 500–700 nm upon exci-
tation at 390 nm after incubating the complexes for 4 min. 
The Stern–Volmer quenching constants (KSV) were calcu-
lated employing the equation below:

where Fo and F are the emission intensities in the absence 
and the presence of the samples, respectively. The [Cu com-
pound] was plotted against [Fo/F]; the  KSV value was equal 
to the slope [28, 29].

2.3.2  Determination of Binding Mode by Viscometry

An Ostwald viscometer was used to perform the viscosity 
measurements. 10 µL amounts of copper complexes were 
added to solutions of ct-DNA in buffer during which the 
[Cu compound]/[DNA] ratio was maintained in the range 
0.02 to 0.2. The solutions were incubated for 5 min at 25 °C 
in a water bath before measurements. Average time flow for 
the solutions were recorded (replicating the measurements 
four times). The relative viscosities (η /ηo)1/3 were plotted 
against [Cu compound]/[DNA], where ηo and η represent 
the specific viscosity of the ct-DNA and the ct-DNA-Cu 
compound mixture, respectively. The specific viscosity η 
and ηo were obtained utilizing the relation [(t−tb)/tb] where 
t is the observed flow time and tb is the buffer solution flow 
time [28, 29].

(1)
F0

F
= 1 + Ksv

[

Cu compound
]

2.4  HSA Binding Studies

A solution containing 30 µM of human serum albumin 
(HSA) was prepared in Tris–HCl/NaCl aqueous buffer 
system (pH = 7.4). The solution was titrated with different 
concentrations of both complexes in DMSO (the amount of 
DMSO was maintained at ca. 20% V/V). The changes in the 
emission spectra of the solutions were monitored at around 
330 nm upon excitation at 270 nm, after incubating the com-
plexes for 4 min at 295 K. The Stern–Volmer quenching 
constants  (KSV) were calculated using Eq. 1 where Fo and 
F are the emission intensities of the protein in the absence 
and the presence of the complexes, respectively. The [Cu 
compound] was plotted against [Fo/F]; the  KSV value was 
equal to the slope [30].

Binding constant  (Kb,  M−1), and the number of binding 
sites (n) were calculated by plotting log[Fo−F/F] against log 
[Cu compounds] where the slope equals n and the intercept 
equals log Kb, as can be expressed in Eq. 2 [31].

The binding constant (Kb,  M−1) can be used to calculate 
the change in Gibbs free energy (∆G0) from the following 
equation [31, 32]:

2.5  Molecular Docking

The structure of the HSA receptor was downloaded from 
the protein data bank (PDB: 1H9Z) (http:// www. rcsb. org/ 
pdb/ home/ home. do) [33]. The two synthesized compounds 
were sketched in ChemBioOffice Ultra, version 13. All dock-
ing studies used the MOE program. HSA (1H9Z) was pre-
pared by removing all water and cofactor molecules from 
the downloaded proteins. Then, all invalid charges and 
broken bonds were corrected, and all hydrogen atoms were 
added. The parameters and charges were assigned with the 
MMFF94x force field. After alpha-site spheres were identi-
fied using the site finder module of MOE, the two complexes 
were docked to the same active site of the downloaded com-
pound using the DOCK module of MOE [34, 35]. The dock-
ing scores in MOE software were obtained using the London 
dG scoring function. The highest ten docking scores were 
used to compare between the two complexes and the co-
crystallized reference compound; the values were optimized 
using two independent refinement methods. The docking 
results were validated following the reported method [36, 
37]. The method (the pose selection method) involves re-
docking the co-crystallized ligand into the receptor’s active 
site. If the program is able to identify the best pose under 

(2)Log =
F0 − F

F
Log Kb + n Log

[

Cu compound
]

(3)ΔG0
= −R . T . lnKb

http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
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a preselected Root Mean Square Deviation (RMSD) value 
from the known conformation (regularly 1.5 or 2 Å, depend-
ing on ligand size), the method is considered “validated”. 
In the current study, pose selection and docking score for 
R-warfarin (the co-crystallized compound with 1H9Z) 
were determined; the docking result of the same compound 
reached a 1.09 Å resolution of the co-crystal structure.

2.6  Anticancer Studies

The cells were supplied by the Egyptian Holding Company 
for Biological Products and Vaccines (VACSERA) and 
then kept in the tissue culture unit. The growth of the cells 
was effected in RPMI‐1640 medium, supplemented with 
10% heat inactivated FBS, 50 units/mL of penicillin, and 
50 mg/mL of streptomycin, and maintained in a humidi-
fied atmosphere with 5% carbon dioxide [38, 39]. The cells 
were maintained as monolayer cultures by serial sub‐cultur-
ing, with cell culture reagents obtained from Lonza (Basel, 
Switzerland). The antitumor activities of the complexes were 
assessed against OVCAR-3 (ovarian cancer) and HOPE-62 
(small cell lung cancer) cell lines.

