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New gold(III) complex, [AuL2]Cl3 was synthesized from (2-(4-morpholinobenzylidene)-1-(4-(trifluoromethyl)
pyrimidin-2-yl)hydrazine) and characterized by analytical and miscellaneous spectral methods. These results
show that Au(III) complex has square planar geometry. Density functional theory (DFT) calculations have been
done to understand the electronic structure of the Au(III) complexand free ligand while time dependent density
functional theory (TDDFT) calculations have been employed to compute absorption spectra of ligand and Au(III)
complex. Antimicrobial results suggest that ligand and complex have been inhibited the E. coli bacteria (13 mm)
and C. albicans fungi (16 mm) than other microbes. Antioxidant results exhibit the ligand and complex has en-
hanced scavenging activities against several free radicals. In vitro anticancer activities of cisplatin, ligand and
complex have been explored by MTT assay against various human cancer cell lines (breast-MCF-7, liver-
HepG2, cervical-HeLa, lung-A549) and one normal cell line (NHDF- normal human dermal fibroblasts). The re-
sults show that complex has low IC50 values against cancer cell lines (20.6 ± 0.98 μg/mL, MCF-7; 22.68 ± 1.13
μg/mL, HepG2; 32.00 ± 1.60 μg/mL, HeLa; 33.19 ± 1.66 μg/mL, A549) than ligand. Moreover, complex has ten
times least toxic activity (109.65 ± 5.48 μg/mL) on NHDF cell line as compared to cisplatin (10.28 ± 0.51
μg/mL). Based on the least toxic activity of complex has been further discovered by in vivo anticancer study
using Ehrlich Ascites Carcinoma (EAC) tumor bearing Swiss albinomice. DNA interactions of ligand and complex
have been studied by electronic absorption, fluorescence, viscometric and cyclic voltammetic methods. The re-
sults suggest that ligand and complex binds with CT-DNA through an intercalative interaction. Further confirm
the nature of interaction between ligand and Au(III) complex towards DNA and BSA protein, molecular docking
analysis has been carried out. These results reveal that Au(III) complex shows greater binding ability towards
DNA and BSA than the ligand.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

In the sixteenth century, transitionmetal complexes have been used
in the treatment of cancer and leukemia. In 1960, the antitumor activity
of platinum metal based complex of cisplatin was introduced [1]. The
platinum based drugs like carboplatin, oxaliplatin, nedaplatin and
iproplatin have been utilized in the cancers treatment. The successive
results obtained from platinummetal based complexes are encouraged
to develop the antitumor drugs from other transition metal complexes
[2–5]. Among the transition metal complexes, the gold(III) metal
complexes are significant role in the biological and pharmacological
studies. Interestingly, auranofin is a familiar gold metal based
antiarthiritic drug has been utilized as anticancer agent against most
of the cancers [6–8]. Hence, the investigations on anticancer activity of
gold metal complexes have intense attention in recent decades.

Many literature reports of biological studies have established that
DNA is the major intracellular target of a number of antitumor drugs
[9]. In the molecular biology, DNA act as a genetic information carrier
which often targets for metal based drugs. These metal based drugs
can affect the DNA replication, cell growth, cell division, transcription
and protein synthesis [10]. Moreover, the interaction of DNAwith tran-
sition metal complexes is considerable interest in the designing new
DNA-targeted metal based drugs [11,12].
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In living cell metabolism, nitrogen-containing heterocycles and py-
rimidine derivatives are exclusively playing a very important role. It is
prevalent in nature and is necessary for human life [13]. It's like that,
themorpholine derivatives arewidely used antibiotic agents like, Linez-
olid [14]. A great compact of awareness has been contributed to the syn-
thesis of Schiff base ligand containing pyrimidine and morpholine
backbones.

Molecular docking analysis is known to shed light on the binding
preferences of metal complexes towards DNA and proteins in general
and offers the information about the stabilizing interactions inside the
active site in particular [15,16].

In this research report, a newAu(III) complexwasprepared frompy-
rimidine and morpholine derivative Schiff base and characterized by
various spectroscopic and analytical methods. Furthermore, various bi-
ological applications (antimicrobial, antioxidant, DNA interaction, BSA
interaction and anticancer (in vitro and in vivo)) were studied. In
order to get the correct conformation of the metal complex and the
free ligand, density functional theory (DFT) calculations have been per-
formed. The optimized geometries fromDFT calculations are considered
for molecular docking analysis. Further, time dependent density func-
tional theory (TDDFT) calculations have been carried out to estimate
the absorption spectra of metal complex and free ligand. The results
are compared with experimental results.

