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Abstract 
The herbal and traditional systems of medicines including Ayurveda and Chinese present many valuable bioactives for further 
research and development to contain the rising anti-microbial resistance (AMR) worldwide. These include Asparagus, Indian 
ginseng (Withania somnifera), Indian berberis (Tinospora cordifolia), Neem (Azadirachta indica), Indian Kudzu (Pueraria tuberosa) 
among others. They can act synergistically including with the modern antibiotics for better efficacy, safety and saving cost and 
pain, efforts. The mechanism of action of promising Bioactives such as “Quercetin” and “Curcumin” includes quorum sensing 
(QS), inhibition of biofilm, destruction of cell wall or disruption of cell cycle, antioxidant nature and modulation of host 
immunity. Poor bioavailability of bioactives is a challenge and nanotechnology can help in higher efficacy. 
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Introduction 

Antimicrobial resistance (AMR) is among the top 
public health risk worldwide [1]. Bacterial AMR was 
estimated to cause 1.27 million global deaths in 2019 
and secondary cause in nearly 5 million deaths. WHO 
states that AMR is mainly caused by the misuse 
(wrong prescription) and overuse of antimicrobials in 
humans and animals leading to the evolution of drug-
resistance among the emerging pathogens strains [2]. 
Further, poverty implies lack of sanitation, hygiene 
and medical care, so AMR affects harshly the low- and 
middle-income countries. AMR challenges the gains 
of modern medicine, making it harder to treat 
infections and makes other medications risky such as 
cancer chemotherapy, surgery and caesarean sections. 
World Bank estimates that AMR could inflict by 2050 
additional healthcare costs of US$ 1 trillion, and by 
2030 gross domestic product (GDP) losses per year of 
GDP US$ 1 trillion to US$ 3.4 trillion [3]. As the 
extant antibiotics fail to provide relief or cure the drug 
companies advance their newer versions but that too 
begin to fail after a few years against the ever-evolving 
microbes. Cephalosporin, Tetracycline and 
Levofloxacin, are favorite antibiotics since 1950s for 
instance, and are in their 5th generation or found 
ineffective in a decade or two [4]. 

Hence, alternatives to antibiotics are being developed, 
including from natural products such as 
phytochemicals [5-7]. This includes traditional 
systems of medicine such as Ayurveda [8,9] and the 
Traditional Chinese medicine (TCM) [10]. In TCM, 
the anti-microbial effects mechanism postulated 
includes quorum sensing (QS), inhibition of biofilm, 
bactericidal effects and modulation of host immunity 
[10]. QS is a bacterial cell-cell communication 
mechanism that regulates bacterial gene expression in 
a population density-dependent manner. In fact, 
Ayurvedic medicines such as herbal decoction was 
regularly consumed in large number of Indian 
families during COVID-19 pandemic during 2020-22 
and could have caused higher immunity and 3-4 times 
lower prevalence and mortality due to the bioactives 
such as polyphenols elucidating their mechanism of 
action [11,12].  

Antibiotic-Less Surgery and Bioactives 

A striking example of Ayurveda use in avoiding 
antibiotic made news in 2017 as Benign Prostate 
Hyperplasia (BPH) surgery of the ‘clean 
contaminated’ class was done without the use of any 
antibiotic [13]. The patient had a history of severe 
intolerance to them. It needed routinely 3 doses of 
prophylactic antibiotic as American Urology 
Association recommendations. It was 83-year-old 
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male patient with acute urinary retention. His BPH 
was managed continuously on Ayurvedic therapy for 
many years but needed inevitable surgery later but 
antibiotic prophylaxis avoidance seemed unusual, 
challenging. Holmium laser enucleation of prostate 
(HOLEP) was done with Ayurvedic medicine support 
sans antibiotics. The post-operative recovery was 
unusually faster and remarkable. Considering WHO 
call for post-antibiotic era, this successful case requires 
research into Ayurveda, to address AMR. 

