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INTRODUCTION

Photodynamic therapy is a innovative cancer treatment
which includes the irradiation of light with appropriate wave-
length, specific photosensitizers can produce reactive oxygen
species (ROS). The ROS can produce toxic cytotoxicity that
can inactivate the tumour cells [1-3]. Light in combination with
a photosensitizer as used to persuade a phototoxic reaction to
destroy antibiotic-resistant bacteria [4]. The alternative to treat
localized infection is photodynamic therapy [5]. So, photo-
dynamic antimicrobial chemotherapy signifies an alternate
antimicrobial treatment against drug resistant organisms [6].
Advance photodynamic therapy has been progressively emerging
over the last decades and the demand for novel photosensitizers,
including non-porphyrins, phthalocyanines and some macro-
cyclic systems is still growing [7-9].

Now a days, the development of photosensitizers by using
organic dyes is growing in research field, because the organic
dye has several advantages such as the effortlessness synthesis,
handling, hydrophobicity [10]. To develop environmental
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friendly, safer and more efficient photosensitizers for antimi-
crobial photodynamic therapy is a challenge for the researchers.
But the efficacy of dye is still relatively low when compared
to their inorganic counterparts, which may be due to the highly
bonded nature of the electrons in the metal-free organic materials
[11]. So, we design the photosensitizers in which the aromatic
peripheral ligands around the heavy central metal make it poss-
ible to design transition metal complexes [12]. Additionally,
the derivatives of 4-aminoantipyrine compounds are applicable
as potential ligands for numerous metal complexes having great
significance in the field of biochemistry [13]. On the other side,
quinoline and related heterocyclic systems are found in a large
number of biologically active natural products and pharma-
ceuticals [14-16]. The nitrogen containing metal complexes
deserve a massive significance, because it as ability to break
DNA chains and protein [17]. Our interest is to develop a transi-
tion metal complexes of organic dye as a binder considering
the biocompatibility of both the metal and the ligands, herein,
we present the synthesis and characterization of a azo base ligand
4-[(E)-(8-hydroxyquinolin-5-yl)diazenyl]-1,5-dimethyl-2-
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phenyl-1,2-dihydro-3H-pyrazol-3-one and its Co(II) and Mn(II)
complexes. The metal(II) complexes structures were conjecture
by thermal and electronic spectral data. Furthermore, the cyto-
toxicity was tested against human melanoma (A-375) and human
primary glioblastoma (U-87) cell lines and in vitro antimicrobial
photodynamic therapy toward Gram-positive bacteria Staphylo-
coccus aureus, negative bacteria Escherichia coli and fungus
Candida albicans were also investigated.

EXPERIMENTAL

4-Aminoantipyrine (97%), 8-hydroxy quinoline (98%),
sodium nitrate (98%) were purchased from Sigma-Aldrich.
Cobalt(II) chloride pentahydrate (97%), magnesium(II) acetate
pentahydrate (97%) were purchased from Hi-media and solvents
were distilled before use. All other reagents were purchased
from Sigma-Aldrich chemicals and were used without further
purification. The elemental analyses (C,H,N) were performed
by using Perkin-Elmer 2400. Solid-state infrared spectra were
recorded with a Thermo Nicolet Avatar IR spectrophotometer
using KBr pellets. 1H & 13C NMR spectra were recorded with
Bruker 400 MHz high resolution multinuclear FT NMR spectro-
meter using DMSO as a solvent and TMS as an internal reference.
The photoabsorption measurement of complexes were analyzed
by Shimadzu model 1650 UV-visible double beam spectro-
meter in DMF solution (10-3 M). The photoluminescence (PL)
measurement was performed on Horiba Jobin Yvon Fluorolog-3
equipped with a 450 W Xenon lamp as an excitation source.
The thermal analyzer was recorded as TG-DSC curves at a temp-
erature ranging 30-800 ºC in flowing nitrogen atmosphere with
a heating rate of 10 ºC/min. The surface morphology of the

synthesized compounds were determined by Zeiss scanning
electron microscope.