2. Experimental protocols

2.1. Materials and instrumentation

4-(4-morpholinyl)benzaldehyde, 2-hydrazino-4-(trifluoromethyl)
pyrimidine, HAuCl4.3H2O, Tris-HCl, sodium chloride and ethidium bro-
mide were procured from sigma aldrich company. Calf-thymus (CT)
DNA was purchased from GENEI Bangalore, India. Elemental analyses
were recorded on an Elementar Vario EL III analyzer. The absorption
spectra and Fluorescence spectra were recorded on UV-1800
(Shimadzu) spectrophotometer and Fluoromax-4 spectrometer, re-
spectively. FTIR spectra and 1H NMR spectra were recorded on FTIR
(IR affinity-1, Shimadzu) instrument and Bruker (400 MHz) spectrom-
eter using SiMe4 as the internal standard. The mass spectra were ob-
tained by ESI-MS spectrometer and ESR spectra were recorded at 300
and 77 K in IIT, Mumbai using TCNE (tetracyanoethylene) as the g-
marker. Electrochemical studies were demonstrated on a CHI650C
instrument.

2.2. Synthesis of ligand

Ligand was synthesized from 4-(4-morpholinyl)benzaldehyde and
2-hydrazino-4-(trifluoromethyl)pyrimidine and reported in earlier lit-
erature [17].

2.3. Synthesis of Au(III) complex

The ligand (2mmol) was dissolved in acetone (10mL). To this solu-
tion, 10 mL ethanolic solution of metal chloride salt was added in
dropwise. The resulting mixture was refluxed under stirring for 5 h.
Then the solution was evaporated on a water bath, the precipitated
solid was filtered and washed thoroughly with petroleum ether
(10 mL) and dried in vacuo.

Au(III) complex: Yield (65%), Color: Dark brown, MP: 230 °C, 1H
NMR: δ 8.67 (s, 1H) 9.82 (s, 1H), 7.17 (d, 1H), 9.50 (d, 1H), 7.10 (d,
2H), 7.76 (d, 2H), 3.40 (t, 4H), 3.85 (t, 4H) ppm, IR (KBr disc): ν 1523
(CH=N), 1589 (bend, -NH), 3516 (stretch, -NH), 1463 and 1389 (aro-
matic, CF3-CH=N- and C_N), 1315 (aromatic, C\\N), 3051 and 3032
(aromatic sym and asym, C\\H), 1150 (CF3), 2937 and 2881 (aliphatic
sym and asym, C\\H), 1091 and 1230 (sym and asym, C-O-C), 1186
(morpholino-C-N) cm−1; UV–visible (λmax): 243, 324, 529 nm; ESI
Mass: 896 (m/z); Anal. Cacld (%) for C32H32N10O2F6Au: C, 42.7; H,
3.56;N, 15.57; Au, 21.91; Found (%): C, 42.1; H, 3.49;N, 15.49; Au, 21.85.

2.4. Antimicrobial activities

Antimicrobial activities of ligand and Au(III) complex were studied
against Escherichia coli (E. coli-2599), Klebsiella pneumonia (K.
pneumonia-BAA2342), Pseudomonas fluorescens (P. fluorescens-17,400),
Shigella sonnei (S. sonnei-9290) & Staphylococcus aureus (S. aureus-
25,923) and fungal species, Aspergillus niger (A. niger-6275), Candida
albicans (C. albicans-2091), Candida tropicalis (C. tropicalis-13,803),
Mucor indicus (M. indicus-4857) & Rhizopus oligoporous (R.
oligoporous-60,826) by the well diffusion method. The standard drugs
like streptomycin and amphotericin were used for antibacterial and an-
tifungal studies.

2.5. In Vitro anticancer study

The in vitro anticancer activity of free ligand and Au(III) complex
were studied against MCF-7, HeLa, HEp-2 and NHDF cell lines by using
MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5 diphenyl-2-H-tetrazolium bro-
mide)] assay [18]. The percentage growth inhibition was calculated
using the following formula,

%growth inhibition ¼ Mean OD of individual test group
Mean OD of control group

� 100

2.6. In vivo anticancer study

2.6.1. Animals used
Healthy Swiss albino mice weighing 20.0 ± 2.0 g was used for the

antitumor studies. The animals were housed in polypropylene cages
and maintained under standard conditions (25 ± 2 °C) with 12 h
dark/light cycle. The animals were fed with standard animal pellet
diet and water ad libitum. The study was conducted as per the CPCSEA
guidelines and the study was approved by Institutional Animal Ethics
Committee (IAEC) of Swamy Vivekananda College of Pharmacy, Tamil
Nadu, India (880/ac/16/1317 dated 13.11.2015).

