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Summary: The manuscript describes the binding of DNA as well as biological studies of some mixed 

ligand dithiocarbamate Palladium (II) complexes (1-5). The observed compounds are of general formulae 
[PdCl(DT)(PR3)]. The dithiocarbamate “DT” and “PR3” groups are varied among the studied complexes as 

DT = bis[(2-methoxyethyl) dithiocarbamate)] (1 and 2), dibutyl dithiocarbamate (4 and 5), bis[(2-ethyl) 

hexyl dithiocarbamate)] (3); PR3 = triphenyl phosphine (1), benzy diphenyl phosphine (2), diphenyl-tert-
butyl phpsphine (3), diphenyl-p-tolyl phosphine (4) and diphenyl-2-methoxy phenyl phosphine (5). The 

synthesized complexes were screened for DNA binding study via (UV Visible spectrophotometry and 

Viscometery) and biological activities such as anti-bacterial and anti-fungal, Molinspiration calculations 
and antioxidant potencies stimulated by hydrogen peroxide in human blood lymphocytes. In case of drug 

DNA interaction, complexes showed some sort of interaction with DNA solution. Almost all the 

complexes exhibited moderate antifungal and antibacterial behavior (against Gram positive and negative 
bacterial strains). The Molinspiration calculation study revealed that the said Pd (II) mixed complexes are 

biologically significant drugs having adequate molecular properties regarding drug likeness, except the log 

P values of complexes 3-5 because some structural adjustments must be done for enhancement of their 
bioavailability and hydrophilic nature. Regarding the antioxidant potential of complexes 1, 2 and 4, the 

H2O2 treatment of complexes violently decreased the action of antioxidant enzymes, superoxide dismutase 

and catalase and enhanced the level of thiobarbituric acid-reacting substances. Under experimental 
conditions, we conclude that all complexes act as anti-mutagens as they significantly suppress H2O2-

induced oxidative damage at non-genotoxic concentrations. 

 

Keywords: Dithiocarbamate ligand, Pd (II) complex, DNA interaction study, Biological activity, Molinspiration 

calculations, Oxidative damage. 

 

Introduction 

 
Cancer is considered to be one of the greatest 

troublesome communities health distracts and intensely 

the main cause of death in entire world. Cisplatin is the 

most crucial cytotoxic drug employed for treating 

variety of human cancers [1]. Nowadays there has been 

a great interest for scientists to discover and develop a 

new anticancer drug with least side effects, as most of 

recent anticancer drugs such as platinum based drugs 

possess severe toxicity issues including nausea, 

nephrotoxicity, gastrointestinal, and bone marrow 

toxicity [2]. The DNA molecule is known to be the 

primary cellular target in treatment of cancer, so 

understanding the mode of cancer tumor genesis has 

remain the field of ongoing research [3]. Small ligand 

molecules interact with DNA in three different kinds of 

non-covalent manners, which are, (a) intercalating 

between stacked base pairs of DNA molecule, (b) 

groove binding and (c) electrostatic interaction with the 

negatively charged sugar phosphate skeleton [4]. 

Intercalation leads to introduction of a planar ligand 

molecule in between DNA complementary base pairs 

[5], while groove binding involves the binding of drug 

molecules with minor groove of DNA [6]. A lot of 

attempts have been made for the reduction of toxic 

problems originated in platinum anti-cancer complexes, 

most importantly by using sulfur incorporating ligands 

as de-toxicant agents contrary to metal-containing drugs 

[7]. It was determined that employing dithiocarbamate 

compounds in combination with Cisplatin, appeared to 

be protective against different animal species from bone 

marrow, renal and gastrointestinal toxicity, stimulated 

by Cisplatin [8]. Dithiocarbamate molecules have been 

found to make complexes with nearly all transition 

metals with various oxidation states [9]. The chelated 

sulfur atoms in dithiocarbamate segment of Platinum or 

Palladium moiety selectively inhibits the nucleophilic 

attack of enzyme-thiol to the metal center and invariably 

shields the usual tissue without suppressing their anti-

cancer effectuation [10]. Moreover, dithiocarbamate 

have been employed in arthrosclerosis prevention, waste 

water treatment where they act as scavengers, floatation 

agents and metal transportation in membranes [11], also 

sodium diethyl dithiocarbamate (DDTC) has the 

potential to cure patients suffering with acute poisoning 

of thallium, arsenic and nickel carbonyl [12]. In 

corresponding scene of metal complexes, palladium (II) 

complexes have attracted profound interest recently in 

view of their promising biological score [13], as they are 

regarded to be more utile in treating gastrointestinal 

region tumors where Cisplatin appears to miscarry [14]. 
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Here in this study we worked on five mixed ligand 

dithiocarbamate palladium (II) complexes [15] (Scheme 

1), having short non polar hydrocarbon sides in their 

dithiocarbamate moieties that will obviously enhance 

their water solubility, as the water insolubility is 

considered to be the main cause of the limited 

bioavailability and a consequent very low vivo activity 

of some platinum and palladium complexes [16]. 

