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Hydrazones belong to special class of organic compounds in the Schiff base family. The basic 
structure of hydrazone is R1R2C=NNR3R4. The active cardinal part of hydrazones (carbon and 
nitrogen) is responsible for their chemical and physical properties. They can react with 
nucleophiles as well as with electrophiles by using the same carbon atom and owing to this 
property, hydrazones are used for the synthesis of versatile organic compounds like 
heterocycles that show diverse biological activities. Due to their broad-spectrum biological 
activities, hydrazone derivatives are very important and widely targeted in drug discovery and 
development approaches. These activities include antioxidant, anti-fungal, anti-nociceptive, 
anti-inflammatory, anti-coagulant, anti-depressant, anti-proliferative, anti-bacterial, anti-viral, 
anti-leishmanial, anti-pyretic and many more. In this review, we summarized important 
hydrazone derivatives including benzofuran hydrazone derivatives, thiazolyl hydrazone 
derivatives, 2,3,4-trihydroxybenzylidene derivative, 3(2H)-pyridazinone derivatives, Indanone 
based thiazolyl hydrazone derivatives, 2,6-disubstituted pyridine hydrazones, nitrofurazone 
analogue containing hydrazone-hydrazide moiety and quinoline-3-carbaldehyde hydrazone 
derivatives. The probable mechanism of action of biological activities of hydrazone derivatives, 
with particular focus on antioxidant, anticancer and antimicrobial activities were also 
delineated with pictorial guide. It was observed that their biological activities were due to their 
electrophilic and nucleophilic character. The potential of their biological activities might reflect 
these as a potential drug candidate in future. This summarized study is an attempt to provide 
future avenues for the development of new drugs using hydrazone derivatives. 
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INTRODUCTION 
Medicinal chemistry bridges biology with medicines at molecular level. Therapeutic 

effects of chemically synthesized compounds are widely studied, and medication is improved. 
Thousands of chemical compounds have been synthesized but not all of them can be used 
as drug. A drug molecule must possess considerable biological activities and structured to 
interact effectively with biological system (Agnello et al. 2019). 
Already available medicines are associated with various risk factors. Most widely used family 
of drugs is NSAIDs (non-steroidal anti-inflammatory drugs), which are associated with 
cardiovascular risks and analgesics have serious inauspicious effects including respiratory 
depression, gastrointestinal bleeding, and renal toxicity. The prevalence of pathogenic 
multidrug-resistant bacteria is increasing. Multiple drug resistance (MDR) strains accelerate 
the antibiotic resistance (Endy, 2015; Osborne et al. 2019). 
To ameliorate these problems, newer drugs with better efficacy are required which should give 
maximum therapeutic effects and minimum side effects. Novel synthesized compounds are 
continuously screened to identify new potent lead compounds for the synthesis of new and 
effective drugs (Zeeshan et al. 2019). 
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Hydrazones exists in the class of organic compounds 

which are related to aldehydes and ketones in their 
structure. Their structure is depicted in figure 1 (Kamboj, 
2014).  

 
Figure 1. Hydrazone Structure 

In this structure R1R2 may be Hydrogen atom or some 
Alkyl/Aryl group. The Nitrogen atom possess nucleophilic 
character because of its non-bonding electrons which are 
in conjugation with π-electron involved in C=N functional 
group. However, Carbon atom functions as an electrophile 
as well as nucleophile (Corey et al. 1976). 

The science of hydrazones is reverted in the nineteenth 
century when improvements of natural synthesis started. It 
is because of facileness in their synthesis. Hydrazones can 
react with nucleophiles as well as with electrophiles by 
using the same carbon atom and this is their most 
fascinating property which leads to their enormous 
biological activities. In case of nucleophiles, they produce 
corresponding derivatives of hydrazones which is related to 
their iminyl type nature, while in case of electrophiles, they 
act as azaenamines (Mamouni et al. 2016). 

Hydrazones belong to imines; they are nitrogen 
analogues of aldehydes and ketones. When provided with 
appropriate conditions, primary amines react with 
aldehydes or ketones and yields stable imines through an 
unstable intermediate mainly a hemiacetal. For example, 
the reaction between cyclohexylamine and benzaldehyde 
leads to the formation of a stable imine which is catalyzed 
by an acid. 

The stability of azomethine group (functional group) in 
hydrazones can be enhanced by the presence of a highly 
electronegative group with nitrogen atom of imines. The α-
hydrogen of hydrazones is more reactive than acidic ketone 
which leads to its diverse pharmacological activities 
(Belskaya et al. 2010).  