2.6.2. Acute toxicity studies
Acute oral toxicity study of Au(III) complex was examined by acute

toxicity methods as per the organization for Economic Co-operation
and Development (OECD) guidelines for testing of chemicals OECD,
423 (Acute Oral Toxicity-Acute Toxic class method) [19]. The detailed
procedure is expressed in supplementary section (S1-S4).

2.7. DNA interaction

DNA interactions of ligand and Au(III) complex with CT-DNA were
carried out by using electronic absorption & fluorescence spectral titra-
tions, viscositymeasurements and electrochemical investigations in ap-
propriate buffer solutions [20,21].

2.8. Computational studies

B3LYP/LANL2DZ level of theory has beenused to optimize theAu(III)
complex while the free ligand is optimized using 6-31 g(d) basis set.
Gaussian 09 software package is used for the DFT and TDDFT calcula-
tions. Autodock Vina software is used for themolecular docking calcula-
tions [22,23]. Optimized geometries are given in Fig. 1 while their
HOMO and LUMOs are collected in Fig. 2. All real frequencies in the fre-
quency analysis confirm that the obtained geometries are at their
ground state. AUTODOCK Vina software is used for the molecular
docking studies [23]. The DNA (PDB ID:355D) and BSA (PDB ID:4F5S)
protein three dimensional structures are extracted from protein data



Fig. 1. DFT optimized geometry of ligand (a) and Au(III) complex (b).
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bank (PDB) [24] Docking is processed with the setting of the grid sizes
60, 60 and 60 along the X-, Y- and Z-axes.

2.9. Catalytic reduction with NaBH4

The reduction of p-nitrophenol (p-NP) to p-aminophenol (p-AP) by
NaBH4 using the Au(III) complex as a catalyst was studied [25]. In this
experiment, 2.7 mL of p-NP (2 × 10−5) was mixed with 0.2 mL of
NaBH4 (reducing agent). The electronic absorption of above blank solu-
tion was recorded in the range of 200–700 nm. Then, 0.1 mL solution of
Au(III) complex (1 mmol) was added to the above mixture and re-
corded the absorption spectrum in the range of 200–700 nmat different
time intervals (0–12 min).
Fig. 2. HOMO and LUMO of free ligand (a) and
3. Result and discussion

3.1. Chemistry

Ligand was synthesized from 4-(4-morpholinyl)benzaldehyde and
2-hydrazino-4-(trifluoromethyl)pyrimidine and reported in previously
published literature [17]. Herein, we reported the synthesis of Au(III)
complex from Schiff base ligand containing pyrimidine andmorpholine
analogues in ethanol under reflux condition (Scheme 1). The analytical,
physicochemical and spectral data of ligand and Au(III) complexare re-
capitulated in experimental section.

Au(III) complex is dark brown color and soluble in ethanol, DMSO
and DMF solvents. The results of mass and elemental analysis for the
Au(III) complex (b) from DFT calculations.



Scheme 1. Synthesis of Au(III) complex.
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metal complex in tremendous conformity with the calculated values
showing that Au(III) complexhas 2:1 stoichiometric ratio. The molar
conductance (Λm) of Au(III) complexin DMSO solution was found at
73Ω−1cm2mol−1 which denoted the electrolytic nature of complex.

Furthermore, formation of ligand and Au(III) complexwere con-
firmed by the following spectral techniques.
3.2. Spectroscopic analysis

1H NMR spectra of ligand and Au(III) complexin DMSO d6 are shown
in Fig. S1 (a and b). 1H NMR spectrum of free ligand, the azomethine (-
CH=N-) proton signal was appeared at 8.10 ppm (s, 1H). In gold(III)
complex, the –CH=N- proton signal was shifted towards downfield re-
gion at 8.67 ppm (s, 1H) indicating the azomethine nitrogen involves in
the coordination of gold(III) metal ion upon complexation. Pyrimidine
proton (=CH-N=) signal was appeared at 8.77 ppm (d, 1H) in free li-
gand. This proton signal was shifted to downfield at 8.87 ppm (d, 2H)
in gold(III) complex. The result shows that pyrimidine nitrogen atom
was coordinate to the gold(III) ion.

FT-IR spectra of ligand and Au(III) complexare described in Fig. S2.
The FT-IR spectrum of ligand exhibit bands at 1544 cm−1 and
1402 cm−1 due to azomethine ν(-CH=N) and pyrimiding nitrogen
(=CH-N=) stretching vibrations correspondingly. The spectra of Au
(III) complexazomethine ν(-CH=N) and aromatic ring nitrogen (=
CH-N=) stretching vibrations are observed at 1522 cm−1 and
1389 cm−1 respectively. This observation proposed that azomethine
and pyrimidine nitrogen atoms are participates in the complexation.