Synthesis of azo-dye: 4-Aminoantipyrine (0.1 mol) was
dissolved in 10% HCl and then cooled at 0 to 5 ºC. The NaNO2

(0.1 mol) dissolved in 10 mL of water was added gradually to
HCl mixture for 10 min. The reaction mixture was stirred for
about 1 h were the temperature was maintained at 0 to 5 ºC.
The excess of nitrous acid was removed through the addition
of urea, then stirred for about 30 min. The resulting diazonium
salt solution was then added dropwise to a well-cooled solution
of 8-hydroxyquinoline (0.1 mol) in KOH (5% in 20 mL water)
and the pH was maintained at 4-6 by adding Na2CO3 under
continuous stirring for about 3 h at 0-5 ºC then this precipitated
product was diluted with cold water (50 mL). The progress of
the reaction was monitored by TLC and then crude dyes were
filtered, washed with water and purified by recrystallization
from DMF-ethanol (Scheme-I) [18]. Yield: 86%; m.p.: 240-
242 ºC. Anal. of C20H17N5O2 calcd. (found) (%): C, 66.84 (66.82);
H, 4.77 (4.78); N, 19.49 (19.48); O, 8.90 (8.92). LC-MS (m/z)
360.12. IR (KBr, νmax, cm-1): 1634 (C=O), 3422 (OH), 1492
(N=N), 1398 (C-N); 1H NMR (DMSO-d6, 400 MHz, δ ppm):
11.97 (s, N-H, 2H), 8.67 (s, Ar CH-N), 7.13–8.39 (m, Ar-10H).
UV-vis in DMF: 400 nm.

Synthesis of photoreactive Co(II) and Mn(II) compl-
exes: A solution of metal(II) acetate [M = Co2+ or Mn2+] (0.005
mol) was taken in 20 mL of absolute ethanol and added drop-
wise to a stirred solution of 0.01 mol of 4-[(E)-(8-hydroxy-
quinolin-5-yl)diazenyl]-1,5-dimethyl-2-phenyl-1,2-dihydro-
3H-pyrazol-3-one (Scheme-II). The reaction mixture was then
refluxed for about 2 h at 70 ºC and then concentrated by heating
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to reduce its volume to half. The precipitate obtained was filtered,
washed with hot ethanol and finally dried under vacuum.

Photoinactivation on planktonic cells: From previous
report [19], planktonic cells of E. coli, S. aureus and C. albicans
was analyzed. An overnight bacterial suspension (100 µL) with
a 0.5 McFarland standard containing 1.5 × 108 CFU/mL of
bacteria and 1.5 × 107 CFU/mL fungi was transferred to 96 well
multitier plates. Test cultures were then treated with photo-
sensitizer of different concentration (20, 40, 60, 80, 100, 150,
200 µg/mL). Photosensitizers were prepared by using non-
toxic concentration of DMSO. The samples were pre-incubated
for about 3 h in dark condition and subjected to light exposure
with xenon lamp of wavelength 400-800 nm for about 15 min
irradiated in the presence of foil-cover [20]. The control cultures,
with absence of metal(II) complex, were also induced for the
same period. The irradiated samples were serially diluted in
LB broth and incubated at 37 ºC for 24 h. The reduction in the
planktonic cells was calculated by measuring the optical density
at 560 nm and stated as percentage reduction by comparing
with the OD values of control [21].

in vitro Antitumor activity: Human melanoma (A-375)
and human primary glioblastoma (U-87) were used as cell lines
to test the cytotoxicity of the metal complexes under study
using the reported MTT assay method [22,23]. The cell pellets
were maintained in DMEM-HG, the cells were grown in 96
well tissue culture plates. The metal complex of different concen-
tration (50, 100, 150, 200 and 250 µg/mL) and cisplatin the final
volume of 200 µL were treated with selected cell lines for
about 24 h. After incubation 20 µL of MTT reagent 0.5 mg/mL
concentration was added to each well and incubated for further
3 h. The medium was replaced with DMSO (100 µL/well) to
dissolve the formazan crystals. The effects of the different test
compounds on the viability of the tumor cell lines were measured
at 540 nm using a multimode reader. All samples (five concen-
trations of each sample) were tested in triplicate and using origin
software, IC50 values with standard deviation were calculated
[24].