The patient was operated upon for removal of BPH 
on 1st March, 2016, at Anand hospital, Meerut. Post- 
operative recovery was exceptionally quick and he was 
discharged from the hospital in a satisfactory 
condition on 3rd March, 2016. Ayurvedic medicines 
were started 3 days pre-operatively and continued for 
two weeks post-operatively in doses and combinations 
as prescribed by a team of competent Ayurvedic 
physicians of the country. It contained the herbs 
below in Table 1. 

 
Table 1: Herbs, bioactives and antimicrobial action of Ayurvedic prophylaxis in Surgery. 

Ayurvedic Herb Botanical 
Name 

Bioactives & Antimicrobial Action 

1. Amla [14], 
(Embelic Myrobylan) 

Emblica 
officinalis 

“Flavonoids” inhibit RNA synthesis. Tannins inhibit extracellular microbial 
enzymes, depriving substrate, inhibit oxidative phosphorylation* 

2. Giloy [15], (Indian 
Berberin)*# 

Tinospora 
cordifolia 

“Cordifoliside” C interacts with the TolB protein inhibiting growth 

3. Haldi Extract 
(Turmeric), [16] 

Curcuma 
longa 

“Curcumin” disrupts microbial cell structures to inhibit essential microbial 
enzymes, modulate host immune responses 

4. Neem (Indian lilac, 
Margosa), [17] 

Azadirachta 
indica 

“Azadirachtin”, anti-biofilm-forming strains 

5. Shigru 
(Drumstick), [18] 

Moringa 
oleifera 

“Free fatty acids” show detergent properties to disrupt the cellular membrane 
integrity or the enzymes functionality in the electron transport. 

6. Tulsi (Holy Basil), 
[19,20] 

Ocimum 
sanctum 

“Eugenol” reduces the production of pyocyanin and Pseudomonas quinolone 
signal (PQS) PQS, inhibits biofilm, anti-listerial biofilm agent#, Inhibition of 

ergosterol biosynthesis [21] 
*Also, Phenol’s control protein to lipid ratio, functioning of membrane and ion channels, Catechins disrupt membrane integrity of lipid 
bilayers. Kaempferol inhibits protein kinase C and possess high antibacterial properties for combating multidrug-resistant pathogens (MRSA 
and VRE). *#also- Heart-leaved moonseed. #Further, synergistic interactions between the many constituents found within plant extracts 
may provide a benefit over a single isolated ingredient; this may explain the efficacy of lower doses of herbal products like neem oil as compared 
to individual compounds [17]. Besides the study underscores the synergistic effect of neem/ other herbs/ phytochemicals as antibiotics 
adjuvants as beneficial, including multidrug-resistant enteric bacterial species. 
 
Moreover, the ingredients drugs include “Panchtikta 
Ghrita Guggulu” which is commonly used 
formulations by Ayurvedic Physicians for Kushta 
(leukoderma), Visarpa (herpes), Arsha (Piles), 
Bhagandar (Fissures) etc. It contains the herbs Vasa 
(Adhatoda vasica), Nimba (Azadirachta indica), 
Guduchi (Tinospora cordifolia), Kantakari (Solanum 
surattense), Patola (Tricosanthes dioica) and Ghrita 
(Cow’s Milk Fat).  Antimicrobial study of Panchatikta 
Ghrita was studied against E. coli, Streptococcus pyogens, 
Staphylococcus aurens, Salmonella typhi, Candida albicans 
[22]. A study compiled antimicrobial effect of 56 
Ayurvedic herbs [23,24]. 

