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Abstract 
Infectious diseases are major threats to humankind and are main reasons for mass mortality. As a survival 
mechanism microbes continuously evolve and change their genetic make up to gain resistance against the 
drugs which they come in contact. Hence, there is a growing interest in identifying alternative and safe 
medicines to overcome microbial drug resistance. The use of medicinal plants against various diseases 
has been mentioned in Ayurveda and the knowledge of usage has been transferred over the generation 
through oral tradition. The active principles behind the medicinal property of plants were not studied in 
traditional medicine. With the advent of modern tools, the active principals behind the broad-spectrum 
anti-microbial activity of medicinal plants were attributed to the presence of variety of bioactive 
compounds. The formulations or the extracts containing mixture of bioactive compounds are considered 
as GRAS and each one has various therapeutic applications. The bioactive compounds are secondary 
metabolites which play a pivotal role in solving the issues of microbial drug resistance and other 
ailments. In this review five medicinal crops (Aloe vera, Cynodon, Datura, Euphorbia, and Ocimum) 
were selected to review the significance of these crops in alternative medicine. The cause and 
mechanisms of microbial resistance to commonly used drugs are discussed. The historical aspects, the 
bioactive compounds, the broad-spectrum antimicrobial property and market potential of these crops are 
reviewed in the context of alternative medicine. 
 
Keywords: Alternative medicines, antimicrobial properties, antimicrobial resistance, medicinal herbs 

 
1. Introduction 
The infectious diseases cause threat to human kind [1]. Currently, there are many targeted drugs 
available in the market to treat deadly infectious diseases and the new ones have continuously 
been discovered [2]. The pathogens are winning over drugs due to their continuous evolution 
and acquisition of resistance to multiple mono drugs [3]. It has been reported that the 
development of microbial drug resistance would take a ten million lives per year and is 
expected to cause hundred trillion-dollar loss to the economy [4]. Solving the issue of microbial 
drug resistance under the mono drug treatment system is a challenging task and is increasing 
the health issues and mortality at the global level.  
 Plants have been recognized as a source of medicines [5] and are widely used in curing human 
diseases for more than 5000 years in traditional medicine [6]. The traditional medicine is 
widely followed in many countries, to maintain health and to prevent/treat physical/mental 
illness. The techniques of traditional medicine is purely based on indigenous knowledge, 
skills, practises, and these vary with culture to culture (WHO). More than 80% of the 
population residing in developing countries depends on plants for their medicine [7] and this 
dependency is mainly due to the safety, and cost-effectiveness8. In the last decade, more than 
50% of the newly developed drugs approved by Food and Drug Administration (FDA) were 
from plant sources [9].  
Plants which have medicinal properties are called medicinal plants and are rich sources of 
various phytochemicals. In traditional medicine, the plant parts or their products are used in 
preparation of formulations to treat multiple ailments [10, 11]. The products/formulations 
prepared from plants are considered as GRAS (Generally regarded as safe) and play a pivotal 
role in ethnomedical treatment [12]. The extract of the plants is known to contain many 
bioactive compounds with therapeutic applications [13] and these bioactive compounds act in 
synergy to break the AMR [14]. 
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Apart from that, these have other properties such as 

antioxidants, anti-inflammatory, anti-modulatory, detoxifying, 

and neuropharmacological agents there by helps in overall 

health improvement [15].  

Now a days there is growing research in the field of 

ethnomedicine and poly-pharmacology to find a novel 

molecule from various medicinal plants to overcome AMR 

and to use in primary health care [16]. Due to this the medicinal 

plants are gaining importance as an alternative to synthetic 

drugs and the global market for medicinal plant products is 

growing and it is valued at $100 billion [17]. Most of the 

medicinal plants which have pharmacological significance are 

wild and needs domestication for round year cultivation with 

improved yield. The medicinal plants which can grow in rain 

fed or marginal land would be of interest to farmers to grow 

as cash crops. This review summarizes the broad-spectrum 

antimicrobial activity of medicinal plants such as Aloe vera, 

Cynodon, Datura, Euphorbia, and Ocimum on disease 

causing micro-organisms in humans. Also discussed the role 

of these medicinal plants in solving the AMR and their market 

potential.  

 

2. Historical aspects of medicinal plants in the context of 

traditional medicine  

The first written report on the medicinal use of Aloe vera is 

available in the Egyptian document [18]. The use of Aloe vera 

for wound treatment was mentioned in Bible. In 16th century, 

the Indian tribes were familiar with the healing properties of 

Aloe vera. They were using aloe juice on skin as an insect 

repellent [19]. In 1935, Collins and Collins reported the 

beneficial role of Aloe vera for treating severe roentgen 

(radiation) dermatitis [20]. Because of many beneficial aspects, 

Aloe vera is used in consumption purpose, and it is a FDA 

approved food supplement and flavoring agent [21]. Cynodon 

is recognized as the devil’s grass and is commonly cultivated 

in Hindu homes. It is useful in the treatment of hysteria and 

epilepsy. It is known to efficiently arrest the bleeding in 

infectious diseases, dysentery, diarrhoea, piles, and raktapitta, 

etc. The first medicinal use of Datura was mentioned in 

Sanskrit literature [22]. Before fifteen century, the use of this 

plant was also mentioned in Mongolian and ancient Tibetan 

texts. In ancient China, before consumption of wine it was a 

general practice to steep the flowers of Datura in wine [23]. In 

recent literature, this plant has been reported to have several 

pharmacological properties such as analgesic, antiepileptic, 

anti-asthmatic, antimicrobial, antioxidant, insecticidal, and 

repellent activities [24]. Euphorbia is known as asthma plant, 

reported to useful in treating respiratory and digestive 

disorders. In India, Ocimum (Tulsi) is used in Ayurveda over 

the years for the treatment of cold, headache, malaria, and 

heart disease.

 

Graphical Abstract 

 

 
 

3. Emergence of antimicrobial resistance 

The antimicrobial compounds are generally used to kill 

various pathogenic microbes, which cause diseases in humans 

and animals. However, most of the microbes (bacteria, fungi, 

and viruses) slowly develop resistance towards various groups 

of drugs and this process is generally termed antimicrobial 

resistance. The antimicrobial resistance phenomenon was first 

observed in Staphylococcus aureus against penicillin 

antibiotics [25, 26]. S. aureus inactivates penicillin by producing 

the enzyme penicillinase. The penicillinase enzyme breaks 

down the core beta-lactam ring of penicillin, which is required 

for binding with the penicillin-binding proteins (PBPs) of 

bacteria. Since then, the resistance to antimicrobial 

compounds was observed in various other bacterial species 

such as Shigella dysenteriae, Salmonella typhi, 

Mycobacterium tuberculosis, Enterococcus, methicillin-

resistant S. aureus, Streptococcus pneumonia, and 

Haemophilus influenza [26, 27]. Generally, bacteria use 

mechanisms such as modification in the drug target, less 

permeability to a drug, inactivation of drugs by enzymes, use 

of an alternative pathway, and increased efflux of the drug to 

develop the resistance. Drug resistance is also a common 

phenomenon in numerous fungal pathogens such as 

Aspergillus fumigatus, Candida glabrata, Candida albicans, 

and Cryptococcus neoformans [28]. The fungi mainly use 

mechanisms such as alterations in the drug target, metabolic 

bypasses, and reduction of active drug concentration to gain 

resistance [28]. The viruses such as Cytomegalovirus, Hepatitis 
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B virus, Herpes simplex virus, and Varicella zoster virus also 

have shown resistance against antiviral drugs [29]. The viral 

resistance to a particular drug is mainly due to the mutations 

in the target gene or protein [29]. Due to the antimicrobial 

resistance, the current drugs may fail in effective control of 

disease, which requires the usage of multiple drugs, higher 

dosage, or new molecule of drugs [30].  