in silico Molecular docking studies: The crystal structure
of RSCB with PDB id 4NNI was obtained from the protein
data bank (PDB) and used as a receptor for RpsA protein in
complex with standard pyrazinoic acid (POA). The obtained
file was utilized for in silico molecular docking of protein with
metal(II) complexes using Autodock 4.2. The structures of
the studied compounds were developed using Chem Bio Office
Ultra 14.0 software assigned with proper three-dimensional
orientation followed by the minimization of energy based on
Lamarckian genetic algorithm. The performance of docking
of receptor (DNA) and ligand (complex) was based on the glide
energy, docking score was analyzed by the active site hydrogen

bonds and hydrophobic interactions. Finally, according to the
Autodocking scores was used to obtain the best conformation
energy [25,26].

RESULTS AND DISCUSSION

The synthesis of visible light active azometal(II) comp-
lexes was based on the fact that the electrophilic aromatic
diazonium ions reacts with the nucleophilic activated aromatics
at 0 ºC. The azometal(II) complexes were characterized using
LC-MS, 1H & 13C NMR, FTIR and UV-VIS spectroscopic and
elemental analyses. The obained results are consistent with
the structure. The azo dyes was then reacted with metal salts
to form octahedral azo metal complexes. The physico-analytical
data of the ligand L and its metal(II) complexes are presented
in Table-1. Using TGA-DSC, photoluminescence and FT-IR
studies the formation of metal complexes were conformed.

Photodynamic therapy with synthesized metal complexes
at high concentration promotes a significant reduction in the
number of CFU mL-1 of bacteria and fungi. No toxicity was
found for the cells irradiated without photosensitizers, the cell
death of microbial cells was not affected by irradiation without
photosensitizer, thus the photoinactivation of microorganisms
depends on both concentration of the photosensitizers and the
irradiation time.

1H & 13C NMR spectra: 1H NMR spectra of the synthe-
sized ligand obtained at ambient temperature in DMSO-d6,
displayed signals at δ 9.06-9.08 (doublet), which corresponds
to -N-CH- of the quinoline ring [27]. The signal at δ 8.89 ppm
was assigned to -OH group of 8-hydroxyquinoline ring and this
downfield shift was due to the intramolecular hydrogen bonding
between -OH of 8-hydroxyquinoline ring [28]. The aromatic
protons showed a signal at δ 7.3-7.7 ppm as a multiplet [29].
A sharp singlet at δ 3.34 and δ 2.68 ppm were assigned to the
methyl protons of 4-aminoantipyrine moiety [30].

13C NMR of azo dye displayed a signal at δ 151 ppm, which
attributes to -N-CH of the quinoline ring. Signal at δ 155.5 ppm
corresponds to carbon attached to the -OH of 8-hydroxyquino-
line [29] Signals at δ 111 and 122 ppm were assigned to the
adjacent carbon atom of the azo group. The methyl carbon of
the antipyrine were assigned at δ 34 ppm (-N-CH3) and δ 11
ppm (-C-CH3) [31].

Mass spectra: The mass spectra of the ligand exhibited a
well-defined molecular ion peak at m/z = 359 molecular ion
(parent peak), peak at 360 m/z was due to (M+1). The fragment
appeared at m/z = 241 corresponds to the fragment of [C13H13N4O],
which indicates the formation of azo compound [32].

FTIR spectra: The main characteristic bands and their
tentative frequencies are summarized in Table-2. The strong
IR band at 1634 cm-1 in the free ligand was assigned to the

TABLE-1 
PHYSICAL DATA OF THE SYNTHESIZED COMPOUNDS 

Elemental analysis (%): Found (calcd.) Synthesized 
compound m.w. 