The sulforhodamine B (SRB) assay method was applied 
to determine the cytotoxicity, as described in the literature 
[40]. Exponentially-growing cells were collected using 
0.25% Trypsin‐EDTA and seeded in 96‐well plates at 
1000–2000 cells/well in RBMI‐1640 supplemented medium. 
The cells were kept in the medium for 24 h and then they 
were incubated for 3 days with various concentrations of the 
copper complexes. Following 3 days of treatment, the cells 
were fixed with 10% trichloroethanoic acid for 1 h at 4 °C. 
Wells were stained for 10 min at room temperature with 
0.4% SRBC dissolved in 1% acetic acid. The plates were 
air dried for 24 h and the dye was dissolved in Tris‐HCl for 
5 min with shaking at 1600 rpm. The optical density (OD) 
of each well was assessed spectrophotometrically at 564 nm 
with an ELISA microplate reader (ChroMate‐4300, FL, 
USA). The  IC50 values were calculated from a Boltzmann 
sigmoidal concentration response curve using the nonlinear 
regression fitting models (Graph Pad, Prism Version 9).

3  Results and Discussion

3.1  Synthesis and Characterization

An initial proposal was made to compare CuBr(PPh3)(L) 
against CuBr(PPh3)(L-SO3Na), but several problems were 
encountered in the synthesis of pure compound of the lat-
ter, including the existence of the ligand in two different 
coordination modes. Hence, we shifted our work to the 
synthesis of complexes of the formula [Cu(PPh3)2(N^N)]
NO3. Copper(I) complexes were prepared as described in 

Fig. 1, by reacting stoichiometric amounts of the ligands 
and Cu(PPh3)2NO3 under an inert gas atmosphere; the com-
plexes were obtained in moderate yields. For the ligand 
5,6-diphenyl-3-(2-pyridyl)-1,2,4-triazine-4,4′-disulfonic 
acid disodium salt hydrate (L-SO3Na), the use of water was 
essential to dissolve the ligand, and hence we used acetoni-
trile/methanol mixture with a few drops of water to run the 
reaction. For 5,6-diphenyl-3-(2-pyridyl)-1,2,4-triazine, the 
reaction was performed in dichloromethane.

Both complexes reported in this work are stable at 
ambient conditions as solids or as solutions in chlorinated 
solvents or DMSO. The identities of the complexes were 
confirmed by 1H and 31P NMR spectroscopies as well as 
elemental analysis and mass spectrometry. In the 31P NMR 
spectra, the compounds show intense singlet peaks around 
− 6 ppm. The mass spectra provided signals for [M-PPh3-
NO3]+ in the case of Cu-L while the ion [M-PPh3-2Na-
NO3]+ was detected for Cu-LSO3Na. The IR spectrum of 
Cu-LSO3Na confirms the presence of nitrate ion with the 
signal at 1365  cm−1. Electronic spectra of both compounds 
are almost identical, as both compounds exhibit an intense 
band at around 280 nm with a shoulder extending to ca. 
370 nm (Fig. 2). The intense high energy bands are assigned 
as LC (π–π*) and the broad shoulder bands are attributed to 
MLCT (d-π*) [12, 13, 41]. The emission spectra of the com-
plexes were measured in deoxygenated DMSO solutions, 
with both compounds being excited at 370 nm; the excita-
tion wavelength was chosen experimentally by scanning in 
the proximity of the bands in the absorption spectra. The 
compounds have similar emission behavior with emission 
maxima at 420 nm and 450 nm, with a shoulder extending 
to 550 nm (Fig. 2).

3.2  DNA Binding Interactions

Ethidium bromide is weakly emissive, the emission being 
enhanced when EtBr intercalates between the base pairs in 
the DNA, so the emissive EtBr-DNA adduct can be used as 
a good probe to evaluate the binding of single molecules. 
The fluorescence quenching of the ct-DNA-EtBr adduct was 
examined to assess the effect of the sodium sulfonate groups 
on the binding capabilities of the copper complex in the 

N

N
N
N

Cu
PPh3

PPh3

R

R

NO3N

N
N
N

R

R

Cu(PPh3)2NO3

R = H (Cu-L)
R = SO3Na (Cu-LSO3Na)

