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Abstract: 
Antibiotic misuse or unregulated use has contributed to the rise and spread of resistant microorganisms. Owing to 
increase rates of resistance and stagnating rates of the discovery of novel antibiotics, the efficacy of conventional 
antibiotics in the treatment of bacterial infections has been put under growing strain. As a result, it is widespread 
to meet bacterial strains that are pan-drug resistant. Fears have been expressed about a "post-antibiotic era" where 
many bacterial illnesses might not be curable. It is essential to investigate alternative non-antibiotic therapy 
methods to guarantee that practitioners have access to a wide range of potent treatments. In an era of multidrug-
resistant (MDR) bacterial infections, the new therapeutic techniques for bacterial infections (beyond antibiotics) 
may offer a solution to shorten the utility of present antibiotics. This review focuses on major alternatives to 
antibiotics on which include: phages, bacteriocins, antibacterial activities of non-antibiotic drugs, quorum sensing 
inhibitors, probiotics, nanobiotics, faecal microbiota transplant, stem cell derived antimicrobial peptides, 
immunotherapeutics, and hemofiltration devices. 
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Introduction 
Today, the potential benefit of lowering the number 
of infections-related deaths has been eclipsed by the 
problem of antimicrobial resistance (AMR). 
Antimicrobial resistance (AMR) is a global crisis. 
Internationally, approximately 1.3 million deaths 
were estimated to be directly attributable to 
antimicrobial resistant bacterial pathogens in 2019. 
In the United States, antimicrobial resistant 
pathogens caused more than 2.8 million infections 
and over 35,000 deaths annually from 2012 through 
2017, according to the Centers for Disease Control 
and Prevention (CDC) and Antibiotic Resistance 
Threats in the United States Report.[1] According to 
estimates, 4.7 million fatalities in Asia could be 
directly linked to AMR by the year 2050. In India, 
extended beta lactamase (ESBL) and 
carbapenemase (CP) manufacturers account for up 
to 12–59% and up to 30% of Escherichia coli, 
respectively, and up to 50% and fast rising 
polymyxin resistance in Klebsiella pneumoniae, 
respectively. Additionally, up to 30% of 

Staphylococcus aureus isolates nationwide exhibit 
methicillin resistance (MRSA). Antibiotic abuse is 
generally known to be one of the main causes of 
antibiotic resistance, hence it is important to 
maximise the use of antibiotics. India is the largest 
consumer of antibiotics in the world i.e., 13 billion 
standard units in 2010 and from 2000 to 2010 the per 
capita consumption increased by 66%.[2] Antibiotic 
resistance has been linked to the ESKAPE 
pathogens (Enterococcus faecium, Staphylococcus 
aureus, Klebsiella pneumoniae, Acinetobacter 
baumanii, Pseudomonas aeruginosa, and 
Enterobacter species). This resistance is linked to a 
high risk of mortality and morbidity, which raises 
the cost of healthcare, especially in ICU settings in 
developing nations. (Founou et al., 2017).[3] The 
world's greatest consumer of antibiotics, according 
to Laxminarayan et al. (2016), has fostered 
conditions that encourage drug-resistant diseases. 
By 2050, it is predicted that the number of human 
deaths brought on by drug-resistant microbes might 

http://www.ijtpr.com/


 
 

International Journal of Toxicological and Pharmacological Research                e-ISSN: 0975-5160, p-ISSN:2820-2651 
 

Perumal et al.                                   International Journal of Toxicological and Pharmacological Research 

68  

increase from roughly 700,000 to 10 million.[4] The 
main aggravating factors include poor public health 
conditions, a lack of public knowledge of drug-
resistant bacteria, a high prevalence of infections, 
easy access to antibiotics, and their careless usage. 
In order to provide clinicians with a robust pipeline 
of efficient medicines, it is necessary to investigate 
alternative non-antibiotic therapeutic methods.[5] 

Different therapeutic modalities may be employed in 
conjunction with antibiotics and could help to 
prolong the shelf life of important drugs. This study 
emphasises on some of the most recent 
developments in this area, such as the use of 
bacteriophages to eliminate bacteria, focusing on 
bacterial virulence factors, and meddling with the 
microbiome to treat infections. Novel therapeutic 
approaches for bacterial infections (other than 
antibiotics) may provide a way to prolong the 
effectiveness of current antibiotics considering the 
emergence of multidrug-resistant (MDR) bacterial 
infections. The main antibiotic alternatives 
discussed in this review are phages, bacteriocins, 
and hemofiltration devices, non-antibiotic 
medicines with antibacterial properties, quorum 
sensing inhibitors, probiotics, nanobiotics, faecal 
microbiota transplant, and stem cell-derived 
antimicrobials. 

