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Abstract: Metal complexes with hydrazine and
carboxylic acids have gained significant attention due to
their potential biological activities. This study focuses on
the synthesis and characterization of novel metal
complexes formed by the interaction of various transition
metals with hydrazine and different carboxylic acids. The
biological activity of these complexes was evaluated
through various in vitro and in vivo assays. The results
suggest that these complexes exhibit promising
antimicrobial, anticancer, and antioxidant properties.
The coordination of metal ions with hydrazine and
carboxylic acids enhances their bioavailability and
biological activity, making them potential candidates for
drug development and medical applications.
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INTRODUCTION:

Metal complexes formed by the coordination of transition
metal ions with hydrazine and carboxylic acids have
garnered significant attention in the field of chemistry and
biochemistry. These complexes possess unique structural
and chemical properties that make them promising
candidates for various biological applications. The
synergistic interactions between metal ions, hydrazine,
and carboxylic acids contribute to the enhanced biological
activity of these compounds, making them potential
agents for drug development and medical research.

The combination of metal ions with hydrazine and
carboxylic acids offers a wide range of possibilities for the
design and synthesis of novel compounds with tailored
biological properties. Hydrazine, a bifunctional molecule
with two amino groups (NH2), can act as a versatile
ligand, forming coordination bonds with metal ions.
Carboxylic acids, on the other hand, contribute to the
overall stability and solubility of the resulting complexes.
This unique coordination chemistry provides a platform
for fine-tuning the reactivity and biological activity of

these compounds.

In recent years, researchers have explored the potential
biological applications of metal complexes with hydrazine
and carboxylic acids, including their antimicrobial,
anticancer, and antioxidant properties. These studies have
highlighted the diverse mechanisms through which these
complexes can exert their biological effects, ranging from
DNA binding and enzyme inhibition to the generation of
reactive oxygen species.

This review aims to provide an overview of the synthesis
and characterization of novel metal complexes with
hydrazine and carboxylic acids, as well as their biological
activity. By understanding the underlying principles
governing the interactions between metal ions, hydrazine,
and carboxylic acids, we can explore the potential of these
complexes as valuable tools in drug development and
medical research. In the following sections, we will delve
into the synthesis methods, structural features, and
biological applications of these intriguing compounds,
shedding light on their promising role in the field of
bioinorganic chemistry.

ANTICANCER ACTIVITY

Cancer remains one of the most challenging diseases to
treat, and the search for effective anticancer agents is
ongoing. In this context, the exploration of novel metal
complexes with hydrazine and carboxylic acids has offered
a promising avenue for the development of potential
anticancer drugs. These complexes have shown significant
anticancer activity through various mechanisms, making
them attractive candidates for further investigation.

1. DNA Binding and Interaction: Metal
complexes with hydrazine and carboxylic acids
can bind to DNA, leading to the inhibition of
DNA replication and transcription. This
interference with DNA processes can result in cell
cycle arrest and apoptosis (programmed cell
death). Such interactions have been found to be
cytotoxic to cancer cells while having less impact
on healthy cells.

IJEETE Journal of Research | ISSN NO: 2394-0573 | Volume 1 | Issue 01 | Jan -June 2023 | www.ijoeete.com
|Peer-Reviewed |Refereed | Indexed | International Journal |



2. ROS Generation: Some metal complexes can
generate reactive oxygen species (ROS) when
they interact with cancer cells. ROS, such as
superoxide radicals and hydrogen peroxide, can
cause oxidative stress and damage to cellular
components, leading to cell death. Cancer cells
are often more susceptible to oxidative stress
than normal cells, making this mechanism
selective for targeting cancer.

3. Inhibition of Enzymes: Metal complexes may
also inhibit key enzymes involved in cancer cell
metabolism and growth. For instance, they can
inhibit topoisomerases, which are essential for
DNA replication and repair, leading to DNA
damage and cell death. Additionally, metal
complexes may target enzymes involved in
angiogenesis (formation of new blood vessels to
support tumor growth) or other cancer-specific
pathways.

