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Summary: 
 Conventional antibiotics have resulted in drug resistance due to rampant consumption as well as 
giving rise to side-effects. Phytoantibiotics or plant antibiotics can be regarded as a suitable 
alternative for therapeutic purposes. 

 

What are phytoantibiotics? 

Antibiotics sourced from plants are known as phytoantibiotics. These can be regarded as an 

alternative source of antibiotics as compared to the more commonly occurring fungi, as well 

as synthetically-produced antibiotics. Plant antibiotics are also known as plant defensins. 

 

Need for Plant antibiotics 

Antibiotics are often described as the wonder drugs of the 20
th

 century. However, increasing 

and rampant use of these antibiotics have resulted in antibiotic resistance. Additionally, these 

antibiotics produce numerous side-effects such as gastrointestinal disorders, allergies, etc. 
1
 

It is hoped that plant-sourced and plant-based antibiotics would help in negating these side-

effects as well as prove to be an effective form of resistance to infection 
2
 (preventive 

therapy). 

 

Types of Phytoantibiotics 

Phytoantibiotics occur in two forms –  

Phytoalexins - The term ‘phytoalexin’ was coined by K.O. Muller to imply those antibiotics 

produced by plants after exposure to infection from external sources. 
3
 In other words, 

phytoalexins can be regarded to be produced when they satisfy the following criteria –  

- External elicitation / exposure from bacteria resulting in infection 

- Occurrence of plant metabolic activity so as to produce the antibiotic product 

- No preformed products prior to exposure 

- Rapid accumulation in infected tissue  

- Forming basis of disease resistance 

- Suppression of phytoalexin synthesis results in susceptibility to infection 
1,3
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Phytoanticipins – The term ‘Phytoanticipins’ was proposed by Mansfield. These 

phytoantibiotics are present inside the plant source prior to any kind of exposure to bacterial 

infection hence preformed. 
1
 Phytoanticipins can also be regarded to be produced after 

exposure to infection provided the precursors of said products are preformed and present 

before exposure to infection. 
1
 

Based on the above definitions, the same plant antibiotic may be regarded as a phytoalexin as 

well as a phytoanticipin derived from the same source itself purely depending on how it is 

produced. 
1
 

The understanding of this difference is extremely critical in understanding the mechanism of 

synthesis of the two types of phytoantibiotics. 

 

Synthesis of phytoantibiotics 

- Phytoalexin synthesis – It is mainly reported in dicotyledonous plants but has also 

been found to occur in monocotyledonous plants as well as gymnosperms. 
5
 

 

There are two pathways used for the synthesis of phytoalexins - 

 Phenylpropanoid pathway 
5
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 Terpene biosynthetic pathway 
5
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Phytoalexins neutralize bacterial invasion as follows –
 8

 

 Puncturing of bacterial cell wall 

 Delaying maturation of pathogen inside the plant cell 

 Disruption of bacterial metabolism 

 Prevention of bacterial reproduction  

It has been observed that plants become increasingly susceptible to bacterial infection 

as a result of reduction in the production of phytoalexins. 
3 

 

- Phytoanticipin synthesis – Phytoanticipins are present in plant source prior to 

exposure to any kind of bacterial infection. Hence these are naturally occurring in the 

plant body. As per some definitions, phytoanticipins can also be regarded as 

‘constitutive phytoalexins’ as these compounds are naturally present and produced at 

a constant rate. 
9
 

 

Some phytoanticipins are present on the plant surface. Additionally, they occur as 

preformed precursors which are present in the vacuole. The conversion of these 

precursors into antibiotics as well as their release takes place after pathogenic 

infection due to the action of a hydrolyzing enzyme. The formation of this enzyme 

takes place in a similar manner post exposure to infection. 
10

 

 

Phytoanticipins possess antifungal activity and are chemically present in the form of 

glycosides, glucosinolates, and saponins. 
11

 

 

