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Abstract 

Phytoalexins are a defense group and are low molecular weight compounds of 

antimicrobial nature produced by plants in response to attacking pathogens. 

Phytoalexins are considered diverse in their chemical nature, but have a common 

function, that is, the defense of the plant. With climate change and the development of 

pure-line crop varieties, the properties of phytoalexins are the accumulation at the sites 

of infection and inhibit the growth of pathogenic microbes making them potential 

antimicrobial agents, which may be exploited to resist the disease. Since many genes 

that encode enzymes involved in their biopath are well studied, phytoalexins are also 

useful in promoting human health. Some of them are known to possess various 

biologically active properties such as antioxidants, anticancers, antidiabetic, anti-

paratopia, heart and growth preparation. 
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1. Introduction 

Phytoalexins are a class of low molecular weight compounds which are synthesized in response to stressful conditions, mainly 

caused by microbial challenges or other environmental factors. Functionally, phytoalexins are toxic to microbial agents that can 

infect plants. Hence, they possess vital roles in the resistance of plant systems to various phytopathogens. In plants, these agents 

produce co-evolutionary damage that has been recognized to generate novel bioactive compounds. Prominent phytoalexins 

possess antimicrobial or antifungal properties. They are also called secondary metabolites of plants, which are well-known as 

alkaloids, terpene derivatives, flavonoids, tannins, phenolic compounds, and phytoalexins. These functions can motivate us to 

study their potential pharmacological activities and explore potential novel applications of these resources. (Ahmed & Kovinich, 

2021, Sharma et al.2022, Sashankar & Chakraborty, 2023) [1, 2, 3]. 

 

1.1. Definition and Types of Phytoalexins 

The participation of biogenic substances in the development and evolution of the plant world is currently very important to plant 

protection. Plants are able to synthesize a wide variety of substances with varied chemical structures that are the products of 

biosynthesis pathways specific to plants. Besides components of primary metabolism, various small-molecular secondary 

metabolites, such as phytohormones, phytoalexins, and components involved in plant defense responses, are also products of 

primary metabolic pathways. Phytoalexins are low molecular weight defensive compounds preferentially induced by plant 

pathogens. The term 'phytoalexin' refers to antibiotic compounds of low molecular weight that are synthesized by plants in 

response to microbial infection. It is commonly accepted that phytoalexins are formed in the resistance response of higher plant 

tissues, as a result of the biological activity of classical defensive substances. (Tiku, 2020, Bizuneh, 2021, Ninkuu et al. 2022) 
[4, 5, 6]. 

The role of phytoalexins is often associated with the health status of humans. The importance of phytoalexins for humans is 

mainly due to their antioxidant, antibacterial, and antifungal activities. Phytoalexins are low molecular weight secondary 

metabolites serving as a defense against pathogenic microorganisms in higher plants. Initially, phytoalexins were discovered in 
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plants as antibiotics. Over time, compounds with biological 

activities similar to those of phytoalexins were discovered in 

fungi, cancer cells, and other organisms. Phytoalexins are 

used in certain crops as a potential means to promote 

resistance to pathogens, resulting in lower levels of pesticide 

usage and maintaining ecological balance. The consumption 

of edible plants providing beneficial substances including 

phytoalexins is more important than using medicinal 

supplements. (Bizuneh, 2021, Sharma et al.2022) [2, 5]. 

 

2. Biological Functions of Phytoalexins 

Besides resveratrol, flavonoid plant quiescence phenol 

compounds such as quercetin, via its antioxidant function, 

can scavenge excessive ROS formation, enhance apoptosis in 

orthologous cancer cells, down-regulate Bcl-2 expression, 

and block a cell cycle. Because of their high antioxidant 

activity in cancer cells, polyphenolic compounds derived 

from food plants are often included in dietary 

recommendations. Recent research found that the method 

through which polyphenolic antitumor compounds exert their 

biological function occurs only after digestion and 

metabolism by gut microbiota. Furthermore, beneficial 

bacterial microbiots are vital for the biological activity of 

polyphenols. Gut molecules bind polyphenols, temporarily 

protecting them from enzymatic breakdown in the gut. Then, 

upon impact, these molecules release polyphenols and 

facilitate contact with the bacterial enzyme, allowing breast 

anthocyanin intestine-mediated release of polyphenol into the 

body, while other classes of polyphenols are metabolized by 

gut bacterial enzyme colonic microbiota using diverse 

mechanisms. Taken together, these data suggest that 

polyphenols have their activity in the human body as post 

inflammatory mediators. We can't talk about the biological 

function of polyphenolics in human health without evaluating 

their inflammatory metabolites. (Kayacan et al.2021, Zhang 

et al.2021, Das et al.2022) [7, 19, 9]. 