 

The aim of the study was to execute DNA-

binding studies of Pd (II) dithiocarbamate antitumor 

complexes, which will obviously result to enhance 

the idea of understanding the mechanisms of action 

of these complexes with DNA expected to be quite 

different from that of Cisplatin. The interaction of 

studying complexes and DNA will be considered 

promotion in medical science as well as 

pharmacokinetics. The thermodynamic binding 

parameters and the modes of binding studied via 

spectrometry and viscometry are highlighted in the 

study. All the observed complexes were evaluated for 

antibacterial and antifungal activities and their 

Molinspiration calculations were also calculated. We 

also extend our interest in studying the bio protective 

power of complexes 1, 2 and 4 by suppression of 

oxidative damage induced by H2O2 in fresh human 

lymphocytes by finding the potentially positive effect 

against various sort of cancer and heart diseases as 

we better know that metal complexes are able to 

perform as free radical scavengers and neutralize 

dangerous reactive oxygen species. 

 

Experimental 

 

Materials and methods 

 

The used solvents as ethanol, methanol & 

DMSO, and Salmon sperm DNA (SS-DNA) were 

products of Merck and were utilized directly. Singly 

distilled water was employed in washing and making 

DNA solution. The UV Visible absorption study was 

taken on Shimadzu 1800 UV-Visible absorption 

spectrophotometer by using of 1cm path length 

cuvettes, while the viscosity readings were exploited 

by Cannon-Fenske-Opaque viscometer. The overall 

work was performed at room temperature. The 

investigated mixed ligand palladium(II) complexes 

have been synthesized and purified by the reported 

method[17]. 

 

 
Scheme-1: Proposed structures of complexes 1-5. 
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Drug-DNA interaction study  

 

UV Visible absorption study 

 

The DNA solution was set by overnight 

stirring of decent quantity of DNA in 25 mL fresh 

distilled water, which was further and kept at 4°C for 

one day before use. The concentration of DNA was 

calculated upon using UV-Visible spectrophotometer 

following the well-known equation of Beer-lambent 

law (A = εcl) and was found to be 2.65 mM [18]. 

Purity of SS-DNA was confirmed from absorbance 

ratio of DNA at 260 to 280 nm and its value fall in 

between 1.8-1.9, suggesting that DNA is from protein 

content DNA [19]. Solutions of compound 1, 2 & 5 

in 50%, while that of 3 & 4 were made in 80% 

DMSO of 1mM concentration. In both the cuvettes 

drug concentration was kept constant while SS-DNA 

solution conc. was diverged continuously during 

absorption studies from 0-346µM so as to obviate 

DNA absorbance. The binding constants of drugs 

with DNA and their Gibbs free energy change values 

were calculated with the aim to check that to how 

much extent the observed drug interacts with DNA 

and to ascertain out the spontaneity factors following 

Bensei-Hilderbrand and Gibbs free energy change 

equations respectively. 

 

Drug-DNA interaction study by viscometer 

 

The viscosity studies were performed at 

room temperature of by employing Cannon-fenske 

opaque viscometer, maintaining the DNA 

concentration (0.265mM) fixed and vary the 

compound concentration (0-0.4mM). Samples flow 

time was noticed in seconds by digital stop watch. 

The sample solutions were diluted valiantly with 

whole volume of 5ml, hold up for a while before 

taking their measurements and then average of 

triplicate studies of each respective sample was 

obtained. Ethanol was always used for rinsing the 

viscometer for each sequential reading. The graphical 

manipulation from the collected data was made by 

plotting Drug to DNA concentration ratio 

([Drug]/[DNA]) as horizontal and relative viscosity 

(η/ηο)1/3as vertical axis, where η and ηο are viscosities 

of DNA in presence and absence of drug [20]. 

Measurements were obtained by the prescribed 

equations η = t-tο/tο (for compound) and ηο = t-tο(for 

DNA) [21]. 
 

