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Abstract  

The heterocycle molecules and fragments are considered to be true the 

basis of medicinal chemistry due to the fact that they are naturally 

adaptable, possess particular physicochemical properties, and are widely 

used in pharmaceuticals. An extensive number of other drugs, in addition 

to those that have already been introduced to the market, are currently 

undergoing research to see whether or not they have the potential to be 

helpful against various types of cancer. In particular, the dynamic core 

scaffold and inherent adaptability of these molecules have been employed 

in research pertaining to the treatment of cancer. Although heterocyclic 

compounds are not yet ideal, there is reason to believe that they could be 

effective anticancer treatments. Within this article, we will provide a 

summary of the most significant medicinal applications of heterocyclic 

active chemical families and compounds. In every region of the world, 

cancer continues to be a substantial barrier to healthcare. Despite the fact 

that there are a lot of anticancer treatments available on the market, a 

significant proportion of them are ineffective, have severe adverse effects, 

are not safe, or are resistant to other types of the disease. In this article, we 

have discussed heterocycles that contain nitrogen, which include Indole, 

Pyrimidine, and quinoline derivatives; heterocycles that contain oxygen, 

such as Bis coumarin compounds and coumarin derivatives; heterocycles 

containing sulphur, such as Glitoxin and Benzothiazole and thiazole 

derivatives; and heterocycles that contain sulphur, which are utilised in the 

treatment of various cancers. Additional topics that have been discussed 

include the molecular mechanisms of action and cellular targets of these 

drugs. 

Keywords: Anticancer, Nitrogen, Oxygen, Sulphur, Heterocyclic 

compounds 

Introduction 

Cancer, which is recognised as one of the main causes of death, is a significant contributor to the 

enormous financial and health care burden that society faces[1]. The improvements that have 

been made in cytogenetics and molecular biology have shed light on the intricate molecular 

pathways that are responsible for the growth and formation of tumours[2]. The chromosomal 
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aberrations, oncogene amplification, loss of tumour suppressor genes, up-regulation of growth 

factors and their receptors, activation of tumor-related signal transduction pathways, and other 

variables are all components of this mechanism[3]. Researchers are looking for novel anticancer 

medications that have a high selectivity, minimal side effects, and the ability to overcome drug 

resistance in order to successfully cure the tumours that patients are suffering from[4]. When it 

comes to the fight against cancer, scientists have made significant strides, shifting their attention 

from cytotoxic agents to the development of targeted therapies and nanomedicines[5]. The 

anticancer effects of targeted drugs and nanomedicines can be mediated by a wide variety of 

pathways, which can lead to remarkable outcomes[6][7].  

The molecule that is produced as a result of the substitution of the carbon atom in the parent 

scaffold with one of the other three elements sulfur, nitrogen, or oxygen is referred to as a 

heterocyclic[8]. It is the presence of the altered atoms as well as the size of the scaffold that has 

an effect on the chemical and physical properties of the product. By altering the structure of a 

molecule's heterocyclic ring, it is possible to alter the anti-inflammatory, antibacterial, anti-

tumor, antiviral, and antifungal properties of the molecule[9]. All kinds of molecules, including 

alkaloids, vitamins, hormones, colours, antibiotics, herbicides, and medications, are derived from 

heterocyclic compounds found in nature that contain nitrogen. These chemicals are derived from 

heterocyclic compounds. Alkaloids are a tiny class of naturally occurring compounds that 

contain nitrogen atoms[10]. There are several examples of alkaloids, including morphine, 

caffeine, nicotine, thiamine, and atropine. These molecules are classified according to the 

number of nitrogen atoms that are present within the ring, which can be three, four, five, or six. 

All of these numbers are possible. Imidazole and pyrazole both have two nitrogen atoms, 

whereas pyrrole and azoles have five-membered rings that contain only one nitrogen atom each. 

Pyridine and pyrimidine are two of the most well-known examples of heterocycles that contain 

nitrogen. Both of these compounds are composed of six-membered rings that contain one 

nitrogen atom[11].  