To overcome this risk of antimicrobial resistance, it is 

required to use broad-spectrum antimicrobial compounds that 

are safe and effective on many different genera of microbes. 

This could be achieved only by screening various bioactive 

compounds from traditional medicinal plants against various 

diseases. The therapeutic potential of many medicinal plants 

has been already mentioned in the history of Ayurveda and 

followed traditionally by many people from different parts of 

the world. However, a systematic scientific study is required 

to prove the broad-spectrum activity and safeness. In the 

below sections the important medicinal herbs with their 

broad-spectrum antimicrobial activities and commercial 

aspects are discussed. 

 

4. Medicinal herbs and their antimicrobial properties 

Plants produces various secondary metabolites for their 

defense against pathogens (fungus, virus, and bacteria) and 

these metabolites have great potential as natural drugs [31]. 

The phytochemicals and secondary metabolites are classified 

into phenolics, polyphenols, alkaloids, tannins, terpenes, 

flavonoids, quinones, coumarins, lectins, polypeptides, 

saponins, etc [32]. These metabolites act as antimicrobial 

agents and possess unique mode of action. Some of these 

compounds specifically disrupt membrane/structure, interfere 

with metabolism, genetic material synthesis, and quorum 

sensing of the pathogen [33]. The bioactive compound needs to 

be extracted from plant to use as drug or any formulations. 

Extraction of the bioactive compounds depends on timely 

collection of plants, drying, grinding, type of solvent used, 

temperature during extraction, pH of the media, and ratio 

between solvent to sample. The polar solvents such as water, 

methanol, and ethanol are used in extraction of polar 

compound and the non-polar compounds are extracted using 

hexane and dichloromethane [34]. The various solvents used in 

extraction of bioactive compounds is shown in table 1 and the 

broad-spectrum antimicrobial activities of selected medicinal 

plants extracts prepared using various solvents are discussed 

in detail.  

 
Table 1: Solvents used in extraction of various bioactive compounds from plants 

 

Name of compound Boiling point Solvents used in extraction 

Aloin 752.60 °C Water, Dimethyl sulphoxide (DMSO), ethanol, and methanol 

Acemannan 1521.1 ºC Water 

Chrysophanic Acid 357.45 °C DMSO and dimethyl formamide (DMF) 

Aloe-emodin 568.8 °C DMSO and DMF 

Alpha tocopherol 235 °C Ether, acetone, chloroform, and ethanol 

Phytol 204 °C Ethanol, DMSO, and DMF 

Oleic acid 360 °C Ethanol, ether, acetone, chloroform, DMF, and DMSO 

Linoleic acid 230 °C Water and acetone 

Atropine 429.8 °C Water 

DHP 86 °C Ethanol, methanol, and acetonitrile 

Rutin 983.1 °C DMSO and DMF 

Quercetin 642 °C Ethanol, DMSO, and DMF 

Kaempferol 582.1 °C Ethanol, DMSO, and DMF 

Gallic acid 501.1 °C Ethanol, DMSO, and DMF 

Camphor 209 °C Alcohol, ether, acetone, and benzene 

Eugenol 254 °C Water, alcohol, chloroform, and ether 

Linalool 198 °C Paraffin oil and propylene glycol 

Ursolic acid 556.9 °C Ethanol, DMSO, and DMF 

Apigenin 555.50 °C Ethanol, DMSO, and DMF 

Plumbagin 383.9 °C Methanol, ethanol, and DMSO 

 

5. Aloe vera 

5.1.1 Antibacterial activity 
Several studies were published on antibacterial activity of 

Aloe vera gel and leaf extracts against human pathogens. In 

2009, Arunkumar and Muthuselvam determined the impact of 

various solvent (ethanol, aqueous, and acetone) extracts on A. 

barbadensis leaf against Streptococcus pyogens, Escherichia 

coli, S. aureus, and P. aeruginosa [35]. The acetone extract had 

shown the highest zone of inhibition viz., 20±0.35 mm, 

12±0.45 mm, 15±0.38 mm, and 20±0.57 mm against these 

pathogens respectively as compared to other extracts. 

Thiruppathi et al. (2010) [36] studied the various solvent 

extracts (Petroleum ether, ethyl acetate, hexane, and ethanol) 

of A. barbadensis against Bacillus subtilis, S. aureus, E. coli, 

Klebsiella pneumoniae, and P. aeruginosa [36]. In the study, 

ethanol extract had shown the highest inhibition activity (ZOI: 

7-12 mm) followed by ethyl acetate (ZOI: 1-9 mm) as 

compared to others [36].  

Malar et al. 2012 evaluated the dimethyl sulphoxide (DMSO) 

crude extract of A. barbadensis gel against S. typhi, B. 

subtilis, E. coli, S. aureus, and Proteus vulgaris. The highest 

ZOI was observed against E. coli (13 mm) [37]. In the same 

year, another group of scientists Fani and Kohanteb evaluated 

inhibitory activity of A. barbadensis on Porphyromonas 

gingivalis, Aggregatibacter actinomycetemcomitans, 

Streptococcus mutans, and Bacteroides fragilis [38]. The 

highest inhibitory activity was observed against S. mutans 

(MIC of 12.5 µg/mL). Dharajiya et al. (2017) investigated the 

antibacterial activity of different solvent extracts (methanol, 

hexane, water, and ethyl acetate) of leaves of A. barbadensis 
[39]. The hexane extract had shown the highest zone of 

inhibition (ZOI) (13.67±0.57 mm) against Serratia 

marcescens (MIC: 6.25 mg/mL). The phytochemical analysis 

of hexane extract revealed the presence of phenol, sterols, 

saponins, and alkaloids as active compounds.  