Biological activities 
 

Antibacterial study 
 

Agar well diffusion method was espoused 

for antibacterial evaluation [22], against 4 bacterial 

pathogens; three of them were gram positive and one 

was gram negative. The reference drug taken was 

Levofloxacin which is known to possess a wide range 

of anti bacterial action. Nutrient agar media 

(11.2g/400 mL distilled water) solution was prepared, 

auto-cleaved and then their relevant amount was 

poured to sterile Petri plates. Wells were dug with 

sterile micro-pipette tip after solidification of media. 

Sterile cotton swabs were used to scatter bacteria in 

columns on the solidified surface of media. Then 

DMSO solution of reference drug and test samples 

(50 µL) at 1 mg/mL was dropped into their labeled 

wells. The overall work was continued in well-

controlled surroundings. Plates were then incubated 

aerobically at constant temperature of 37 °C for 24 

hours. The activity of each complex was 

characterized by measuring diameter of inhibition 

zone in mm [22] by a ruler. 

 

Antifungal screening 

 

Agar tube dilution method was followed to 

determine antifungal grade of complexes versus two 

fungal strains named Aspergillus Niger and 

Aspergillus Flavus [22]. Sabouraud dextrose agar 

media solution was sterilized at 121 °C for fifteen 

minutes and after reservation to room temperature 

4mL media amount was introduced to test tubes.  

Tubes were loaded with 70µL of each sample from 

their stock solutions of (12 mg/mL in DMSO) and 

kept at slanting angle to solidify. Each of the tubes 

was then inoculated with slice of 5mm diameter of 

fungal in-column from fungal pathogens of 7 days 

old cultured. Terbinafine was attempted to be 

reference drug. The linear growth of fungus in the 

seven days incubated tubes was measured with ruler. 

Then percent growth inhibition was evaluated in 

comparison to reference drug by implementing below 

urged equation [23]. 

 

 
 

Molinspiration calculation 

 

Computer based molecular modeling 

(bioinformatics and cheminformatics) are completely 

utile for predicting molecular properties as 

bioactivity score and drug likeness, as we know that 

these are quite fast and cheap sources for a compound 

application even when it is not physically available 

[24]. SMILES notations of Chem-Draw Ultra 8.0 

software structures of all the studied complexes (1-5) 

as well as the standard drugs were fed in the online 

software of Molinspiration in order to anticipate their 

biological properties (Log P, TPSA, no. of hydrogen 

bond donors and acceptors species, molecular weight 
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and number of rotatable bonds), and bioactive 

potencies (GPCR ligands, ion channel modulator, 

kinase and other enzymes inhibitors & nuclear 

receptors). Finally, the resultant effectiveness of the 

complexes was equated with standard drugs, 

Levofloxacin and Terbinafine. 

 

Bio protective power of complexes against oxidative 

damage induced by H2O2 

 

Preparation of complex solution 

 

1mg of each complex 1, 2 & 4 was dissolved 

in 1mL DMSO at room temperature. 

 

Lymphocyte isolation 

 

Seven healthy male persons of age 24-26 

years were subjected for obtaining blood. 4mL of 

whole blood was taken in sterile heparinized syringes 

and was kept in sterile 15 mL glass tube. The 

phosphate buffer saline of pH 7.4 was taken in tube 

in an equal volume followed by the centrifugation at 

200×g for some time. After discarding the 

supernatant, 3mL of ficoll-hypaque solution/10 ml of 

blood were added slowly below the blood with the 

help of a sterile pipette. The renewed mixture was 

again centrifuged at 2000×g for time interval of 30 

minutes and the lymphocytes accumulated just over 

ficoll-hypaque layer were cautiously isolated [25]. 

Lymphocytic cells were rinsed via PBS and 

centrifuged at 600×g for ten minutes. At last the cells 

were used for further analysis after the supernatant 

disposal. 
 

Try pan blue staining 
 

After isolation, the lymphocytes were 

immediately debased with the cell culture media 

(RPMI-1640, thermo scientific). 10μL of each sample 

and try pan blue stain (0.2%) was taken and mixed. 

The sample was charged to a haemocytometer and 

was noticed through microscope to count the stained 

as well as non-stained cells. Finally the percentage of 

dead (stained) cells was calculated. The percentage of 

live cells per sample was more than 85%.  
 