Non-antibiotic drugs: 

1. Zinc 

The health of our skin, teeth, bones, hair, nails, 
muscles, nerves, and brain function depends on this 
naturally occurring element. In humans, more than 
200 enzymes and hormones contain zinc. DNA 
creation would not be possible without zinc. An 
important public health problem, zinc deficiency 
was a significant contributing factor to the syndrome 
of teenage nutritional dwarfism, which affects 
children and women in India and other countries.  

One method for preventing episodes of diarrhoea in 
children is to promote zinc consumption. Diarrheal 
illnesses are the second-leading cause of child 
mortality globally, accounting for nearly 2 million 
deaths annually in children under the age of 5. Zinc 
supplementation improves the efficacy of treating 
diarrheal disease. Pneumonia, the common cold, 
respiratory infections, better wound healing, fewer 
paediatric clinical malaria episodes, and immune 
system maintenance in HIV-positive patients are all 
treated with zinc. Lower serum zinc levels have been 
associated with more severe illness and higher death 
in HIV patients. Zinc is a possible pharmaceutical 
replacement for the treatment of ailments.[6] 

2. Bacteriocins: 

Bacteriocins are a diverse group of ribosomally 
produced proteinaceous compounds that are 
produced by bacteria and have antibacterial effects 
on bacteria that are distantly related to the producer 

strain. As with other bacteriocins, such as pyocins 
(from Pseudomonas pyocyanea, now P. aeruginosa) 
and cloacins (Enterobacter cloacae), etc., the suffix 
"cin" was appended to the generating species in this 
instance.[7]  

There is an appropriate quantity of bacteriocins 
known to have a strong activity against Gram-
negative bacteria, including the pathogenic strains, 
while bacteriocins produced from Gram-negative 
bacteria are predominately directed towards Gram-
positive bacteria [8]. Take the colicin groups that are 
regularly reported for E. coli or the S-type pyocin 
group from P. aeruginosa, for instance [9]. 
Infrequently documented bacteriocins include those 
made by Serratia marcescens, Citrobacter freundii, 
Shigella boydii, and K. pneumoniae [10]. Klebicins 
have been shown to be effective against MDR and 
carbapenem-resistant Klebsiella species [12], in 
contrast to entianin, which is effective against 
MRSA (ATCC 43300) and vancomycin-resistant 
Enterococcus faecalis (ATCC 51299) strains [11]. 
Novel enterocins DD28 and DD93 additionally 
demonstrated anti-staphylococcal action against 
MRSA [13], Carbapenem-resistant E. coli or K. 
pneumoniae, vancomycin-resistant, and MDR E. 
faecalis [14]. In order to address problems brought 
on by resistant bacteria, Bacteriocins represent a 
prospective pharmacological replacement for the 
current antibiotics. 

3. Cranberry (Vaccinium macrocarpon): 

By primarily altering the molecular structure of the 
fimbriae on pathogenic strains, pro-anthocyanidins 
in cranberries prevent bacteria from adhering to the 
bladder and urinary tract, and indirectly acting on 
bacteria by lowering intravesical pH, cranberry juice 
may help prevent and relieve the symptoms of 
urinary tract infections.[15] Cranberries have the 
potential to replace current antibiotics in the 
treatment of diseases caused by resistant bacteria. 