This review focuses primarily on heterocycle scaffolds that are based on nitrogen, oxygen, and 

sulphur, with a particular emphasis on the functional roles that these scaffolds play in the 

treatment of cancer. The properties of these scaffolds as molecular medicines, general modes of 

action, primary biological targets, and structure-activity connections are also taken into 

consideration by the reviewers[12]. Through the evaluation of internal FDA databases and listed 

drugs from the Centre for Drug Evaluation and Research (CDER), previously approved 

treatments and the molecular medications that corresponded to them were taken into 

consideration for innovativeness and heterocycle classification. In addition to this, it addresses 

the inherent problems that are associated with the utilisation of heterocycles in chemotherapy 

and sets the groundwork for drug delivery systems that are foundational on nanoparticles and are 

therapeutically competitive with conventional drugs and strategies[13].   

Researchers have been fascinated by nitrogen-containing heterocycles for a considerable amount 

of time due to the structural variety of these heterocycles as well as their biological 

significance[14]. The currently conducted research provides a concise summary of the most 

recent discoveries about the utilisation of heterocyclic compounds that include nitrogen as 

potential cancer chemotherapeutics. A brief examination of the data kept by the FDA 

demonstrates the structural significance of nitrogen-based heterocycles in the design of 

medications[15]. This is due to the fact that these heterocycles are present in about sixty percent 

of all unique small compounds. As a result of the formation of hydrogen bonds with the base, 

heteroatoms contribute to the increased stability of DNA-based molecules. It is strongly related 
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to the affinity of heterocyclic compounds for DNA that the efficiency of these chemicals against 

cancer is high[16]. Numerous natural and manmade substances, such as sensitizers, organic 

compounds, copolymers, dyestuff, dyes, and corrosion inhibitors, all contain nitrogen 

heterocycles in their structural framework. These heterocycles are present in a wide variety of 

substances.  

There are heterocyclic derivatives that contain sulphur that have the ability to bind to a number 

of protein targets that are specific to cancer. It has been proven that many sulphur-containing 

heterocyclic derivatives, including phenothiazine, benzothiophene, thiazole, thiophene, 

thiazolidinedione, and benzothiophene, can disrupt various signalling pathways that are related 

with cancer. There have also been significant developments in molecular targeted therapy, which 

targets specific enzymes such as kinase receptors, as a result of potential binding interactions that 

take place within the ATP pocket. Phenothiazines, benzothiazole, thiazole, thiophene, and 

benzothiophene are some of the most potentially effective anticancer compounds that contain 

sulphur in their heterocyclic ring metal complexes[17]. Benzothiazole is another molecule that 

contains sulphur. In spite of this, sulphur heteroaromatic rings, particularly thiophene, are 

extremely susceptible to structural changes due of the fact that they are converted into reactive 

metabolites. In light of the fact that the mere existence of a structural warning is not sufficient to 

demonstrate toxicity, this review focuses on specific discoveries that shed light on the factors 

that influence toxicity[18].  

Heterocycles clinical relevance in cancer treatment 

It is important to note that the examples that are shown and discussed in this article are based on 

the ring scaffolds that are most commonly found in FDA-approved drugs. However, due to the 

structural diversity of heterocycles, it is not possible to explain all of the compounds that are 

currently being explored in detail[19].  

Nitrogen based heterocycles 

The structural significance of nitrogen-based heterocycles in pharmaceutical drug design and 

engineering is demonstrated by a short review of FDA databases. This is due to the fact that 

about sixty percent of all unique small-molecule drugs contain a nitrogen heterocycle[20]. Data 

on nitrogen heterocycle frequency, structural variety, and substitution patterns in drugs that have 

been granted a licence by the Food and Drug Administration of the United States was collected 

by Edon Vitaku and colleagues in a study that was conducted not too long ago. It is important to 

note that the typical number of nitrogen atoms found in a single medication is roughly 2.3, but 

the number of nitrogen atoms found in medications that contain a nitrogen heterocycle is 3.1. 