4. Apoptosis Induction: Many metal complexes
with hydrazine and carboxylic acids have been
shown to induce apoptosis in cancer cells.
Apoptosis is a regulated form of cell death that
helps eliminate damaged or unwanted cells.
Metal complexes can disrupt the balance
between pro-apoptotic and anti-apoptotic signals
within cancer cells, tipping the scales towards
cell death.

5. Cell Cycle Arrest: Some metal complexes can
arrest the cell cycle at specific phases, preventing
cancer cells from dividing and proliferating. This
can lead to the accumulation of cells in certain
phases (e.g., G1 or G2/M), ultimately triggering
cell death pathways.

It's important to note that the specific anticancer
mechanisms can vary depending on the type of metal ion
used, the ligands involved, and the cancer cell type being
targeted. Moreover, the selectivity of these metal
complexes for cancer cells versus normal cells is a critical
consideration for their development as potential
anticancer drugs.

In summary, metal complexes with hydrazine and
carboxylic acids hold great promise in the field of cancer
research due to their diverse mechanisms of anticancer
activity. Further studies and clinical trials are needed to
better understand their potential as targeted and effective
anticancer agents while minimizing side effects on
healthy tissues.

METAL COMPLEXES AS
ANTICANCER AGENTS

POTENTIAL

Metal complexes have emerged as promising candidates
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for the development of anticancer agents due to their
diverse and unique properties. These complexes often
exhibit distinct mechanisms of action and can selectively
target cancer cells, making them valuable tools in cancer
therapy. Here, we explore the potential of metal complexes
as anticancer agents and the mechanisms underlying their
anticancer activity:

1. Platinum-Based Complexes:

o Cisplatin: Cisplatin is one of the most
well-known anticancer metal
complexes. It binds to DNA, forming
cross-links that inhibit DNA replication
and transcription. This disruption of
DNA processes triggers cell cycle arrest
and apoptosis in rapidly dividing cancer
cells. Cisplatin is effective against
various  solid  tumors, including
testicular, ovarian, and lung cancers.

o Carboplatin and Oxaliplatin: These
platinum-based complexes are
derivatives of cisplatin and are used to
treat a range of cancers. They have
similar DNA-binding mechanisms but
exhibit  different toxicity profiles,
allowing for variations in treatment
regimens.

2. Ruthenium Complexes:

o NAMI-A and KP1019: Ruthenium
complexes like NAMI-A and KP1019
have shown promising anticancer
activity. They can target metastatic
tumors and disrupt processes involved in
cancer cell invasion and migration,
making them potential agents for the
treatment of aggressive cancers.

3. Gold Complexes:

o Auranofin: Auranofin is a gold complex
that has demonstrated anticancer activity
by inhibiting thioredoxin reductase, an
enzyme involved in cell growth
regulation. This complex is being
explored for its potential in treating
various cancers, including ovarian and
colorectal cancer.

4. Titanium Complexes:

o Titanium(lV) Complexes: Certain
titanium complexes have exhibited
anticancer properties by interfering with
DNA and protein interactions. These
complexes can induce apoptosis and
inhibit cell proliferation in cancer cells.

5. Vanadium Complexes:

o Vanadocene Complexes: Some
vanadium complexes, like vanadocene
dichloride, have shown anticancer
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potential through mechanisms
involving DNA binding and the
generation of reactive oxygen species.
They can induce apoptosis in cancer
cells while sparing normal cells.

6. Cobalt Complexes:

o Cobalt(lll)  Complexes:  Cobalt
complexes have been explored for their
ability to interact with DNA and
proteins. They can induce DNA
damage and cell cycle arrest, leading to
apoptosis in cancer cells.

7. Other Transition Metal Complexes:

o lron Complexes: Iron complexes have
shown promise in anticancer therapy by
targeting  various  cancer-related
pathways, including angiogenesis and
cell cycle regulation.

o Copper Complexes: Copper
complexes can disrupt cellular copper
homeostasis, leading to oxidative stress
and apoptosis in cancer cells.

