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Abstract  

It wasn't until recently that numerous biomedical applications of nanotechnology emerged as a rapidly developing 

area in the disciplines of both science and medicine. Silver, a chemical that is antimicrobial and also a disinfectant, 

has also seen widespread use in recent years due to the fact that its toxicity is quite low. Silver nanoparticles have 

a wide range of beneficial effects against bacteria, fungi, and viruses. Silver nanoparticles can potentially induce 

cell death by altering the shape of bacterial cell membranes once they have broken through the cell walls of the 

bacteria. Tissue engineers may use 3D printing to generate functional tissue constructs that can be used to treat 

wounds, replace diseased tissue, or repair damaged tissue. With the help of this technology, the production of 

tissue constructions may be precisely regulated and carried out in an automated fashion, opening the door to the 

possibility of high-volume production. Despite the fact that biomaterial-based inks can be used to print tissue 

structures in three dimensions, it has been demonstrated that the printed constructs have the potential to cause 

unforeseen diseases and failure due to biomaterial-related infections. This is the case despite the fact that 

biomaterial-based inks show promise in the field of tissue engineering. Natural biomaterials, surface treatments 

for biomaterials, and the incorporation of inorganic agents are among the most widely used treatments and/or 

strategies that have been developed in order to address biomaterial-related infections. A variety of treatments 

and/or strategies have been developed in order to address biomaterial-related infections. Despite efforts to 

enhance ink formulas for 3D printing, implanted tissue constructs still carry a risk of infection. This is despite the 

fact that the danger has been reduced. 
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Introduction  

In a little under a year, a celebration will be held to honour Alexander Fleming's discovery of penicillin in 

the laboratory he ran in London. Since then, antibiotics have prevented the emotional and financial ruin 

of an uncountable number of people while also saving their lives. Antimicrobial resistance, which came 

in the wake of the antibiotic era and now threatens to derail the century-long celebration of antibiotics, 

must also be tackled. Antimicrobial resistance emerged in the wake of the antibiotic era. As a direct 

consequence of this, researchers from all around the world are focusing their efforts on locating and 

developing novel resources for effective antimicrobial drugs. Throughout the entirety of human history, 

medicinal plants have consistently been the most significant source of chemicals that have the potential 

to be used in therapeutic treatment. Natural components have always been the backbone of folk 
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medicine, and medicinal plants remain an important source of potential novel drug candidates even in 

the modern era. In light of the relative simplicity with which infected skin and wounds can be treated 

with medications that are applied topically, the present trend toward natural therapies may prove 

particularly useful in the treatment of skin and wound infections. The skin is the largest organ in the 

human body, and in addition to its functions as a sensory, secretory, and thermoregulatory system, it 

also acts as a protective barrier. These bacteria have a low level of pathogenicity and are usually found 

populating the keratinized skin surface and the ducts of the skin glands. Non-pathogenic staphylococci, 

corynebacterium, and cutibacteria are examples. Below the waist, the gram-negative enteric rods and 

enterococci are frequently observed in the skin microbiota. Bacteria having a high potential for causing 

disease, such as Staphylococcus aureus, Candida species, or Malassezia species, may be present in the 

skin microbiota of healthy carriers. Opportunistic pathogens may also be present in the skin microbiota 

of healthy carriers. People who have been hospitalised and treated with antibiotics, particularly those 

who have been exposed to Gram-negative non-fermenting bacteria, frequently have a newly identified 

opportunistic infection called Candida auris on their skin. This Candida auris strain is known to be very 

contagious (Pseudomonas aeruginosa and Acinetobacter baumannii). When the surface integrity of the 

skin is damaged in any way, colonising microorganisms are routinely introduced into the skin and the 

tissue beneath it. Abrasions and wounds are two of the ways in which bacteria such as Mycobacterium, 

Vibrio, Aeromonas, and Pseudomonas, as well as other pathogens, can enter the human body. These 

bacteria can be found in water, soil, or on contaminated surfaces (e.g., Streptococcus pyogenes, or 

Staphylococcus aureus). It is conceivable for bacteria from the mouths of animals or people (such as 