1H NMR and FT-IR spectral results suggest that gold(III) ion coordi-
nate with azomethine and pyrimidine nitrogen atoms of Schiff base
ligand.

ESI-MS spectra of ligand and Au(III) complexare shown in Fig. S3 (a
and b). In ESI-MS spectumof free ligand, themolecular ion peakwas ob-
served atm/z 350.9. This result authenticates the formation of ligand. In
gold(III) complex, the molecular ion peak at m/z, 896. These results
have been suggested that stoichiometric ratio of complex possess 2:1
ratio.

Electronic absorption spectrum of free ligand, the bands detected at
266 nm and 336 nm are due to π → π∗ and n → π∗ transitions, corre-
spondingly [26] (Fig. S4). This band was shifted at 270 nm and
332 nm in Au(III) complex which proves that ligand to metal charge
transitions (LMCT) takes place. Au(III) complex exhibit d-d transition
band at 529 nm which suggest that complex has square planar
geometry.
3.3. DFT and TDDFT calculation

DFT and TDDFT calculations are used to understand the electronic
structure and spectral properties of metal complexes respectively.
The optimized geometry of free ligand and the metal complex is
given in Fig. 1, while their highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital (LUMO) are col-
lected in Fig. 2. It is well known that the HOMOs and LUMOs are
often used to understand not only the chemical reactivity but also
stability of compounds [27,28]. The HOMO and LUMO of the ligand
indicates that the flurobenzene moiety involves largely in the stabi-
lization of LUMO while HOMO spreads throughout the molecule ex-
cept tri-fluro moiety. On the other hand, the HOMO and LUMO of
metal complex is very similar in nature. These results indicate that
the metal complex is found to show π-π* transition along with
intra-molecular charge transfer while the free ligand is expected to
show intra-molecular charge transfer. The optimized geometries
are used for TDDFT calculations to obtain the absorption spectra in
DMSO solvent. Ploarizable continuum model (PCM) implemented
in gaussian 09 has been utlized to include solvent effects in TDDFT
calculations [29]. First fifty singlet vertical excitations for the metal
complex and first twenty vertical excitations for free ligand have
been computed along with the electronic transition energy, absorp-
tion wavelength, oscillator strength of the prominent peaks
(Table S1). The results show that the metal complex shows three
prominent peaks at 529 nm, 336 nm and 277 nm with the oscillator
strength of 0.2197, 0.0179 and 0.0125 respectively. Peak at 529 nm
resulted from the transition from HOMO→LUMO+1 which contrib-
utes up to 92% while 73% of HOMO-3 → LUMO+2 transition respon-
sible for the peak at 336 nm. These peaks can be compared with
experimentally observed peaks at 529 nm, 332 nm and 270 nm re-
spectively. Experimental UV absorption spectrum of free ligand has
two intense peaks at 266 nm and 336 nm. TDDFT calculations show
that the free ligand tends to show peaks at 279 nm with excitation
energy of 4.448 eV and a peak at 347 nm with oscillator strength of
0.9987. The peak at 279 nm arises due to the transition from
HOMO-1 → LUMO+1 (77%) and HOMO→LUMO+1 (98%) contrib-
utes towards the peak at 347 nm.



Fig. 3. Electronic absorption spectra recorded at 0–12 min showing the reduction of p-NP by NaBH4 catalyzed by Au(III) complex activity.
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3.4. Catalytic reduction with p-nitrophenol (p-NP)

Now, we studied the catalytic behavior of Au(III) complex for the
catalytic reduction of p-NP to p-AP by usingNaBH4 (Fig. 3). The catalytic
reduction has been examined by UV–Visible spectrophotometric
method. The p-NP solution in the presence of NaBH4 exhibit light yellow
color to bright yellow in color and consequent band was appeared at
400 nm due to the formation p-nitrophenolate ion in alkaline medium.
After the addition of Au(III) complex, the exchange of p-nitrophenolate
ion into p-AP with the decrease of peak intensity at 400 nm. Concur-
rently, new band was appeared at 289 nm which confirms the forma-
tion of p-AP. These observed results indicates the prepared Au(III)
complex have moderate catalytic activity.
Fig. 4. Antimicrobial activities of ligand, gold(III) complex
3.5. Antimicrobial studies

Antimicrobial activities of ligand and Au(III) complexwere
screened against bacterial (E. coli, K. pneumonia, P. fluorescens, S.
sonnei and S. aureus) and fungal (A. niger, C. albicans, C. tropicalis,
M. indicus and Rhizopus) species are debited in Fig. 4 (a and b). Strep-
tomycin is standard drug for antibacterial and amphotericin is stan-
dard drug for antifungal studies. These values have been implied that
Au(III) complexhas potent antimicrobial agents than ligand. Because
of its molecular structure has more number of lipophilic groups. The
better activity of the Au(III) complex may be assigned to the en-
larged lipophilic character of these complex arising owing to the che-
lation and toxicity of the metal chelates increases with increasing
and standards Antibacterial (a) and antifungal (b).