Due to the enormous diversity of chemical structures that are produced as a result of the 

dynamics of these compounds, as well as from more fundamental characteristics such as ring 

size and aromaticity, the molecular mechanisms of action of nitrogen-based heterocycles (and 

other heterocycle classes) can vary substantially[21]. This is because of the fact that these 

compounds are composed of nitrogen. As an illustration, indoles and indole derivatives 

constitute one of the most widespread and versatile nitrogen-based heterocyclic like fragments 

that are utilised in the production of fundamental drugs that have been approved by the FDA for 

the treatment of common pathological conditions[22]. Among these compounds, indoles possess 

the ninth position among the twenty-five most common nitrogen heterocycles among drugs that 

have been approved by the FDA in the United States. Because of the endless potential for 

constructing polycyclic structures with numerous fused heterocyclic scaffolds to produce new 

heterocycles with chemical and biological uses, indole derivative synthesis has gained a lot of 

interest in recent decades[23]. This is due to the fact that it has the prospective to design 
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polycyclic structures. There is a wide range of biological targets that have been found to be 

affected by the indole structural plasticity that is observed in pharmaceutical rational design. 

Some of these targets include topoisomerase inhibitors, G2/M abrogators, and others[24]. The 

field of oncology, in particular, has recently demonstrated a great deal of interest in the 

utilisation of the indole basic core structure for the synthesis of a number of potent tubulin 

polymerization inhibitors. These inhibitors are typically found among well-known medications 

that have been approved by the FDA, as well as others that have been reported in clinical 

trials[25].  

 

 

 

 
Fig 1: Indole basic core structure involved chemical structure reported FDA approved 

Pyrimidine derivatives as anticancer agent 

Pyrimidines, such as "m-Diazine," which is a result of the breakdown of uric acid, were the 

subject of widespread attention in the history of organic chemistry[26]. When Brugnatelli was 

oxidising uric acid with nitric acid in the year 1818, he discovered alloxan, which was the first 

pyrimidine derivative discovery[27]. Pyrimidine is a heterocyclic six-membered aromatic ring 

that contains nitrogen atoms in the first and third positions of the ring. In terms of temperature, 

pyrimidine has a melting point of 22.5 degrees Celsius and a boiling point of 124 degrees degree 

Celsius.  

In their study, Fathalla et al. (2012) evaluated the antitumor activity of ten pyrimidine derivatives 

that were synthesised against a liver cancer (HepG2) cell line[28]. They did this by comparing 

the anticancer properties of these compounds to those of the well-known anticancer drugs 5-

fluorouracil and doxorubicin. When the synthetic compounds were compared to the cancer cell 

line that was studied, the growth inhibition efficiency was exhibited at dosages ranging from 1 to 
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10 µg/mL[29]. Based on the results of this analysis, it was established that compound 1 

possessed the highest level of potency, with an IC50 value of 3.56 µg/mL. The IC50 values for 

doxorubicin and 5-flurouracil were 3.56 µg/mL and 5 µg/mL, respectively, when compared to 

one another by comparison. In their study, Ahmed et al. (2020) synthesised and examined a total 

of sixteen nitrogen heterocyclic compounds that contained pyrimidine moieties. These 

compounds were evaluated for their potential anti-cancer activities. Based on the results of in 

vitro anti-proliferative experiments conducted with human liver (HepG2), breast (MCF7), and 

normal fibroblast (WI-38) cell lines, we compared the efficacy of the newly synthesised 

pyrimidine derivatives to that of doxorubicin. In compared to doxorubicin, which exhibited IC50 

values of 4.5, 4.1, and 6.7 µM (WI-38), compound 2 demonstrated exceptional anticancer 

activity with IC50 values of 7.36, 10.76, and 6.7 µM, respectively. Gupta et al. (2022) focused 

their research on the application of spiroisoquinoline-pyrimidine compounds to the MCF-7 

cancer cell line in order to investigate their potential anticancer effects. An ethoxy group derived 