Yield 
(%) m.p. (°C) Solubility 

C H N O M 
L(C19H15N5O2) 359.14 80 258-260 DMSO/DMF 67.00 (66.84) 4.64 (4.77) 19.50 (19.49) 8.880 (8.90) – 
Co(L)2(H2O)2 872.16 75 > 300 DMSO/DMF 55.00 (55.05) 4.42 (4.39) 16.11 (16.05) 11.042 (11.0) 13.61 (13.51) 
Mn(L)2(H2O)2 864.17 60 > 300 DMSO/DMF 55.49 (55.56) 4.32 (4.43) 16.16 (16.20) 11.089 (11.10) 12.80 (12.71) 
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stretching of carbonyl group present in 4-aminoantipyrine
moiety. In the spectra of complexes [33], these bands shifted
significantly towards lower energy, which indicates a decrease
in the stretching force of (-C=O). As a result, coordination occurs
through the carbonyl oxygen atoms [34]. The stretching fre-
quency at 1492 cm-1 corresponds to the azo group (-N=N-), this
band also shifted towards lower energy in the complexes. It
shows that the one of the nitrogens in azo group was involved
in the complex formation. In the ligand, a broad peak at 3422
cm-1 corresponds to –OH of the quinoline ring since the –OH
group involved in inter or intra molecular hydrogen bonding.
Khoo et al. [35] suggested that stable azo form is due to inter
molecular hydrogen bonding at solid state. The broad peak at
3400-3350 cm-1 presents in both complexes attributes to the
presence of water molecule in the coordination with the metal
ions. The presence of water in these complexes was also confirmed
by thermal analysis. The presence of new band in metal complexes
at 693-488 and 618-483 cm-1 assigned to M–N of the azo nitrogen
and M–O of the antipyrine moiety, respectively [36].

Electronic spectra: The electronic absorption spectra in
the UV-visible region for the ligand precursor, as well as their
corresponding complexes, were recorded in DMF solution.
The absorbtion of the free ligand was at 24509 cm-1 arises due
to the transition involving electron migration along the entire
conjugate system of the ligand. The bathocromic shift was
observed in metal(II) azo complexes related to their free azo
ligand (Fig. 1), which shows that the metal(II) complexes showed
red shift of 4 nm when compared to that of free ligand [37].
According to molecular orbital theory, the center metal(II) ions
have influence on the absorption bands of the complexes. The
metal complexes exhibited new bands in the range of 20400-
20000 cm-1 assigned to charge transfer spectrum (LMCT), which
were absent in ligand [38]. The cobalt(II) complex showed
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Fig. 1. UV-visible spectra of the ligand (L) and metal complexes

the absorption of 24619 and 20325 cm-1 and the bands were
assigned as 4T1g(F)→4T2g(F) and 4T1g(F)→ 4A2g(F), which
showed a distorted octahedral geometry [39]. The spectrum
of the octahedral Mn(II) complex shows two bands at 24330
and 20242 cm–1 due to 6A1g→4T1g and 6A1g→4T2g transitions.
Mn(II) complex has ground state 6A1g, hence the transition from
this ground state 6A1g→4E (d) is forbidden and band intensity
was very low [40].

Thermal studies: Thermal properties of metal(II) comp-
lexes were investigated by thermogravimetric (TG) analysis
and differential scanning calorimetry (DSC) in the temperature
range of 30-800 ºC in nitrogen atmosphere and the weight
loss was observed in room temperature. Generally, the thermo-
gram showed three stages of decomposition (Fig. 2). The first

TABLE-2 
FT-IR BANDS (cm–1) AND TENTATIVE ASSIGNMENTS OF THE LIGAND AND ITS METAL AZO COMPLEXES 

Compounds ν(–OH) ν(C=O) ν(N=N) ν(M–N) ν(M–O) 
L 3422 1634 1492 – – 

Co(L)2(H2O)2 3377 1563 1458 488 693 
Mn(L)2(H2O)2 3390 1563 1461 443 515 
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Fig. 2. TG/DSC curve of (a) Co(L)2(H2O)2 (b) Mn(L)2(H2O)2

1712  Teja et al. Asian J. Chem.



step attributed to the loss of coordinated solvent molecules, in
the temperature range of 40-120 ºC, for Co(II) complex it
corresponds to the strong water molecule, where as in Mn(II)
it correlate with weakly coordinated water molecule (Table-3).
In second stage, at ~320 ºC the peak intimates the dissociation
of non-coordinated quinolin-8-ol group. In third step, the loss
of aminophenazone moiety attributed at ~450 ºC, probably
was due to the intermolecular π-interation. Further, heating
resulted in continuous loss of mass, indicating the decomposi-
tion of the molecules, which was not complete up to 800 ºC due
to the presence of metal oxide. The overall dissociation was
found to be ~93%.