 

2.1. The roles of phytoalexins in human health 
The primary biological function of phytoalexins is to promote 

the health of plants against microbial invasion or in response 

to abiotic stimuli. Humans and other animals, however, 

repeatedly ingest phytoalexins, which are produced in plants. 

What are the roles of phytoalexins in promoting human 

health? Bioinformatic analysis showed that polyphenols are 

common as antioxidant compounds in the human body, 

whereas phytoalexins are relatively uncommon in the human 

body. In general, polyphenols - resveratrol is the best-known 

example - are considered ALA component compounds 

derived by the human body from ingested food sources. 

Several studies have demonstrated the beneficial effects of 

resveratrol on human health. For example, found that 

resveratrol can induce the interleukin-1 receptor-associated 

kinase M, mediate sphingomyelinase-dependent apoptosis in 

estrogen receptor-negative breast cancer cells. Reviewed the 

pros and cons of resveratrol in treating chronic obstructive 

pulmonary disease (COPD). (Tiku, 2020, Sharma et al. 2024, 

Ahmed & Kovinich, 2021) [4, 1, 10]. 

 

2.2. Antioxidant Properties 

Plant cells are also exposed to free radicals that can be 

generated in different occasions. Several types of ROS can be 

produced also in the cells of phytoalexitic compounds, like 

stilbenes, flavonoids, or glucosinolates. To counteract the 

production of radicals, plant cells produce different 

enzymatic constituents, such as the superoxide dismutase 

(SOD), catalase (CAT), or the ascorbate peroxidase (APX). 

However, despite an array of enzymatic constituents, plant 

cells also require non-enzymatic constituents which assist the 

enzymatic levels when there is a significant production of 

ROS. These non-enzymatic constituents can be flavonoids, 

betalains, anthocyanins, carotenoids, and ascorbic acid. The 

plant synthetic process should always guarantee the presence 

of these important given constituents, not only to use them in 

favor of the plant cell metabolism, but also to store these 

exogenous regulators in the extracellular matrix. (Tiku, 2020, 

Bizuneh, 2021, Dev et al. 2024) [4, 5, 11]. 

The first line of defense to counteract the production of ROS 

in human cells is the production of antioxidant compounds. 

Although there is a whole range of endogenous antioxidant 

agents in human cells, the diet is a potential source of many 

other antioxidant agents. When these compounds come from 

a diet, they are called exogenous antioxidants. These 

molecules have a common property: they are able to scavenge 

free radicals and to prevent oxidative damages to important 

biomolecules like lipids, proteins, and nucleic acids. A lack 

of defenses against oxidation phenomena could lead to 

inflammatory processes, with the production of free radicals. 

(R2020, Gulcin, 2020) [13]. 

 

3. Phytoalexins in Disease Prevention 

It has been known for a long time that natural products are 

potent inhibitors of diseases. Consumption of plants such as 

fruits, vegetables, and tea has been linked to reduced risks of 

cardiovascular diseases, diabetes, obesity, and cancer. For 

example, it has been shown that consumption of grapefruit 

and its juice, which are rich in specific flavonoids, is 

negatively correlated with the incidence of coronary heart 

diseases (CVD). Natural products are not just serving as food 

nutrients to meet human daily requirements, but also as 

important 'chemical weapons', through which plants can repel 

or even kill a variety of microbial pathogens, including fungi, 

bacteria, and viruses. Reactive oxygen species have proven 

particularly effective as antimicrobial agents against 

microbial pathogens which are confronted at all stages of the 

infection process whether in flowers, leaves, or roots. When 

plants are infected by some avirulent pathogens, the 

production of ROS is significantly increased within a few 

minutes after infection. As part of the defense, plants are also 

capable of synthesizing a diverse set of substances to 

counteract members of these pathogen types. Figure 1 Most 

examples of natural product function as antimicrobial defense 

agents come from medicinal herbs, such as onion, garlic, and 

ginger. Decorator Response: Phytochemicals that are 

produced by any means of tissue manipulation have been 

used for centuries as traditional medicine in the treatment of 

human diseases and were then mainly derived from those 

herbal material. The ability of legumes to synthesize potent 

anti-microbial compounds was discovered half a century ago. 