Cell culturing and treatment 
 

Cells were diluted with RPMI-1640 and 

number of cells/mL was enumerated by 

haemocytometer. The cells were diluted to a 

systematic concentration of 1×108 per mL. Cells once 

with media alone and then combination of complexes 

(0.5, 5, 10 µg/ml) were incubated for two hours at 37 

°C. An aggregate of lymphocytes from each 

individual sample was used as control to avert 

variability among them. The incubated cells were 

subsequently washed with PBS and centrifuged at the 

rate of 200×g for some time. The supernatant was 

thrown; their pellet was diluted with PBS in 1×106 

concentration and ultimately placed at -20 °C for 

ROS and antioxidant enzymes analysis. 
 

Biochemical analysis 
 

Resultant lysate for antioxidant enzymes and 

reactive oxygen species approximation were lysed by 

ultra-sonication of cells. 
 

Superoxide dismutase activity 
 

SOD assay was performed by chasing 

Marklund assay method of superoxide dismutase 

[26], which depends upon the auto-oxidation of 

pyrogallol. The supernatant SOD was evaluated 

spectrophotometrically at 420 nm. The SOD activity 

unit can be best described as “the total enzyme 

requisite to exhibit 50% dismutation of the 

superoxide radicals per minute”. The assay was 

explicated in international units (or milli-units) mU 

per 106 cells. 
 

 

TBARS 
 

The TBARS was ascertained by the method 

of Li et al., Hepatic antioxidant status [27], 

deliberating their strength by noticing absorption at 

wavelength of 535nm and molar extinction 

coefficient of 156 mM/cm. The Contents of TBARS 

were expressed as nano-moles per 106 cells.  
 

 

Enzyme catalyze 

 
 

CAT was assayed calorimetrically as 

described by Sinha (1972) [28]. 
 

Reactive oxygen species 
 

 

The ROS comprising the cell homogenate 

were assessed accordingly to the developed 

methodology of Hayashi et al., (2007) [28]. Cell 

homogenate (5 µL) or H2O2 standards were taken in 

to 96 well plates containing 140 µL of 0.1 M sodium 

acetate buffer of pH 4.8 and incubated for 5 minutes 

at 37 °C, DEPPD mixed solution (100 µL) & Ferrous 

sulphate (R1 and R2, at 1:25) was fed to each well 

followed by incubation for 1 minute at 37 °C. Micro 

plate reader was implemented to notice absorbance at 

505 nm for 180 seconds with 15 seconds break. The 

standard curve was plated and ROS concentration in 

Unit/106 cells was reported. 
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Results and Discussion 
 

UV Visible absorption study of Drug-DNA 

interaction 
 

The type and extent of binding mode of a 

drug with DNA are most commonly studied by 

electronic absorption spectroscopic proficiency 

noticing absorption changes. Such as intercalation 

ordinarily consequences in hypochromism with or 

without possible small red or blue shift due to 

expected interaction of aromatic chromophore and 

DNA base pairs [29]. Drug-DNA interaction was 

determined by surveying absorption spectrum 

transitions on sequential increase of DNA solution. 

Association constant or intrinsic binding constant i.e., 

Kb was calculated from intercept to slope ratio of the 

plot drawn between 1/[DNA] and Ao/A_Ao. [30]. Free 

energy of all samples was calculated from Gibb’s 

free energy equation, being acceptable to check the 

spontaneity of the drug-DNA holding. 
 

DNA interaction study of complex 1 
 

Complex 1 exhibits both hypochromism at 

315 nm (λ1) as well hyperchromism at 276 nm (λ2) in 

UV region, with the shift change of 1nm on 

increasing DNA concentration (0-346μM) and 

idealizing both intercalative and groove binding 

interactions at relevant wavelengths. Hyperchromism 

at λ2 is the clear clue for partial or non-intercalative 

binding either because of opposite charges force that 

takes place between the cation of Pd(II) and the 

negatively charged phosphate groups of DNA 

backbone, hydrogen bonding or van der Waals 

interaction) [31], as hyperchromism when 

accompanies slight blue shift indicates external 

adjoin [32]. Slight hypochromism at (λ1) gives sense 

of intercalation between DNA base pairs, as decrease 

in transition energy levels resulting due to partial 

occupation of DNA’s π-orbital electrons in π* orbital 

of the Pd(II) complex [33], also the hypochromic 

effect with bathochromic shift are features of 

intercalation [34]. The magnitude of Kb and ΔG for 

corresponding complex was rated as: 5.8×103M-1 (λ1) 

and 23.8×104 M-1(λ2), -21.5 kJmol-1 (λ1) and -31 

kJmol-1(λ2) respectively. Absorption spectrum of 

complex 1 in the absence and presence of SS-DNA is 

presented in Fig 1. 