Fig. 6. In vitro anticancer activities of ligand and Au(III) complex.

Fig. 5. Free radical scavenging activities of ligand, gold(III) complex and rutin. (a) DPPH; (b) SOD; (c) NO and (d) H2O2.
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amount of the complex, the inhibitory activity on the mycelial
growth of the microbes also raises, which can be explicated on the
basis of Overtone's concept and Tweedy's Chelation theory [30]. In
addition, ligand and Au(III) complexhave better inhibitory activities
on E. coli (bacteria, 13 mm) and C. albicans (fungi, 16 mm) than other
microbes.

3.6. Antioxidant activities

The antioxidant activities of ligand, Au(III) complexand rutin
(standard drug) were examined by various free radical assays
(DPPH, SOD, NO and H2O2). The percentage inhibitions of ligand,
Au(III) complex and rutin on various free radicals are given in Fig. 5
(a-d). This results shows that the Au(III) have potent antioxidant ac-
tivities against selected free radicals than ligand. The orders of radi-
cal scavenging activities are as follows: Rutin N Au(III) complex
N ligand.

3.7. Anticancer studies

3.7.1. In vitro anticancer studies
In anticancer drug design and development, cytotoxicity and se-

lectivity towards the cancer cells is one of the essential features.
The in vitro anticancer activities of ligand, Au(III) complex and cis-
platin were studied at different concentrations (20–100 μg/mL)
against human cancer cell lines (MCF-7, HepG2, HeLa, A549) and sin-
gle nomal cell line (NHDF) using MTT assay [31,32] (Fig. 6). MTT
assay is an extensively tolerable model for the determination of the
cytotoxic activity of the test compounds; hence it was selected to
screen the activity. The half maximal inhibitory concentration
(IC50) values establish the cytotoxic activities of cisplatin, ligand
and Au(III) complexagainst normal and cancer cell lines are shown
in the Table 1.

(i) Cancer cell lines



Table 1
IC50 values of cisplatin, ligand and Au(III) complex towards human cancer and normal cell lines.

Compounds IC50 (μg/mL)

MCF-7 HepG2 HeLa A549 NHDF

Cisplatin 6.93 ± 0.35 6.94 ± 0.35 7.26 ± 0.36 9.62 ± 0.48 10.28 ± 0.51
Ligand 75.82 ± 3.79 78.25 ± 3.91 76.26 ± 3.81 77.19 ± 3.86 100.48 ± 5.02
Au(III) complex 20.6 ± 1.03 22.68 ± 1.13 32.00 ± 1.60 33.19 ± 1.66 109.65 ± 5.48
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The IC50 values of cisplatin, ligand and Au(III) complexagainst di-
verse cancer cell lines in the following order: cisplatin (~6.9–7.5
μg/mL) N Au(III) complex(~20–34 μg/mL) N ligand (~75–81 μg/mL).
From the order of activity, cisplatin can destroy the cancer cell lines
due to the higher cytotoxic activity, but the Au(III) complexhas three
times low cytotoxic effect in cancer cell lines when compared to drug
cisplatin.

(ii) Normal cell line

The IC50 values of compounds against normal cell line in the follow-
ing order: cisplatin (10.28 ± 0.51 μg/mL) N ligand (100.48 ± 5.02
μg/mL) N Au(III) complex (109.65 ± 5.48 μg/mL). The results reveal
that, ligand and complex having 10 times least toxic activities against
the normal cell line as compared to cisplatin.

(iii) Comparative results of both cancer and normal cell lines

As per comparison of IC50 values of cisplatin, ligand and Au(III)
complexagainst cancer/normal cell lines results suggest that drug cis-
platin can affect the both the cancer and normal cell lines. Even though,
ligand having least toxic on normal cell line but did not destroy the can-
cer cell lines compared to gold(III) complex. But, Au(III) complex has
three times low toxic and 10 times least toxic activities on cancer as
well as normal cell lines as compared to cisplatin. These results
established that, Au(III) complexto target the cancer cell lines without
disturbing the normal cell line. These evidences are encouraged to
study the in vivo anticancer activity of gold(III) complex.