Hydrazones are extensively applied in organic 
synthesis especially in the synthesis of heterocycles. These 
heterocycles play an important role in drug synthesis. 
These hydrazones can be easily obtained by the reaction 
of carbonyl compounds with hydrazine (Xu et al. 2018). 

Maltarollo et al. (2019) effectively produced a number 
of hydrazones that can act as a potent therapeutic agent by 
using vibratory ball-mill using hydrazine substituents and 
phenol aldehydes. When the electronic density on the 
amino group of hydrazine is increased and the steric 
hindrance around reactants is reduced, the conversion rate 
is significantly increased. If these factors are considered, 
then maximum yield of hydrazones is produced with less 
side products. Owing to their high reactivity, many of their 

derivatives can be synthesized with high therapeutic 
potential. 

Hydrazone derivatives attracted the attention of 
researchers due to their remarkable applications in different 
fields of life. Synthesis of novel, clear, potent drug targets 
and less expensive chemicals is the need of hour. 
Hydrazones are also produced from alkenes by an 
oxidative cleavage of C=C bond that is mediated by visible 
light. The reaction which takes place between alkenes and 
hydrazine uses molecular oxygen as an oxidant (Ding et al. 
2017). Hydrazone derivatives are used in many fields and 
their astonishing properties are seen in medicinal sciences 
and other scientific fields. Due to their remarkable 
properties, hydrazones are being used as potent drug 
targets against many diseases that causes serious health 
risks across the world. A number of biological activities of 
numerous hydrazone derivatives were elucidated in various 
studies (Rollas and Molecules, 2007). Coa et al. (2015) 
explained cytotoxic effects of ten quinolone-hydrazone 
hybrids against human U-937 macrophages. This study 
also indicated the antiparasitic effects of these hybrids 
against Leishmania species and Trypansoma cruzi. These 
activities are related to the quinoline substituents and 
hydroxyl groups of aromatic ring. Ilisson et al. (2015) 
synthesized saccharide hydrazones by producing a 
hydrazine derivative and then condensing it with 
monosaccharides to give corresponding hydrazones. 
When these derivatives were evaluated for their biological 
activities, they showed a minor anti-HIV. 

In this review, we summarized the potential hydrazone 
derivatives with their antioxidant anticancer and 
antimicrobial activities. Moreover, their probable 
mechanisms and future directions as a potential lead 
compound are delineated. 
Biological Activities 

The hydrazone functional group in combination with 
other functional groups gives these compounds distinct 
physical properties along with exceptional chemical 
properties. Because of their astonishing physical and 
chemical properties, they exhibit a number of biological 
activities (Belskaya et al. 2010) depicted in Figure 2.   

 
Figure 2. Biological Activities of Hydrazone Derivatives 
 

Antioxidant Activity 
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Antioxidants obstruct Reactive Oxygen Species 
(ROS) formation and prevent oxidative stress. Oxidative 
stress leads to aging, vascular damage and is involved in a 
number of diseases. A number of hydrazone derivatives 
have been analyzed for their antioxidant activity. In a recent 
study, two series of benzofuran hydrazone derivatives 
(Figure 3) were synthesized and analyzed for their 
antioxidant activity utilizing DPPH, ORAC and FRAP 
assays. According to them, 2,3,4-trihydroxybenzylidene 
derivative and 2,4,6- trihydroxybenzylidene analog showed 
considerable antioxidant activity while others with a smaller 
number of hydroxyl groups showed weak activities, they 
speculated that their activity could be due to the presence 
of hydroxyl groups and methoxy group. Compound 1 
showed 9210.10±34.85, 13248.57±35.89 and 
5257.42±17.21 and compound 2 showed 1140.96±6.20, 
4023.34±8.63 and 3560.49 ± 6.72 (in mmolTE/g) for DPPH, 
FRAP and ORAC assays, respectively (Baldisserotto et al. 
2018) (Figure 3). 

 
Figure 3. Compound 1. 2,3,4-trihydroxybenzylidene 
derivative and Compound 2. 2,4,6- trihydroxybenzylidene 
analog- Both have antioxidant activity due to presence of 
hydroxyl and methoxy group. 

Hydrazone derivatives have diverse features. To 
evaluate the best feature of hydrazone derivatives that 
leads to their antioxidant activity, density functional theory 
(DFT) studies can be employed. It was observed that their 
ionization energies and bond dissociation energies are 
contributing towards their antioxidant activities. 
Compounds (Figure 4) were subjected to the evaluation of 
antioxidant activity using ORAC assay with more than 80% 
inhibition in 10 μM concentration (Peerannawar et al. 
2017). 