Then began the era of resveratrol as insect-resistance agents 

and at the same time its function as a cancer-protective agent 

in mammals from the 1990s. Task Deliverable: These 

observations support previous epidemiological findings, 

which show that consumption of some fruits, vegetables, and 

tea has been linked to reduced risks of coronary heart disease 

and cancer. Multiple lines of evidence therefore suggest that 

the plant products capable of protecting plants also protect 

human health as well. For further discussion, the components 

of the elicitor mix might provide targets for developing 
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expected substances that will be induced from our 

understanding of the structure of disease resistance gene 

products by the comparison with the structures of the 

components. This article focuses more on the products of 

'susceptibility phenotypes', phytoalexins, for a better 

understanding of the mechanisms of compound defense and 

possible secondary metabolic pathway design as well. (Wang 

et al. 2021, Krga et al. 2022, Ruxton & Myers, 2021, Bhatt 

et al., 2024, Khalil et al. 2022) [14, 15, 16, 17, 18]. 

 

3.1. Anticancer Potential 

Plant phytochemicals disrupt oxidative damage, 

inflammation, cancer of different types, and other chronic 

diseases by preventing the deleterious influence of the 

molecules derived from oxygen (ROS), reactive nitrogen 

(RNS) species, disrupting pro-inflammatory mediator 

activation related to cancer formation and oncoproteins, or 

providing them protective abilities. The aforementioned 

abilities are correlated with protective advantages, preventing 

several complications and contributing to the decreased 

incidence of a number of chronic diseases, notably cancer. 

Anticancer activity of a wide variety of phytoalexins and 

phytochemicals is evaluated in the current review. However, 

it should be noted that the bioavailability of many potential 

phytochemicals is very low and, as such, the dietary 

consumption of natural bioavailable compounds could hold a 

significant impact in anticancer activities. These 

phytochemicals activate a number of signal transduction 

pathways beneficial in maintaining redox balance and also 

have a large anti-inflammatory effect, not all of it easily 

explainable. (Guan et al. 2021, He et al. 2023, Ruhee & 

Suzuki, 2020) [19, 23, 21]. 

It is well documented that certain natural compounds found 

in food sources have the potential to obstruct invasion, 

angiogenesis, metastasis, and programmed cell death 

(apoptosis) that lead to cancer. It is well known that a diet 

replete with fresh fruits, vegetables, and whole grains can 

reduce the risk of developing cancer, since they are enriched 

with various phytochemicals that have a cancer prevention 

role. Chemoprotective activities are developed through 

different pathways. The processes that have been explored 

are activation of transcription and mRNA stability of tumor 

suppressor genes, suppression of proto-oncogenes, apoptosis 

of several different cancerous cells, and inhibition of 

angiogenesis. Chemoprotective responses are achieved 

through antioxidant properties, activation of pro-

inflammatory mediators, inhibition of cell proliferation, 

antiproliferative effect, carcinogen inactivation, metal 

sequestration, and immune-stimulatory properties. (Farvid et 

al., 2021, Jideani et al. 2021, Wallace et al. 2020) [22, 23, 24]. 

 

4. Phytoalexins in Food and Nutrition 

Not all dietary components passively provide health benefits; 

some are produced in response to stimulation by herbivores 

or pathogens and function as antimicrobial compounds. 

These compounds are called phytoalexins, since they are 

produced endogenously by plants to inhibit the growth and 

colonization of a broad range of pathogens. Some of these 

compounds are critical components of plants' responses to 

pathogen attack and are at the heart of the molecular arms 

race between plants and their pathogens. Advances in these 

areas will provide insights into the mechanism and 

modification of plant defense responses and will allow the 

passive uptake of these valuable compounds to promote 

human health. (Tiku, 2020, Ahmed & Kovinich, 2021, 

Bizuneh, 2021) [4, 1, 5]. 