from the acetylene molecule was shown to be the most effective cytotoxic agent, surpassing the 

reference medication Doxorubicin with an IC50 value of 98.8 µM[30]. This chemical was found 

to be the most effective cytotoxic agent. An MTT experiment was conducted at a dose of 50 µM, 

and the results showed that the cell vitality was 60%. On the other hand, the control group that 

was treated with doxorubicin had a cell viability of 100%. Over the course of 2013, Al-Issa 

developed fused pyrimidines and investigated the anti-cancer effects of these compounds in vitro 

by employing the HEPG2 human cancer cell line. Compound 4, which exhibited the most potent 

anticancer activity among these compounds, proved to be superior to even the traditional drug 

doxorubicin, which had an IC50 value of 1.2 µg/mL. Compound 4 had the highest anticancer 

activity among these compounds[31].  
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Fig 2: Pyrimidine derivatives (1-4) as anticanceragents 

Quinoline derivatives as anticancer agents 

Benzopyridine, 1-aza-napthalene, and quinoline are all names that refer to the same heterocyclic 

aromatic compound that contains nitrogen. Its molecular weight is 129.16, which is determined 

by its chemical formula, which is C9H7N. A log P value of 2.04 is associated with the values of 

pKb and pKa, which are 4.85 and 9.5, respectively[32]. Quinoline is a weak tertiary basic that, 

when mixed with acids, results in the formation of a salt and undergoes reactions that are 

comparable to those carried out by pyridine and benzene. In the architecture of a wide variety of 

naturally occurring chemicals (Cinchona alkaloids) and pharmaceuticals, quinoline nuclei can be 

found. These substances and medications have a wide range of biological effects. There have 

been numerous pharmacological benefits of quinoline that have been reported, such as its 

capacity to lessen the severity of seizures, alleviate pain, strengthen the heart, and combat 

infections, inflammation, and malaria.  

Hamdy et al. (2019)[33] conducted an inquiry into anticancer agents that focused on quinoline-

based heterocycles that were directed at Bcl-2. Among the compounds with IC50 values of 0.54, 

1.42, 1.21, and >100 µM, Compound 5 shown remarkable activity in MDA-MB-231, HeLa, 

KG1a, and Jurkat. These compounds were evaluated for their ability to inhibit cell growth. This 

drug displayed an IC50 value of 0.15 µM, which is significantly lower than the IC50 value of 

0.60 µM that Gossypol demonstrated when it was tested against Bcl-2. drug 5 demonstrated an 

anti-proliferative activity that was sub-micromolar in cancer cell lines that expressed Bcl-2. 

Additionally, the drug had an IC50 value that was sub-micromolar in an ELISA experiment that 

utilised the Bcl2-Bim peptide. Mathada et al. (2022) conducted research to determine whether or 
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not quinoline and its equivalents possessed any possible anticancer therapeutic properties. As a 

consequence of this, 62 distinct compounds were developed for the scientific investigation. The 

compound with the highest potency among these compounds was found to be compound 6, 

which exhibited IC50 values of 0.12 µM for MDA-MB-231, 0.08 µM for HeLa, and 0.34 µM for 

SMMC-7721 after being evaluated. The 50% inhibitory concentration (IC50) values for 

Etoposide, which is the usual medicine, were 5.26, 2.98, and 3.48 µM, respectively. Compound 6 

exhibited a number of distinctive characteristics, including the induction of apoptosis in HeLa 

cells, the cessation of the cell cycle at the G0/G1 phase, the elevation of reactive oxygen species 

(ROS) levels within the cell, and a reduction in the potential of the mitochondrial membrane. In 

addition to this, the Ras/Raf/MEK/ERK signalling pathway was compromised, and the activity 

of MEK1 kinase was significantly diminished[34].  