4. Faecal microbiota transplant (FMT): 

According to a study, FMT is a successful treatment 
plan for persons with CDI (Clostridioides difficile 
infection) and other gastrointestinal conditions as 
IBS (Irritable bowel syndrome), colitis, 
constipation, diarrhea, etc.[16] Clinical studies have 
shown that autologous FMT (aFMT) is superior to 
probiotic therapy and induces a quick and nearly full 
recovery of Gastrointestinal microbiota in human 
patients who have been exposed to antibiotics. [17] 

5. Probiotics/ Prebiotics: 

At this moment, the most encouraging application of 
microbiome in medicine is in the sphere of treating 
recurrent infections caused by C. difficile, an 
anaerobic, a sporulating, toxin former, gram-
positive bacilli which represents the leading cause of 
healthcare and antibiotics-associated diarrhoea and 
pseudomembranous colitis.[18] 
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A. Prebiotics: They are non-absorbable 
polysaccharides (like inulin and fructo-
oligosaccharides) that promote the variety of the 
human gut microbiota and have a favourable impact 
on host health. Prebiotics, mostly dietary fibre, give 
microorganisms the right metabolic substrates. Short 
chain fatty acids (SCFAs), such as acetate, 
propionate, and butyrate, which are the most 
common byproducts of probiotics metabolism, are 
produced by microorganisms from these 
polysaccharides.[19] 

B. Probiotics: They are living microorganisms that, 
when utilised in the right amounts, promote the 
health of the host by preserving the balance of the 
microbiome and halting the spread of pathogenic 
bacteria. Saccharomyces boulardii and 
Lactobacillus species, for instance, may lessen the 
frequency of C. difficile infection (CDI); 
Lactobacillus salivarius may prevent Listeria 
monocytogenes from growing; Streptococcus 
mutans may offer protection against the 
development of dental caries; and vaginal 
applications of Lactobacillus jensenii may protect 
women from infection caused by Gardnerella 
vaginalis, Candida albicans, and Escherichia 
coli.[20] Bifidobacteria and lactic acid bacteria 
(LAB), which include species of Enterococcus, 
Lactobacillus, Lactococcus, Pediococcus, 
Vagococcus, Aerococcus, Carnobacterium, 
Streptococcus, and Weissella, make up the majority 
of probiotics, the live microorganisms or microbial 
feed supplements. Since most LAB are thought to be 
safe, they are seen as alternative health-promoting 
measures, as are the abundance of some genera in 
the female genitourinary tract, mammary gland, and 
digestive tract.[21] Patients with inflammatory 
bowel disease (IBD) have different bacterial 
microbiota than healthy individuals.[22]In this 
group of patients, notably the anaerobes, there is a 
noticeable drop in microbiome diversity, with higher 
levels of Bacteroides, Escherichia, and Enterococci 
spp. and lower levels of Bifidobacterium spp. and 
Lactobacillus spp.[23]According to their definition, 
paraprobiotics are "inactivated microbial cells (non-
viable), that confer a health benefit to the consumer," 
and they have the power to control both the innate 
and adaptive immune systems as well as to have 
anti-inflammatory, anti-proliferative, and 
antioxidant properties, and to exert antagonistic 
effect against pathogens as well.[24] Synbiotics are 
combined probiotics and prebiotics which can show 
a synergistic beneficial effect on host health and 
there is currently a novel approach to evaluate their 
efficacy while using in treatment of IBD like 
ulcerative colitis and Chron’s disease in 
humans.[25] So these agents represent a potential 
drug alternative not only for IBD but also we can use 
it as a potential adjuvants in infectious diarrheal 
diseases as well. 

6. Gooseberry and wild apple 

The juices of Indian gooseberry (Emblica 
officinalis), also known as "Amla," and wild apple 
(Docynia indica), also known as "crab apple," 
showed broad spectrum antibacterial activity, 
particularly against methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-
resistant enterococci (VRE), and Gram-negative 
bacteria that produce extended spectrum -lactamases 
(ESBL).[26] According to reports, gooseberry fruits 
contain a significant amount of hydrolysable 
tannins, alkaloids, phytochemicals, and phenolic 
substances, primarily gallic acid and rutin-like 
flavonoids. (Shende K et al., 2016).[27] 

The phenolic and flavonoid content of gooseberry 
and wild apple may be responsible for their 
antibacterial properties.[28] Phenols alter the 
protein-to-lipid ratio, the functionality of 
membranes, and ion channels, whereas catechins are 
known to compromise the integrity of lipid bilayers 
in membranes.  Rutin, a flavonoid found in wild 
apple, has been shown to inhibit the bacterial 
topoisomerase type II.[29] Antibacterial activity of 
alkaloids against multidrug-resistant organisms such 
as MRSA and VRE. Alkaloids' antibacterial activity 
has been linked to the inhibition of protein kinase C. 
In addition, alkaloids are thought to affect the 
genetic material in microorganisms, contributing to 
their antimicrobial activity.[30] 