 

5.1.2 Antifungal activity  

Various studies have been published to assess the antifungal 
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activity of Aloe vera. Arunkumar and Muthuselvam (2009) [35] 

determined the antifungal activity of three solvent extracts 

(acetone, water, and ethanol) of Aloe vera leaf using the disc 

diffusion method [35]. Among these, acetone extracts have 

reported highest inhibition of Aspergillus flavus (15±0.73 

mm) and Aspergillus niger (8±0.37 mm) as compared to 

others. In 2012, Malar and colleagues evaluated the effect of 

DMSO extract of A. barbadensis gel against Candida 

albicans, Aspergillus fumigatus, and Penicillium sp. [37]. The 

highest inhibitory activity was observed with C. albicans 

(ZOI: 11 mm) followed by Penicillium sp. (ZOI: 9 mm) [37]. 

The ethanol extract of A. barbadensis shown significant 

inhibitory activity against C. albicans at 1000 µg/mL 

concentration (ZOI: 14 mm) [40]. 

Saniasiaya et al. (2017) tested water and ethanol extract of A. 

barbadensis leaves against C. albicans and A. niger [35]. In the 

study only A. niger growth was inhibited by both the extracts 

(Ethanol: MIC 4.4 and Water: 5.1 g/mL) and both the extracts 

were failed to inhibit Candida growth [41].  

 

5.1.3 Antiviral activity  

Rezazadeh et al. (2016) evaluated the antiviral activity of 

various concentrations (0.2, 0.5, 1, 2, and 5%) of DMSO 

extracted Aloe vera gel on Herpex Simplex virus 1 (HSV-1) 

in verda reno (Vero) cell lines42. These concentrations were 

found non cytotoxic and inhibition toxicity was found dose 

dependent.  

The Acemannan a type of aloe poly saccharide (APS) 

prepared from Aloe vera is an USFDA (United States Food 

and Drug Administration) approved drug to treat acquired 

immunodeficiency syndrome (AIDS) [43]. The Acemannan 

affects AIDS virus replication by modifying the glycosylation 

of the infected host cell. In in vivo studies, these were known 

to increase the specific antibodies against other viruses such 

as Coxsackievirus B3 [44]. Sun et al. (2018), studied the 

antiviral effect of APS (20-640 μg/mL) on Influenza A virus 

in Madin-Darby canine kidney (MDCK) cell lines of Mice 
[45]. The viral replication kinetic assay showed the inhibition 

of viral replication at all the tested concentrations. The 

transmission electron microscopic (TEM) analysis showed the 

reduced viral load/adsorption on cell surface as compared to 

untreated infected cell lines.  

Choi et al. (2019) evaluated the Aloe vera ethanol extract on 

influenza virus (green fluorescent labelled) in MDK cell lines 
[46]. After the post-treatment, the infected cells (MDK) have 

shown reduced viral matrix proteins (M1 and M2), mRNA 

synthesis, hemagglutinin, and autophagy. The catechin 

hydrate, quercetin, and kaempferol were reported as active 

ingredients in ethanol extract. Sydiskis et al. (1991) evaluated 

the antiviral activity of glycerine leaf extract of Aloe vera 

containing anthraquinone [47]. The antiviral activities of this 

extract were attributed to the presence of active components 

such as de-glycosylated Aloin and Aloe-emodin. The Aloe-

emodin was found effective against only enveloped RNA and 

DNA viruses (Ex., Influenza virus, Pseudorabies virus, HSV 

type 1 and 2). Parvez et al. (2019) demonstrated the targeted 

activity of Aloe-emodin on Herpes B virus with cytochrome 

p450 activity48. Li et al. (2014) studied the antiviral effect of 

Aloe-emodin on influenza virus [49]. It was known to affect the 

virus by acting on Toll-like receptor 4 protein, casein kinase 

2, Nuclear factor-kappa (NF-KB), interferon - γ pathways, 

signal transducer and activator of transcription (STAT), virus 

entry and replication. 

Borges-Argaez et al. (2019) evaluated the antiviral effects of 

Aloe vera root isolates and their derivatives [50]. The 

acetylation or addition of tetra-O-acetyl-β-D-glucopyranosyl 

at C3-position of aloesaponarin-1 had increased the 

effectiveness on influenza A H1N1 [51]. The various bioactive 

compounds of Aloe vera have shown antiviral properties. The 

lectins were found to inhibit the multiplication of 

Cytomegalovirus (CMC) in cell cultures [52, 53], Chrysophanic 

acid showed 50% inhibition of type 2 and type 3 polioviruses. 

The Aloin has been widely characterized and was known to 

affect Haemorrhagic Rhadovirus Septicaemia [52, 54]. Keivan et 

al. (2007) shown antiviral activity of glycerine extract of Aloe 

vera gel on HSV2 virus in Vero cell lines53. The extract found 

to affect the adsorption and various stages of the virus post-

infection. The extract at 428 and 536 μg/mL was found to 

reduce the viral load by 50% before and after attachment to 

the cell lines. Kahlon et al. [56], shown that acemannan extract 

of Aloe vera acts independently and synergistically with 

acyclovir and azidothymidine to block the AIDS and herpes 

virus [56].  

 

5.2 Cynodon  

5.2.1 Antibacterial activity  

Rao and colleagues (2011) studied the aqueous extracts of C. 

dactylon whole plant against E. coli, P. aeruginosa, K. 

pneumoniae, S. aureus, and Proteus mirabilis [59]. The 

aqueous extract shown highest inhibitory activity against E. 

coli and P. aeruginosa with 14 mm ZOI. The phytochemical 

analysis of water extract revealed the presence of flavonoids, 

saponins, steroids, and tannins in aqueous extracts [59]. Pandey 

et al. (2016) reported the antibacterial activity of different 

solvent (acetone, chloroform, water, and ethanol) leaf extracts 

of C. dactylon against E. coli using the disc diffusion method 
[60]. The ethanol extract showed highest activity (ZOI: 11.33 

mm±0.570) at 1 mg/L as compared to other extracts. 

Phytochemical analysis of the ethanol extract of C. dactylon 

showed the presence of flavonoids, cardiac glycosides, 

saponins, tannins, and carbohydrates [60]. 

Raj and colleagues in 2017 studied the antibacterial activity of 

different solvent extracts (methanol, acetone, chloroform, 

ethanol, and water) prepared from leaves of C. dactylon61 

against bacterial pathogens. The ethanol extracts showed 

significant inhibition of B. subtilis (ZOI: 13 mm) and S. 

aureus (ZOI: 16 mm). Whereas, acetone extract was found 

active against P. aeruginosa and B. subtilis with 13 mm and 

12 mm ZOI respectively. The phytochemical analysis showed 

the presence of flavonoids, protein, and carbohydrates in 

ethanol extract and only flavonoids were found in acetone 

extract [61]. Savadi et al. (2020) investigated the antibacterial 

activity of C. dactylon rhizome methanolic extract [62]. The 

highest ZOI was observed with methanolic extract against 

Bacillus cereus (18.3±0.4 mm) and E. coli (16.8±0.5 mm). 

The methanolic extract was found to contain palmitic acid 

(36.40%), oleic acid (28.26%), linoleic acid (17.01%), alpha 

tocopherol (151.39 mg/kg), phenols (917.08 mg/kg), and 

sitosterol (3199.62 mg/kg) [62].  