 

                               
Fig 3: Quinoline derivatives (4-5) as a anticancer agents 

Pyrazoline derivatives as anticancer agents  

The production of pyrazoline calls for the Knoevenagel and Fisher reaction to be carried out. The 

procedure involves the utilisation of hydrazine or phenylhydrazine in an acidic environment, 

such as glacial acetic acid (GAA), in order to cyclize α, β-unsaturated ketones. Substituted 

chalcones can be cyclized with hydrazine by the Michael addition reaction, which is another 

method for producing pyrazoline. This method involves the use of basic media, such as 

triethylamine.  

Some of the various biological activities that pyrazolines possess include anti-inflammatory, 

antibacterial, antifungal, analgesic, anti-diabetic, antioxidant, and anticancer effects. These are 

just some of the other features that pyrazolines has. The numerous drugs that include pyrazoline 

and have been approved for use in clinical settings are used to treat a wide range of 

psychological conditions. Examples of medications that contain the pyrazoline moiety include 

antipyrine, which is used to treat inflammation. Celecoxib, famprofazone, dipyrone, morazone, 

aminopyrine, ramifenazone, phenylbutazone, and celecoxib are some of the potent analgesics, 

antipyretics, and anti-inflammatory drugs that are available [35]. 
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Fig 4: Clinically approved drugs containing pyrazoline scaffold 

Oxygen based heterocycles 

Paclitaxel (PTX, Taxol®), a heterocycle medication that is based on oxygen and has an 

integrated oxetane ring, is an essential component in the treatment of cancer. Paclitaxel is able to 

limit the progression of cancer cells through the mitotic phase by preventing the de-

polymerization of microtubule polymers[36]. This process is comparable to that of microtubule 

associated proteins (MAPs), with the exception that it is irreversible. Since the discovery of 

PTX, there have been major advancements in the treatment of cancer; nevertheless, there are still 

a number of questions that have not been answered. As a result, there is a high strain on research 

and therapeutic approaches that are tied to cancer. In the literature, hypersensitivity, 

haematological problems, and neurotoxicity are some of the other systemic adverse effects of 

PTX that have been mentioned as being important. The profile of PTX is shared by a large 

number of other traditional chemotherapeutic drugs; however, the therapeutic benefits of these 

treatments are sometimes surpassed by the dreadful side effects they cause, which is why it is 

necessary to look for alternatives. Oxygen-based heterocycles have been found in around eight 

percent of the anticancer heterocycles that have been granted a licence by the FDA since the year 

2010. Cabazitaxel and Eribulin were the most recent drugs to be granted permission for use[36].  
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Fig 5: FDA approved oxygen based heterocycles Carbazitaxel and Eribulin 

The discovery of tiny molecules that possess anticancer characteristics is one of the key 

objectives of the research group that we have under our medicinal chemistry umbrella. The 

influence of synthetic bis-coumarin compounds, specifically 7a and 7b, on cell models of 

myeloid leukaemia (CML) and lung cancer cells with KRAS mutations has been the subject of 

two significant studies that have been published by our research group.  

Both the production of aldehyde dehydrogenase and the development of spheroid are processes 

that contribute to the proliferation of non-small cell lung cancer cells associated with KRAS 

mutations. Research has demonstrated that 7a is capable of dramatically reducing both of these 

processes. In the subsequent mechanistic studies, it was demonstrated that 7a inhibits STAT3 

transactivation and the expression of its target genes associated with cell proliferation. This is 

accomplished by inducing cellular stress, which includes metabolic catastrophe, mitochondrial 

stress, and ER/Golgi stress. These stressors are preceded by STAT3 inactivation[37]. At the 

same time, it was demonstrated that 40a activates sensitization against BH3 mimetics in non-

small cell lung cancer, which in turn stimulates immunogenic cancer cell death pathways. Taking 

everything into consideration, the data that has been presented here clearly suggests that bis-

coumarin templates could be valuable in the hunt for novel medications that treat lung cancer.  