7. Phage therapy in humans: 

Bacteriophages are viruses that only infect bacterial 
cells, referred to as phages. They are biological 
entities known for over a century, thus are obligate 
intracellular parasites that require a bacterium to 
replicate themselves, through their genetic material, 
by taking over the biochemical machinery of the 
bacterial cells. Bacteriophage therapy, although not 
new, makes use of strictly lytic phage particles as an 
alternative, or a complement, in the antimicrobial 
treatment of bacterial infections. [31] 

Recent scientific developments in this area allow for 
the possibility of tailoring bacteriophages and 
improving their properties, specifically: (i) 
increasing their capacity to penetrate bacterial 
biofilms; (ii) increasing their potency and 
effectiveness; (iii) adjusting their range of activities 
to infections caused by various bacterial species and 
strains; and (iv) making them more stable and 
specific. Phage therapy has been improved by 
purifying specific phage components to target 
bacteria and modifying phages to expand their host 
range and infectivity. [32] 

The bacteriophage therapy has the potential to 
replace antimicrobial agents against drug-resistant 
bacteria in the future, notwithstanding the 
difficulties. Because phages are common, host-
specific, safe, and may be given orally along with 
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food, the procedure is becoming more and more 
popular nowadays [33]. Their research as 
antibacterial agents were based on the highly 
specialised peptidoglycan hydrolases known as 
bacteriophage lysins, sometimes known as 
"enzybiotics."[34] The creation and application of 
bioengineered lysins with desired features, such as 
greater lytic activity or broader spectrum 
bacteriophages lysins, are attractive prospects due to 
their modular nature. Gram-negative bacteria and 
other pathogens can all be killed by lysins. These 
enzymes' appealing qualities include the fact that 
they do not trigger a negative immunological 
response or increase resistance. As multidrug-
resistant organisms have grown to be a serious and 
pervasive issue, engineered lysins offer a more 
modern therapeutic approach that is effective and 
simple to use to combat antimicrobial 
resistance.[35] 

Whilst animal models have been used for the 
majority of phage research, some of the studies have 
included human participants. Studies by Bruttin and 
Brüssow and Sarker et al. and Sarker et al. indicated 
that consumption of T4 phage had just a few minor 
side effects and no major detrimental effects on 
health. (Nausea, stomach pain, and sore 
throat).[36,37] Phage treatment was applied to treat 
E.coli and Pseudomonas aeruginosa infections in 
burn patients in a recent study known as 
"Phagoburn." The two goals of the Phagoburn are 
lower bacterial load and sepsis in patients with 
severe burns and infections. Despite the fact that this 
experiment represents a significant advancement in 
the study of phage treatment, more in vitro and 
clinical trials are still required to acquire universal 
support for the use of phage therapy to treat 
pathogenic or MDR bacterial infections in 
humans.[38] 

8. Racecadotril (Cap AD 100) 

The cornerstone of paediatric acute diarrhoea 
treatment is oral rehydration solution (ORS). 
Racecadotril is an anti-secretory drug that, without 
changing intestinal motility, can stop the loss of 
fluid/electrolytes from the colon as a result of acute 
diarrhoea. Racecadotril works differently from other 
anti-diarrheal medications already on the market and 
can be taken with ORS to avoid fluid and electrolyte 
loss. Adding racecadotril to ORS may reduce both 
the quantity and size of stools passed during the 
diarrhoeal illness, as well as the length of time that 
symptoms last, according to the data gathered. In 
addition to being a different medicine for the 
treatment of infectious diarrhea, racecadotril appears 
to be well-tolerated in children with acute diarrhea, 
allowing us to prevent the development of resistance 
to empirical antibiotics used in the treatment of 
infectious diarrhea. [39] 

 