Infection Wise Herbs Case Studies 

Urinary Tract 

Prevalence of uropathogens and antimicrobial 
potential of 3 ayurvedic herbs viz., Anantmul 
(Hemidesmus indicus), Gulkhair (Malva sylvestris) and 

Manjishtha (Rubia cordifolia) against the urinary tract 
infection pathogens was studied in Uttarakhand state 
[25]. The most prevalent pathogen was E. coli (42%) 
but Alcaligenes faecalis (3%) the least. The methanolic 
extract of Manjishtha exhibited maximum 
antibacterial property against E. coli (29.3±0.47mm) 
The methanolic extract of Gulkhair showed highest 
potential against E. coli (23.7±0.94 mm) while 
aqueous extract of Gulkhair exhibited maximum 
antimicrobial effect against E. coli (18.7±0.25 mm). 
The methanolic extract of Anantmul exhibited 
medium antibacterial property against E. coli 
(18.3±0.47mm). 

Gastric Ailments 

Important Ayurvedic formulations’ effect on various 
enteric microbes were tested viz. Escherichia coli, 
Staphylococcus aureus, Enterobacter aerogenes, 
Pseudomonas aeruginosa, Bacillus subtilis, Klebsiella 
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pneumoniae, Salmonella typhi, Staphylococcus epidermidis, 
Salmonella typhimurium and Proteus vulgaris [26]. 
Triphala Churna, Hareetaki Churna, Dashmula 
Churna were found potent antibacterial agents 
against S. epidermidis, P. vulgaris, S. aureus, E. coli, P. 
aeruginosa and S. typhi. These are just 2 examples, 
among the numerous such reports. 

Leukorrhea Wound Healing 

Leukorrhea or vaginitis could be primarily caused by 
yeast infections, bacterial vaginosis or 
Trichomoniasis. The hydro-alcoholic extract of a 
novel vaginal herbal formulation was prepared by 
adding Ayurvedic dried stems of Neem (Azadirachta 
indica) and Seeta Ashoka (Saraca asoca) trees, used for 
heavy menstrual bleeding (HMB). Antimicrobial 
action was evident in pre-clinical studies, no toxicity, 
phenolic compounds’ presence and sustained drug 
release pattern for this muco-adhesive vaginal tablet. 
This double-blind randomized clinical study 
comprised 363 females equally divided into the 
placebo, standard drug, and four research drug groups 
for 15 days. Subjective primary and secondary 
symptoms as well as objective biochemical parameters 
and vaginal fluid were analysed pre & post treatment. 
Clinical study results indicated that all 4 research drug 
groups exhibited comparable or better therapeutic 
efficacy compared than the standard drug- Candid V-
6 tables (ER, drug Clotrimazole (100mg)) of 
Glenmark pharmaceuticals. The research formulation 
resulted in 80-90% inhibition of subjective symptoms 
and demonstrated strong and significant (p<0.05) 
antimicrobial action. Seeta Ashoka is a dream tree 
with multiple uses including gynecological issues, 
where its favorite drug, due to tannin and polyphenol 
bioactives and aids in wound healing like many other 
Ayurvedic herbs [24].  But its bark is harvested which 
is destructive practice and tree population is small, 
limited to southern western Indian mountains besides 
Sri Lanka so it’s a threatened with extinction, and its 
substitution by Coriander or other such cultivated 
herbs is necessary to avoid resource depletion and 
scarcity in future [28]. 

Ayurvedic Herbs to Manage Viral Diseases 

Psoriasis 

Ayurveda treatment of Vaman-Virechana (vomiting-
laxatives) effectiveness was observed in managing the 
recurrent psoriasis of a 38-year male having psoriasis 
and mild arthritis was diagnosed by Ayurveda as 
Ekkustha (Kapha-Pitta Dominance) Ayurveda [29].  
Vomiting-laxatives and aforesaid Panchtiktaghrit 

Gugglu were administered and the symptoms were 
assessed with Psoriasis Area and Severity Index (PASI) 
score at pre and post therapy in 6 months follow up 
en the PASI score Improved (reduced from 37.7 to 
8.7). During follow up period no recurrence observed.  

