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Abstract: Many people have died from infectious diseases, which has made the public more aware of how dangerous these
illnesses can be, and this has led to more global efforts to research antimicrobial treatments. However, the demand and use
of antibiotics have led to an increase in antibiotic levels within natural ecosystems. Natural selection and adaptation caused
changes in bacterial genes that make them resistant to antibiotics. The spread of antibiotic resistance genes in ecosystems
caused the rise of bacteria that are resistant to antibiotics, which has led to many different antibiotic-resistant diseases
around the world. This paper gives a general look at how antibiotics were discovered, the methods used to find new
antibiotics, and the steps involved in making antibiotics on a large scale in industry. Also, there has been a review of how
antibiotic-resistant bacteria are becoming more common and the effects of antibiotics on the environment, along with some
recommendations provided. The topic of antibiotic resistance has also been looked at from an ecological point of view. New
drug development appears to be the main requirement now to control microbes that are no longer responding to existing
drugs.
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L INTRODUCTION

The situation with antibiotic resistance is a big
problem for public health. Over the last few decades, more
and more bacteria have become resistant to antibiotics. This
means that many antibiotics are not as effective as they used
to be, or don't work at all. Because of this, infections that
were once easy to treat are now harder to deal with. This
leads to longer hospital stays, higher medical costs, and
more deaths. One of the main issues is that there aren't
enough new antibiotics being developed. Many drug
companies have stopped investing in this area because these
drugs don't make a lot of profit. Creating a new antibiotic is
a long and expensive process, which makes companies less
interested in doing it. Also, antibiotics are often used when
they're not needed, both in hospitals and for simple illnesses.
This misuse is a major reason why resistance increases. In
addition, the use of antibiotics in farming and animal care,
like giving them to animals to help them grow faster,
spreads resistance. This can happen when these resistant
bacteria get into the food chain and then into humans. There
have been efforts to fight antibiotic resistance, including
work by groups like the World Health Organization. These
groups try to spread awareness, promote the right use of
antibiotics, and support new research. The One Health
Approach, which looks at how human, animal, and
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environmental health are connected, is becoming more
popular as a way to tackle resistance.

This approach shows that using antibiotics in one area
can affect other areas. However, resistance rates vary around
the world, depending on different healthcare practices, how
antibiotics are used, and how strict the rules are. In short,
antibiotic resistance is a serious global health problem. Even
though there's more awareness and better practices in using
antibiotics, resistance is still growing and new antibiotics are
not coming fast enough. Everyone, from doctors and
scientists to governments and the public, must work together
to deal with this issue.

This review article aims to look at the global challenge
of antibiotic resistance, find new ways to fight drug-resistant
bacteria, understand the financial problems in developing
new antibiotics, and suggest ways to bring back interest in
this area. It also highlights the importance of teamwork
between countries and governments in fighting antibiotic
resistance.
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II. CHEMICAL NATURE OF
ANTIBIOTIC

» Source and Composition:

Antibiotics are derived from over 65,000-70,000
natural substances(produced by  bacteria/fungi)or
semisynthetic/synthetic compounds.

» Key Classes and Structural Roles:

e lactams( Penicillin , Cephalosporin’s ):Contain a
defining

e Jlactam ring that disrupts peptidoglycan cross-linking in
bacterial cell walls.

» Tetracycline’s:
Possess a four-ring structure that binds to the 30S
ribosomal subunit to inhibit protein synthesis.

» Fluor Quinolones(Ciprofloxacin):

Synthetic compounds containing a quinolone scaffold
that stabilizes DNA-topoisomerase complexes, causing
cleavage.

» Persistence:
Fluor quinolones exhibit high chemical stability ,while
penicillin are highly susceptible to hydrolysis.

II1. CHEMICAL MECHANISM OF
ANTIBIOTIC RESISTANCE

Bacteria employ  sophisticated  chemistry  to
survive,often driven by Mobile Genetic Elements
(MGESs)that allow rapid sharing of these traits. National
Institutes of Health(.gov) National Institutes of Health (.gov)
Enzymatic Inactivation (Destruction/Modification):Bacteria
produce enzymes that directly destroy or chemically alter
the antibiotic. -lactamases :These enzymes break the amide
bond of the -lactam ring in penicillin and cephalosporin
Jendering them inactive. Group Transfer (Acetylation,
Phosphorylation, Adenylation ):Modifying enzymes add
specific chemical moieties to aminoglycosides and
chloramphenicol ,creating steric hindrance that prevents
binding to the bacterial ribosome. Target
Modification/Protection :Bacteria alter the drug's target site,
often by methylation(e.g., germ genes protecting ribosomes
from macrolides)or by acquiring new proteins (e.g., meca in
MRSA)that the antibiotic cannot bind. Active Efflux Pumps:
Tripartite proteins (e.g., RND family)actively transport
antibiotics out of the cell before they reach their target.
Tetracycline resistance often involves efflux pumps driven
by proton exchange. Reduced Permeability: Gram-negative
bacteria alter or down regulate poring channels in their
outer membrane, preventing hydrophilic drugs like
carbapenems from entering.
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IV. ENVIORNMENTAL SOURCES OF
ANTIBIOTICS RESISTANCE

Antibiotic resistance is not entirely man-made;it exists
naturally in the environment.