As a result of the good results that 7a had in causing ER stress in lung cancer, more research was 

conducted on a variety of chronic myeloid leukaemia (CML) cell types to investigate the 

potential of 7b, which is a chlorinated counterpart of 7a. It was demonstrated once more that 7b 

is responsible for the stress that is induced in the endoplasmic reticulum, which in turn leads to 

caspase-dependent apoptosis and the production of molecular patterns that are linked with 

danger. The chemical 40b has the potential to inhibit the activation of nuclear factor-κB that is 

triggered by tumour necrosis factor α. This is in addition to its ability to reduce colony formation 

in vitro and the growth of Bcr-Abl+ patient blast xenografts in zebrafish. It produced synergistic 

effects when paired with imatinib, which was being used. Imatinib-resistant KBM-5 R cells 

exhibited an improved synergistic effect of 7b with omacetaxine, which resulted in the inhibition 

of Mcl-1 expression and the promotion of cell death. This mechanism of action was observed in 

the cells[38].  
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The bis-coumarin compounds 7a and 7b were the subject of discussion in both of these seminal 

studies beginning in the year 2014. The first study to make use of our synthesised bis-coumarins 

was one that investigated the effects of these compounds on the regulation of NF-kB and the 

proliferation of leukemic cell lines. The investigation started with the synthesis of the template 

bis-coumarin 7c, which was an endeavour that was carried out in collaboration with Professor 

Marc Diederich of the College of Pharmacy at Seoul National University. According to the 

findings, compound 7c was able to block the activation of NF-kB in the K-562 (chronic myeloid 

leukaemia) and JURKAT (acute T-cell leukaemia) cell lines. The IC50 value for compound 7c 

was 17.5 μM, while the value for JURKAT was 19.0 μM. Furthermore, it is worth noting that 

compound 7c did not have any impact on the vitality of peripheral blood mononuclear cells 

(PBMCs) from healthy participants, even when administered at levels above 100 μM. When the 

bis-coumarin molecule 7c was broken down into its component parts, which were 20-

hydroxyphenylpropione and 4-hydroxycoumarin, inert compounds of the bis-coumarin type were 

produced[39].  

 
Fig 6: Bis coumarins 7a, 7b, 7c chemical structures and their anticancer activity 

Enzymes that regulate the cell cycle, such as Cdc25 phosphatases, have the potential to treat 

cancer and are therefore prospective therapeutic targets. When it comes to determining the 

inhibitory potential of tiny substances with regard to Cdc25 phosphatases, human glutathione-S-

transferase (GST)-Cdc25 recombinant enzymes are often the most effective choice. Studies 

conducted in the past have demonstrated that coumarin derivatives contain a great deal of 

potential for the development of innovative cancer treatments. As a result, the Cdc25 

phosphatase-inhibition activity of a library of coumarin-based polycycles that were comparable 

to those in was examined. The screening revealed that the coumarins 8a and 8b had the lowest 
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micromolar IC50 values, making them the most efficient phosphatase inhibitors. This was 

determined by the results of the screening. With regard to the benzylated compound 8a, the 

values of the IC50 were as follows: 13.2 μM for Cdc25A, 46.1 μM for Cdc25B, and 9.0 μM for 

Cdc25C each. On the other hand, the derivative 8b exhibited IC50 values of 5.8 μM for Cdc25A, 

14.4 μM for Cdc25B, and 2.3 μM for Cdc25C against the target compound[40].  

 
Fig 7: Coumarin derivatives as Cdc25 phosphatase inhibitors 

Glycyrrhiza species to be specific Fisch, which is scientifically known as Glycyrrhiza glabra 

Linn and is commonly known as licorice or Chinese liquorice, is considered to be one of the 

most significant and oldest phytomedicines in both China and the world[41]. There is a lengthy 

history of its application in the treatment of a wide range of ailments, particularly those that have 

an inflammatory element inside its foundation[42]. In addition, the sweetening qualities of this 

substance have been approved for usage in a variety of medical formulations as well as in food. 