SEM images: Scanning electron micrograph (SEM) have
been used to study the morphology and the grain size of the
ligand and the metal(II) complexes. The SEM photographs of

TABLE-3 
THERMAL DECOMPOSITION OF THE METAL COMPLEXES AT NITROGEN 

Complexes Stages Temp. range 
(°C) 

Dsc peak Peak nature 
Mass loss (%): 
Found (calcd.) 

Probable assignments Residue 

Co(L)2(H2O)2 
Stage 1 
Stage 2 
Stage 3 

34-110 
111-370 
370-440 

114.8 
317 
434 

endo 
exo 
exo 

6.46 (6.52) 
34.67 (35.02) 
53.4 (52.18) 

Loss of 2H2O 
Loss of C18H14N2O2 
Loss of C22H24N8O2 

CoO 

Mn(L)2(H2O)2 

Stage 1 
Stage 2 
Stage 3 

47-90 
91-390 
390-450 

54 
266 
361 
461 

exo 
exo 
endo 
exo 

6.47 (6.53) 
36.7 (35.081) 
51.4 (52.23) 

Loss of 2H2O 
Loss of C18H14N2O2 
Loss of C22H24N8O2 

MnO 

 

Fig. 3. SEM image of (a) Ligand, (b) Co(L)2(H2O)2 (c) Mn(L)2(H2O)2
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Fig. 4. Powder XRD data for metal complexes (a) Co(L)2(H2O)2 (b) Mn(L)2(H2O)2

the complexes are shown in Fig. 3, which were taken in different
scale ranges from 10 µm to 100 µm. The SEM photography
of the ligand demonstrated non-uniform platelet-like structure
with variable lateral dimensions [41]. For Co(II) complex, a
niddle shaped structure was observed while the irregular shaped
grains were seen in Mn(II) complexs.

XRD studies: The degree of crystallinity of the synthesis
metal complexes was studies by using powdered XRD by using
polar solvents like DMSO and DMF. The X-ray diffractogram
of metal(II) complexes were obtained in the range of 10-80º
(2θ) at a wavelength of 1.54 Å. The XRD patterns of both
metal(II) complexes are depicted in Fig. 4. The XRD patterns
of Co(II) and Mn(II) complexes shows 10 and 9 reflection in
the range 9 to 40º (2θ). The inter planar spacing were calculated
by means of Bragg’s equation nλ = 2d sin θ (where λ = 1.5406

Vol. 33, No. 8 (2021)    Photophysico-chemical and Antimicrobial Photodynamic Properties of Visible Light Active Azometal(II) Complexes  1713



Å). The obtained and calculated d-spacing values were found
to be in good agreement (Table-4).

The unit cell calculations were calculated for cubic sym-
metry by all the obtained peaks, miller indices (h k l) values
were determined. The h2 + k2 + l2 values of Co(II) 1, 6, 7, 8, 11,
13, 16. For Mn(II) was found to be 1, 3, 8, 10, 11, 15, 17, 21,
22. The calculated lattice parameter for Co(II) complex found
to be a = b = c = 12.8 Å and for Mn(II) complex a = b = c =
17.1 Å. The existence of forbidden number 7 for Co(II) and
15 for Mn(II) indicates that complexes may belong to hexa-
gonal or tetragonal systems.

Photoluminescence spectra: Photoluminescence spectra
of ligand and its azo metal(II) complexes were recorded in room
temperature. The samples were excited by single excitation

wavelength of 400 nm with the excitation source of 450 W
Xenon lamp as shown in Fig. 5. The emission spectra of the
ligand showed the excitation at 400 nm. The free azo dye ligand
exhibited intra ligand π-π* transitions. The emission spectrum
of Co(II) showed strong emission peck at 530 nm at the excitation
of 400 nm. But Mn(II) complex showed the emission peak at
700 nm at the excitation of 400 nm. The decreased intensity of
Mn(II) complex may be due to the formation of metal complexes
and the energy transferes from the excited ligand to the metal
ion [42]. The significant difference in position and intensity of
the metal complexes shows the coordination of the metal ion to
the peripheral ligand [43]. In general, all the synthesized com-
pounds can serve as potential photoactive materials as indicated
from their characteristic photoluminescence property.