 

 

 

 
 

Fig. 1: Absorption spectrum of 1mM complex 1 in absence (a) and existence of 65 µM (b) 126 µM (c), 185 

µM (d) 241 µM (e), 294 µM (f) and 346 µM (g) DNA. The arrow focuses on increased concentration 

of DNA. 
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DNA interacting study of complex 2 

 

The maximal absorption position of 

complex 2 was noticed at wavelength of 275nm, 

arguing π-π* electronic excitation and shows 

hyperchromism with a slight blue shift of 3 nm on 

continuous increase in DNA concentration, pointing 

external mode of binding [32]. Kb and ΔG were 

established to be 26 x 103 M-1 and -25 kJmol-1 

respectively (Fig 2). 

 

DNA interaction study of complex 3 

 

Complex 3 locates hypochromism with a red 

shift of 2nm at 294nm on the incremental addition of 

DNA (0-241 µM) follows the partial intercalation 

binding, as hypochromism in addition to red shift of 

lower than 15nm featuring the partial intercalation 

[34], because the bulky structure of dithiocarbamate 

portion of compound prevents the entire  drug 

molecule to be intercalated, lowers the transition 

energy required for electrons to excite from π-π* 

orbital of the complex due to occurring conjugation 

between highest occupied π-orbital of DNA base 

pairs to complex lowest empty molecular orbital [35]. 

Kb and ΔG were resulted as 9.7x 102 M-1 and -17 kJ 

mol-1 respectively highlighted in Fig 3. 

 

DNA interaction study of complex 4 

 

Complex 4 maximum absorption position established 

at 274nm attributing π-π* transition of the 

coordinated ligands and an increased DNA 

concentration (0-294 µM) demonstrates 

hypochromism alongside hypsochromic effect to 

9nm, establishing sufficient denotation of 

electrostatic binding. The possibility of hydrogen 

bonding formation between nitrogen in 

dithiocarbamate ligand and DNA base pairs is more 

likely to occur, as DNA double helix possesses many 

hydrogen-bonding sites [36], which is strengthen by 

lone pair of nitrogen atom owns intense inductive 

effect in presence of attached butyl group. The ΔG 

and Kb values proved as: -18 kJmol-1 and 13x102M-1 

(Fig 4). 

 

 
 

Fig. 2: Electronic spectra of complex 2 only (a) and in presence of 65 µM (b) 126 µM (c) 185 µM (d) 241 

µM (e) 294 µM (f) and 346 µM (g)  DNA. Arrow highlights sequential increase in DNA 

concentration. 
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Fig. 3: Absorption spectrum of the complex 3 in absence (a) and presence of 65 µM (b) 126 µM (c) 185 µM 

(d) and 241 µM (e) DNA. The arrow direction follows increased DNA concentration  

 

 
 

Fig. 4: Electronic absorption spectrum of complex 4 in the absence and presence of DNA, [complex] = 1mM; 

[DNA] = 0–294µM(b-f). Arrow shows the absorbance change upon the increasing DNA 

concentrations.  
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Fig. 5: Absorption spectrum of the complex 5 in the absence (a) and the presence of 65 µM (b) 126µM (c) 

185 µM (d) 241 µM (e) and 294 µM (f)  DNA. The arrow is focusing on the increased DNA 

concentration. 

 

DNA interaction study of complex 5 

 

The complex 5 exhibits hyperchromism with 

hypsochromic effect of 3nm maximum at 277nm in 

UV region, proposing partial or non-intercalative 

interaction [31]. The absorption spectrum, Gibb’s 

free energy alteration (-19 kJmol-1) and Kb (2.9 x 103 

M-1) values are focused in Fig 5. 

 

Table-1: Binding constants and Gibb’s free energies 

data of complexes 1-5. 
Compound no. Kb (M-1) -ΔG (KJ mol-1) 

1 5.8×103(λ1) and 23.8×104(λ2) 21.5(λ1) and31(λ2) 

2 26× 103 25 

3 9.7 × 102 17 

4 13 × 102 18 

5 2.9 × 103 19 

 

DNA interaction study by viscometer 

 

Optical photo physical probes permit 

essential but not efficient evidence to endorse a 

binding type, so the hydrodynamic measurement 

(viscosity) which tender to length change is viewed 

to be the least equivocal and critical test to elaborate 

a binding model in solution [36]. The ultimate 

increase in DNA viscosity occurs due to lengthening 

of DNA molecule in intercalative binding to 

accommodate the bound ligand between base pairs, 

whereas a sequential decrease in viscosity is caused 

in non-classical or partial intercalation because of 

decreased effective length upon bending in DNA [35, 

36]. Fig 6(a) depicts the effects of complex 1, 2 and 5 

on DNA viscosity respectively making sure the slight 

increase in viscosity of DNA content predicting the 

intercalation, predicting hypochromic establishment 

in of (300-350nm), (290-350nm) and (300-350nm) 

ranges orderly.   