It's important to note that the success of metal complexes
as anticancer agents depends on their chemical structure,
the choice of metal ion, ligands, and their ability to
selectively target cancer cells while minimizing harm to
healthy tissues. Additionally, combination therapies
involving metal complexes and traditional chemotherapy
or targeted therapies are being explored to enhance
treatment efficacy and reduce resistance.

ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY

Metal complexes with hydrazine and carboxylic acids
have demonstrated promising antibacterial and antifungal
activities, making them potential candidates for the
development of new antimicrobial agents. Here, we
discuss their effectiveness against bacteria and fungi and
the mechanisms underlying these activities:

Antibacterial Activity:

1. Disruption of Cell Membranes: Metal
complexes can interact with bacterial cell
membranes, leading to destabilization and

permeabilization. This disruption can cause the
leakage of essential cellular components and
ions, ultimately leading to cell death. This
mechanism is effective against a wide range of
bacteria, including both Gram-positive and
Gram-negative strains.

2. DNA Binding and Inhibition: Some metal
complexes have the ability to bind to bacterial
DNA, interfering with replication and
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transcription processes. This can lead to DNA
damage and cell cycle arrest, ultimately resulting
in bacterial cell death.

3. Generation of Reactive Oxygen Species (ROS):
Certain metal complexes can generate ROS, such
as superoxide radicals and hydrogen peroxide,
within bacterial cells. ROS induce oxidative
stress and damage to cellular components,
including DNA, proteins, and lipids, leading to
bacterial cell death.

4. Inhibition of Enzymes: Metal complexes may
inhibit bacterial enzymes essential for cellular
processes. For example, they can target enzymes
involved in DNA repair, RNA synthesis, or
energy production, thereby disrupting bacterial
growth and viability.

5. Iron Depletion: Some metal complexes can
sequester iron, an essential nutrient for bacterial
growth. By depriving bacteria of iron, these
complexes can limit their ability to multiply and
cause infection.

Antifungal Activity:

1. Disruption of Fungal Cell Membranes: Similar
to their action against bacterial cell membranes,
metal complexes can interact with fungal cell
membranes, leading to membrane destabilization
and permeabilization. This can disrupt fungal cell
integrity and function, ultimately causing fungal
cell death.

2. Inhibition of Ergosterol Synthesis: Ergosterol is
a crucial component of fungal cell membranes.
Some metal complexes can interfere with
ergosterol biosynthesis, leading to the disruption
of membrane structure and function. This
disruption is specific to fungi and has minimal
impact on mammalian cells, making it a valuable
target for antifungal agents.

3. ROS Generation: Like in antibacterial activity,
the generation of ROS within fungal cells can
induce oxidative stress and damage cellular
components, contributing to fungal cell death.

4. Inhibition of Fungal Enzymes: Metal
complexes may target enzymes unique to fungal
metabolism, disrupting vital fungal processes and
inhibiting fungal growth.

5. Chelation of Essential Metals: Metal complexes
can chelate essential metals required for fungal
growth, such as iron and zinc. Depriving fungi of
these metals can hinder their ability to thrive and
cause infections.

The choice of metal ion, ligands, and the structural
properties of the metal complex play a significant role in
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determining its antimicrobial activity and specificity.
Furthermore, research is ongoing to explore the
development of metal complexes with enhanced
selectivity and reduced toxicity to human cells, aiming to
provide effective treatments for bacterial and fungal
infections while minimizing side effects.

METAL COMPLEXES AS ANTIBACTERIAL
AGENTS

Metal complexes have gained attention as potential
antibacterial agents due to their diverse mechanisms of
action and the ability to target drug-resistant bacteria.
These complexes, formed by coordination of metal ions
with various ligands, have shown promise in combating
bacterial infections. Here are some key mechanisms and
examples of metal complexes with antibacterial activity:

1. Disruption of Cell Membranes:

o Silver Complexes: Silver complexes,
such as silver sulfadiazine and silver
nanoparticles, can interact with
bacterial cell membranes. They disrupt
membrane integrity, leading to leakage
of cellular contents and eventual cell
death. Silver has broad-spectrum
antibacterial activity and is used in
wound dressings and medical devices.

