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This work represents the synthesis of a (E)-1-(1-(4-cyanophenyl)ethylidene) thiosemicarbazide ligand and its Mn(II),
Co(Il) and Cu(II) complexes. "H NMR, *C NMR Spectroscopy, IR and mass spectroscopy were some of the physical and
spectral characterisation methods used to examine the produced complexes. The azomethine ligand is effective against
microbes, but the metal complexes, especially Mn(II) complexes, were shown to be more effective against Staphylococcus
aureus (S. aureus) bacterium. When tested against Aspergillus fumigatus (A. fumigatus ), all of the metal compounds that
were produced showed more antifungal effectiveness than when tested against Candida albicans (C. albicans). The
compounds of Mn(II), Co(Il) and Cu(Il) has showed moderate to excellent efficacy when tested for anticancer properties

against several cancer cell lines.
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Schiff bases are highly desirable among synthetic
nitrogen-containing chemicals because they are more
likely to interact with transition metals to create
coordination complexes'. The simplest way to make
Schiff base is to employ a carbonyl molecule
(aldehyde/ketone) in a condensation reaction with a
primary amine®. Coordination of ligands from Schiff
bases with ions from transition metals produces
coordinated compounds with vibrant colours®. The
capacity of Schiff bases to compound with various
metals makes them useful in analytical chemistry,
pharmaceutical chemistry, biology, organic chemistry
and inorganic chemistry, among other fields*’. The
azomethine group (-C=N-) is known to enhance the
reliability of Schiff base in medicinal chemistry'.
This is due to the two electrons on the -N atom, which
are actively involved in chelation with transition
metal ions''.

It is well-known that Schiff's base compounds have
antimicrobial, antiviral, antioxidant, antitumor,
antifungal,  anti-cancer, anti-helminthic, anti-
tuberculosis, analgesic, DNA binding, and photo-
cleavage characteristics. At the same time, the use of
anti-microbial medications has grown in prominence

during the last several years'*?’. To stop the
development of drug-resistant bacteria in our
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populations, we must discover new types of
antibiotics™. Schiff bases containing a nitrogen donor
atom are versatile ligands that may be used to
synthesize a wide range of transition metal
complexes™. These complexes have several uses in
both organic and inorganic areas®. The analysis of
ligand and its metal complexes was carried out using
'H NMR, “C NMR, Mass spectrometry’*® In
comparison to the ligand, the results showed that the
metal complexes exhibited better antibacterial
activities”.

Materials and Methods

The substances were distilled before to use
following standard technique and were of analytical
grade. The Elementar Vario EL III analyzer was used
for the elemental analysis of CHN. The analyses were
repeated twice to guarantee the accuracy of the
findings. A Shimadzu 8001-PC FTIR spectrophotometer
was used to record the infrared spectra of the KBr
pellets. Using a Universal TGA Q50 apparatus, which
can heat samples from 30 to 1000°C at a rate of
2°C/min, thermo gravimetric analysis (TGA) was
carried out. The 'H and "C NMR spectra were
recorded at 400 MHz and 100 MHz using a Bruker
ARX-300 instrument. When compared to
tetramethylsilane, the chemical changes in the
presence of deuterated DMSO are reported in parts
per million (ppm).
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Synthesis and characterization of ligand

The Schiff base ligand (E)-1-(1-(4-cyanophenyl)
ethylidene)thiosemicarbazide was prepared by mixing
a hot methanolic solution of 4-acetylbenzonitrile
(0.02 mol) with thiosemicarbazide (0.02 mol) in an
equimolar ratio (1:1:1) and three drops of
hydrochloric acid (HCI) on a magnetic stirrer. The
mixture was microwaved for 7 min at 85°C. After
cooling to ambient temperature, the reaction mixture
crystallized overnight. After precipitation, the milky
white solid was filtered, rinsed with distilled water
and desiccated™’.