 

5.2.2 Antifungal activity 

Several literature studies reported the antifungal activity of C. 

dactylon. Kanimozhi et al. (2012) tested the various solvent 

extracts (Ethanol, acetone, chloroform, methanol, petroleum 

ether, and hexane) of C. dactylon against fungal pathogens 

such as Candida tropicalis, Candida kefyr, and A. niger63. All 

the extracts have shown antifungal activity, however, the 

extracts of ethanol showed higher ZOI against A. niger 

(12.23±0.21 mm) followed by C. albicans (11.0±0.20 mm) as 

compared to other solvent extracts.  
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The whole plant hydroalcoholic extract of C. dactylon was 

used to study the antifungal activity against the deadly 

keratogenic fungi such as Epidermophyton floccosum and 

Microsporum gypseum [64]. Out of the two concentrations 

tested (1000 and 750 μg/mL), 1000 μg/mL showed 19 mm 

and 16 mm ZOI on E. floccosum and M. gypseum respectively 

and this was found higher than 750 μg/mL concentration. The 

antifungal activity of C. dactylon was attributed to the 

presence of triterpenoid and saponins in hydroalcoholic 

extract fraction. Hence, it can be used as a natural agent in the 

preparation of various formulations against dermatophytic 

infections. Savadi et al. (2020) studied the composition and 

antifungal activity of methanolic extract of rhizomes of C. 

dactylon [62]. The methanolic extract at 1000 mg/L was found 

to inhibit the A. niger and showed 14.4 ± 0.45 mm inhibition 

zone.  

 

5.2.3 Antiviral activity  

Pringproa et al. (2014) studied the in vitro virucidal activity 

of C. dactylon crude extract on Porcine reproductive and 

respiratory syndrome virus (PRRSV) [65]. The whole plant 

crude extract of C. dactylon prepared in DMSO was found to 

inhibit PRRSV at 0.78 mg/L after 24 hours of post-infection 

in the Meat Animal Research Centre-145 (MARC-145) cell 

line. At this concentration the crude extract did not show any 

cytotoxic effect on cell lines, however, it had completely 

inactivated PRRSV. The authors have recommended the use 

of C. dactylon extract as a natural potential antiviral agent to 

control PRRSV. 

The whole plant ethanolic extract of C. dactylon rich in 

luteolin and apigenin was evaluated for cytotoxicity and 

antiviral properties using Vero cells and the Chikungunya 

virus. The fraction was known to affect the mRNA synthesis 

of the virus at 50 μg/mL concentration and exhibited 

significant virucidal activity (98%) [66]. These studies 

confirms that C. dactylon has broad-spectrum antimicrobial 

properties and can be used in the development of formulations 

against various pathogens.  

 

5.3 Datura  

5.3.1 Antibacterial activity  

Several groups of researchers have investigated the 

antibacterial properties of crude solvent extracts of D. metel 

against human pathogens. Okwu and Igara (2009) extracted 

and characterized antibacterial agents from D. metel leaves. 

The compound was identified as 51, 71-dimethyl 61- hydroxy 

31, phenyl 3 α - amine β - yne sitosterol 1 (alkaloid) by 

nuclear magnetic resonance, infrared spectroscopy, and mass 

spectroscopy. The compound showed antibacterial activity 

(ZOI) in the decreasing order from P. aeruginosa (11.0±0.20), 

B. Subtilis (10.0±0.02), K. pneumonia (7.0±0.20), S. typhi 

(7.0±0.11), S. aureus (6.0±0.02), and P. mirabilis (5.0±0.10) 
[74]. Akharaiyi in 2011, tested the crude aqueous and ethanol 

extracts of D. metel leaf, stem bark, and roots against eight 

clinical pathogens (Streptococcus beta-hemolytic, 

Streptococcus dysenteriae, P. aeruginosa, S. aureus, E. coli, 

B. cereus, K. pneumoniae, and S. typhi) using agar well 

diffusion technique75. Ethanol leaf extracts showed the 

highest ZOI (˃ 30 mm) against P. aeruginosa, K. pneumonia, 

and B. cereus. Phytochemical analysis of ethanol extracts of 

Datura showed the presence of alkaloids, saponins, 

glycosides, flavonoids, and phenolics as bioactive compounds 
[75]. 

Muthusamy et al. (2014) tested acetone, water, and 

chloroform extracts of D. metel leaves against three human 

pathogens B. subtilis, E. coli, and S. typhi using agar disc and 

well diffusion techniques [76]. Their study showed that acetone 

extracts were more effective than water and chloroform 

extracts. The acetone extract showed the highest ZOI against 

E. coli (24 mm) and S. typhi (19 mm). The phytochemical 

analysis of acetone extract showed the presence of 

compounds such as terpenoids, alkaloids, steroids, saponins, 

flavonoids, glycosides, and phenolics [76]. Krishnan and 

colleagues (2017) analyzed the antibacterial activity of 

solvent extracts of D. metel leaves against four pathogenic 

bacteria B. cereus, B. subtilis, E. coli, and S. typhi by agar 

diffusion method [77]. In the study, ethanolic extract was 

effective against B. subtilis (ZOI: 26 mm), B. cereus (ZOI: 24 

mm), S. typhi (ZOI: 24 mm), and E. coli (ZOI: 21 mm). The 

phytochemical analysis of the ethanolic extract revealed the 

presence of compounds such as flavonoid, alkaloid, tannin, 

saponins, amino acids, and glucosides [77]. Lim et al. (2020) 

evaluated the antibacterial activity of fruit extract of D. metel 

against S. aureus and E. coli by disc diffusion method [78]. The 

fruit extracts were found effective against S. aureus (ZOI: 7.3 

mm) and E. coli (ZOI: 9.0 mm). The antibacterial activity of 

the extract was related to the presence of terpenoids, 

alkaloids, steroids, and tannins [78].  

Venkanna et al. (2013), investigated the antibacterial activity 

of ethyl acetate and methanolic extracts of Datura 

stramonium flowers and leaves against methicillin-resistant S. 

aureus (MRSA) using the agar well diffusion technique [79]. 

The ethyl acetate extract of leaves showed the highest 

inhibitory activity against MRSA (28±1) and the MIC was 

found to be 0.156±0.02 mg/mL. The thin layer and silica gel 

chromatography of ethyl acetate extract of leaves showed the 

presence of phenolics, alkaloids, steroids, terpenoids, tannins, 

and saponins [79]. Shagal and colleagues (2012) investigated 

the antibacterial activity of aqueous and ethanolic extract of 

stem-bark of D. stramonium [80]. The bacterial species used 

for the study were S. typhi, S. aureus, Shigella sp., K. 

pneumonia, E. coli, and Neisseria gonorrhea. The study 

showed that the ethanolic extract was found more effective 

than aqueous extract and exhibited antibacterial activity 

against all the tested species except N. gonorrhea. However, 

the aqueous extract was found only effective against S. 

aureus. In the ethanolic extract, the highest ZOI was observed 

against K. pneumoniae (13 mm). The phytochemical 

screening of ethanolic extracts showed the presence of 

alkaloids, flavonoids, glycosides, saponins, and steroids as 

bioactive compounds [80].  