 

The partial intercalative binding was 

suggested for complexes 3 and 4, as the viscosity first 

increases and then drops, Fig 6(b). The decrease in 

viscosity can be assigned to aggregation in DNA 

molecule, which minimizes the amount of 

independently moving DNA molecules in solution 

[37].
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Fig. 6: (a): Results of incremental addition of complex 1, 2 & 5 on relative viscosity of DNA at room 

temperature 15 ± 1 °C. [DNA; 0.265mM]. 

 

 
 

Fig. 6: (b) Consequences of increasing the concentration of complex 2 and 3 on the relative viscosity of SS-

DNA at 15 ± 1 °C. [DNA] = 0.265mM (Complex 3), [DNA] = 0.045mM (Complex 4). 
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Table-2: Antibacterial score of Levofloxacin and Pd (II) complexes (1-5)* and standard drug. 
Compound no. Zone of inhibition in mm 

 Proteus vulgarus 

(-ve) 

Staphylococcus 

Epidermides (+ve) 
Micrococcus leutus (+ve) 

Staphylococcus 

aurus  (+ve) 

1 11 12 12 10 

2 12 11 8 10 

3 10 12 7 8 

4 9 15 10 10 

5 8 12 12 7 

Levofloxacin 17 12 20 18 
* Numbering of the compounds is according to that given in scheme 1. 
 

Antibacterial evaluation 
 

The efficiencies of the ligands and the 

complexes have been tested against 3 gram positive 

(Staphylococcus epidermides, Micrococcus luteus, 

Staphylococcus aureus) and one gram negative 

(Proteus vulgarus) microorganisms. The results of 

the zone of inhibition are presented in Table 2. The 

agar well diffusion method [23, 24] as used in this 

assay. All the complexes (especially Complex 4, 

shows the maximum activity even higher than the 

standard drug in case of Staphylococcus epidermides) 

were found fairly good antibiotics showing maximum 

activity against Staphylococcus epidermidis. 

 

Antifungal activity 

 

Agar tube dilution method [23, 24], was 

followed for antifungal assay of complexes with 

reference to standard drug Terbinafine taking notice 

of their percent growth inhibition. The effect of the 

five studied complexes on colony growth of the two 

test fungi strains is shown in Table 3. The results 

revealed that almost all observed complexes shows 

that they are of good antifungal grade and were more 

predominant against Aspergillus Niger as compare to 

Aspergillus Flavus. The highest inhibitory effects 

were observed for complex 1 against Aspergillus 

Niger (90%) and Aspergillus Flavus (80%). 

 

Table-3: Zone of inhibition in (mm) of antifungal 

assay of complexes (1-5)* and standard drug. 
Compound no. 

 

Percent growth inhibition 

Aspergillus niger (A) Aspergillus flavus (B) 

1 90 80 

2 98 62 

3 90 48 

4 93 63 

5 88 60 

Terbinafine 100 100 
* Numbering of the compounds is according to that given in scheme 1. 

 

Molinspiration calculation 

 

The drug likeness parameters (known to be a 

composite balance regarding various properties and 

structural characteristics) of complexes are 

aggregated in the Table 4. The well-known Lipinski’s 

rule of five which assumes a molecule to possess an 

orally active potential if it has no more than one 

intrusion to this criteria, (i) molecular weight is lower 

than 500a.m.u,(ii) the octanol/water partition 

coefficient (log P) is less than 5, (iii) not more than 5 

hydrogen bond donors (OH and NH sets) and (iv) 

equal or less than 10 hydrogen bond acceptors (N and 

O atoms) [39], was chased to predict molecular 

properties essential for molecule pharmacokinetic in 

vivo. The molecular hydrophobicity measurement 

relays on Log P factor in rational drug designing. 

Also the significance of hydrophilic/lipophilic quality 

of drug can be explained from its intervening affects 

in drug bioavailability, absorption, drug-receptor 

interactions, molecular metabolism and toxicity. The 

Log P estimations of complexes were observed 

against the rule (as ideal ranges of lipophilicity for 

orally administrated drugs should be 0 ≤ log P ≤ 3). 