White colour, yeild: 82%, Ty p: 194-195. IR (KBr)
v: 1700 (CN), 1580 (NH,), 1276(CS) cm™. '"H NMR
spectrum, 8, ppm: 9.88 s (1H, NH), 7.86 m (2H,
ArH), 7.63 m (2H, Ar-H), 6.73 s (2H, NH,), 2.07 s
(3H, CHy); BC NMR spectrum, 8 C, ppm: 181.20,
146.09, 139.07, 133.01, 131.63, 119.12, 111.42,
15.45: Mass spectrum: m/z 218.10, Found: 218.25;
Anal. Cacld for C,(H,;;,N4S; C 55.02; H 4.62; N 25.67;
Found: C 55.05; H 4.63; N 25.69.

Synthesis and characterization of metal complexes

The chemical method involved using suitable
solvent to synthesize the ligand and metal complexes.
The azomethine ligand and metal salts (Mn(Il),
Co(II), Cu(Il)) were reacted to form various metal
compounds in 1:2 M. The following MnCl,.4H,0,
CoCl,.6H,0 and CuCl,.5H,0O was added 1:2 M to a
methanolic  solution of (E)-1-(1-(4-cyanophenyl)
ethylidene)thiosemicarbazide. The resultant mixture
has been heated for 7-9 and 4-8 min. The TLC studies
were used to track the reaction's development. After
the reaction, the colored solids were filtered, washed
with 50% ethanol and desiccated.

Mn(II) complex

Cream colour, yeild: 83%, Tn,: 273-275. IR
(KBr)v: 1650 (CN), 1550 (NH,), 575 (M-S), 468 (M-
N) cm™. "H NMR spectrum, 8, ppm: 9.88 s (2H, NH),
7.96 m (4H, ArH), 7.60 m ( 4H, Ar-H), 6.73 s (4H,
NH,), 2.06 s (6H, CH;); "C NMR spectrum, § C,
ppm: 181.42, 168.72, 146.09, 138.37, 138.20, 132.32,
129.62, 129.56, 115.12, 114.42, 14.41: Mass
spectrum: m/z 562.30, Found: 562.27; Anal. Cacld for
C,0H,,CLLMnN;sS,; C 42.71; H 3.58; N 19.92; Found:
C42.75; H 3.60; N 19.95.

Co(II) complex
Brownish colour, yeild: 85%, Tm,: 275-277. IR
(KBr)v: 1649 (CN), 1650 (NH,), 592 (M-S), 437 (M-

N) ecm™. "H NMR spectrum, 8, ppm: 9.84 s (2H, NH),
7.82 m (4H, ArH), 7.50 m ( 4H, Ar-H), 6.53 s (4H,
NH,), 2.10 s (6H, CH;); °C NMR spectrum, § C,
ppm: 181.42, 181.32, 168.72, 138.37, 138.25, 132.32,
129.62, 129.52, 115.82, 115.56, 114.90, 14.12, 14.08:
Mass spectrum: m/z 565.50, Found: 562.72; Anal.
Cacld for C,,H,,Cl,CoNsS,; C 42.41; H 3.56; N
19.78; Found: C 42.45; H 3.60; N 19.82.

Cu(II) complex

Purple colour, yeild: 89%, Tn,: 297-299. IR
(KBr)v: 1700 (CN), 1580 (NH,), 548 (M-S), 419 (M-
N) em™. "H NMR spectrum, 8, ppm: 9.85 s (2H, NH),
7.85 m (4H, ArH), 7.54 m ( 4H, Ar-H), 6.55 s (4H,
NH,), 2.08 s (6H, CH;); "C NMR spectrum, § C,
ppm: 181.45, 165.52, 138.75, 138.55, 131.52, 128.52,
127.42, 117.82, 114.46, 114.20, 14.12, 14.10: Mass
spectrum: m/z 569.70, Found: 569.26; Anal. Cacld for
C,H,oC1,CuNsS,; C 42.07; H 3.53; N 19.62; Found:
C 42.09; H 3.55; N 19.65.