 

5.3.2 Antifungal activity  
Antifungal activity of D. metel was reported in various 

literature. Sharma, (2002) investigated the antifungal activity 

of different solvent extracts (methanol, chloroform, hexane, 

and acetone) of D. metel83. In the study, A. flavus, A. niger, 

and A. fumigatus were used as test organisms. The chloroform 

fraction of D. metel inhibited the growth of all three species of 

fungus at MIC of 625 µg/mL [81]. Dabur et al. (2004) 

examined methanolic extract of D. metel against three 

pathogenic Aspergillus species using the disc diffusion 

method [82]. The methanolic extracts of the plant showed 

significant inhibitory activity against A. flavus, A. niger, and 

A. fumigatus at 0.062 mg/disc concentration.  

Dabur et al. (2005) evaluated the antifungal activity of 2-(3, 

4-dimethyl-2, 5-dihydro-1H-pyrrol-2-yl)-1-methylethyl 

pentanoate (DHP) a completely unique compound extracted 

from D. metel against A. fumigatus, A. niger, A. flavus, C. 

tropicalis, and C. albicans [83]. The results showed that the 
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compound dissolved in DMSO was found effective (90%) 

against all the tested species. The MIC90 of this extract was 

in the range of 21.87 to 43.75 µg/mL against all these fungi 
[83]. Dabur and colleagues (2007) studied the post-antifungal 

effect (PAFE) of DHP on A. fumigatus. They have reported 

that DHP dissolved in DMSO was found to inhibit the 

secretory proteins such as metalloprotease, which plays a 

critical role in virulence of the pathogen [84].  

 

5.3.3 Antiviral activity  
Numerous studies were published on evaluating the antiviral 
properties of D. metel. Roy et al. (2016) conducted in vitro 
studies to prove the efficacy of soxhlet and cold extracts of 
Datura metel (fruit and seed) on rabies virus using Vero cell 
lines [85]. The cell line was infected with the rabies virus at a 
standard concentration of 10-4 titer (RVCS) and treated with 
various concentrations of the extract. The fruit and seed 
extract at 2.5 mg/mL and 1.5 mg/mL have shown 50% 
inhibition of RVCS respectively. This study proves that the 
extract has potential for treating rabies virus under in vitro 
conditions. Roy et al. (2018) evaluated the anti-rabies 
activities of soxhlet and cold extracts of D. metel [86] in vivo 
using albino mice infected with rabies virus (LD50). The oral 
administration of extract of Datura at 60 mg/30 g of body 
weight of mice (intracerebrally) showed that the extract was 
nontoxic to albino mice. In the pre-exposure group treatment, 
20% of infected mice were survived. Whereas 100% mortality 
of the mice was observed in the post-exposure treatment. This 
in vivo studies proves that the Datura has potential antirabies 
properties.  
The atropine bioactive compound extracted from Datura was 

evaluated against New castle disease virus, HSV, Japanese 

encephalitis, Adenovirus, Influenza virus, and Sindbis virus. 

The Primary monkey-kidney cells, chick embryo, and HeLa 

S3 were used to culture the viruses. Atropine was found to 

affect the growth and formation of enveloped viruses, by 

interfering with the glycosylation. Most of the viruses, which 

were multiplied in presence of atropine, were found avirulent 
[87-89]. These published studies indicate that Datura is a 

potential antimicrobial plant.  

 

5.4 Euphorbia 

5.4.1 Antibacterial activity  
Kumarasamy et al. (2008) reported the efficacy of aqueous 

leaf extract of E. hirta against E. coli, S. aureus, P. 

aeruginosa, and B. subtilis91. Singh and Kumar (2013) 

evaluated effect of free and bound (covalently bound to plant 

matrix) form of flavonoids from E. hirta92. The free flavonoid 

of root showed the highest inhibitory activity against S. 

aureus (IZ: 18.33 mm, MIC: 0.039, Minimum bactericidal 

concentration (MBC): 0.078). The bound fruits flavonoid 

showed significant activity against P. mirabilis (ZI: 17 mm, 

MIC: 0.039, MBC: 0.039). However, bound stem extract 

flavonoid showed activity against all tested bacteria. 

Phytochemical screening of bound stem extract of E. hirta 

shown the presence of two flavonoids kaempferol and 

quercetin. 

Kumari and Pandey (2017) tested the antibacterial activity of 

different plant parts of E. hirta (bud, leaf, and stem) [93]. 

Water, methanol, and ethanol solvent extracts were used to 

test antibacterial activity against S. aureus. The highest ZOI 

(20 mm) was observed in methanol leaf extract followed by 

ethanol (15 mm) and water (13 mm) extracts [93]. Saravanan et 

al. (2012) tested ethanol and petroleum ether extracts of 

different parts (leaf, stem, and bud) of E. hirta against several 

bacterial pathogens [94]. The results showed that ethanol 

extract was found more inhibitory than petroleum ether and 

shown the highest zone of inhibition against E. coli (28 mm) 

and S. typhi (33 mm) at 75 µg/mL concentration and at 100 

µg/mL against S. typhi (ZOI: 25.3 mm).  

 

5.4.2 Antifungal activity  

Rao and colleagues (2010) reported the antifungal activity of 

ethanolic extract of the E. hirta leaves collected from August 

to December against A. niger with 13.90±0.11 mm ZOI [95]. 

Singh and Kumar (2013) examined the antifungal activity of 

the free and bound form of flavonoid obtained from E. hirta92 

against C. albicans, A. niger, A. flavus, and T. 

mentagrophytes. The bound flavonoid obtained from root of 

the plants showed highest inhibitory activity against C. 

albicans with 27.66 mm ZOI. The MIC and minimum 

fungicidal concentration (MFC) were determined as 0.039 

mg/mL for this organism. 

Gupta and colleagues (2018) investigated the antifungal 

activity of different solvent (petroleum ether, water, 

chloroform: methanol and ethanol) extracts of E. hirta 

(flowers and leaves)96. The ethanol extract of leaves showed 

maximum inhibitory activity against C. albicans (ZOI: 17±0.1 

mm) and 12.5 mg/mL. The phytochemical analysis of the 

ethanol extract revealed the presence of terpenoids, tannins, 

steroids, flavonoids, alkaloids, glycosides, and carbohydrates.  

 

5.4.3 Antiviral activity  

Traditionally, E. hirta was used in curing dengue fever in the 

rural areas of many countries. The leaves of this plant are 

commonly called gatas-gatas or Tawa-tawa and are used in 

the preparation of formulation to cure fever symptoms caused 

by viral infections [97]. Tayone et al. (2014) studied the anti-

dengue effect of whole plant ethyl acetate fraction (EAF) of 

E. hirta [98]. The EAF fraction had significantly reduced the 

plaque-forming capacity of dengue virus serotype 1 by 85%. 

