Phytoantibiotics — Antibiotics Sourced from Plants

= By Divya Narayan (l am a post-graduate in Biochemistry from the University of Mumbai)

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™ 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. *

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 > (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. * 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 **
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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. * 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. *

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. *

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. >

There are two pathways used for the synthesis of phytoalexins -
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> Terpene biosynthetic pathway °
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Phytoalexins neutralize bacterial invasion as follows —®

» 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.

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 phgftoalexins’ as these compounds are naturally present and produced at
a constant rate.

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. *°

Phytoanticipins possess antifungal activity and are chemically present in the form of
glycosides, glucosinolates, and saponins. *

Examples of phytoantibiotics
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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 — *®
> 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 **
Abiotic elicitor of phytoalexin — Fungicides, salts of heavy metals, detergents,
intercalated DNA 1%°
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Enzymes involved in regulation of phytoalexin synthesis are Mitogen-affected Protein
Kinase involving (MPK3 and MPK®6). The transcription factor WRKY33 is direct
target of MPK3 and MPK®6 signalling. Camalexin production in Arabidopsis is
brought about by phosphorylation of WRKY33 (action of MPK3/MPK#). **

- 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. 2




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. **?

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. *** Tomatidine (derived from tomatoes) acts in
combination with aminoglycoside antibiotics against antibiotic resistant S. aureus. &

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. ***
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Concept of drug potentiation by targetmg 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. '

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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