2. ROS Generation:

o Copper Complexes: Copper-based
complexes can generate reactive
oxygen species (ROS) within bacterial
cells. ROS cause oxidative stress,
damaging cellular components like
DNA, proteins, and lipids. This
oxidative stress can be lethal to
bacteria.

3. Inhibition of Enzymes:

o Zinc Complexes: Certain zinc-based
complexes can inhibit  bacterial
enzymes, disrupting crucial metabolic
pathways. For example, zinc complexes
may inhibit enzymes involved in DNA
replication, RNA synthesis, or cell wall
formation, leading to bacterial cell
death.

4. Chelation of Essential Metals:

o lron Complexes: Some iron complexes
can chelate iron, an essential nutrient
for bacteria. By depriving bacteria of
iron, these complexes limit bacterial
growth and virulence. lron-chelating
compounds have been explored as
potential antibacterial agents.

5. DNA Binding and Inhibition:

Page |353

o Ruthenium Complexes: Ruthenium
complexes have demonstrated
antibacterial activity by binding to
bacterial DNA and interfering with
DNA replication and transcription. This
mechanism disrupts bacterial growth
and can lead to cell death.

6. Gold Complexes:

o Gold Complexes: Gold-based
complexes, such as auranofin, have
shown antibacterial potential by

targeting bacterial enzymes involved in
redox processes. They disrupt bacterial
redox balance, leading to cell damage
and death.

7. Platinum Complexes:

o Platinum Complexes: Some platinum-
based complexes exhibit antibacterial
activity by binding to bacterial DNA and
causing cross-linking, which inhibits
DNA replication and transcription.
While platinum complexes are more
commonly used as anticancer agents,
their antibacterial properties are also of

interest.
8. Combination Therapies:
o Metal complexes can be used in

combination with antibiotics to enhance
their antibacterial effects and combat
antibiotic-resistant bacteria. Synergistic
interactions between metal complexes
and antibiotics can provide a more
potent antibacterial treatment.

It's important to note that the choice of metal, ligands, and
complex structure can significantly influence the
antibacterial activity and selectivity of these complexes.
Additionally, research is ongoing to develop metal-based
compounds with improved efficacy, reduced toxicity to
human cells, and enhanced targeting of specific bacterial
strains, including multidrug-resistant bacteria. Metal
complexes hold promise in addressing the growing
problem of antibiotic resistance and providing new options
for treating bacterial infections.

CONCLUSION

In conclusion, metal complexes formed by the
coordination of metal ions with hydrazine and carboxylic
acids represent a fascinating area of research with diverse
biological activities. The exploration of these complexes
has revealed their potential as both anticancer and
antibacterial/antifungal agents. Their mechanisms of
action, which include DNA binding, ROS generation,
enzyme inhibition, disruption of cell membranes, and
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metal chelation, offer various avenues for targeted
interventions against cancer cells, bacteria, and fungi.

While metal complexes have shown promise in
preclinical studies, it is essential to acknowledge the
ongoing research efforts and the challenges ahead. Further
investigations are needed to optimize the design and
selectivity of these complexes, ensuring their efficacy
against specific cancer types and antibiotic-resistant
strains. Moreover, the development of novel metal
complexes with reduced toxicity to healthy cells and
improved pharmacokinetics is crucial for their clinical
translation.

Metal complexes with hydrazine and carboxylic acids
hold the potential to contribute significantly to the fields
of oncology and antimicrobial therapy. As our
understanding of their chemistry and biological
interactions continues to advance, these complexes may
become valuable tools in the fight against cancer and
drug-resistant infections, ultimately offering hope for
improved patient outcomes and healthcare solutions in the
future.
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