Fig. 1  Synthesis of Cu-L and Cu-LSO3Na
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ct-DNA binding process. The ability of the complexes to 
quench the EtBr-DNA system in this method is connected 
to the binding strength of the complexes to the DNA, and 
gives an indication about the mode of binding (the intercala-
tion process) [42, 43]. The concentration of the EtBr-DNA 
mixture was maintained at a constant value while the con-
centration of the complexes was increased by 20 µL aliquots 
(Fig. 3). The titration process revealed that Cu-L partially 
quenches the ct-DNA-EtBr adduct while Cu-LSO3Na has 
no effect on the EtBr-DNA emission. This difference is due 
to the ability of Cu-L to bind to ct-DNA, displacing some 
of EtBr units and diminishing the emission intensity. In con-
trast, the presence of Cu-LSO3Na in the anionic form in the 

solution causes a repulsive interaction between the copper 
complex and the negatively charged ribose chain of ct-DNA.

The quenching process does not provide conclusive 
information on the binding mode. However, the trend in 
the changes of the viscosity of ct-DNA can indicate the 
compound-DNA binding mode [42, 43]. Herein, the rela-
tive viscosity of ct-DNA has been monitored while increas-
ing the concentrations of Cu-L and Cu-LSO3Na, as well 
as ethidium bromide as a positive control for benchmarking 
(Fig. 4). The relative viscosity of the ct-DNA only increased 
appreciably when increasing the concentration of complex 
Cu-L, while Cu-LSO3Na showed no pronounced change in 
the ct-DNA viscosity, which suggests either no interaction 
at all or groove binding [44]. Taking into consideration that 
Cu-LSO3Na has no effect on the ct-DNA-EtBr adduct, the 
complex is likely unable to bind to ct-DNA due to the over-
all negative charge of the complex that induces a repulsive 
effect with the negatively charged ribose phosphate chain 
[45].

3.3  HSA Binding

The interaction of chemotherapeutic agents with blood 
plasma proteins has been a subject of considerable inter-
est in recent years due to their role in drug transport and 
metabolism, mainly with serum albumin (about 55% of 
the blood plasma protein) [46, 47]. Figure 5 illustrates the 
interaction of complexes with HSA from the concentration 
dependence of the change in the fluorescence intensity (at 
335–340 nm) of the protein upon the addition of complexes 
at 295 K. The characteristic broad emission band decreases 
dramatically with small additions of the complexes (Cu-L 
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and Cu-LSO3Na), confirming the interaction between com-
plexes and HSA. The fluorescence quenching is described 
by the Stern–Volmer equation (Eq. 1); the Stern–Volmer 
constant can be related to the quenching constant by the 
following equation:

where  kq is the quenching rate constant and τ0 is the average 
fluorescence lifetime of the protein without the quencher 
(~ 7 ns) [48, 49]. The data of the two complexes are sum-
marized in Table 1. The quenching constants suggest the 
existence of the static quenching mechanism as our com-
plexes have rates much higher than 2.00 ×  1010   M−1   s−1 
(the maximum value for dynamic quenching) [50]. From 
the Scatchard equation (Eq. 3), the binding constants were 
calculated, revealing that Cu-L exhibits higher binding 

(4)Ksv = Kq × �0

constants for HSA than does Cu-LSO3Na (Table 1). The 
average binding site count for the complexes is nearly 2 for 
HSA. Indeed, the number of binding sites is more accurately 
describing the stoichiometric ratio of the compounds to HSA 
[51]. HSA consists of three domains (DI, DII and DIII), of 
which two domains are primarily hydrophobic regions which 
can involve the binding of our complexes [47, 52, 53]. Both 
compounds showed negative values of ΔG0, indicating the 
spontaneous interaction with this protein; Cu-L is “more 
spontaneous” than Cu-LSO3Na (Table 1).

3.4  Molecular Docking

A molecular docking study was undertaken to gain an 
understanding of the binding sites and possible interac-
tions of the complexes in the protein environment [54, 55]. 
The lowest ten binding energies of the complexes were 
obtained, of which the best three are listed in Table 2. 
In general, Cu-L has a better binding score toward HSA 
than that calculated for Cu-LSO3Na. The data indicate 
that Cu-L has a strong preference to bind at site 1 (in 
DII) (Fig. 6) while Cu-LSO3Na exclusively binds to site 
2 (DIII) (Fig. 6). In site 1, the HSA pocket (DII) is sur-
rounded by Glu153, Phe156, Phe157, Arg160, Glu184, 
Glu188, Ala191, Ser192, Lys195, His 288, Glu292, 
Glu294, Lys436, His440 and Tyr452 amino acids; some of 
these amino acid residues are involved in the electrostatic, 
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3
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Fig. 4  Changes in the relative viscosity of ct-DNA with increasing 
amounts of ethidium bromide, Cu-L, and Cu-LSO3Na