3.7.2. Acute toxicity studies
Based on the in vitro results, Au(III) complex is selected for further

studies. To check the acute toxicity of the Au(III) complex, Acute Oral
Fig. 7. Effect of Au(III) complex on body weight on EAC tumor bearing mice. TC = Tumor
control, 5-FU = 5-Fluorouracil.
Toxicity Studies Guideline 423 (AOT 423)was followed [19]. The results
revealed that the LD50 cut off was found to 200 mg/kg body weight.
Hence, 1/10th and 1/5th of this dose. i.e. 20 mg/kg and 40 mg/kg were
selected for the pharmacological study.

3.7.3. In vivo anticancer activity
Mean survival time of tumor bearing mice treated with standard

drug 5-flurouracil at the dose of 20 mg/kg was significantly increased
when compared to tumor control group. The survival time of the treat-
ment groups also showed significant activity when compared to tumor
control group. At the same, no significant difference was observed be-
tween the groups treated with complex at 20 mg/kg and 40 mg/kg
dose levels (Fig. 7). Body weight of the tumor bearing animals was
found to be increased because of the accumulation of ascetic fluid and
tumor burden. But the body weight was significantly reduced in the
groups treated with standard and Au(III) complex which indicates the
anticancer effect of the drugs (Fig. 8).

Hematological parameters of EAC tumor bearingmice on day 14were
found to be significantly altered from normal group (Table 2). There was
a significant decrease in hemoglobin, RBC and lymphocytes in tumor
bearing animals, accompanied by an increase in WBC, hematocrit
(HCT), MID cells and protein. At the same treatment interval, complex
at the dose of 20 mg/kg changed these altered parameters significantly
to near normal. The dependable criteria for judging the value of any an-
titumor drugs are persistence of life span and decrease of WBC from
blood [33]. The EAC tumor cells from the ascetic fluid of complex treated
group were stained and the morphological changes were analyzed. The
complex treated cells socked marked cytological changes and cytotoxic
activity when compared to the cell from control group (Fig. 9). All
these results suggest that the anticancer nature of the complex.

To evaluate the antitumor activity of the synthesized complex, it was
subjected to study the effect on solid tumor volume produced by EAC
cells. In tumor control group, the tumor volume was found to increase
steadily. The groups treated with complex 1 at various dose levels
Fig. 8. Effect of Au(III) complex on survival time of EAC tumor bearing mice. TC= Tumor
control, 5-Flu = 5-Fluorouracil.



Table 2
Effect of Au(III) complex on hematological parameters of EAC tumor bearing mice.

Parameters Normal Tumor Control Complex
20 mg

Complex
40 mg

HGB (g/dL) 12.56 ± 0.58 6.46 ± 0.33a 8.98 ± 0.28a,e 11.74 ± 0.45d

RBC (M/uL) 7.16 ± 0.22 4.04 ± 0.09a 4.84 ± 0.32a 6.22 ± 0.26d

HCT (%) 17.66 ± 0.57 30.16 ± 1.76a 20.0 ± 0.79d 17.0 ± 0.70d

MCV (fL) 47.06 ± 0.82 41.8 ± 1.47c 45.24 ± 1.03 44.28 ± 1.17
MCH (pg) 16.72 ± 0.38 16.68 ± 0.88 17.66 ± 0.56 16.92 ± 0.95
MCHC (g/dL) 34.88 ± 0.46 37.28 ± 1.11 34.78 ± 0.51 36.22 ± 1.03
RDW (%) 17.36 ± 0.70 18.58 ± 0.44 17.76 ± 0.39 17.74 ± 0.70
PLT (K/uL) 703.2 ± 8.45 639 ± 17.33c 673.2 ± 15.66 713.4 ± 10.51e

WBC (K/uL) 4.6 ± 0.15 8.4 ± 0.40a 5.9 ± 0.20b,d 4.88 ± 1.6d

LYM (%) 62.38 ± 4.1 18.36 ± 1.89a 48.58 ± 1.36b,d 55.12 ± 2.45d

MID (%) 14.16 ± 1.61 62.72 ± 2.71a 24.46 ± 2.03b,d 21.92 ± 1.88d

Granulo (%) 24.3 ± 2.82 18.8 ± 2.4 26.98 ± 1.31 22.96 ± 3.69
Total Proteins (g/dL) 5.35 ± 0.11 14.27 ± 0.42a 10.2 ± 0.36a,d 9.28 ± 0.27e

N = 10; Data were expressed as Mean ± SEM. Data were analyzed by One way ANOVA followed by Tukey Kramer Multiple comparison test.
a P b 0.001.
b P b 0.01.
c P b 0.05 vs Normal.
d P b 0.001.
e P b 0.01 vs Tumor Control.
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significantly reduce the solid tumor volume which indicates the cyto-
toxic nature of the synthesized complex. There is no significant differ-
ence was observed between the tested dose levels (Fig. 10).