TABLE-4 
POWDERED XRD DATA OF METAL COMPLEXES (a) Co(L)2(H2O)2 and (b) Mn(L)2(H2O)2 

D Peak 
number 2θ θ sin θ sin2 θ 

1000  
sin2 θ 

h2 + k2 + l2 

(1000 sin2 θ/CF) 
h k l 

Obs. Calcd. 
a (Å) 

(a) Co(L)2(H2O)2 
1 6.9057 3.452 0.0602 0.003625 3.625 1(1) 100 12.793 12.800 12.79 
2 16.2760 8.138 0.1415 0.02003 20.03 5.52(6) 211 5.441 5.446 13.33 
3 18.8127 9.406 0.1630 0.02671 26.71 7.36(7) – 4.713 4.717 12.46 
4 19.6690 9.834 0.1708 0.02917 29.17 8.04(8) 220 4.510 4.513 12.75 
5 22.7479 11.373 0.1972 0.03888 38.88 10.72(11) 311 3.906 3.909 12.95 
6 25.7479 12.593 0.2180 0.04753 47.53 13.11(13) 320 3.533 3.235 12.73 
7 27.4482 13.724 0.2372 0.05628 56.28 15.52(16) 400 3.246 3.249 12.98 
8 29.4582 14.729 0.2542 0.06464 64.64 17.83(18) 411 3.029 3.032 12.85 
9 32.6210 16.310 0.2808 0.07887 78.87 21.75(22) 332 2.742 2.745 12.86 

(b) Mn(L)2(H2O)2 
1 5.1632 2.5816 0.0450 0.00202 2.028 1(1) 100 17.101 17.116 17.10 
2 9.3787 4.6893 0.0817 0.00668 6.683 3.29(3) 111 9.422 9.422 16.31 
3 14.3955 7.1977 0.1252 0.01569 15.69 7.74(8) 220 6.147 6.153 17.39 
4 16.1954 8.0976 0.1408 0.01984 19.84 9.78(10) 310 5.468 5.473 17.29 
5 17.3696 8.6848 0.1509 0.02280 22.80 11.24(11) 311 5.101 5.105 16.91 
6 19.9378 9.9689 0.1731 0.02996 29.96 14.77(15) --- 4.449 4.449 17.23 
7 21.2131 10.6068 0.1840 0.03388 33.88 16.70(17) 410 4.184 4.188 17.25 
8 23.6635 11.8317 0.2050 0.04204 42.04 20.72(21) 421 3.756 3.759 17.21 
9 24.6174 12.3087 0.2131 0.04544 45.44 22.40(22) 332 3.613 3.613 16.94 
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Biological applications

in vitro Antimicrobial studies: The results of this demon-
strated that photosensitizers with xenon lamp at the concen-
tration of 200 µg/mL showed significant reduction in plantonic
cells when compared to methylene blue (MB). To the best of
our knowledge, this is the first study in the literature reporting
the plantonic effect of Co(II) and Mn(II) complexes on bacteria
as well as fungi. The antimicrobial photodynamic therapy is
an effective process in presence of light. Based on these results,
order of susceptibility of bacteria towards photolysis in presence
of Co(II) and Mn(II) complex is given as: S. aureus > E. coli
> C. albicans.

In this work, the cell reduction % of S. aureus were plotted
against the concentration. The interaction of S. aureus with
metal photosensitizers is shown in Fig. 6a. The percentage
inhibition of Co(II) and Mn(II) complex was 96% and 84%,
respectively. Fig. 6b shows the photoinhibition of E. coli were
the inhibition rate was found to be 82% and 78%. Comparing
the inactivation of bacterias, Gram-negative bacteria was more
resistance than Gram-positive bacteria, due to the structural
difference of the Gram-negative bacteria and the presence of
an additional and more negatively charged outer layer, serves
as a barrier to prevent the entry of outer species. The percentage
inhibition of S. aureus of Co(II) complex was high when compared
to Mn(II) complex which may due to the high abortion in fluore-
scence, the photons will not have sufficient energy for the ground
state oxygen molecule to excite the singlet oxygen and shorter
wavelength leads to less tissue penetration and more likely
leads to skin photosensitivity [44]. The photoinactivation of
C. albicans is shown in Fig. 6c. The cell death rate was absorbed
to be 74 and 70% for fungi where the percentage death was
decreased compared to bacteria. Also, the antifungal advance
photodynamic therapy (APDT) involves more complex mech-
anisms [45].

