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Abstract 

Plant phytosomes are tiny extracellular vesicles (EVs) that transport various molecules, 

facilitating communication both within and between cells. They can be found in different parts 

of plants and contain mir-RNA, m-RNA, DNA, lipids, proteins, and metabolites. These vesicles 

may play a critical role in plant immune response to microbial infections. EVs exert several 

biological activities, including anti-inflammatory, antioxidant, antiobesity, and anticancer 

effects. Recently, EVs have been used as a vehicle for drug delivery. Our recent preliminary data 

has identified antimicrobial effects of Oleaceae-derived EVs against multidrug-resistant 

bacteria such as Staphylococcus aureus, Enterococcus faecalis, and Klebsiella pneumoniae. This 

letter seeks scientists interested in studying the antimicrobial effects of EVs or their use in drug 

delivery using natural products against multi-drug resistance. 
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Letter to Editor 

Antibiotics were first introduced as an effective 

treatment option for serious bacterial infections 

in the mid-twentieth century. However, a few 

years later, bacteria developed resistance against 

these drugs, which has become a major global 

health concern (Hutchings et al., 2019). 

Antimicrobial resistance (AMR) is the ability of 

microorganisms such as bacteria, fungi, viruses, 

and parasites to stop the action of antimicrobial 

drugs, resulting in ineffective treatment and 

persistence of the infection. Currently, AMR is a 

global health threat, and its extensive use in farm 

animals, the food industry, and human and 

veterinary medicine has led to the emergence of 

multidrug-resistant (MDR) organisms. AMR is a 

leading cause of death worldwide, with the 

highest burdens in low-resource settings 

(Wagenlehner and Dittmar, 2022). It also results 

in a huge economic loss due to long stays in 

hospitals and increases in treatment complexity, 

posing a real challenge to the existing guidelines 

around the management of antibiotic resistance 

(Aljeldah, 2022). Some bacterial species 

naturally play a crucial role in healthy 

physiological processes (Sender et al., 2016). 

However, other bacteria that are opportunistic, 

parasitic, mentalistic, and invasive can still 

disturb such homeostasis processes and 

ultimately necessitate intervention (Llor and 

Bjerrum, 2014; Liyanarachi et al., 2022). 

Antibiotics have revolutionized modern medicine, 

but over the years, bacteria developed intricate 

mechanisms of resistance to many of the first-

line antibiotics, and as such, bacteria could 

evade many of the potent actions of antibiotics 

(Munita and Arias, 2016). The World Health 

Organization (WHO) has recently identified MDR 

as among the three most important problems 

threatening human and animal health on a 

global scale (Santajit and Indrawattana, 2016). 

The main leading cause of nosocomial MDR 
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infections is a group of bacteria known as 

ESKAPE pathogens, including Enterococcus 

faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, 

Pseudomonas aeruginosa, and Enterobacter 

species. Recently, ESKAPE, together with 

Clostridioides difficile, which is often caused by 

antibiotic-induced disruption of the native gut 

microbiota, the term changed to (ESKAPE+C). 

These pathogens collectively are the leading 

cause of nosocomial infections by diverse 

mechanisms of drug resistance, such as drug 

inactivation, active site modification, efflux 

pumps, and biofilm formation, leading to MDR 

strains (Weber et al., 2020).  

Throughout the centuries, plants have been 

studied for therapeutics, and their compounds 

have been purified and tested on various disease 

models; phytogenic compounds have 

antimicrobial properties against bacteria, fungi, 

protozoa, and viruses. They can also help boost 

the immune system of patients who have a 

weakened immune system. The mechanism of 

antibacterial effects can be attributed to the 

damage of the cell membrane by targeting the 

phospholipids of Gram-positive and Gram-

negative bacteria. Bioactive substances or their 

metabolites are incorporated into the membrane, 

causing alteration of its physiological function 

(Nourbakhsh et al., 2022). 

Recently, plant-derived extracellular vesicles 

isolated from edible plants were found to be an 

abundant source of nanovesicles with 

remarkable therapeutic properties and minimal 

side effects (Xiao et al., 2018; Yang et al., 2018; 

Bokka et al., 2020). In this letter, we will 

highlight the extracellular vesicle as a potentially 

promising approach to metabolites. These 

phytosomes have been identified in various plant 

parts, indicating their potential role in the plant 

immune response during microbial infection. In 

this letter, we will highlight the extracellular 

vesicle as a potentially promising approach to 

combat MDR. The emerging field of extracellular 

vesicles (EVs) in plants, termed phytosomes, 

presents a fascinating avenue for such research. 