In vivo studies results suggest that our synthesized complex is hav-
ing potential anticancer activities. Therefore, additional investigation is
needed in order to discover the prospective of the complex in cancer
treatment may prove to be valuable.

3.8. DNA interaction studies

3.8.1. Absorption spectral titration
The UV–Visible spectra of ligand andAu(III) complex in the presence

and absence of CT-DNAwere appraised by absorption spectral titrations
are presented in Fig. 11. As exposed in Fig. 10, the concentration of CT-
DNA increases to a solution of ligand and Au(III) complexlead to
hypochromism (6.27%, ligand and 17.19%, Au(III) complex)with a slight
red shifts (3 and 4 nm). This result obviously indicated that compounds
can interact with CT-DNA via intercalative interaction due to the pres-
ence of pyrimidine and morpholine analogues. In order to discover the
intrinsic binding constants (Kb) of ligand and Au(III) complex by using
the following Eq. [20],

DNA½ �=εa−ε f ¼ DNA½ �=εb−ε f þ Kb εb−ε f
� �� �−1

The Kb values of ligand and Au(III) complexare 2.65 × 103 M−1 and
4.97 × 104 M−1) are shown in Table 3. The obtained Kb values of
Fig. 9. (a) Smear showing matured EAC cells with definite structure and clear cell wall witho
changes in the form of membrane blebbing and disintegration, (c) EAC cells treated with Au(I
cell disintegration and a reduction in staining intensity.
compounds are small as compared to ethidium bromide (EB = 1.4
× 106M−1). The lower Kb values for compounds are due to the presence
of flexible versatile morpholine analogue in its structural framework
which significantly facilitates intercalation with the base pairs.

3.8.2. Competitive interaction with DNA
Furthermore, in order to verify the interaction of ligand and Au(III)

complex with CT-DNA, displacement assay was carried out using
ethidium bromide (EB). The EB bound DNA was titrated with the in-
creasing concentrations of ligand and gold(III) complex, decrement of
emission intensity as shown in Fig. 12 The binding tendency of the li-
gand and Au(III) complex to EB bound DNA were measured by Stern-
Volmer equation using the following equation [21],

F0=F ¼ 1þ Kqτ0 Q½ � ¼ 1þ KSV Q½ �

Moreover, binding affinity (Kapp) of ligand and Au(III) complexin
comparison of ethidium bromide was calculated by using the following
equation,

KEB EB½ � ¼ Kapp Complex½ �

The calculated KSV, Kqand Kapp values suggest that Au(III) complex
have higher binding activity than ligand. The absorption titration results
were correlated with displacement results suggest that ligand and Au
(III) complex bind to DNA via strong intercalation. The binding constant
ut degeneration, (b) EAC tumor cells treated with Au(III) complex showing degenerative
II) complex showing degenerative changes like membrane bleebing, cell wall destruction,



Fig. 12. Fluorescence spectra of Au(III) complex with EB bound DNA.

Table 3
Absorption spectral properties of ligand and Au(III) complex on binding to CT-DNA.

Compounds λmax (nm) Δλ (nm) Hypochromism (%) Kb (M−1)

Free Bound

Ligand 336 339 3.0 6.27 2.65 × 103

Au(III) complex 332 336 4.0 17.19 4.97 × 104

Fig. 10. Effect of Au(III) complex on tumor volume of EAC tumor bearing mice. TC =
Tumor control, 5-FU = 5-Fluorouracil.
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(Ka) and binding sites (n) of ligand and Au(III) complex were calculated
by following equation. The values of Ka and n are shown in Table 4.

log
F0−F

F
¼ logKa þ n log Q½ �

The calculated n value of ligand and Au(III) complexare near to
unity. This shows that compounds bound with DNA via single class site.
3.8.3. Electrochemical studies
As further exploring the binding of the Au(III) complex with CT-

DNA, cyclic voltammetric studies were carried out both in the presence
and absence of CT-DNA. A typical CV behavior of complex in the pres-
ence and absence of excess DNA is shown in Fig. 13. When the addition
of DNA to the complex results peak current intensity increases and po-
tential shifted towards negative direction. From this examination, com-
plex bind with DNA through intercalative mode is confirmed.
Fig. 11. Absorption spectral titration of Au(III) complex in the presence and absence of CT-
DNA in Tris-HCl buffer at pH 7.0.
3.8.4. Viscometric measurements
The viscometric measurements are helpful to elucidate the binding

nature of ligand and gold(III) complex. The graph of relative viscosity
vs [compounds] / [DNA]were described in Fig. 14As a result the concen-
trations of ligand and Au(III) complexincreases and the viscous flow of
DNA increases. These observations have been indicated that interaction
can be done between compounds and CT-DNA.