Examples of phytoantibiotics 

Phytoalexins 

Source Antibiotic produced Effect 

 
Chili pepper 

12
 

(Capsicum annuum) 

 
Capsidiol 

13
 

Displays antifungal 

activity and inhibits 

germination of spores in 

response to fungal 

infection in plants by 

Phytophthora capsici 
14

 



 
Pine needles of Deodar cedar 

(Cedrus deodara)
 15

 

 
Shikimic acid 

16
 

 

Antibacterial activity by 

damaging cell membrane 

of Staphylococcus aureus 
17

 

 
Garden pea  

(Pisum sativum) 
18

 
 

Pisatin 
19

 

 

Broad spectrum antibiotic 

stimulated by fungal 

growth, UV radiation, 

ethylene 
20

 

 
Thale cress  

(Arabidopsis thaliana) 
21

 

 
Camalexin 

22
 

 

Antifungal activity 

against Sclerotinia 

sclerotiorum which 

causes white mold disease 

in Arabidopsis 
23

 

 
Soybean  

(Glycine max) 
24

 
 

Glyceollin
 25

 

 

Produces anti-nematode 

activity against larvae of 

Meloidogyne incognita
26

  
 

 
Red Grapes  

(Vitis vinifera) 
27

 

 
Resveratrol 

28
 

Antimicrobial activity 

against 

Propionibacterium in 

vitro and inhibition of 

Escherichia coli via 

reactive oxygen species 
29

  

 
Sweet potato  

(Ipomoea batatas) 
30

 

 
Ipomeamarone 

31
 

Antibiotic activity in 

black rot disease of sweet 

potato caused by the 

fungus Ceratostomella 

fimbriata 
32

 

 
French bean  

(Phaseolus vulgaris) 
33

 

 
Phaseolin (in fig.) 

(Phaseollidin, Phaseollinisoflavan, 

Kievitone, Coumesterol) 
34,35 

 

Antifungal inhibitory 

effect observed in-vitro on 

Penicillium roqueforti 

DPPMAF1 as indicator 

fungus 
36

 



 
Carrot  

(Daucus carota subsp. sativus)
 37

 

 
6-Methoxymellein 

38
 

 

Broad spectrum antibiotic 

against fungi, yeasts, 

bacteria. Anti-fungal 

activity displayed in-vitro 

by cultured carrot cells. 
39

  

 
Military orchid 

(Orchis militaris) 
40

 

 
Orchinol 

41
 

 
 

Produced upon infection 

by Rhizoctonia repens. 

Antifungal activity 
42

 

 
Diseased potato  

(Solanum tuberosum) 
43

 
 

Rishitin 
44

 

Accumulation has an 

effect on the resistance of 

plants against potato late 

blight disease caused by 

Phytophthora infestans 
45

 

 
Tree Cotton  

(Gossypium arboreum) 
46

  
Gossypol 

47
 

 

Pronounced antibiotic 

activity and biochemical 

resistance towards the 

cotton spotted bollworm 

Earias vittella 
48

 

 
Parsnip  

(Pastinaca sativa) 
49

 
 

Xanthotoxin 
50

 

 

Inhibits specific P450 

oxygenase activity in 

Fusarium sporotrichoides 
51

 

 
Chickpea 

(Cicer arietinum) 
52

 
 

Medicarpin 
53

 

 

 

Antifungal and 

antibacterial activity
 54

 

 
Rice  

(Oryza sativa) 
55 

 
Oryzalexins (in fig.), Momilactone, 

Phytocassanes, Sakuranetin 
56,57

 

 

Mycelial growth of 

Pyricularia oryzae 

(causing blast or blight 

disease) was inhibited by 

the action of Oryzalexin 

D 
58

 

 
Great millet  

(Sorghum bicolor) 
59 

 
Luteolinidin (in fig.), 

Antioxidant activity as 

well as protective agent 

against anthracnose 

caused by the pathogenic 

fungus Colletotrichum 



Apigeninidin
60,61

 sublineolum
62 

 
Maize  

(Zea mays subsp. mays) 
63

 