9. Spirulina extracts: 

Three Spirulina extracts (methanol, acetone, and 
hexane) and biological selenium nanoparticles 
(SeNPs) produced by Bacillus subtilis AL43 were 
tested for antimicrobial and antioxidant activity. 
SeNPs have been shown to have significant 
antimicrobial activity against six different strains of 
bacteria, including three gram-positive (B.cereus, 
S.aureus, and L.monocytogenes), three gram-
negative (Salmonella Typhi, Escherichia coli, and 
Klebsiella pneumonia), and three strains from both 
Candida sp.(Candida tropicalis, Candida albicans, 
Candida glabrata) and Aspergillus sp.(Aspergillus 
niger, Aspergillus flavus, and Aspergillus 
fumigatus) respectively. Spirulina's bioactive 
substances have the potential to weaken bacterial 
cell walls and enhance cell permeability, which can 
cause cytoplasmic content leakage. Thus, Spirulina 
and SeNPs may act as promising antimicrobial 
agents as well as natural antioxidant substitutes. 
Therefore, they can be utilized as alternatives to 
antibiotics and traditional chemical drugs.[40] 

10. Nanobiotics: 

In addition to serving as vehicles for the delivery of 
targeted drugs, nanoparticles can also exert their 
own antibacterial effects through a variety of 
mechanisms, including bacterial cell wall 
disruption, biofilm inhibition, host immune response 
modulation, production of reactive oxygen species, 
and damage to important DNA and protein 
molecules. [41] Recent studies have shown that 
bismuth nanoparticles have wide anti-candidal 
efficacy and inhibit the spread of Candida auris 
strains that are resistant to a variety of drugs in 
hospital settings. (Vazquez-Munoz et al., 2020).[42] 

11. Green tea extracts for Human papilloma 
virus (HPV): 

Green tea is rich in substances referred to as 
polyphenols and is also known by the Latin name 
Camellia sinensis. Polyphenols are substances that 
occur naturally and have favourable effects on 
health. People with HPV infection can benefit 
notably from the polyphenols in green tea since they 
strengthen their immune systems. Epigallocatechin 
gallate (EGCG) and polyphenol E are efficient in 
treating cervical lesions and warts brought on by 
HPV. Most significantly, it has been shown that 
green tea extract has a part to play in controlling 
immunological molecules called T cells, which are 
crucial immune system modulators. It has been 
discovered that EGCG from green tea extract 
increases the generation of T regulatory cells, 
assisting in the regulation and balancing of the 
immune response. They can therefore be used as 
adjuvant therapy or be used with podophilin 
resins.[43] 
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12. CRISPR (Clustered regularly interspaced 
short palindromic repeats) cas system: 

There are two categories for CRISPR-Cas systems: 
class 1 includes types I, III, and IV, while class 2 
includes types II, V, and VI. While a single multi-
domain Cas protein recognises and cleaves the DNA 
in class II, numerous Cas proteins participate in 
DNA recognition and cleavage in class I [44]. The 
Class II CRISPR-Cas9 system is used to modify the 
genomes of prokaryotes and eukaryotes, 
revolutionising molecular biology in the past ten 
years. CRISPR-Cas9 has been demonstrated by 
several groups to be effective in the targeted 
elimination of antimicrobial resistance (AMR) 
genes from bacterial populations. It has been 
demonstrated that phagemids and conjugative 
plasmids can transport CRISPR-Cas to specifically 
target AMR genes in plasmids and chromosomes, 
respectively.[45]  

When AMR genes are removed, the bacteria become 
more susceptible to antibiotics. Specific bacteria can 
be eliminated in vivo by CRISPR-Cas9 
phagemids.[46] The mecA gene involved in 
methicillin resistance can be successfully targeted 
by nanosized CRISPR complexes inside S. aureus. 
The CRISPR-Cas9 system's usage against AMR 
genes faces several significant obstacles despite its 
potential. These include changes in the microbial 
ecology following the elimination of AMR bacteria, 
the CRISPR Cas vectors' limited host range, 
resistance brought on by anti-CRISPR genes, and 
laws. (Pursey et al., 2018).[44] In order to combat 
diseases that are resistant in the future, the CRISPR-
Cas system can be deployed. 