In recent times, the crude medicine and its chemical ingredients have garnered attention due to 

the possibility that they possess anticancer properties[43][44]. Through the stimulation of the 

immune system and the modification of chemicals that induce inflammation, it is able to exert its 

effects[45]. The triterpenoid glycoside known as Glycyrrhizic acid (Glycyrrhizin), which is 

generated from the roots of the plant, was discovered to inhibit the pro-inflammatory proteins 

NF-κB and thromboxane synthase in vitro[46]. This resulted in the death of cells in lung 

adenocarcinoma, hepatoma, leukaemia, stomach, and prostate cancer cell lines[47]. The 

mechanism in which it influences the formation of tumours and the advancement of endometrial 

cancer is by lowering the activities of COX-2, TNF-α, IL-1, ornithine decarboxylase (ODC), 

DNA synthesis, and TxA2. In addition to this, the chemical mitigates the damage that is brought 

about by reactive oxygen species (ROS)[48][49].  
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Fig 8: Chemical structure of Glycyrrhizic acid 

A sesquiterpene coumarin known as farnesiferol C (FC), 10 was isolated from the plant species 

Ferula, which belongs to the family Apiaceae. Cytotoxic, apoptotic, anticancer, and 

antimutagenic functions are just few of the various bioactivities that it possesses[50]. Compound 

10, which is responsible for creating oxidative stress, is responsible for triggering apoptosis and 

cell cycle arrest in the MCF-7 cell line. It has been reported that it has the ability to prevent the 

processes that lead to the metastasis of cancer, such as the vascular endothelial growth factor 

(VEGF)-induced cell proliferation, migration, invasion, and tube formation[51].  

 

 
Fig 9: Chemical structure of Farnesiferol C 

Radix O. japonicus, Ophiopogonis radix (auchiopogonis root), and O japonicus are the herbs that 

contain ophiopogonin B, 11. Radix O. japonicus is also a candidate. Traditional Chinese 

medicine makes extensive use of it in a variety of contexts. Some of the various types of cancer 

that it is able to treat include lung cancer, cervical cancer, and stomach cancer, to name just a 

few. Two proteins that are involved in intracellular signal transduction were found to be present 

in increased quantities in compound 11-treated cells, as determined by Western blotting analysis. 

These proteins are caspase 3 and B-cell lymphoma 2 (Bcl-2)-associated X protein. In addition, 

compound 11 inhibited the development of NPC cells by inducing apoptosis and causing 

mitochondrial integrity to be compromised. Additionally, compound 11 boosts the expression of 

phosphorylated-associated protein (YAP), mammalian STE20-like kinase 1, and big tumour 
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suppressor 1 in addition to increasing the transcription of the association domain in non-

proliferative cells (NPCs).  

 
Fig 10: Chemical structure of Ophiopogonin B 

Sulphur based heterocycles 

In addition to N- and O-based heterocycles, medicinal chemists have begun to concentrate on S-

based heterocycles as a result of the extraordinary biological capabilities that they possess as 

anticancer, antidiabetic, antifungal, and antihypertensive medicines[52]. The Food and Drug 

Administration (FDA) has given its approval to a variety of drugs that contain S-heterocycles as 

central components for the treatment of cancer and other various ailments. The following is a list 

of certain heterocycles that include S groups and exhibit anticancer activity against many targets.  

A wide range of moulds and fungi, such as Aspergillus fumigatus, Eurotium chevalieri, 

Gliocladium fimbriatum, and a number of species of Trichoderma, Penicillium, and Neosartorya 

pseudofischeri, are responsible for the production of mycotoxins[53]. One of these mycotoxins is 

called gliotoxin 12, which is produced by these moulds and fungi. This naturally occurring 

chemical belongs to the class of compounds known as 2,5-diketopiperazine. An illustration of 

the immunosuppressive properties it possesses is as follows: Compound 12 inhibits the activation 

of NF-κB, alters the immune response, has an effect on neutrophils that are circulating in the 

bloodstream, restricts the phagocytosis of conidia, and reduces the production of reactive oxygen 

species (ROS)[54]. Through the activation of caspases, followed by the up-regulation of Bax and 

the down-regulation of Bcl-2, it suppresses the growth of cells that are associated with colorectal 

and cervical malignancies, respectively, and promotes their death[55].  