 
Zealexins (in fig.), Kauralexin 

64,65
 

 

Inhibits the growth of 

Aspergillus flavus, 

Fusarium graminearum, 

and Rhizopus microspores 
66

 

 
Potato peels  

(Solanum tuberosum) 
67 

 
Alpha-solanine (in fig.), alpha-

chaconine 
68,69

 

 

Antibacterial activity 

against Gram positive 

Streptococcus pyogenes 

and Staphylococcus 

aureus 
70

 

 
Papaya  

(Carica papaya) 
71

 

 
Danielone 

72
 

 
 

High antifungal activity 

against the pathogen 
Colletotrichum 

gloeosporioidies 
73 

 

 
Fava bean 

(Vicia faba) 
74 

 
Wyerone Acid

 75
 

 

 

Inhibits mycelial growth 

of the fungus Botrytis 

cinerea causing gray mold 

disease 
76

 

 
Plantain  

(Musa x paradisiaca) 
77

 
 

Irenolone (in fig.), Emenolone
78,79

 

 

Shows antimicrobial 

activity against 

Colletotrichum musae  

and Mycospherella 

fijiensis 
80,81

 

 

 

 

 

Phytoanticipins 

Source Antibiotic produced Effect 

 
 

Oat roots 

(Avena sativa)
82 

 
Avenacin A-1 

83
 

 

Effective as antibiotic in 

roots and displays 

antifungal properties 

against 

Gaeumannomyces 

graminis 
84 

 



 
Tomato  

(Solanum lycopersicum) 
85 

 
Tomatine, Tomatidine, 

Lycotetraose 
86

 

 

 

Tomatidine inhibits 

replication of 

Staphylococcus aureus 
87

 

 
Black currant 

(Ribes nigrum) 
88 

 
Sakuranetin 

89 

 

Possesses fungicidal 

action 

(present as a phytoalexin 

in rice, but as a 

phytoanticipin in black 

currants) 
66

 

 
Dried flowers of Roselle  

(Hibiscus sabdariffa) 
90

 

 
   Protocatechuic acid  

91,92
 

 

 

Induces apoptosis in in-

vitro cell models 
93

 

 
Garlic  

(Allium sativum) 
94

 

 
 

Allicin 
95

 

Anti-bacterial action 

against drug resistant 

strains of Escherichia 

coli, anti-fungal, anti-

viral, anti-parasitic 

activity 
96

 

 
Common labarnum  

(Laburnum anagyroides) 
97

 

 
Luteone (in fig.),  

Wighteone 
98,99

 

 

Antibacterial activity 

against sensitive and 

resistant strains of 

Staphylococcus aureus 
100

 

 
Tulip 

(Tulipa gesneriana) 
101 

 
Tuliposides 

102
 

  

 

 

Antifungal activity, 

contributes to resistance 

to the fungus Botrytis 

tulipae, anti-microbial 

activity 
103

 

 
Dried peel of Grapefruit 

(Citrus x paradisi) 
104 

 
Naringin (in fig.),  

Tangeretin 
105,106

 

 

Anti-inflammatory and 

antioxidant activities. 

Studies have proved the 

beneficial effects of 

naringin against metabolic 

disorders 
107

 



 

Regulation of phytoantibiotic production 

Phytoantibiotics are also known as plant defensins. 

- Phytoalexins – Phytoalexins are produced only after exposure to pathogens. So, the 

following regulate its production – 
108

 

 If the host plant is under no physical, chemical (accumulation of toxins), or biological 

stress (bacterial infection), production of phytoalexins does not take place. 

 Phytoalexin production increases as a result of (1) Introduction of synthetically 

modified phytoalexin genes inducing antibiotic production, (2) Introduction of 

synthetically produced toxins which elicit antibiotic production, (3) Exposure of the 

plant to biotic and abiotic stress. 