13. Papaya leaf extracts: 

It has been demonstrated that papaya leaf saponins 
can stimulate antibody production in animal models, 
hence enhancing both humoral and cell-mediated 
immunity.[47] Papaya leaf ethanolic extract was 
found to dramatically reduce the amount of TNF-
induced by isopentenyl pyrophosphate in LPS-
induced dendritic cells.[48] The methanol extract of 
papaya leaves has also been seen to decrease the 
release of pro-inflammatory TNF alpha, IL-1a, IL-
1b, IL-6, and IL-8.[49] There are a number of 
theories put up to explain why papaya leaves may 
increase platelet counts. A protease involved in viral 
assembly has been discovered to be inhibited by 
flavonoids extracted from papaya leaves.[50] It has 
been proposed that dengue virus serotype 2 can bind 
to platelets directly to destroy them or can cause 
their peripheral destruction indirectly by promoting 
the production of anti-platelet or cross reaction 
antibodies.[51] 

According to reports, papaya leaf extract can 
stabilise membranes, which may make it easier to 
stop dengue virus from destroying peripheral 
platelets.[52] It has also been proposed that papaya 

leaf extract's antioxidant and free radical-scavenging 
abilities may help in the prevention of hemolysis and 
bleeding. [53] However, dengue virus inhibits 
megakaryocytopoiesis or prevents stem cells from 
developing into megakaryocyte precursor cells, 
which reduces platelet proliferation.[51] It has been 
discovered to 15-fold boost the expression of the 
ALOX 12 gene (arachidonate 12-lipoxygenase), 
increasing platelet synthesis through the 12-HETE 
(12-Hydroxy eicosa tetraenoic acid) driven pathway 
as well as megakaryocyte and platelet 
conversion.[54,55] Additionally, it has been 
discovered that papain, a substance extracted from 
papaya leaves, can stop immune-mediated platelet 
destruction.[56] Therefore, they can be utilized as 
supportive therapy in patient having dengue with 
severe bleeding manifestations. 

14. Stem cell derived peptides: 

Mesenchymal stem cells (MSCs) from humans have 
recently been found to produce substances that serve 
as antimicrobial peptides (AMPs), which are used to 
kill bacteria through a variety of methods, including 
the suppression of the production of bacterial cell 
walls.[57,58] Secretome from MSCs is a promising 
strategy or supportive treatment in the future against 
many associated illnesses because it dramatically 
lowers bacterial infections, including the antibiotic-
resistant MRSA. Human bone marrow (BM) and 
human Umbilical Cord Mesenchymal Stem Cells 
(hUCMSCs)-derived AMPs termed lipocal, 
hepcidin, and LL-37 were discovered to have 
antibacterial activities against drug-resistant clinical 
pathogens like E. coli, S. aureus, and K. 
pneumonia.[59] Imipenem-resistant P. aeruginosa 
isolated from human babies was directly hostile to 
hUMSCs. This therapy can therefore be employed 
as a substitute against infections that are resistant. 
[60] 

15. Vitamin C: 

Vitamin C is a reliable and effective antibacterial 
agent. Vitamin C significantly inhibited the growth 
of bacterial strains that were both Gram-positive and 
Gram-negative like K. pneumoniae, E. coli, P. 
aeruginosa, P. mirabilis, S.aureus, B. subtilis, and 
B. licheniformis. It was discovered that vitamin C is 
more stable over a range of temperatures and pH 
levels. All bacterial strains showed the greatest 
growth inhibition at an acidic pH. Therefore, 
vitamin C can be employed in the future as an 
adjunct therapy option to treat illnesses in people 
brought on by bacteria that are multidrug resistant. 
In addition to its antimicrobial actions, vitamin C 
has the potential to be even more effective than 
antibiotics because it directly boosts the immune 
system. Both zinc and vitamin C are used as 
adjuvant therapy in treatment of COVID19, which is 
recommended by Ministry of Health and Family 
welfare.[61] 
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16. Hemofiltration devices: 

Devices are utilised in intense clinical care settings 
for hemofiltration or renal replacement therapy to 
bind to and remove circulating bacterial products, 
inflammatory mediators, and cytokines.[62] 
Hemofiltration can help patients who are elderly or 
new-borns lessen the negative effects of infections. 
In patients with bacterial sepsis and hepatic failure, 
it was discovered to lower the serum levels of bile 
acid microbial metabolites including total bilirubin, 
direct bilirubin, total bile acids, lactate, and IL-
6.[63] Hemofiltration devices come in a variety of 
styles. 