In another study, the ethanol extract of E. hirta inhibited 

serotype 2 of the dengue virus by 34.7% [99]. 

Gyuris et al. (2009) studied the antiretroviral properties of E. 

hirta on HIV1, HIV2, and Simian immunodeficiency virus 

(SIVmac251) in metallothionein 4 (MT4) human T 

lymphocyte cell line [100]. The concentration of 442 μg/mL 

was determined as cytotoxic inhibitory concentration. The 

direct aqueous extract of aerial parts of E. hirta was found to 

inhibit the reverse transcriptase activity of the virus HIV1, 

HIV2, and SIVmac251 with IC50 values of 38, 22, and 177 

μg/mL respectively. In further studies, the 50% methanol and 

aqueous extracts were studied on HIV1, both the extracts have 

exhibited a higher level of antiviral activities with an IC 50 

value of 5 and 9 μg/mL respectively. In another treatment, 

when the tannins were removed from the aqueous extract, the 

antiviral activity was drastically reduced, and the author 

concluded that tannins were responsible for the antiretroviral 

activity.  

Rotavirus causes diarrhea in children below 5 years. Even 

though the vaccine is available for rotavirus, the efficacy was 

not proven on various strains and there is a concern on 

various side effects and health issues. To develop the 

phytomedicine Arun et al. (2019) studied the anti-rotavirus 

properties of acetone extract prepared from whole plant of E. 

hirta under in vitro conditions using MA104 (African Green 

Monkey fetal kidney) cell line [101]. The results showed that 

the higher antiviral activity was observed after incubation of 

cell line with extract before infection. The antiviral activity 

was reduced by 50% after infection and antiviral properties 

was attributed to the presence of bioactive compounds such as 
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steroids, flavonoids, alkaloids, phenolics, and tannins.  

Siva Ganesh et al. (2015) conducted molecular docking 

studies to find out the anti-dengue bioactive compounds from 

the E. hirta [102]. The bioactive compounds such as myricetin, 

rutin, quercetin, protocatechuic acid, kaempferol, and gallic 

acid from E. hirta have been subjected to docking study using 

Lead IT (FlexX) and Maestro (Glide) software. The dengue 

methyltransferase (2P40) and dengue protease (2FOM) virus 

have been used as target sites for modulation study. Out of 

these bioactive compounds, quercetin shown strong binding 

activity with both the targets and found potential to develop 

drug against the dengue viruses.  

 

5.5 Ocimum  

5.5.1 Antibacterial activity  

Geeta and colleagues (2001) analysed the antibacterial 

activity of aqueous and alcoholic extracts of Ocimum sanctum 

leaves [109]. The aqueous extract showed the highest ZOI (˃ 20 

mm) against Klebsiella aerogens, S. typhi, and S. aureus. 

Whereas the alcoholic extract showed the highest inhibitory 

activity against Vibrio cholera. Singh et al. (2005) evaluated 

the antibacterial activity of fixed oil extracted from O. 

sanctum L using petroleum ether against Bacillus pumilus, S. 

aureus, and P. aeruginosa [110]. The linolenic acid was found 

effective against S. aureus. Naik and colleagues (2015) tested 

antibacterial activity of methanol, acetone, and hexane leaf 

extracts of O. tenuiflorum [111]. The acetone and methanol 

extract have shown the highest inhibitory activity against E. 

coli with a 7 mm zone of inhibition.  
Yamani et al. (2016) tested the effect of essential oils 
extracted from leaves and inflorescence of O. tenuiflorum 
against bacterial pathogens [112]. The essential oils at 2.25% 
and 4.5% concentration were found to inhibit the growth of 
MRSA and E. coli respectively. The gas chromatography-
mass spectrometry (GC-MS) analysis revealed the presence of 
eucalyptol, camphor, and eugenol compounds. The 
Mallikarjun et al. (2016) evaluated the ethanolic leaf extract 
of Tulsi against periodontal pathogens [113]. The extract 
showed the highest ZOI (˃35 mm) against A. 
actinomycetemcomitans at 5% and 10% concentrations. 
Saravanakumar et al. (2018) evaluated the antibacterial 
activity of ethanol, methanol, and acetone extracts of O. 
tenuiflorum leaf using the agar well diffusion method114. In 
the study ethanol extract showed the growth inhibition of 
Salmonella gallinarum (ZOI: 18mm±1.25).  
 

5.5.2 Antifungal activity  
Khan et al. (2010) evaluated the antifungal activity of water 

extracts and essential oil of five medicinal plants [115]. In the 

study, Tulsi essential oil (TEO) showed effective inhibition 

against C. tropicalis and C. albicans with MIC90 value of 

0.024% v/v. The GC-MS profile of TEO revealed the 

presence of compounds linalool (44.3%), 1, 8-cineole 

(21.7%), methyl eugenol (6.3%), and eugenol (4.4%). Gupta 

and colleagues, (2014) examined the antifungal activity of 

water extracts prepared from leaves of O. sanctum [116] against 

A. niger, Cladpsporium sp., Curvularia lunata, and Rizopous. 

The results showed extract at 40% concentration was found to 

inhibit ~75% growth of A. niger, Cladpsporium sp., and 

Rizopous. Whereas 30% extract was found to inhibit the 

growth of C. lunata by 75% [116]. 

Gopalkrishna et al. (2016) tested the antifungal activity of O. 

sanctum seed oil extract prepared using petroleum ether 

against fungal oral pathogens such as C. albicans ATCC 

90028, Candida dubliniensis MYA 646, Candida glabrata 

90030, Candida krusei 6258, Candida parapsilosis 22019, 

and C. tropicalis 13803 [117]. Seed oil, at 7 µl concentration 

showed 61 mm zone of inhibition against C. krusei 6258. The 

neutral lipids (NL) fraction and unsaponifiable matter (UM) 

of seed extract showed 2.5 µL as MIC value against C. 

albicans and C. krusei. The mixtures of phospholipids (PL) 

and unsaponifiable matter (UM), at 1.25 µL was determined 

as MIC against C. albicans and C. krusei.  

 

5.5.3 Antiviral activity  

Ghoke et al. (2018) studied the antiviral properties of O. 

sanctum leaf hydro-methanolic extract on the influenza H92 

virus118. The authors have tested the different extracts of the 

plant (polyphenols, crude extract, and terpenoids) on virus in 

chicken eggs model. All the extracts have shown antiviral 

properties, however significant (p < 0.001-0.01) reduction of 

viral nucleic acid was observed at the lowest concentration of 

crude and terpenoids fraction and maintained the antiviral 

activity for > 72 hours. Jayati et al. (2013) studied the hot 

water extract prepared from leaves of O. sanctum against New 

castle disease virus (NCDV) in chicken embryo fibroblast 

monolayer culture (CEFMC) [119]. The dose at 10 mg/mL was 

found nontoxic to cells and a brought virus titer to the lowest 

concentration. The absence of non-cytopathic effect and lower 

virus titer in CEFMC were the indicative and confirmative 

results for antiviral properties. 