» Soil Microbiota

Soil is one of the richest reservoirs of antibiotic-
producing organisms such as Actinomycetes. These
organisms naturally produce antibiotics, leading to the
evolution of resistance genes over millions of years.
Resistance genes in soil bacteria can transfer to pathogenic
bacteria via horizontal gene transfer.

» Aquatic Environments
Rivers, lakes,and oceans harbour diverse microbial
communities.

Natural antibiotic compounds and resistant bacteria are
present in these ecosystems. Biofilms in water systems
enhance gene exchange and resistance  spread.
Anthropogenic Sources Human activities significantly
amplify antibiotic resistance in the environment.

» Wastewater Treatment Plants (WWTPs)

WWTPs receive antibiotics, resistant bacteria, and
ARGs from hospitals,households,and industries. Incomplete
removal during treatment allows resistant microbes to enter
natural water bodies. WWTPs act as "hotspots" for gene
exchange. Agricultural Practices Antibiotics are widely used
in livestock for growth promotion and disease prevention.
Animal waste (manure)contains antibiotic residues and
resistant bacteria. Runoff from agricultural fields
contaminates soil and water systems.

» Pharmaceutical Industry Waste

Effluents from drug manufacturing units may contain
high concentrations of antibiotics. These create strong
selective pressure, promoting resistant strains in nearby
environments.

V. ENVIRONMENTAL IMPACT
CONTROL STRATEGIES

Antibiotics used in people and animals end up in the
environment through urine and feces. That’s why it’s
important to use antibiotics wisely to reduce pollution.
Between 40% and 90% of the antibiotics given, depending
on the type, are excreted in the same active form through
urine and feces. These antibiotics then enter the
environment, getting into soil, water, plants, and more.
Using a lot of antibiotics in farming can pollute agro-
ecosystems. This happens when manure containing
antibiotics is used as fertilizer on farmland or when crops
are watered with wastewater. Another issue is when people
throw away unused medicines into sewers. Wastewater
treatment plants (WWTP) treat antibiotic-contaminated
water, but they can’t remove all antibiotics. The sludge and
treated water from these plants may still have antibiotics.
The sludge can be used as fertilizer, and the treated water is

WWwWW.ijisrt.com 4806


https://doi.org/10.38124/ijisrt/26apr2125
http://www.ijisrt.com/

Volume 11, Issue 4, April — 2026
ISSN No: -2456-2165

released into rivers and lakes. This causes problems, like
making bacteria resistant to antibiotics. Also, plants can
absorb antibiotic residues, which may affect their growth
and health. Studies have shown that antibiotics can harm
photosynthesis, cell growth, and mitochondria in plants.

This is because chloroplasts and mitochondria in plants
have origins from bacteria. High levels of antibiotics in soil
can slow seed germination and reduce plant growth, which
can affect crop yields. Antibiotics can also change the
human gut bacteria, leading to health problems such as
allergies, long-term poisoning, and issues with digestion. To
help prevent these problems, practice good hygiene.
Keeping yourself clean helps avoid infections that might
require antibiotics. Using more antibiotics can make
resistance worse, so it’s important to only take them when
necessary. Antibiotics don’t work against viruses.
Sometimes, symptoms of viral and bacterial infections are
similar, so you might think you need antibiotics when you
don’t. If you’re sick, talk to your doctor about the right
medicine and why you need it. Get the vaccines your doctor
recommends. While there are no vaccines for most
antibiotic-resistant bacterial infections, the pneumococcal
vaccine is an exception. It helps protect against diseases
caused by Streptococcus pneumoniae.

This vaccine is especially important for young children
and older adults. Other vaccines, like the flu shot, help
prevent viral infections that might lead to unnecessary
antibiotic use. Avoiding viral infections can help prevent
situations where antibiotics are used unnecessarily.

VI CONCLUSION

Antibiotic resistance has become a major problem for
global health, and the environment is helping spread
resistant bacteria and the genes that make them resistant.
Environmental sources like wastewater, runoff from farms,
waste from hospitals, and soil systems help antibiotic-
resistant bacteria stay around and spread more easily.
Having antibiotic leftovers in these areas puts pressure on
bacteria, which speeds up their development and spread of
resistance. A full grasp of how antibiotic resistance affects
the environment shows how human, animal, and ecosystem
health are all connected, which makes the One Health
approach very important. Good management practices need
better ways to clean wastewater, rules to control how
antibiotics are used in farming and hospitals, and ongoing
checks to keep the environment healthy. In conclusion,
fighting antibiotic resistance needs teamwork and
coordination at the local, national, and global levels. To stop
antibiotic resistance from spreading in the environment and
protect public health for years to come, it's important to
improve policies, encourage eco-friendly practices, and do
more research on how resistance develops and how to
reduce it.
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