17. Quorum sensing inhibitors: 

Biofilms are microbial sessile communities 
characterized by cells that are attached to a 
substratum or interface or to each other, are 
embedded in a self-produced matrix of extracellular 
polymeric substances and exhibit an altered 
phenotype.[64] Biofilms are estimated to be 
associated with 80% of microbial infections.[65] 

Bacteria employs a technique called quorum sensing 
(QS) to generate and detect signal molecules and, as 
a result, coordinate their behavior in a cell-density-
dependent way. The acyl-homoserine lactone (AHL) 
QS system in Gram-negative bacteria, the 
autoinducing peptide (AIP) QS system in Gram-
positive bacteria, and the autoinducer-2 (AI-2) QS 
system in both Gram-negative and -positive bacteria 
are the three main QS systems that may be 
identified. [66] Several bacterial species, including 
Bacillus spp., P. aeruginosa, Acinetobacter spp., 
Delftia acidovorans, Sphingomonas spp., 
Agrobacterium tumefaciens, and Klebsiella 
pneumonia produce enzymes capable of degrading 
AHLs. [67] In addition, several human cell lines 
show AHL degrading activity and these enzymes 
can be used to interfere with biofilm formation of 
pathogenic bacteria. [68] Halogenated furanones 
have been shown to affect biofilm formation in P. 
aeruginosa, E.coli, B. subtilis, S. epidermidis, 
Phorphyromonas gingivalis, S. enterica serovar 
Typhimurium, Streptococcus spp. and Vibrio spp,. 
Cinnamaldehyde was shown to affect biofilm 
formation of B. cenocepacia, B. multivorans, P. 
aeruginosa, E. coli and Vibrio spp. Both compounds 
were also shown to increase biofilm susceptibility 
towards antibiotic treatment. [69] 

Numerous organic and synthetic compounds that are 
being investigated in experimental models with 
intriguing outcomes can interfere with quorum 
sensing. Several classes of compounds with 
potential quorum-sensing inhibitions are reported 
like gallic acid, capsaicin, furanones, curcumin, 
phloridizin, and resveratrol.[70] Despite this, QSI 
have been shown to be promising antibiofilm agents 
and can be of great value in the future treatment of 
bacterial infections. 

18. Immunotherapeutic agents: 

Biomolecules known as immunotherapeutic are 
those that strengthen the host's immune system and 
provide immunity from infectious pathogens. One of 
the most widely used immunotherapeutic agents is 
Peg-filgrastim, a granulocyte colony-stimulating 
factor (G-CSF). It is used to increase the severely 
decreased neutrophil count in patients undergoing 
chemotherapy.[71] It is also recommended to 
increase the survival rate of patients who have been 
acutely exposed to myelosuppressive doses of 
radiation (acute radiation syndrome), and to reduce 
the occurrence of infections, as shown by febrile 
neutropenia, in people with non-myeloid 
malignancies taking myelosuppressive anti-cancer 
medications.[72] 

19. Turmeric: 

Turmeric (Curcuma longa), a plant native to India 
and Southeast Asia, contains the yellow pigment 
Curcumin, which is derived from the naturally 
occurring polyphenol diferuloylmethane.[73] 

Curcumin has been shown to have antiviral effect 
against both enveloped and non-enveloped DNA 
and RNA viruses, including those that cause the flu, 
hepatitis, respiratory syncytial viruses, herpes, HPV, 
arboviruses, and noroviruses. Inhibiting viral 
attachment and penetration into the host cell as well 
as interfering with viral replication machinery and 
host cell signaling pathways are all part of 
curcumin's modus operandi. Furthermore, curcumin 
acts on the viral envelope or proteins to act as a 
virucidal agent.[74] 

Additionally, curcumin prevents bacterial biofilms. 
Damage to the cell wall or membrane, interference 
with cellular functions through targeting proteins & 
DNA, and disruption of bacterial quorum sensing 
are all components of curcumin's antibacterial mode 
of action. Additionally, CUR caused lipid 
peroxidation, increased DNA breakage, and has an 
impact on the L-tryptophan metabolism in Gram-
positive (Staphylococcus aureus), but not in Gram-
negative (Escherichia coli). S. aureus that is 
resistant to methicillin can be killed with 
curcumin.[75] 

A colorless curcumin derivative called 
tetrahydrocurcumin (THC) was studied as a 
potential vaginal anti-HIV medication. Curcumin 
and THC both have similar inhibitory gp120-CD4 
binding activity, according to an in-silico 
investigation, raising the possibility of an anti-HIV 
impact. Therefore, Curcumin is a compelling choice 
for antibiotic-resistant strains as a result of its 
numerous targets.[76] 