Results and Discussion

The Schiff base ligand (E)-1-(1-(4-cyanophenyl)
ethylidene)thiosemicarbazide was prepared by
combining a hot methanolic solution of 4-
acetylbenzonitrile (0.02 mol) with a hot methanolic
solution of thiosemicarbazide (0.02 mol) in an
equimolar ratio (1:1:1), as well as three drops of
hydrochloric acid (HCI) while stirring continuously
on a magnetic stirrer (Scheme 1). As thiosemicarbazide
polymerizes at pH levels greater than 6, the addition
of HCI serves to inhibit this process when it comes
into contact with a water condenser. The resultant
mixture was subjected to 7 min of microwave
radiation at 85°C. Following that, the reaction mixture
was allowed to cool to ambient temperature and then
left overnight to get compound. The resulting milky
white solid was filtered, rinsed with distilled water,
and then dried in a desiccator after precipitation.
Silica gel is used as a moisture absorber in the
desiccator. The yield was expected to be 82%.

In a 1:2 M ratio several metal compounds were
synthesized by reacting the azomethine ligand with
metal salts (Mn, Co, Cu). The following amounts of
MnCl,.4H,O, CoClL,.6H,O and CuCL.5H,O were
added to a methanolic solution of (E)-1-(1-(4-
cyanophenyl)ethylidene)thiosemicarbazide in a 1:2 M
ratio respectively. In Scheme 2, the reaction mixture
was subjected to microwave irradiation for durations
of 7-9 min and 4-8 min respectively. The progress of
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the reaction was monitored by TLC studies. Once the
reaction had finished, the colored solids were filtered,
rinsed with a 50% ethanolic solution and then dried in
a desiccator.

Antimicrobial activity

The synthesized compounds were tested for their
antimicrobial properties using two different kinds of
tests, one for bacteria and one for fungus®'. A solution
containing 10 mg/mL of Schiff base ligand and its
complexes was prepared by dissolving them in
methanol. Using Muller Hinton Agar medium and the
Disc diffusion technique, we investigated the
antibacterial effect of the named compounds against
E. coli and S. aureus™. We sterilized the solution at
121°C for 30 min. The nutritional agar was mixed
until completely smooth after being mixed with
peptone water. The filter paper discs were placed on
the SDA plates, and all of the media was transferred
to them™. After being deposited on individual discs of
filter paper the mixture was maintained at 37°C for
24 h. The ligand and its complexes antibacterial

activities resulted in the formation of basic
circular inhibitory zones™. Amoxicillin is the
most often used antibacterial medication. The

millimeter-scale inhibitory zones of all the complexes
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Scheme 1 — Synthesis of (E)-1-(1-(4-cyanophenyl)ethylidene)
thiosemicarbazide
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Scheme 2 — The synthetic pathway of Schiff base metal
complexes
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were determined®?®.  4-acetyl-benzonitrile thio-
semicarbazone served as the ligand against which the
outcomes were evaluated. The ligand biological
activity is nearer to the some of the metal complexes
because of strong interactions with the bacterial and
fungal strains leads to more effective binding and
biological sites.

The aforementioned compounds were tested for
their antifungal activity utilizing a disc diffusion
procedure and Sabouraud dextrose agar medium,
which is similar to how they are tested for their
antibacterial action. The fungus strains used in this
investigation were Aspergillus fumigatus and Candida
albicans. We sterilized the medium at 121°C for
30 min’. Each compound was placed on its own filter
paper disc and left at 37°C for 24 h. Fungi albicans
develops at 28°C for 24 h, whereas A. fumigatus takes
2-3 days at 37°C*®. Simple circular inhibitory zones
were formed as a result of the antifungal activities of
the ligands and complexes (Table 1). Millimeters
were used to determine the inhibition zones of each
chemical. There was a comparison between the
ligand, 4-acetylbenzonitrile thiosemicarbazone and
the results of the compound's activity™ .