Fig. 5  Protein binding studies of Cu-L and Cu-LSO3Na

Table 1  Kinetic and thermodynamic parameters of the protein-com-
pound binding at 295 K

Compound Ksv (×  105) Kq (×  1013) Kb (×  109) n ∆G0 (kJ 
 mol−1)

Cu-L 2.86 4.08 4.83 1.97 − 54.9
Cu-

LSO3Na
2.06 2.95 1.39 1.88 − 51.6
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hydrophobic and van der Waals interactions of Cu-L, with 
the arginine, in particular, establishing cation-pi interac-
tions. The HSA site 2 pocket (DIII) is on the face of an area 
consisting of the following amino acids: Asp108, Asn109, 
Pro110, Asn111, Leu112, Pro113, Arg114, Arg145, 
Thr422, Glu425 and Leu463; Cu-LSO3Na establishes 
electrostatic, hydrophobic and van der Waals interactions 
with some of these amino acids. The dramatic difference 
in the binding sites with different amino acids for both 
complexes indicates the crucial nature of the overall net 
charge of the complexes. Cu-L with its net positive charge 
is able to squeeze into a pocket with negatively charged 

amino acids (glutamic acid and aspartic acid) while Cu-
LSO3Na forms negatively charged species after dissolving 
in aqueous medium, and is consequently attracted towards 
the positively charged arginine amino acid.

3.5  Anticancer Activities

Both complexes were tested against ovcar-3 and hope-
62 cell lines. Cu-L has  IC50 values of 11.07 ± 0.39 
and 21.55 ± 0.69 while Cu-LSO3Na exhibits values of 
14.59 ± 0.77 and 16.56 ± 0.57 against ovcar-3 and hope-
62, respectively. Comparing the values of both compounds 
suggests mechanisms involving no DNA binding because 
Cu-LSO3Na has cytotoxic effects comparable to Cu-L 
while it has no DNA-binding capability; indeed, the net 
charge seems to play a minor role in the anticancer activi-
ties. However, both complexes have less cytotoxic effect 
than CuBr(PPh3)(dppz-11-CN) [13] or [Cu(PPh3)2(dppz)]+ 
[30], which indicates that factors such as steric hindrance 
and hydrophobicity are more dominant in the anticancer 
activities of copper(I) complexes.

Table 2  Binding scores for Cu-L and Cu-LSO3Na as calculated by 
MOE

Binding site Binding score

Cu-L Site1 − 7.63
Site1 − 6.79
Site1 − 6.66

Cu-LSO3Na Site 2 − 7.18
Site 4 − 6.92
Site 2 − 6.87

Fig. 6  Different interaction domains of Cu-L and Cu-LSO3Na with HAS
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4  Conclusion

Previous work has suggested that 5,6-diphenyl-3-[2-
pyridyl]-1,2,4-triazine (L) ligand enhances the anticancer 
activities of copper complexes of the formula CuBr(PPh3)
(N^N) [12]. In drug design, water-solubility is desirable 
and hence we sought to evaluate the impact of incorpo-
rating the water solubilizing groups sodium sulfonate 
(5,6-diphenyl-3-[2-pyridyl]-1,2,4-triazine-4,4′-disulfonic 
acid disodium salt) (L-SO3Na) on the DNA-binding, 
HSA-binding and anticancer properties. [Cu(PPh3)2(L)]
NO3 and [Cu(PPh3)2(L-SO3Na)]NO3 were synthesized 
and characterized by NMR and IR spectroscopy and mass 
spectrometry. Absorption and emission spectra of the com-
plexes are almost identical and hence they have minimal 
difference in their electronic properties. The major dif-
ference between the complexes is the net charge: the first 
complex exists as a cationic species in solution, while the 
second one possesses a negative-net charge. Ct-DNA bind-
ing studies show the strong influence of the net charge as 
Cu-L is able to bind to ct-DNA while Cu-LSO3Na is not. 
The net charge of the complexes causes different thermo-
dynamic and kinetic binding capabilities toward human 
serum albumin. The compounds-HSA binding was fur-
ther investigated by molecular docking; the two complexes 
show different preferred binding sites on the HSA protein 
as a function of their net charge. Finally, the cytotoxic-
ity towards ovcar-3 and hope-62 cancer cell lines reveal 
that the complexes have slight differences (± 30%) in their 
cytotoxic effects, indicating that the net charge has some 
impact on the anticancer activities. However, it seems that 
DNA is not the major target for this class of complexes. In 
conclusion, water solubility is desirable, but consideration 
of the overall net charge of the pharmacophore (anticancer 
agent) must also be made.
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