For thousands of years, the beneficial properties of certain 

dietary components have been appreciated because of their 

"curative" value in the management of various disorders. 

These components were isolated and are known by different 

names such as essential nutrients, antibiotics, 

immunomodulators, allergens, anti-stress factors, 

adaptogens, and antioxidants. Because they are derived 

mainly from plants, they are often termed phytochemicals. 

With the identification of their mechanisms of action and 

associated health benefits, interest in phytochemicals has 

increased. There are over a thousand nutrients, which serve 

to prevent various human diseases. These findings have led 

to important advances in human nutrition and a greater 

appreciation of regular consumption of complex mixtures of 

essential nutrients, known commonly as a balanced diet. 

(Guan et al. 2021, Balakrishnan et al. 2021, Bag et al., 2022) 
[19, 25, 26]. 

 

4.1. Sources of Phytoalexins in the Diet 

In relation to this last section, it is especially relevant to 

underline that the human body is not able to synthesize 

lignans itself, and for that reason, it is precisely their tree 

character that justifies the importance of lignans' place in the 

diet. (Bach et al. 2020) [27]. 

Precisely, all these types of natural compounds can exert 

negative effects on human health thanks to their respective 

antioxidant, anti-inflammatory, cardioprotective, 

chemoprotective, photoprotective, and neuroprotective 

effects. In addition, they participate in the reduction of the 

risk of suffering from certain diseases such as diabetes, 

obesity, cardiovascular diseases, cancer, visual disturbances, 

cognitive deficit, and alterations in the gut microbiota. 

(Sivakumar & Deepa, 2023, Arora et al., 2020) [28, 29]. 

With respect to the botanical origin of some of the most 

known and studied phytoalexin families, it is necessary to 

detail, frequently, if not exclusively, the families of 

flavonoids (subclass of flavonols), stilbens (particularly 

resveratrol), isoflavones, and lignans (enterolactone and 

enterodiol). (Dev et al. 2024, Marant et al. 2024) [11, 30]. 

After explaining what phytoalexins are, it is necessary to 

mention that these compounds are synthesized and 

accumulated in countless species of plants, especially in the 

skin of fruits and in the outermost part of plants. Moreover, 

the concentration and content of these biologically active 

compounds are generally higher in the most unfavorable 

circumstances, such as after the attack, for example, of 

phytopathogens or ultraviolet radiation. (Ishihara, 2021, 

Sharma & Gupta, 2020) [31, 32]. 

 

5. Conclusion and Future Directions 

Phytoalexins are characterized as low molecular weight 

metabolites, often with antimicrobial activity. Originally, 

phytoalexins were considered ubiquitous in resistant plants 

under attack by pathogens. However, present evidence 

suggests that phytoalexins contribute to plant disease 

resistance but may also play roles in plant development and 

cell signaling. It has been suggested that flavonoids, auxins, 

and other phenolic compounds are de facto signaling 

molecules and that their defensive properties against 

pathogens may be a type of side effect of their primary 

function as growth regulators. Accurately determining the 

roles of specific phenolic compounds, such as the 
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isoflavonoid phytoalexins, in plant disease interaction is 

difficult due to their overall low abundance, structural 

diversity, and lower ultraviolet (UV) absorbance. 

Nevertheless, characterization of phenolic metabolites 

provides useful insights for the prevention and control of 

numerous mycotoxin-producing organisms, as well as other 

microbial contaminants, which affect humans, animals, and 

agriculture. 

Phytoalexins are well known for their affiliation with plants 

in fighting against disease-causing agents. They are present 

in numerous crops and regulate the microbiomes, particularly 

bacteria and fungi. When the microbiome is altered, they play 

a role in morphogenesis, maintaining balance, and restoring 

the normal status of new niches. Phytoalexins have been 

proven to be integral for health, with their anticancer, 

antimicrobial, and antiviral properties. Their existence in 

numerous foods and medicinal herbs is quoted as a previously 

unknown health benefit. With the help of advanced 

technologies, it is believed that phytoalexins and their 

relatives will be used in the development of several novel 

therapeutics through modern technologies. 
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