3.9. Molecular modeling with DNA / BSA

In order to identify the binding affinity of the Au(III) complex and
the free ligand towards DNA and BSA protein, a detailed molecular
docking analysis is carried out using Autodock Vina software. The
most favorable binding mode for the gold and free ligand towards
DNA and BSA protein are given in Fig. 15 (a and b) and Fig. 16 (a and
b). From the molecular docking calculations, it is clear that the gold
complex binds to the DNA double helix in an intercalation fashion
with the binding energy of 9.3 kcal/mol. The free ligand shows relatively
poor binding ability towards DNA with 6.7 kcal/mol. It is interesting to
note that similar trend is observed in the BSAbinding studies. The ligand
molecule shows 9.3 kcal/mol binding energy while 11.1 kcal/mol bind-
ing energy is obtained for gold complex towards BSA protein. The active
site residues of ligand bound BSA protein are Try 149, Tyr 156, Arg 198,
His 241, Arg 256 Leu 259, Ala 260, Ser 286 and Ala 290 respectively. It is
important to note that the ligand is showing three hydrogen bondswith
Try 149, His 241 and Arg 256 residues. Gold complex shows a hydrogen
bond with His 145 and the other active site residues are Arg 185, Leu
Table 4
Binding parameters of the ligand and Au(III) complex with EB bound DNA.

Compounds Ksv

(L mol−1)
Kq

(L mol−1 s−1)
Kapp

(L mol−1)
Ka

(L mol−1)
n

Ligand 3.30 × 103 3.30 × 1011 2.15 × 105 4.09 × 105 1.08
Gold(III) complex 8.37 × 103 8.37 × 1011 5.30 × 106 3.98 × 105 1.04



Fig. 15. The best possible binding pose of the free ligand (a) and Au(III) complex (b) into
theDNAdouble helix fromourmolecular docking analysis (ligand andAu(III) complex are
given in space filling model).

Fig. 13. Electrochemical studies of Au(III) complex in the presence and absence of CT-DNA
at 100 mV.
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189, Thr 190, Ser 192, Pro 240, Glu 424, Ser 428, Ile 522 and Arg 458.
Both the metal complex and the free ligand is stabilized by other non-
covalent interactions and the binding energy trend is in total agreement
with the experiments.

4. Conclusion

In summary, we have synthesized Au(III) complex from pyrimidine
andmorpholine analogues of Schiff base ligand. The elemental andmass
spectrometric data of Au(III) complex confirms the stoichiometry ratio
is 2:1 ratio (ML2 type). It has structurally characterized by various spec-
tral techniques and results have been suggested that, Au(III) complex
adopt square planar geometry around the central metal atom. Antimi-
crobial and antioxidant activities results suggest that, Au(III) complex
has better antimicrobial and radical scavenging activities. In vitro anti-
cancer activity of ligand and Au(III) complex were analyzed by MTT
assay. Interestingly, Au(III) complex is destroyed the cancer cell lines
but least toxic against normal cell line in contrast to cisplatin. These ob-
servation shows that, Au(III) complex is ten times least toxic effect nor-
mal cell line than others which is obtained from gold metal based Schiff
base ligand containing pyrimidine and morpholine linkage.
Fig. 14. Effective relative viscosity of increasing concentrations of CT-DNA to the ligand
and Au(III) complex.
Furthermore, in vivo studies of synthesized Au(III) complex on tumor
bearingmice results show that the Au(III) complex have potential anti-
cancer ability. TDDFT calculations substantiate the experimentally ob-
served absorption spectra of both metal complex and free ligand while
molecular docking studies offer insights into the binding affinities of
metal complex and free ligand towardsDNA andBSA protein.Molecular
docking results indicate that the binding ability gold complex is greater
than that of the free ligand. Both the complex and the free ligand are sta-
bilized by hydrogen bonding interactions along with other weak non-
Fig. 16. The best possible binding pose of the free ligand (a) and Au(III) metal complex
(b) into the BSA from our molecular docking analysis. (Hydrogen atoms are omitted for
clarity and hydrogen bonding is indicated by dotted line.)
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covalent interactions. The DNA interaction results show that, ligand and
Au(III) complex bind with DNA via intercalative mode of binding. Fur-
ther studies are needed to prove the chemotherapeutic properties of
gold complex based Schiff base ligand bearing pyrimidine and
morpholine substituents.
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