 
Figure 4. Diarylhydrazones 

 
In a recent study, the antioxidant activity of thiazolyl 

hydrazone derivatives was investigated using DPPH, ABTS 
and FRAP assays. Curcumin was used as a positive control 
in the study. They showed greater and comparable 
activities than positive control. Among these 7,8 and 9 
(Figure 5) showed activities in DPPH assay while 10, 11, 
12, 13 and 14 (Figure 6) showed good results in ORAC and 
FRAP assays (Lino et al. 2018; Maltarollo et al. 2019). 

 
Figure 5. Thiazolyl hydrazone derivatives 

 
Figure 6. Thiazolyl hydrazone derivatives  
In this review, we provide a simplified version of 

antioxidants that leads toward the antioxidant activity of a 
compound. The mechanism is depicted in Figure 7. 

Oxygen free radicals cause damage to the lipids 
found in cell membrane via free radical chain reaction. 
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Hydrazone derivatives act as antioxidants via donating 
electrons or hydrogen and neutralizes these free radicals 
into molecular oxygen (Yang et al. 2020). 

 
Figure 7. Mechanism of antioxidants 

Anticancer Activity 
While working with synthetic compounds, toxicity 

often limits their uses. Medicinal chemists across the world 
are trying to prepare hydrazones with better activities and 
toxicity profiles. The toxicity of hydrazone derivatives is 
because of their instability which in turn is due to aliphatic 
groups on hydrazones (Allouche and Charette, 2019).  
Throughout the world, cancer is the subsequent cause of 
death after cardiac problems in both developing and 
developed countries. However, the death rate is declined 
because of advances in research and development of new 
drugs (Siegel et al. 2019). 

In a study certain munnich bases and hydrazone 
derivatives were synthesized, and their cytotoxic potential 
was compared with 5-fluorouracil again jurkat cells 
(Transformed human T-lymphocytes). It was observed that 
hydrazone derivatives of munnich bases (Figure 8) possess 
4.65–8.65 times higher cytotoxic potency than the 
reference compound 5-fluorouracil against jurkat cell line, 
and they were also observed to be better cytotoxic 
candidates than munnich bases (Kucukoglu et al. 2011). 

 
Figure 8. Hydrazones of Munnich bases 

Anticancer activities of many hydrazone 
derivatives were tested on different cancer cell lines. The 
researchers studied the anticancer effects of hydrazone 

derivatives on a liver cancer cell line (HEP3B) and a cell 
line of colon cancer (HTC116). Human fibroblast cell line 
was used as a control. The compounds 17 and 18 (Figure 
9) showed considerable cytotoxic effects on cancer cell 
lines (Özdemir et al. 2020). 

 
Figure 9. 3(2H)-pyridazinone derivatives 

The anticancer activity of hydrazone derivatives 
was evaluated using Indanone based thiazolyl hydrazone 
derivatives against colorectal cancer cells. Irinotecan was 
a drug which was used to treat colorectal cancer. It is 
inhibitor of topoisomerase-I. However, this drug shows 
some toxicity (Narayanan et al. 2019). So, 13 compounds 
were tested which were thiazolyl hydrazone derivatives. 
One of these compounds gave more effective results than 
irinotecan in colorectal cancer cells. It inhibits the 
proliferation of COLO 205 cell line with IC50 value of 
0.98±0.06 µM. When the mechanism of this compound was 
evaluated, it was revealed that this compound interrupts 
cell cycle and arrests cells in G2/M phase and induces 
apoptosis. Moreover, it increases reactive oxygen species 
(ROS) levels in cancer cells.  

 
Figure 10. N-Indan-1-ylidene-N'-(4-Biphenyl-4-yl-thiazol-2-
yl)-hydrazine 

(E)-2-Benzothiazole hydrazones were 
synthesized, and their anticancer activity was evaluated 
against three human cancer cell lines: HL-60 (leukemia), 
MDAMB-435 (breast) and HCT-8 (colon). These 
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compounds 20, 21 (Figure 11) showed promising results 
with IC50 values of 0.59, 6.27 and 11.18 µM for HL-60, 
MDAMB-435 and HCT-8, respectively for compound 20 
and 1.89, 14.44 and 3.43 µM for compound 21 (Lindgren et 
al. 2014). 

 
Figure 11. (E)-2-Benzothiazole hydrazones 
Şenkardeş et al. (2021) conducted research on the 

synthesis and anticancer activity of 2,6-disubstituted 
pyridine hydrazones. The anticancer potential of 
synthesized compounds was evaluated against colon 
cancer cell line (HT-29) and Ishikawa human endometrial 
cancer cell line (ISH).  