Anticancer activity

The anticancer potential of compounds (Mn(II),
Co(Il), Cu(Il)) was studied by assessing their ability
to suppress the proliferation of tumor cell lines in 96-
well plates by cell-mediated inhibition of tetrazolium
salt to water-insoluble crystal formation doxorubicin
was used as a reference. MTT experiments were
performed on four distinct human tumor cell lines
(A549), Hela (human cervical cancer cells), MDA-
MB-231 (human breast adenocarcinoma cells) and
HEK 293 (normal human embryonic kidney cell line)
to measure cytotoxicity*"*’. Inhibitory concentration
(ICsp) values were obtained using dose-response
curves constructed from absorbance data. The
median and standard deviation of I1Csy values (in uM)
from three different experiments are shown. As
indicated in Table 2, the majority of the produced
corn%)}llsnds had a considerable cytotoxic impact on all
cells™™.

Table 1 — Antimicrobial data of ligand and its complexes

Compounds E. coli S. aureus C. albicans A. fumigatus
Ligand 10 12 10 09
Mn(II) 17 18 19 20
Co(Il) 16 15 17 13
Cu(ID) 13 15 18 14

Amoxicilin 10 11 12 11
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Table 2 — In vitro anticancer activity of compounds
Compound ICso Values in puM
Cell lines A549 Hela MDAMB231 MCF-7 HEK 293
Ligand 5.05 2.36 4.25 1.92 >100
Mn(II) 7.05 3.70 4.09 10.27 >100
Co(I1) >100 5.66 4.13 6.13 >100
Cu(Il) 13.09 6.88 4.87 >100 >100
Conclusion Treatment: Experimental and Theoretical Studies. App!

A newly synthesized and characterized Azomethine
ligand (E)-1-(1-(4-cyanophenyl) ethylidene) thio-
semicarbazide and its Mn?", Co*" and Cu’" metal
complexes are detailed in this paper. To determine the
structure, a number of spectrum investigations were
conducted, including IR, 'H NMR, ®C NMR and mass
spectroscopy as well as elemental analysis. It was
concluded that the ligand was bidentate, having sulfur
and azomethine nitrogen atoms bound to metals.
Octahedral geometries were shown by the metal
complexes. Antimicrobial activity against bacterial
strains S. aureus and E. coli as well as fungal strains 4.
fumigatus and C. albicans was tested for in the produced
compounds. According to the chelation hypothesis,
metal complexes have superior antimicrobial effects
compared to ligand. Mn(Il), Co(Il) and Cu(Il)
compounds shown moderate to superior anticancer
activity against a variety of cancer cell types.

Acknowledgement

The authors express gratitude to the Director of the
Indian Institute of Chemical Technology in Hyderabad.
Kakatiya  University’s  Principal, = Hanumakonda.
Director of the Center for Cellular and Molecular
Biology, Hyderabad. Because of the spectral data and
biological significance they provide.

Conflict of interest
All authors declare no conflicts of interest.

References

1  Abdel-Rahman LH, Abu-Dief AM, Atlam FM, Abdel
Mawgoud AAH, Alothman AA, Alsalme AM & Nafady A,
Chemical, physical and biological properties of Pd(Il),
V(IV)O, and Ag(I) complexes of N3 tridentate pyridine-
based Schiff base Ligand. J Coord Chem, 73 (2020) 3150.

2 Abdel-Rahman LH, Maram TB, Badriah SA, Mohamed RS
& Ehab MA, Synthesis, theoretical investigations, biocidal
screening, DNA binding, in vitro cytotoxicity and molecular
docking of novel Cu (II), Pd (II) and Ag (I) complexes of
chlorobenzylidene Schiff base: Promising antibiotic and
anticancer agents. Appl Organomet Chem, 36 (2022) 1.

3 El-Khatib RM, Abdel-Fatah SM, Moustafa H, Alsalme AM
& Nafady A, Novel Cr (III), Fe (III) and Ru (III) Vanillin
Based Metallo Pharmaceuticals for Cancer and Inflammation

10

11

12

13

14

Organomet Chem, 33 (2019) 5177.

Singh K, Barwa MS & Tyagi P, Synthesis, characterization
and biological studies of Co(II), Ni(Il), Cu(Il) and Zn(II)
complexes with bidentate Schiff bases derived by
heterocyclic ketone. Eur J Med Chem, 41 (2006) 147.
Choudhary A, Ghanghas P, Poonia K & Kumar D, Catalytic
application and biological significance of coordination
complexes incorporating Schiff base. Inorg Chem Commun,
130 (2021) 108710.