For both metal complexes, the concentration dependents
on the growth inhibition as observed. As the concentration was
increased the growth inhibition also increased. High reduction
of plantonic cells at higher concentration was observed. This
is because of self-shielding of the photosensitizer, molecules
will absorbs the light at top of the sample, which will prevent
the light penetration through the sample and activation of the
photosensitizer below it leads to the generation of ROS at
aproximal location to the targeted bacteria [46].

in vitro Antitumor activity: in vitro Antiproliferative studies
of metal complexes were analyzed against two tumour cell lines

using MTT assay, which was used extensively for in vitro cyto-
toxic studies [45]. Different concentrations of complexes (50,
100, 150, 200 and 250 µg/mL) were treated with the tumour
cell lines and clinical drug cisplatin was used as a control. The
metal complexes inhibited the growth of cancer cells with the
increase in concentration of the drug. At higher concentration,
Co(II) and Mn(II) complexes cell viability of human melanoma
(A-375) were found to be 16.84% and 21.4%, for human primary
glioblastoma (U-87) 8.75% and 26% clearly indicate that the
complexes have caused the death of most of the tumor cells at
this concentration. The IC50 values and cell viability data are
given in Table-5.

TABLE-5 
IC50 VALUES OF AZO METAL COMPLEXES ON 

A-375 AND U-78 CANCER CELLS 

Compound A-375 
(IC50) 

Inhibition 
(%) 

U-78 
(IC50) 

Inhibition 
(%) 

Co(L)2(H2O)2 74 92 115 84 
Mn(L)2(H2O)2 50.5 74 42 64 

 
The synthesized compound shows good cytotoxic activity

but lesser activity when compared to standard drug (Fig. 7).
Also Co(II) complex shows better activity than Mn(II) complex.
This selectivity may be explained based on the mode of action
of cobalt complex. The cobalt(II) ions are able to induce in the
formation of ROS in physiological conditions, thus the increase
of ROS levels leads to oxidative macromolecular damage and
elimination of cancer cells. For metal(II) complex, the IC50 value
was more than 100 indicated that the complex probably was
non-toxic in nature [47].

in silico Molecular docking studies: All the synthesized
metal complexes were employed to understand the interaction
between the metal complexes with the target receptor mole-
cules (RpsA) [48]. The binding sites of complexes (1-2) on
DNA are shown in Fig. 8. All the synthesized complexes have
the capacity to interrelate with DNA through a small groove.
The binding energies of the complexes (1-2) are presented in
Table-5. The Co(II) complex shows the highest binding energy
of -3.55 and showed good interactions with the DNA.

Conclusion

In conclusion, a series of novel photosensitizers based on
8-hydroxy quinoline derivatives were synthesized and their
photophysical and photochemical properties were investigated.
The spectral studies suggested that the ligand was coordinated
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Fig. 6. Relative cell reduction of three strains (a) S. aureus, (b) E. coli and (c) C. albicans after being irradiated with laser for 15 min and then
incubated with photosensitizers and methylene blue
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with the metal ion through the oxygen of 4-aminoantipyrine
and the nitrogen of azo group with the octahedral geometry.
The thermal data demonstrate the presence of water molecule
in the complexes. The synthesized complexes were evaluated
for cytotoxicity and APDT studies. Both complexes showed
the cytotoxic activity, but cobalt(II) complex was more active
towards human melanoma cell line. The antimicrobial photo-
dynamic activity of S. aureus, E. coli and fungus C. albicans
was also tested. The highest cell reduction was found to be
96% in S. aureus at a concentration of 200 µg/mL. The effective
binding interactions between the tested compounds and the
target receptor RpsA was studied by using in silico molecular
docking studies. This shows that the metal complexes with azo
ligand, proves to be promising candidates as photoactive anti-
microbial activity and also alternatives to the anticancer drug.
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