Similar to mammalian cell-derived EVs, plant 

phytosomes facilitate intercellular and 

intracellular communication by transporting a 

diverse cargo of molecules, including mir-RNA, 

m-RNA, DNA, lipids, proteins, and metabolites. 

These phytosomes have been identified in 

various plant parts, indicating their potential role 

in the plant immune response during microbial 

infection. In the context of plant infections, 

investigations have unveiled how plants leverage 

phytosomes to harbor antifungal and 

antibacterial cargos, effectively countering the 

virulence agents of pathogens. A study 

conducted on Arabidopsis cells, commonly 

known as rockcress, elucidated a phenomenon 

termed cross-kingdom interference. This 

phenomenon underscores the intricate 

interaction between host cells of Arabidopsis and 

invading fungi, wherein the plant cells secrete 

phytosomes containing small RNAs (s-RNAs) to 

silence the virulence genes of pathogens such as 

Botrytis. The transferred s-RNAs, specifically 

TAS1c-siR483 and TAS2-siR453, effectively 

silenced the vesicle-trafficking pathways of the 

fungi, as demonstrated in the study by (Cai et al., 

2018). Similarly, research on wheat cells has 

revealed the presence of micro-RNAs (miR1023) 

that target a potential gene of the pathological 

fungus Fusarium graminearum (Jiao and Peng, 

2018). We have previously showcased the 

potential use of plant-derived phytosomes as an 

anticancer remedy (Kadriya and Falah, 2023), 

and now we aim to initiate a study and 

investigate deeper to unravel the antimicrobial 

capacity. Plants employ a diverse array of defense 

mechanisms involving physiological and 

biochemical responses to fend off invasive 

pathogens effectively. Upon infection, pathogens 

activate plant immune responses, and thereby, 

phytosomes are produced to play key roles in 

plant-pathogen interactions, transferring the 

plant defense-related cargos that are taken up by 

pathogens, resulting in reducing their virulence 

(Zhou et al., 2022). Plant-derived EVs pertain to 

several exciting potentials (Figure 1). 

Our recent preliminary data has identified 

antimicrobial effects of Oleaceae-derived EVs 

against multidrug-resistant bacteria such as 

Staphylococcus aureus, Enterococcus faecalis, 

and Klebsiella pneumoniae (see Figure 2, Figure 

3), which are reference strains purchased from 

ATCC (Satroious, Israel). Given the publication's 

pivotal role in facilitating discourse and 

disseminating cutting-edge scientific discoveries, 

we are confident that providing details about this 

forthcoming research endeavor to your esteemed 

readership will significantly enhance its visibility 

and influence. This letter is a call for scientist 

interested in developing natural products in 

order to investigate in detail the antimicrobial 

effects of phytosomes or their use in drug 

delivery. 
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Figure 1: Potential applications of plant-derived extracellular vesicles. 
 

 
Figure 2: Antimicrobial effect of Oleaceae-derived EVs. A colony of bacteria suspended in growth media (Luria 

broth) was grown overnight (16 hours) at 37 °C rocking at 130 rpm, then diluted to OD630=0.1 with growth 

media in a 96-well plate (200 µL per well) and incubated overnight with EVs at the indicated dilutions. The OD 

was read using a Varioskan plate reader at 630 nm. The results are represented in the form of mean ± standard 

error from three experiments (n = 3). 
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Figure 3: Inhibition zones of EVs against resistant bacteria on both Mueller Hinton and blood agar. Panel A 

depicts Klebsiella pneumoniae, Panel B shows Staphylococcus aureus, and Panel C illustrates Enterococcus 

faecalis. The numbers indicate different dilutions of EVs: 1 = PBS (No treatment), 2 = 1:10, 3 = 1:5, 4 = 1:2, 5 

= undiluted EVs. Arrows indicate partial effects. The determined inhibition zones are as follows: A4 = 11mm, 

A5 = 14mm, B5 = 12mm, C5 = 12mm. 
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