Geeta B, Muralidhar RP, Shobha RK, Anren H & Ravinder V,
Synthesis, characterization and biological evaluation of
mononuclear Co (II), Ni (II), Cu (II) and Pd (II) complexes
with new N,O, Schiff base ligands. Chem Pharm Bull, 59
(2011) 166.

Jamatsing DR, Suresh DB, Amar AH, Manohar MP &
Ratnamala SB, Synthesis, characterizations, biological
activities and docking studies of novel dihydroxy derivatives
of natural phenolic monoterpenoids containing azomethine
linkage. Reas Chem Inter, 43 (2017) 5377.

Radha VP, Chitra S, Jonekirubavathi S & Prabakaran MS,
Transition metal complexes of novel binuclear Schiff
base derived from 3, 3'-diaminobenzidine: synthesis,
characterization, thermal behavior, DFT, antimicrobial and
molecular docking studie, J. Coord. Chem. 73 (2020) 1009.
Devi J, Yadav M, Kumar D, Poornachandra Y & Jindal D K,
Synthesis,  spectroscopic  characterization,  biological
screening and in vitro cytotoxic studies of 4-methyl-3-
thiosemicarbazone derived Schiff bases and their Co (II), Ni
(II), Cu (II) and Zn (II) complexes. Appl Organomet Chem,
33(2019) 1.

Shijua C, Arishb D & Kumaresan S, Novel water soluble
Schiff base metal complexes: Synthesis, characterization,
antimicrobial, DNA cleavage, and anticancer activity. J Mol
Struct, 1221 (2020) 1.

Buldurun K, Turan N, Savci A & Colak N, Synthesis,
structural characterization, and biological activities of
metal(Il) complexes with Schiff bases derived from 5-
bromosalicylaldehyde: Ru(Il) complexes transfer
hydrogenation. J Saudi Chem Soc, 23 (2019) 205.

Ghanghas P, Choudhary A, Kumar D & Poonia K,
Coordination metal complexes with Schiff bases: Useful
pharmacophores with comprehensive biological applications.
Inorg Chem Commun, 130 (2021) 1.

Patel N, Prajapati, AK, Jadeja RN & Patel RN,
Dioxidovanadium(V) complexes of a tridentate ONO Schiff
base ligand: Structural characterization, quantum chemical
calculations and in vitro antidiabetic activity. Polyhedron,
180 (2020) 1.

Lakshman TR, Deb J, Ghosh I, Sarkar S & Paine TK,
Combining anti-inflammatory and anti-proliferative activities
in ternary metal-NSAID complexes of a polypyridylamine
ligand. Inorg Chim Acta, 486 (2019) 663.



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

ERUKALA AND JYOTHI: ACTIVITIES OF NOVEL SCHIFF BASE LIGAND AND ITS METAL COMPLEXES

Crichton RR, Dexter DT & Ward RJ, Metal based
neurodegenerative diseases—from molecular mechanisms to
therapeutic strategies. Coord Chem Rev, 252 (2008) 1189.
El-Sherif AA & Eldebss TMA, Synthesis, spectral
characterization, solution equilibria, in vitro antibacterial and
cytotoxic activities of Cu(Il), Ni(Il), Mn(Il), Co(II) and
Zn(II) complexes with Schiff base derived from 5-
bromosalicylaldehyde and 2-aminomethylthiophene.
Spectrochim Acta Part A, 79 (2011) 1803.

Rupali C, Pearl RF, Bravish RB, Amit AP, Maryappa CS,
Nikhil SW, Review of Cobalt Oxide Nanoparticles: Green
Synthesis, Biomedical Applications, and Toxicity Studies.
J Chem Rev, 4 (2022) 331.

Bakir TK & Lawag JB, Preparation, characterization,
antioxidant properties of novel Schiff bases including 5-
chloroisatin-thiocarbohydrazone. Res Chem Intermed, 1
(2020) 17.