Pasteurella and Streptobacillus, for example) to enter the bite wounds. It is also possible for anaerobic 

bacteria that do not form spores to infiltrate the bite wounds. Even though the majority of microbial 

skin infections heal on their own in healthy people who have functioning immune systems, the severity 

of infections can vary greatly depending on the virulence of the microbes that are introduced, the 

number of microbes that are introduced, the severity of skin damage, and host factors such as immunity 

status, age, and underlying diseases as well as foreign bodies that are present in a wound. The 

potentially fatal illness known as sepsis, which is brought on by an infection of the skin, can spread to 

the subcutaneous tissue and necessitates prompt medical attention as well as hospitalisation. Chronic 

skin and wound infections that are not successfully removed can be the result of preexisting conditions 

such as vascular disease, pressure necrosis, or diabetes (infected venous ulcer, decubitus, or diabetic 

foot). Every year, hundreds of individuals lose their lives to life-threatening illnesses such as septicemia 

as a direct result of infections caused by bacteria and other types of germs. Antibiotics are typically 

prescribed to patients as a first line of treatment for infections that are caused by bacteria. Antibiotics, 

on the other hand, have been shown to contribute to the development of multidrug-resistant bacteria, 

which in turn necessitates the development of antibiotic formulations that are either more potent or 

more complicated. It is possible to minimise the severity of the effects of this condition by taking 

preventative steps, such as obstructing the expansion and development of germs or blocking their 

ability to adhere to surfaces. In this context, one of the best strategies is to conduct research and 

development into the creation of new antibacterial materials. Polymers and materials based on 

polymers have a wide variety of applications, one of which is in the field of biomedicine, which has seen 

an uptick in interest in recent years. Antibacterial activity is one of the most desirable functions for 
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medical devices, prosthetic materials, catheters (urinal or venous), and surgical masks because it can 

limit the growth of bacteria. This makes antibacterial action one of the most desirable functionalities. 

Antibacterial compounds based on polymers are also very advantageous in the field of food science and 

technology, and they demand special study in these areas because of this. When it comes to the 

development of active or smart packaging, the utilisation of antimicrobial materials can lead to 

improvements in both the quality of the food and its shelf life. Kuswandi investigated the numerous 

roles that are expected of materials in the context of food packaging applications. In conclusion, the 

functions of packing materials can be broken down into four primary categories: to house the product, 

to protect the product from contamination (such as the development of bacteria), to display and 

identify the product (such as on a label), and to make transportation and distribution of the product 

easier (such as through labelling). In this review, we are going to discuss some of the methods that you 

can prevent food from going bad. Antibacterial polymeric materials are employed in a wide variety of 

applications in the textile and electrical sectors, in addition to these two obvious instances of their 

utilisation. The many applications that will be investigated throughout the course of this analysis are 

depicted in a flowchart that can be found in Figure 1. 
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Fig: 1 Some area of Polymeric anti-bacterial agent [4] 

Antibacterial Materials for Biomedical Application:  

The elimination of disease and the general improvement of medical care are both significantly aided by 

the application of biomaterials. Within the past few years, there has been significant development in the 

functionality, variety, and customizability of biomaterials. In spite of this, the formation of biofilms on 

biomaterial surfaces as a result of the attachment of potentially harmful microorganisms is still a serious 

concern that significantly restricts the usability of these systems. The progression of a biofilm is seen in 

Figure 2, beginning with the initial attachment of bacteria and continuing through colonisation, early 

development, maturation, and ultimately destruction. Under normal flow conditions, the biofilm not 

only works as a selective permeability barrier but also as a physical barrier that prevents phagocytic 

predation and prevents cells from detaching from one another. Because of the biofilm's physical and 

chemical permeability, it is feasible to transfer nutrients and organic molecules to cells that are placed 

distant from the surface of the biofilm. This helps to ensure that the cell population will continue to 

survive. Antibiotics that are used to treat postsurgical infections and antibacterial drugs that are seeping 

out of the biomaterial matrix can both be suppressed by the same strategy.... At other occasions, 

standard antibiotics are unable to generate direct contact with bacteria, which results in only partial 

reductions in the sickness and results that could potentially be lethal. As a result, treating infections that 

are connected with biomaterials can be challenging, and it is frequently necessary to remove 

contaminated devices through surgical procedures. Because of recent advancements in aseptic 

treatments, environmental sterility management, and peri-surgical antibiotic prophylaxis, the use of 

anti-infective biomaterials is now the most common strategy for preventing infections that are related 

to the use of medical tools. Antibacterial biomaterials are used in the production of medical devices, and 

these products include extra anti-infective bioactive qualities, which contribute to their resistance to 

infections. They can also be utilised to manufacture medical compounds with the primary purpose of 

avoiding infection, treating infection, or reducing the severity of infection, which is another way that 

these fields of study can contribute to the advancement of biomedicine. 
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  Fig: 2   Single bacterial bio-film in solid surface[14]  

Antibacterial Application of Silver Nano-particles  

The antibacterial properties of silver nanoparticles have not yet been fully explored; nonetheless, figure 