 Phytoalexin production decreases due to (1) Presence of phytoalexin inhibitor in 

pathogen, (2) Chemical treatment affecting antibiotic production, (3) Production of 

antibiotic inhibitor inside host, (4) Failure of transcription leading to lack of 

phytoalexin producing enzymes, (5) Pathogen produces enzyme neutralizing toxicity 

of antibiotic. 

Biotic elictor of phytoalexin – Interaction between host plant and pathogen 
109

 

Abiotic elicitor of phytoalexin – Fungicides, salts of heavy metals, detergents, 

intercalated DNA 
109

 

 

 
110

 

 

Enzymes involved in regulation of phytoalexin synthesis are Mitogen-affected Protein 

Kinase involving (MPK3 and MPK6). The transcription factor WRKY33 is direct 

target of MPK3 and MPK6 signalling. Camalexin production in Arabidopsis is 

brought about by phosphorylation of WRKY33 (action of MPK3/MPK6). 
111 

 

- Phytoanticipins – Phytoanticipins are preformed antibiotics present in plants, 

produced before exposure to infection. Hence their production is not regulated by any 

conditions.   

 

Phytoantibiotics for human therapy 

The main purposes of employing phytoantibiotics for human therapeutics are the following – 

(1) Increasing instances of nosocomial infections, affecting community immunity, and (2) 

Acquiring of multi-drug resistance by pathogens due to limited variations in the existing 

antibiotic therapy available. Additionally, there is now greater acceptance for plant-based and 

naturally occurring therapeutics as compared to synthetic chemotherapeutics, partly due to 

lesser side effects. 
112 



 

The main challenges in employing phytoantibiotics for human therapy are the difficulties 

encountered in separating active components present in plant sources which possess 

antibiotic properties. Additionally, pathogenic bacteria causing infections in humans are 

Gram negative organisms and phytoantibiotics show an extremely level of activity against 

them. On the other hand, Gram positive organisms have been found to be susceptible to the 

effects of these antibiotics. Fungi causing pathogenic infections can produce certain toxins 

which inhibit or negate the antibiotic activity of these phytocompounds. 
112 

 

Despite the above mentioned challenges, phytoalexins and phytoanticipins can be used as 

“antibiotic potentiators” or “antibiotic adjuvants” in combination with conventional 

antibiotics so as to counter the limited range of medical arsenal against bacterial pathogens. 

For instance, tannic acid (98%) can be used in combination with the antibiotic fusidic acid 

(98%) against strains of MRSA (Methicillin Resistant Staphylococcus aureus). Beta-lactam 

antibiotics can be combined with ethyl gallate. 
113

 Tomatidine (derived from tomatoes) acts in 

combination with aminoglycoside antibiotics against antibiotic resistant S. aureus. 
87 

 

Antibiotic potentiators work by – (1) Inhibition of elements promoting antibiotic resistance in 

pathogens, (2) Increasing antibiotic uptake by pathogen by increasing membrane 

permeability, (3) Blocking of those channels which might “throw out” antibiotics from the 

pathogens (efflux), (4) Modifications in pathogens affecting their functioning. 
114 

 

 
Concept of drug potentiation by targeting resistance. An active resistance mechanism 

allows survival of bacterial pathogens in the face of an antibiotic(s). A potentiator that 

inhibits the resistance mechanism would (re)sensitize the bacteria to the antibiotic(s), thus 

enhancing antibacterial activity. 
115

 

 

Conclusion 

Phytoantibiotics or plant antibiotics are a suitable means to carry out drug development. They 

possess the ability to fulfill the limitations imposed as a result of rampant and unchecked 

consumption of conventional antibiotics, resulting in multidrug resistance. These antibiotics 

have the added advantage of being sourced from natural environments hence resulting in 

minimal side-effects. However, the effect of these plant antibiotics on human cells is yet to be 

explored fully. 
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