Complexes 3, 4 and 5 were found lipophilic so they 

will be highly toxic because the drug is predicted to 

be accumulated in the mitochondria [40], and will 

need some structural adjustment while complexes 1 

and 2 were hydrophobic to some extent. The 

violation of rule was seen in corresponding issue of 

molecular weights for all tested drugs (greater than 

500) and hence will not be easily transported, 

diffused and absorbed, while the numbers of 

hydrogen bond donor and acceptor atoms were well 

within Lipinski’s limit. Total polar surface area 

(TPSA) being a good predictor of drug transport 

properties and owning to strong hydrogen bonding 

potential of all the tested compounds was found 

(21.71-75.01) well below the 160 Å limit. All the 

predicted compounds were flexible with enough 

number of rotatable bonds and hence will have oral 

bioavailability [40].The predicted bioactivity scores 

of tested complexes and standard drugs are 

summarized in Table 5. It is widely accepted that the 

drug having larger bioactivity score will have higher 

activity. Hence, a molecule will be substantially 

active if (bioactivity score > 0.00), moderately active 

(bioactivity score lies in between -0.50 to 0.00) and 

inactive if (bioactivity score < -0.50) [41].  The 

results discovered that the investigated compounds 

(particularly complex 2) can be almost of 

considerable biological importance and will create 

physiological actions by inhibiting protease, other 

enzymes and will produce moderate activity while 

interacting with GPCR and nuclear receptor ligand. 
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Table-4: Drug likeness features of complexes (1-5)* and standard drugs Levofloxacin and Terbinafine. 
Compound no. milog P TPSA nAtoms nON nOHNH n violation n rotb Volume MW 

1 5.58 21.71 33 3 0 2 11 472.83 612.49 

2 5.48 21.71 34 3 0 2 12 489.63 626.52 

3 9.50 3.24 39 1 0 2 17 617.23 700.77 

4 8.66 3.24 34 1 0 2 11 505.02 622.58 

5 8.40 12.47 35 2 0 2 12 514.01 638.58 

Levofloxacin -0.26 75.01 26 7 1 0 2 311.15 361.37 

Terbinafine 5.72 3.24 22 1 0 1 4 306.73 291.44 
* Numbering of the compounds is according to that given in scheme 1. 

Table-5: Bioactivity score of employed standard drugs and complexes (1-5)* 

Compound no. GPCR ligand 
Ion channel 

modulator 
Kinase inhibitor 

Nuclear receptor 

ligand 

Protease 

inhibitor 
Enzyme inhibitor 

1 -0.09 -0.14 -0.07 -0.14 -0.01 0.00 

2 -0.07 -0.05 -0.05 -0.19 0.09 0.06 

3 -0.04 -0.26 -0.21 -0.16 0.02 -0.04 

4 -0.02 -0.11 -0.12 -0.09 0.00 0.02 

5 -0.02 -0.11 -0.05 -0.09 0.00 0.03 

Levofloxacin 0.23 -0.14 -0.06 -0.13 -0.26 0.35 

Terbinafine 0.29 0.37 0.10 0.44 0.19 0.68 
* Numbering of the compounds is according to that given in scheme 1. 

 
 

Fig. 9: a): Effects of complex 1, 2 and 4 on activity of ROS in lymphocytes. PBS = negative control, H2O2 = 

positive control, 0.5–10 = samples treated with (a) complex 1, 2 and 5 only (b) in presence of H2O2 

(concentration in µg.mL−1), activity of ROS in presence of H2O2 only, free complex and of complex + 

H2O2 are compared to negative control and activity of ROS in presence of free complex and of 

complex + H2O2 are compared to positive control. 
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Bio protective power of complexes against oxidative 

damage induced by H2O2 

 

The possible benefits of antioxidants of 

different antioxidant components have been 

examined in many studies by reversing, fixing or 

preclusion the bad effects of oxidative stress. In this 

regard, the antioxidant enzyme system plays 

defensive role for cells against oxidative damage. We 

examined the ameliorating effect of mixed ligand Pd 

(II) complexes (1, 2 and 4) against the oxidative 

stress stimulated in human lymphocytes by H2O2. 

First, the non-genotoxic concentrations of complexes 

were tested in order to examine their potential to 

protect human DNA of pre-treated human 

lymphocytes objected to hydrogen peroxide. 