 
Fig 11: Chemical structure of Glitoxin 12 and its anticancer activity 



 Pol Sagar laxman/Afr.J.Bio.Sc.6.12(2024)                                                                Page 2152 of 20 

 

 

 

Benzothiazole 

Benzothaizole (BTA), which is a fused benzoheterocyle, is responsible for the medicinal, 

pharmacological, and pharmaceutical activities of a large number of naturally occurring 

chemicals[56]. The presence of BTA can be detected in compounds that exhibit a wide variety of 

biological activity, regardless of whether they are found on land or in water[57]. When a benzene 

ring and a thiazole ring get together, the result is the formation of the BTA nucleus[58].  

As a result of the pharmacological profile of Riluzole 13, medicinal chemists have shown an 

interest in the use of physiologically active benzothiazole for the treatment of amyotrophic 

lateral sclerosis (ALS)[59].  

 
Fig 12: Chemical structure of Riluzole 13 

Thiazole 

There is a strong correlation between the molecular structure of a molecule and the biological 

activity of that substance[60]. In contemporary medicinal chemistry, heterocycles such as azoles 

play a vital role, notably in the domains of drug discovery and design. This is mostly due to the 

extensive versatility that these compounds possess[61]. Research is being conducted to 

investigate their potential use in a variety of medical sectors, particularly in regard to potential 

anticancer medications. Due to the fact that it possesses beneficial biological properties, the 

heterocyclic ligand thiazole, which is composed of five members and contains both nitrogen and 

sulphur, has recently garnered a lot of attention[62]. Thiazole and its derivatives are among the 

most active classes of compounds because they have a wide variety of biological effects, 

including but not limited to the following: antimicrobial, antifungal, antimalarial, antitubercular, 

antiviral, anti-inflammatory, antidiabetic, anthelmintic, anticonvulsant, antioxidant, anticancer, 

cardiovascular, and so on[63]. Tiazofurin (14) inhibits IMP dehydrogenase, dasatinib (15) 

inhibits Bcr-Abl tyrosine kinase, dabrafenib (16) inhibits B-RAF, and ixabepilone (17) stabilises 

microtubules; these are only a few of the many anticancer medications that are currently 

available for clinical use due to the presence of thiazole-containing substances (Fig. 12)[64-66]. 

Anticancer activity can be demonstrated by compounds containing thiazole through a variety of 

different applications. As can be seen in Figure 12, thiazole scaffolds are present in a number of 

the anticancer medications that have been found to be among the most effective in a variety of 

scientific examinations[67]. A variety of topics concerning the anticancer potential of 

medications containing thiazole have been reviewed by us. We have made an effort to review 

these several topics[68][69].  
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Fig 13: Some clinically used thiazole containing anticancer drugs 

 

Conclusion  

In the field of medicinal chemistry, heterocyclic systems have emerged as the true cornerstones 

due to the amazing physicochemical potencies, intrinsic flexibility, and inherent inventiveness 

that they possess. There is evidence of the primary heterocyclic systems in the majority of the 

natural items and pharmaceuticals that are currently prescribed. Nitrogen heterocycles are 

distinguished by the fact that sixty percent of the drugs that have been approved by the FDA are 

heterocycles based on nitrogen. The present study identified pyrimidine, quinolone, indole, 

pyrazole, quinazoline, and quinoxaline as nitrogen-containing heterocycles that can be efficiently 

targeted against a variety of cancers. These heterocycles were synthesised by chemical means. 

There is a wide range of biological applications for nitrogen-based compounds, and the spectrum 

of these compounds is continually expanding in the field of medicine. Analogues of nitrogen-

based compounds offer a huge and encouraging avenue for the creation of new medications with 

their applications. In the context of cancer treatment, the role that heterocycles that include 

oxygen and sulphur play. Within the scope of this review, the unique anticancer potential of 

heterocyclic compounds based on nitrogen, oxygen, and sulphur is the primary focus.  
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