 
Figure 12. Disubstituted pyridine hydrazones 

Şenkardeş et al. (2021) observed compound 22, 23 and 24 
(Figure 12) to possess considerable antiproliferative 
potential against Ht-29 cell line with IC50 values of 6.78µM 
and 8.88µM, respectively and compound 24 showed 
antiproliferative effects against ISH cell line with IC50 values 
of 8.26µM. These compounds were found to cause 

morphological changes of HT-29 and ISH cells and 
caspase-3 activation. 

The probable mechanism of action of anticancer 
activity is delineated in Figure 13. It was observed that the 
hydrazone derivatives involve anticancer activity by 
stimulating apoptotic pathway by activating caspase-3-a 
proapoptotic protein. BCL-2 family of proteins is 
antiapoptotic, they inhibit apoptosis by inactivating BAK-
BAX that impedes the release of cytochrome-c from 
mitochondria. Caspase-3 cleaves BCL-2 proteins at two 
cleavage sides, the cleavage products thus enhance 
apoptosis (Şenkardeş et al. 2021). This scenario is 
represented diagrammatically in Figure 13. 

 
Figure 13. Mechanism of Caspase-3 governing apoptosis 
  
Antimicrobial Activity 

Multi-drug resistant microbes have been 
significantly increased in past decades and create 
challenges for scientists. Nitrofurazone analogue 
containing hydrazone-hydrazide moiety were prepared and 
tested for their antibacterial activity. Compound 25 to 28 
(Figure 14) showed considerable results, compound 25 
showed a Minimum inhibitory concentration (MIC) value of 
0.002 µg/ml against Bacillus subtilis while compound 26, 27 
and 28 showed an MIC value of 0.061 µg/ml against 
Staphylococcus epidermidis (Popiołek and Biernasiuk, 
2017).  
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Figure 14. Nitrofurazone analogue containing hydrazone-
hydrazide moiety 
New compounds are being tested for their antimicrobial 
potential. In a study (E)-N'-((E)-1-(4-fluorophenyl)-3-p-
tolylallylidene)furan-2-carbohydrazide (Figure 15) was 
prepared and assessed for antimicrobial potential, an MIC 
value of 256, 128, 128, 128 and 128 µg/ml was observed 
against Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 27853 Staphylococcus aureus ATCC 
29213, Enterococcus faecalis ATCC 29212, and Bacillus 
subtilis ATCC 6633, respectively (Evranos et al. 2020). 

 
Figure 15. (E)-N'-((E)-1-(4-fluorophenyl)-3-p-
tolylallylidene)furan-2-carbohydrazide 

In a study quinoline-3-carbaldehyde hydrazone 
derivatives were synthesized (compound 30-37 in Figure 
16) and their antimicrobial potential was evaluated against 
Staphylococcus aureus ATCC 29213, Enterococcus 
faecalis ATCC 29212 and Candida albicans ATCC 10231. 

 
Figure 16. Quinoline-3-carbaldehyde hydrazone 
derivatives 

Results showed that compounds 30, 31, 32, 35 and 
37 possess significant potential against Staphylococcus 
aureus ATCC 29213 with MIC values of 32, 32, 16, 32 and 
32 µg/ml, respectively. Compound 32, 33 and 37 showed 
antimicrobial activities against Enterococcus faecalis ATCC 
29212 with MIC value of 32 µg/ml for each, while inhibitory 
effects for Candida albicans ATCC 10231 was shown by 
compound 34, 35 and 36 with 32 µg/ml MIC value for each 
compound tested (Orhan et al. 2020). 

 
Figure 17. Probable antibacterial mechanism of synthetic 
compounds 

Hydrazone derivatives work as an antimicrobial 
agent by halting the bacterial reproductive machinery. The 
cell membrane would be disrupted, followed by inhibition of 
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DNA expression which leads to the inhibition of metabolic 
pathways (Dong et al. 2020). The process is depicted 
stepwise in the Figure 17. 

CONCLUSION AND FUTURE DIRECTIONS 
Various compounds containing hydrazide-

hydrazone moiety were discussed in this review. Their 
antioxidant, anti-cancer and microbial activities are due to 
the presence of functional group that has both electrophilic 
and nucleophilic character. Due to this character, such 
compounds might be the potential drug candidates in 
future. The probable mechanisms of actions might provide 
the future avenues for the development of new drugs. New 
studies are required to dig out their potential new activities 
including antiviral activity and particularly anti-corona virus 
activity which is the current prevalent issue worldwide. 
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