Lymphocytes without treatment were considered the 

negative control and those processed with hydrogen 

peroxide only considered the positive control. From 

results we propose that the studied complexes might 

be considered as desmutagens, are well capable to 

intervene mutation either by decreasing levels of 

DNA single-strand break up lesions through various 

pathways or to suppress mutations via their 

antioxidant properties, or they might be able to 

stimulate corresponding enzymes which can detoxify 

mutagen anterior to reach DNA [42]. The reactive 

oxygen species that can be superoxide anions, H2O2 

or both are furnished throughout the cells during the 

normal aerobic metabolism and the intracellular conc. 

depends on both production and their removal by 

variety of antioxidant. Fig 9(a) shows that the 

concentration of ROS has been minimized to normal 

level by almost all the three studied complexes at 

10µg/mL concentration induced by H2O2, in which 

complex 1 was found to be the most profound in 

bringing the ROS concentration even below than the 

normal level.  

 

Three basic enzymes naming superoxide catalase 

(CAT), dismutase (SOD), and glutathione peroxidase 

(GPx) make up the greater contribution in antioxidant 

organization in mammalian cell that work in concert 

to detoxify superoxide anions and H2O2 in cells [43]. 

The results declared that pretreatment of complexes 

caused an increase in antioxidant enzymes activity in 

H2O2-challenged lymphocytes while ultimate 

significant decrease was observed in the activities of 

superoxide dismutase and catalase in H2O2 treated 

lymphocytes to normal control comparatively (Fig 

9(b)). Also, the activities of antioxidant enzymes 

were importantly increased in all treated complex 

samples by comparing them to H2O2 control and were 

significantly regenerated to normal control levels 

being correlated with the reduction in lipid peroxides 

[44]. Complex 1 merged to be most efficient fraction 

in all complexes to bring superoxide dismutase and 

catalase relevant activities towards normal level 

 

The TBARS levels approached almost the normal 

control in case of all the corresponding complex 

subjected lymphocytes exposed to H2O2 and it might 

because of an enhanced action of antioxidant 

enzymes [45]. A predicted increase in the 

concentration of TBARS levels was noticed in the 

H2O2control in equation to normal control being 

diminished by all treated complex samples [Fig 9(c)], 

reminding complex 1 of better ameliorative effect. 

Differences between the results of observed 

complexes might be due to the difference in their 

chemical composition. 

 

. 
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Fig. 9: (b): Effect of complexes 1, 2 and 4 on behavior of superoxide dismutase and catalase. PBS = negative 

control, H2O2 = positive control, 0.5–10 = samples tempered with (a) complex 1, 2 and 5 only (b) in 

presence of H2O2 (conc. in µg.mL−1), activity of SOD and CAT in presence of H2O2 only, free 

complex and of complex + H2O2 samples were compared to negative control while the activity of 

SOD and CAT in presence of free complex and of complex + H2O2 were compared to positive 

control. 
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Fig. 9: (c): Effect of complexes 1, 2 and 4 on the levels of TBARS. Legend for the x axis: PBS = negative or 

normal control, H2O2 = positive control, 0.5–10 = samples treated with (a) complex 1, 2 and 5 only 

(b) in presence of H2O2 (concentration in µg.mL−1), activity of TBARS in presence of H2O2 only, free 

complex and of complex + H2O2 are compared to negative control and activity of TBARS in presence 

of free complex and of complex + H2O2 are compared to positive control. 

 

Conclusion 
 

All complexes (1-5) flourish certain kinds of 

interaction with DNA that will in turn result cleavage 

or improper functioning of DNA. Groove binding for 

complexes (2 and 5), intercalation (3 and 4) while 1 

appeared to own both these interactions at particular 

wavelengths with decent Kb and ΔG grades. Complex 

1revealed strong interaction with DNA molecule, 

higher Kb values both at λ1 and λ2, strong bio 

protective efficiency and sound anti-fungal and 

antibacterial conduct in regard of implied strains. 

Complex 4 testified maximum zone of inhibition 

against the Staphylococcus Epidermis bacteria, even 

higher than Levofloxacin. The Molinspiration 

forecasting concluded all complexes of biological 

importance attributing satisfactory molecular 

properties of drug likeness exclude log P values of 

complex 3, 4 and 5. Complex 2 ascertained to be the 

one of most bright on behalf of its bioactivity score 

holding higher extent of protease and other enzyme 

inhibition comparatively to standard drug 

Levofloxacin. Complexes (1, 2 and 4) are capable to 

diminish the negative impacts induced in human 

lymphocytes due to various reasons and can be 

actually useful in pharmacology and medicine.  
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