Herpes 

A 65-year-old female known case of Type 2 Diabetes 
(DM) in Casualty of Government Ayurved College, 
Nagpur (GACN) also suffered from Herpes (H. zoster) 
who was treated by Ayurvedic principles of Pittaj 
Visarpa. Bloodletting with Jalauka (~Medicinal 
Leeches- Hirudo medicinalis) and internal medication 
mainly comprising (Asparagus racemosus) + Gokshur 2 
gm (Tribulus terestris) + Lodhra (Symplococus racemosus) 
[30].  Rapid decrease in pain severity was observed 
after the 1st setting of leech therapy according to 
Zoster Specific Brief Pain Inventory (ZBPI) 
Questionnaire. Pain reduced after each seating. 
Repeated Jalauka application along with internal 
medications led to the complete relief. Type 2 DM 
was treated as per modern medicine. Ayurveda pain 
management in Herpes zoster by leech therapy gives 
innovative easy, better and cost-effective treatment. 
Leech is abundant, not threatened animal and not 
under any wildlife trade restriction schedule. Other 
clinical study on Ayurveda cure of herpes is also noted 
[31]. 
Asparagus contains bioactives steroidal saponins, 
Tribulus contains polyphenols with ample flavonoids 
and Symplocos contains flavanol glucosides like Ellagic 
acid and alkaloides like Loturine [32]. It’s a tree 
threatened with extinction vide IUCN red listing 
criterion so needs to be substituted by cultivated herbs 
as Coriander as in the aforesaid case of Seeta Ashoka 
[33]. 

COVID-19 

All India Medical Sciences (AIMS) institute, Jodhpur 
conducted study of 150 mild-moderate COVID-19 
patients who were enrolled and randomized in 1:1 to 
NAOQ19 and placebo group [34]. RT-PCR was done 
on Day 3, 5 and 7. CBC, CRP, LFT, and KFT were 
assessed at baseline and exit. The ayurvedic 
preparation given along with standard of care therapy 
reduced the duration of hospital stay and there was 
earlier conversion to RT-PCR negative. The 
integrated approach can help to reduce patient 
workload in the hospitals as well as limit the 
transmission of the virus in the community. The 
novel Ayurvedic herbs-based formulation contained- 
Ashwagandha- Withania Somnifera, Bilwa-Aegle 
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Marmelos, Yashtimadhu (Licorice)- Glycyrrhiza 
glabra, Vasaka (Malabar nut)- Adhatoda Vasica, Pippali 
(Black Pepper)- Piper Longum, Bhumiamla- Phyllantus 
fraternus, Bhunimba- Andrographis paniculata, 
Turmeric, Tulsi, Giloy among others, all being proven 
antimicrobial herbs. 
Docking Studies at Pune university, India indicated 
that many phyto-constituents of Ashwagandha 
(Indian Ginseng, Withania somnifera) such as 
Withanoside and Rutin (a Quercetin precursor) from 
Asparagus and Tinosporasaide from Giloy affect the 
(a) Spike protein, (b) Main Protease and (c) RNA 
polymerase of the virus, and indicating no adverse 
herb-drug pharmacokinetic-pharmacodynamic 
interactions the conventional drug therapy. But oral 
bioavailabity remained poor [35], so nanotechnology 
may help to deliver. 
Some Rasayana (i.e., anti-aging, vide Ayurveda) drugs 
are common in diet, and most families drank spice 
decoction daily called “Kadha” in vernacular, 
consisting of Tulsi (Hoy Basil)/ Giloy/ Licorice/ 
Arjuna described below (Terminalia arjuna) during the 
COVID-19 pandemic to raise immunity [11,12,36]. 
The most important immunomodulatory Indian 
herbs include the Giloy i.e., heart-shaped moon seed” 
and Licorice (Glycyrrhiza glabra) that modulate the 
response of CD4+ and CD 8+ T cells against viral 
infections. In silico studies showed that the regular 
spice consumption caused lower health damage 
countrywide as seen multi-location drug user feedback 
[37]. Similarly, astringent fruit Embelic Myrobylan 
(Phyllanthus emblica) that forms the bulk of the above 
tonic and is often consumed as pickle or jam or juice 
in many Indian families enhances the immunity both 
in vitro and in vivo, especially in natural killer (NK) 
cell-induced cytotoxic activity [38]. 