Hoque F, Chakraborty S & Islam MS, Synthesize and
characterization of Nbenzalcefuroxime which is derived from
a B-lactamantibiotic cefuroxime with the screening of
antimicrobial,  anti-Inflammatory =~ and  anti-Diabetic
potentials. Chron Pharm Sci, 5 (2020) 52.

EL-Gammal OA, Alshater H & El-Boracy HA, Schiff base
metal complexes of 4- methyl-1H-indol-3-carbaldehyde
derivative as a series of potential antioxidants and antimicrobial:
Synthesis, spectroscopic characterization and 3D molecular
modelling. J Mol Struct, 1195 (2019) 220.

Rambabu A, Kumar MP, Ganji N & Daravath S, DNA
binding and cleavage, cytotoxicity and antimicrobial studies
of Co(Il), Ni(Il), Cu(Il) and Zn(II) complexes of 1-((E)-(4-
(trifluoromethoxy) phenylimino)methyl)naphthalen-2-ol
Schiff base. J Biomol Struct Dyn, 38 (2020) 307.

Kamal T, Ahmad I, Khan SB & Asiri AM, Synthesis and
catalytic properties of silver nanoparticles supported on
porous cellulose acetate sheets and wet-spun fibers.
Carbohydr Polym, 157 (2017) 294.

Kamal T, High performance NiO decorated graphene as a
potential H-2 gas sensor. J Alloy Compd, 729 (2017) 1058.
Balouiri M, Sadiki M & Ibnsouda SK, Methods for in vitro
evaluating antimicrobial activity: A review. J Pharm Anal, 2
(2016) 71.

Sundararajan ML, kumar J, Anandakumaran J & Selvan BK,
Synthesis of metal complexes involving Schiff base ligand
with methylenedioxy moiety: spectral, thermal, XRD and
antimicrobial studies. Spectrochim Acta A Mol Biomol Spect,
131 (2014) 82.

Ammar RA, Alaghaz AMA & Alturiqi AS, New dimeric
Schiff base quinoline complexes: Synthesis, spectral
characterization, electrochemistry and cytotoxicity. App!
Organometal Chem, 32 (2018) 4361.

Firdaus F, Fatma K, Azam M, Khan SN, Khan AU &
Shakir M, Synthesis, DNA binding, and antimicrobial
studies of novel metal complexes containing a pyrazolone
derivative Schiff base. Spectrochim Acta A Mol Biomol, 72
(2009) 591.

Souaya ER, Hanna WG, Ismail EH & Milad NE, Studies on
some acid divalentmetal nitrilotriacetate complexes. Molecules,
5(2000) 1121.

Jain S, Rana M, Sultana R, Mehandi R & Rahisuddin, Schiff
Base Metal Complexes as Antimicrobial and Anticancer
Agents. Polycycl Aromat Compd, 7 (2023) 6351.

30

31

32

33

34

35

36

37

38

39

40

41

42

933

Crans DC & Kostenkova K, Open questions on the biological
roles of first-row transition metals. Commun Chem, 3 (2020)
104.

Adam MSS, Taha A, Abdelmageed Abualreish MJ, Negm A
& Makhlouf MM, Nanocomposite TiO2/ZnO coated by
copper (II) complex of di-Schiff bases with biological
activity evaluation. Inorg Chem Commun, 161 (2024)
112144,

Belal AAM, El-Deen IM, Farid NY, Zakaria R & Refat MS,
Synthesis, spectroscopic, coordination and biological
activities of some transition metal complexes containing
ONO tridentate Schiff base ligand. Spectrochim Acta - Part
A Mol Biomol Spectrosc, 149 (2015) 771.

Gordon AT, Abosede OO, Ntsimango S, Vuuren S,
Hosten EC & Ogunlaja AS, Synthesis, characterization,
molecular docking and antimicrobial activity of copper (II)
complexes of metronidazole and 1, 10 phenanthroline.
Inorganica Chim Acta, 510 (2020) 119744.