20. Honey: 

Honey contains a variety of enzymes, including 
glucose oxidase, which breaks down sucrose into 
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simple glucose and fructose and creates gluconic 
acid, as well as water, sucrose, glucose, fructose, 
amino acids, beeswax, pollen, colours, and minerals. 
They all aid in healing. Especially for diabetic foot 
injuries, decubitus ulcers, venous and arterial ulcers, 
honey is frequently utilised in the treatment of 
chronic wounds.[77] 

21. Tea Tree Oil (TTO): 

Although the Demodex mite, a commensal member 
of the skin's bacterial flora, often causes no 
symptoms, its presence in some eyelid tissues may 
result in an inflammatory response, resulting in 
development of blepharitis, with a chronic course. 
Tea tree oil (TTO) is an aromatic essential oil made 
from the leaves of the Myrtaceae species (Melaleuca 
alternifolia). Terpinen-4-ol (T4O), which is a major 
component of TTO and is present in concentrations 
ranging from 30% to 48%, is the principal 
constituent. This ingredient is particularly effective 
at eliminating Demodex mites, including eggs and 
larvae. Additionally, it has acaricidal, anti-
inflammatory, anti-fungal, and antibacterial 
properties.[78] 

22. Mastic gum: 

Chios mastic gum (CMG), a resin from the mastic 
tree (Pistacialentiscus var. chia), has been used for 
more than 2500 years to cure a variety of ailments 
brought on by bacterial infections and digestive 
problems. It is plausible that CMG controls virus 
infectivity because host cellular metabolism heavily 
influences virus replication. The cytopathogenic 
effect, as well as the synthesis of RNAs, proteins, 
and infectious particles of Influenza A virus, was 
significantly reduced by CMG therapy. It's 
interesting to note that CMG disrupted the first 
phase of the virus life cycle following viral 
attachment. Importantly, the administration of CMG 
significantly reduced mortality and morbidity in 
mice with Influenza A virus infection. These 
findings imply that CMG exhibits strong anti-
influenza A viral action by preventing the initial 
phases of viral replication. Considering this, mastic 
gum may be used as a cutting-edge treatment for 
Influenza A virus infection in future.[79] 

Conclusion: 

One of the biggest health issues we'll have to foresee 
in the future is antibiotic resistance. Since there 
hasn't been much progress in the discovery of new 
antibiotics, particularly ones that work against drug-
resistant bacteria, using alternate aspects of therapy 
may be the greatest solution to this issue. Even 
though, few viable solutions to get around this issue 
have been presented in this review, it is the 
responsibility of the relevant authorities to promote 
and encourage additional research as well as release 
the necessary funding to ensure that these strategies 
are successfully put into practice.   

Clinicians should refrain from over prescribing or 
under prescribing antibiotics for common infections. 
They should also suggest patients to follow proper 
hygiene, which includes hand washing and infection 
prevention techniques. The alternative approaches 
discussed in this review will probably work best 
when combined with the existing antibiotics rather 
than taking the place of antibiotics entirely as a 
treatment option. 

Panorama: 

There will be numerous obstacles in the coming 
years to loop in new antibiotics to prevent fatalities 
due to infections as the resistance rate has soared 
high enough to cause an apocalypse in this era of 
antibiotic abuse.  

The challenges to alter the view of patients from 
antibiotic to non- antibiotics for therapy will be 
cumbersome but by doing so will help us in long 
term. Thus by broadening our horizon to non-
antibiotic therapy intermittently to treat mild to 
moderate ailments will definitely help us to attain a 
brief period of cessation of increased frequency of 
antibiotic resistance. 

List of abbreviations: 

WHO- World health organization, CDI– 
Clostridoides difficile infection, LAB – Lactic acid 
bacillus, IBD- Inflammatory bowel disease, VRE – 
Vancomycin resistant Enterococci, MRSA– 
Methicillin resistant Staphylococcus aureus, ESBL- 
Extended spectrum beta lactamase, SeNP– Selenium 
nano-particles, EGCG– Epigallo-cetechingallate, 
QSI– Quorum sensing inhibitors. 
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