Other Important Herbs, Bioactives & Synergy 

Bael: The leaves, roots, and fruits of Bael tree (Aegle 
Marmelos) exhibit significant antimicrobial activity 
against many bacteria and anti-inflammatory effects 
due to the presence of various phytochemicals like 
Skimmianine, Marmelosin, and quercetin. Health 
promoting activities of Quercetin including 
antimicrobial are well known [40]. 
Triphala: It is among the most potent of Ayurvedic 
drugs, used for multiple purposes effectively, 
consisting of 3 fruits of wild trees- Embellic 
Myrobyllan (Phyllanthus Emblica), Belleric Myrobylan 
(Terminalia Bellerica) and Chebulic Myrobylan (T. 
Chebula) [40]. These fruits are rich in tannins and 

polyphenols, mainly flavonoids such as Asorbic acid 
(Vitamin C), Gallic acid, Catechin, and Emblicanin 
[41]. It has among the highest of antioxidant values 
among Ayurvedic herbs and global list of herbs & 
spices. Tannin’s toxicity may be related to their action 
on membranes of the microorganisms. Complexation 
of metal ions by tannins may account for tannin 
toxicity. Catechol and pyrogallol both are 
hydroxylated phenols, shown to be toxic to 
microorganisms.  The phenolic toxicity mechanisms 
to microorganisms include enzyme inhibition by the 
oxidized compounds, possibly through reaction with 
sulfhydryl groups or through more non-specific 
interactions with the protein. “Bhasma” i.e., ash of 
Triphala termed as “Mashi” contains phenol group 
may be related to their relative toxicity to 
microorganisms, with evidence that increased 
hydroxylation results in increased toxicity. It is more 
potent than Triphala and this could be due to its nano 
particles that penetrate the tissues more with higher 
efficacy. 
Vidari: The ethanolic and methanolic extract of leaf, 
stem, and tuber of Vidari i.e., Indian Kudzu (Pueraria 
tuberosa), an ethno-veterinary medicinal plant tonic 
in Ayurveda showed a wide range of antimicrobial 
activity against bacteria, Escherichia coli, Bacillus cereus, 
Salmonella paratyphi, and Staphylococcus aureus, as well 
as fungus, Candida albicans, Aspergillus fumigates, and 
Alternaria solani, on agar diffusion assay [42,43]. 

Challenges and Considerations 

Poor bioavailability of bioactives such as Quercetin is 
a challenge and nanotechnology can address it for 
higher efficacy [40]. Synergistic effect of bioactives in 
single plants such as peptides, used singly or as 
adjuvant with allopathic medicines is beneficial and 
needs further research [44,45]. For, it may help 
further promote traditional Chinese medicine (TCM) 
and Ayurveda globally [46]. For, higher risk of AMR 
in patients of cancer-  a leading global disease burden 
is indicated [47,48] and also the superfoods’ utility  to 
address it [49]. 
This study is constrained by being only desk research 
and few multi-drug, multi-location trials can validate 
its findings. 
 

Conclusion 

The herbal and traditional systems of medicines 
including Ayurveda and Chinese present many 
valuable bioactives for further research and 
development to contain the rising anti-microbial 
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resistance (AMR) worldwide. They can act 
synergistically including with the modern antibiotics 
for better efficacy, safety and saving cost and pain, 
efforts. The mechanism of action is multiple such as 
quorum sensing (QS), inhibition of biofilm, 
destruction of cell wall or disruption of cell cycle, 
antioxidant nature and modulation of host immunity. 
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