Arafath MA, Adam F, Razali MR, Ahmed Hassan LE,
Ahamed MBK & Majid AMSA, Synthesis, characterization
and anticancer studies of Ni(ll), Pd (II) and Pt(Il)
complexes with Schiff base derived from N- methy-
lhydrazinecarbothioamide and  2-hydroxy-5-methoxy-3-
nitrobenzaldehyde. J Mol Struct, 1130 (2017) 791.

Oveisi Keikha A, Shahraki S, Dehghanian E &
Mansouri-Torshizi H, Effect of central metal ion on some
pharmacological properties of new Schiff base complexes.
Anticancer, antioxidant, kinetic/thermodynamic and
computational studies. Spectrochim Acta - Part A Mol Biomol
Spectrosc, 325 (2025) 125034.

Abd El-Halim HF, Omar MM & Anwar MN, Preparation,
characterization, antimicrobial and anticancer activities of
Schiff base mixed ligand complexes. J Therm Anal Calorim,
130 (2017) 1069.

El-Sherif AA & Eldebss TMA, Synthesis, spectral
characterization, solution equilibria, in vitro antibacterial and
cytotoxic activities of Cu(Il), Ni(Il), Mn(II), Co(Il) and Zn(II)
complexes with Schiff base derived from 5-bromo-
salicylaldehyde and 2-aminomethylthiophene. Spectrochim Acta
- Part A Mol, Biomol Spectrosc, 79 (2011) 1803.

Mohi El-Deen EM, Nossier ES & Karam EA, New
Quinazolin-4(3H)-one Derivatives Incorporating Hydrazone
and Pyrazole Scaffolds as Antimicrobial Agents Targeting
DNA Gyraze Enzyme. Sci Pharm, 3 (2022) 30052.

Deswal Y, Sonika A, Deepak K, Deepak KJ, Gourav C,
Vivek P, Sonia S & Naresh K Transition metal complexes of
triazole-based  bioactive ligands: synthesis, spectral
characterization, antimicrobial, anticancer and molecular
docking studies. Res Chem Intermed, 2 (2022) 703.

Dasgupta S, Kanisha K, Atish B, Diya G, Bikash K, Koushik D,
Arpita C, A significantly non-toxic novel Cobalt(IlI) Schiff
base complex induces apoptosis via G2-M cell cycle arrest in
human breast cancer cell line MCF- 7. Life Sci, 308 (2022)
120963.

Maldonado F, Kavafian R, Ferry T, Bourguignon L,
Goutelle S, Jean-Christophe L & Garreau R, Comparison of
daptomycin and glycopeptide efficacy and safety for the
treatment of Gram-positive infections: a systematic review and
meta-analysis. J. Antimicrob Chemother, 4 (2024) 712.

Van de Loosdrecht AA, Beelen RH, Ossenkoppele GJ,
Broekhoven MG & Langenhuijsen MM, A tetrazolium-based



934

43

INDIAN J. BIOCHEM. BIOPHYS., VOL. 62, AUGUST 2025

colorimetric MTT assay to quantitate human monocyte
mediated cytotoxicity against leukemic cells from cell lines
and patients with acute myeloid leukemia. J Immunol.
Methods, 174 (1994) 311.

Tyagi P, Tyagi M, Agrawal S, Chandra S, Ojha H &
Pathak M, Synthesis, characterization of 1, 2, 4-triazole
Schiff base derived 3d-metal complexes: Induces
cytotoxicity in HepG2, MCF-7 cell line, BSA binding
fluorescence and DFT study. Spectrochim Acta - Part A Mol
Biomol Spectrosc, 171 (2017) 246.

44

45

Mahmoud WH, Sayed FN & Mohamed GG, Synthesis,
characterization and in vitro antimicrobial and anti-breast
cancer activity studies of metal complexes of novel
pentadentate azo dye ligand. App! Organomet. Chem, 11
(2016) 959.

Alharbi A, Amerah A, Alzahrani O, Kholood A, Almehmadi J,
Mohamed EK, Rania Z & Nashwa ME, Green synthesis
approach for new Schiff’s-base complexes; theoretical and
spectral based characterization with in vitro and in silico
screening. J Mol Lig, 345 (2022) 117803.