Chiang et al. (2005) evaluated the antiviral properties of 

purified ethanol and water extracts of Ocimum basilicum on 

various RNA (enterovirus 71 (EV71), coxsackievirus B1 

(CVB1)) and DNA viruses (hepatitis B virus (HBV), 

adenoviruses (ADV), and HSV) [120]. In the study, the purified 

components such as linalool, ursolic acid, apigenin showed 

broad-spectrum inhibitory activity against various viruses. 

Out of these purified compounds the ursolic acid shown the 

strongest antiviral activity against HSV-1, ADV-8, CVB1, 

and EV71 with an EC50 of 6.6 mg/L, 4.2 mg/L, 0.4 mg/L, 

and 0.5 mg/L; selective index of 15.2, 23.8, 251.3, and 201 

respectively. The linalool was found potent against ADV-11 

with EC50 of 16.9 mg/L and selective index of 10.5. Whereas 

the apigenin was found inhibiting HSV-2, ADV-III, and HBV 

with an EC50 of 9.7 mg/L, 11.1 mg/L, 7.1 mg/L, with a 

selective index of 6.2, 5.4, and 2.3 respectively. 

Kapewangolo et al. (2017) studied the antiviral activity of 

ethanol extract and isolated component (pheophytin a) 

obtained from leaves of O. labiatum on HIV1 expression [121]. 

At, the IC50 value of 49.8±0.4 μg/mL, the crude extract 

inhibited HIV1-protease activity and showed milder inhibition 

(20%) of HIV-1 reverse transcriptase. The extract showed a 

cytotoxic effect on U1 cells at 42.0±0.13 μg/mL and affected 

the replication of HIV1 at 25 μg/mL. The active compound 

from the crude extract was isolated and identified as 

pheophytin and tested against the HIV1-protease. Pheophytin 

was found to inhibit HIV-1PR at 44.4±1.5 μg/mL, (C50) and 

shown a CC50 value of 51.3±1.0 μg/mL in U1 cells. The leaf 

extract of O. sanctum is known to contain many secondary 

metabolites (linalool, apigenin, ursolic acid, and eugenol) and 

which are proven, antiviral agents. The essential oil and 

various parts of aqueous extract of O. sanctum were evaluated 

on encephalitis patients [122]. The essential oil and the extract 

shown antiviral activities on poliovirus type-3 [123], WSSV, 

infectious pancreatic necrosis virus [124], HBV, and RNA 

viruses (CVB1, HSV, ADV, and EV) [125, 126].  

Joshi et al. (2014) demonstrated the anti-H1N1 activity of 

using leaf ethanol extract of O. sanctum in MDCK cells [127. 

The extract showed a low cytotoxic effect and reported CC50 

value of 726.2±3.1 µg/mL. For 0.1, 1, 5, and 10 multiplicity 
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of infection (MOI) of the virus, the IC50 value of 38.6±2.2, 

44.7±0.7, 54.1±1.4, and 55.5±0.9 µg/mL were observed 

respectively. In the study, it was found that post-infection 

treatment was found more effective than the simultaneous and 

pre-treatment mode. The extract was mainly found to affect 

replication and protein synthesis. The important bioactive 

compounds of the all medicinal plants mentioned in this 

review and their mode of action are listed in table 2. 

 
Table 2: Bioactive compounds of all medicinal plants and their mode of action 

 

Group Bioactive compound Medicinal plant Mode of action References 

Anthraquinone 

Aloin A. vera Destruct the phospholipid bilayer of the virus 54 

Aloin A. vera Proteolytic activity on 3C replicase of the virus 53, 55 

Acemannan A. vera 
Glycosylation of viral protein and also affects the cell fusion and virus 

release 
52 

Chrysophanic Acid A. vera Affects the penetration, initial cleavage of translation of viral RNA 53, 54 

Aloe-emodin A. vera Affects the synthesis of nucleic acid 58 

Alkaloids 

Lectins A. vera Affects the protein synthesis 57 

Atropine D. metel 
Inhibits the growth of enveloped viruses by blocking the process of protein 

glycosylation 
87 

 D. metel Inhibits spore germination 81 

5’,7’ dimethyl 6’-hydroxy 3’, 

phenyl 3 α-amine β-yne Sitosterol 
D. metel 

Affect the synthesis of peptidoglycan layer of bacterial cell wall which leads 

to osmotic shock and cell death 
74 

 E. hirta Creates surface cracks which may relate to cell collapse and loss of function 103 

Terpenoid 

Alpha tocopherol C. dactylon Increases the permeability of the bacterial cell membrane 67 

Phytol C. dactylon Inducing oxidative stress response 68 

 O. sanctum 
Disturbs bacterial and fungal cell and cytoplasmic membrane. Inhibits virus 

replication 
130 

Camphor O. sanctum Destabilization of membrane phospholipids, enzymes and proteins 132 

Linalool O. sanctum Interfere with the integrity of cell and cytoplasmic membrane 134 

Ursolic acid O. sanctum 
Suppress viral p65 phosphorylation to prevent nuclear factor κB (NF-κB) 

pathway (control of virus replication) 
135 

Flavanoids 

Catechin C. dactylon Inhibits the entry step of several viruses 73 

 D. metel Disturbs the permeability of bacterial cell membrane which leads to cell lysis 90 

Quercetin E. hirta Increases the permeability of bacterial cytoplasmic membrane 105 

Kaempferol E. hirta Inhibits ATPase activity by binding to bacterial DNA helicase 106 

 O. sanctum Inhibits nucleic acid synthesis 128 

Apigenin O. sanctum 
Interact with bacterial membrane and lead to cell lysis. Inhibits bacterial 

DNA gyrase. 
136, 137 

Saponins  C. dactylon Causing leakage of proteins and certain enzymes from the cell 72 

Tannins 
 E. hirta Inhibits viral replication 100 

 O. sanctum Inactivates transport proteins of cell envelope 129 

Glycoside Rutin E. hirta Damage to cell membrane which could result in leakage of cellular proteins 104 

Steroids  C. dactylon 
Associate with membrane lipid and exerts its action by causing leakages 

from liposomes 
71 

Fatty acid Oleic acid C. dactylon Inhibits bacterial attachment 69 

 Linoleic acid C. dactylon Induce autolysis of bacterial cell walls 70 

DHP  D. metel Inhibits secretory protein 84 

Phenolic acid 

Gallic acid E. hirta Inhibits efflux pumps, which are involved in generating resistance bacteria 107 

Gallic acid E. hirta 
Damage to cell membrane which results in leakage of essential intracellular 

constituents 
108 

Polyphenols  O. sanctum Disrupts fungal cell wall by forming complexes with soluble proteins 131 

Phenylpropanoid Eugenol O. sanctum Deterioration, lysis, protein and lipid leakage of bacterial cell wall 133 

 

6. Medicinal plants and their application in overcoming 

multidrug resistance of microbes 

The resistance of pathogenic microbes to various drugs is a 

global concern. As per the estimate by 2050, AMR will cause 

~10 M deaths at an expense of hundred trillion dollar [138]. The 

excess and irrational use of antimicrobial agents 

(antibacterial/antiviral/antifungal) has led to the evolution of 

resistant strains. The AMR properties from resistant strains 

are transferred to the progeny through gene transfer 

(horizontal/vertical). The inheritance of these drug resistance 

genes causes the development of microbes which are resistant 

to various new drugs hence, AMR is a huge socio-economic 

concern. Plants have been a source of therapeutic agents 

(antimicrobial, analgesic, antineoplastics, and cardio 

protective agents) from many years and secondary 

metabolites of plants are the most important products139]. The 

phytochemical extracts of plant are complex mixture of 

various chemicals, therefore it’s very difficult for a microbe to 

develop resistance against these extracts [140]. The 

phytochemical extract of plants kill microbes and prevent the 

disease by various actions such as inhibiting protein 

interactions, cell signalling, multiplication, infection process, 

cell wall structure, DNA/RNA synthesis, intermediary 

metabolism, cytoplasmic constituents and also can modulate 

immune responses [141]. Fresh A. vera gel was used by Banu et 

al. [142], against MDR bacteria at 200 µg/ml MIC 

concentration to prevent wound infection caused by MDR 

Pseudomonas aeruginosa [143]. Grimaudo et al. [144], tested 

antitumor effects of aglycon aloe-emodin from A. vera on 

human MDR leukemia cell line. Aloe-emodin was found to 

cause cytostasis and inhibit cell cycles (S and G2-M). A 

flavonoid, kaempferol showed a cytotoxic effect on leukemia 

cells and induced apoptosis by inhibiting the MDR protein 
[145, 146] and also increased the Bax/Bcl-2 ratio. A carboxylic 

fatty acid isolated from A. barbadensis formulated as an 

ointment was tested against MDR, K. pneumoniae, E. coli, S. 

aureus, P. aeruginosa, Talaromyces flavus, and C. albicans. 

In the study formulated ointment exhibited anti-infective 

activity and found effective wound healing agent [147]. 

Shokeen et al. [148], tested antigonorrhoeal activity of eugenol 

(85-256 mg/L) extracted from O. sanctum against various 

MDR Neisseria gonorrhoeae. The hydroalcoholic root extract 

of C. dactylon, showed significant growth inhibition of MDR 

P. aeruginosa [149].  
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7. Market demand and the commercial products of the 

selected medicinal plants  

Medicinal plants play a vital role in pharmacological research 

and drug development due to the presence of various 

phytochemicals and bioactive compounds. As per World 

Health Organisation (WHO), around 25% of modern drugs 

are derived from medicinal plants.  

The international market demand for medicinal plants is 

growing at a rate of 7% annually. The annual export of Indian 

medicinal flora is worth of 1200 million rupees. The 

worldwide alternative medicine marketplace is projected to 

reach 296.3 billion US dollars by 2027 and is growing at a 

compound annual growth rate (CAGR) of 19.9%. The Indian 

traditional medicine market is estimated to reach INR 710.87 

billion by 2024, with a CAGR of ~16.06% [150].  

All the medicinal herbs selected for this study are having 

large market demand and commercial importance. The 

worldwide Aloe vera extract market was 1.60 billion USD in 

2018 and is predicted to grow at a CAGR of 7.6% from 2018 

to 2025 [151]. The companies such as Aloe Laboratories Inc., 

Patanjali Ayurved, India, Herbalife International of America, 

Lily of the Desert, and Terry Laboratories Inc are working on 

Aloe vera extract.  

Various Ayurvedic products of of E. hirta are sanjivani vati, 

Chhoti dudhi juice, Chhoti dudhi ras, E. hirta powder, and 

Vrikka sanjivini vati. Also, Datura extracts are used in the 

manufacturing of pain relief drugs and asthma. Topical pain 

relief market size is projected to reach 11.78 billion USD by 

2025, at a 6.25% CAGR152. As per Fior Markets, the 

worldwide asthma spacers marketplace is predicted to raise 

from 1.44 billion USD in 2017 to 2.05 billion USD by 2025 at 

a CAGR of 4.14% [153]. 

Tulsi is categorized as a high-value crop. The key companies 

working on Tulsi extracts are, Ambuj Naturals, Frontier 

Natural Products, Greenwell Overseas, Mountain Rose Herbs, 

Rosa Food Products, and Sajeevan Organic. The various 

products of Tulsi plants are Tulsi drops, juice, ghan vati, face 

wash, Ginger tea, Chyawanprash, Tulasi tablets, and 

Immunocharge pill.  

 

8. Conclusion and future perspective 

Plants and their products were used for medicinal purposes 

for a very long time. Without any knowledge, and as a 

practice, many plants were consumed and used in treating 

diseases caused by pathogenic microbes. With the 

advancement of science and technology, the research on 

various medicinal plants and their antimicrobial properties 

were systematically studied and bioactive compounds from 

the plants were accurately identified and used for the 

development of concentrated drugs. The drugs, which were 

developed from medicinal plants, were found safe, more 

potent without any side effects, less cytotoxic, and broad-

spectrum. Because of these properties in recent years, plant 

medicines are gaining more focus. Several antimicrobial 

studies with various solvent or crude extracts of these selected 

medicinal herbs or bioactive compounds showed promising 

antimicrobial activity against various types of bacteria, fungi, 

and viral pathogens of mammals. Hence, the drugs developed 

from these herbs can act as alternative medicines to synthetic 

drugs and could be a potential solution for the emerging 

antimicrobial resistance problem. Since there is a huge 

demand for natural medicines in the global market, farmers 

can consider and cultivate these medicinal crops in marginal 

lands to increase their income. Even though there are several 

advantages with plant-based antimicrobial agents, certain 

challenges such as bioavailability, the appropriate 

concentration, and tissue penetration need to be addressed. 

The scientific communities need to carry out further research 

on these selected plants to identify novel compounds and 

should conduct detailed In vivo and In vitro studies to prove 

the efficacy and to develop new therapeutics for emerging 

diseases.  
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11. Highlights 

This review discusses about the antimicrobial resistance and 

the possible mechanisms. Systematically reviewed the broad-

spectrum antimicrobial properties (bacterial, fungal, and viral) 

of five medicinal herbs and their importance in alternative 

drug development.  

 

12. Traditionality 

Alternative medicines are in line with the traditional 

medicines. The selected herbs were used for treating many 

ailments and are cited in the history of Ayurveda.  
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fungicidal concentration; MIC, minimum inhibitory 

concentration; MRSA, methicillin-resistant Staphylococcus 

aureus (MRSA); TIM, traditional Indian medicine; ZOI, zone 

of inhibition. 
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