3 offers a number of different probable antibacterial pathways. It is possible that the ability of silver 

nanoparticles to emit silver ions over time is the mechanism behind the killing of microbes by these 

particles. Because of their electrostatic attraction to one another and their affinity for sulphur proteins, 

silver ions have the ability to bind to the cytoplasmic membrane as well as the cell wall. The attachment 

of ions to the cytoplasmic membrane can result in an increase in the membrane's permeability, which in 

turn can result in the disintegration of the bacterial envelope. The introduction of free silver ions into 

cells can result in the inactivation of respiratory enzymes and the production of reactive oxygen species, 

both of which are detrimental to the synthesis of adenosine triphosphate (ATP). Reactive oxygen species 

have the potential to enable the modification of DNA as well as the rupture of cell membranes. Because 

phosphorus and sulphur are both components of DNA and because these elements interact with one 

another, the combination of silver ions and these components can lead to problems with DNA 

replication, cell reproduction, and even the death of microorganisms. In addition to this, the presence of 

silver ions in the cytoplasm can cause ribosomes to become unstable, which stops the production of 

proteins. 
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Fig 4: Silver nanoparticles have antibacterial characteristics (AgNPs).1) Damage is caused when silver 

nanoparticles break apart and release silver ions, which can either bind to or pass through the 

cytoplasmic membrane and cell wall of the target cell. 2) Denaturation is the name given to the process 

by which silver ions denature ribosomes, which stops the process of protein synthesis. The production of 

adenosine triphosphate (ATP) comes to a halt as a direct consequence of the inhibition of respiratory 

enzymes on the cytoplasmic membrane by silver ions. 3) The formation of reactive oxygen species as a 

consequence of a broken electron transport chain results in membrane damage. This damage is 

produced by the production of reactive oxygen species. 4) By adhering to the molecule and attaching 

themselves to deoxyribonucleic acid (DNA), silver and reactive oxygen species are able to inhibit the 

replication of DNA and the proliferation of cells. 5) The accumulation of silver nanoparticles in the pits of 

the cell wall is what leads to the denaturation of the membrane. 6) Membrane perforation: silver 

nanoparticles are able to directly penetrate the cytoplasmic membrane of the cell, which results in the 

organelles of the cell being released. 

Conclusion & Future Prospective  
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When it comes to the treatment of illness, the presence of harmful microorganisms on the surfaces of 

biomaterials creates significant obstacles that significantly restrict the usefulness of these devices. There 

are several different approaches that have been taken in order to develop biomaterials with anti-

infective properties. Metals (such as zinc and copper), polymers and their composites, and ceramics 

(such as zirconium dioxide) are some examples of biomedical materials that have antibacterial 

properties (e.g., ZnO, MgO, and TiO2). As a result of the natural antibacterial activity they possess, these 

materials have found widespread use in a variety of biological applications. Because of the rise in 

bacterial infections and the difficulty in tissue regeneration, biomaterial inks and bioinks with 

antibacterial properties are of special interest for application in tissue engineering (TE). This is due to the 

fact that these inks can prevent the spread of bacteria. However, it is proving challenging to produce 

cell-filled bioink with effective antibacterial activity, which is necessary for the regeneration of tissue. 

For the purpose of resolving this issue, antibacterial bioinks designed for use in 3D printing for TE 

applications have been created. In recent years, the practise of utilising 3D printing technology to build 

scaffolds for a wide variety of TE applications has become increasingly commonplace. Before 3D-printed 

biomaterials can be used in applications, there are a number of challenges that need to be addressed. 

Some of these challenges include addressing the concerns of regulators, creating hygienic 

manufacturing conditions, and obtaining the appropriate material characteristics. TE architectures that 

are both effective and efficient may be made with the help of multi-material structures that consist of 

cells as well as organic or inorganic components. These strategies have garnered a lot of attention 

recently, but there is still a significant amount of room for improvement in regard to them. When it 

comes to bioprinting, maintaining cell viability is of the utmost importance, and the shelf life of 

materials, whether with or without organisms, constitute another key challenge. In order to generate 

scaffolds that may be utilised for subsequent in vitro or ex vivo testing, rigorous process optimization is 

required. This is due to the fact that the cells and materials that will be deposited have a wide range of 

stiffness. Another essential precondition is the creation of a new blood vessel network, often known as 

vascularization. This process is underpinned by the concepts of angiogenesis and vasculogenesis. The 

widespread dissemination of infectious diseases that might come from surgical procedures is a 

significant barrier to the advancement of biomedical applications. Bacteria that are present at the 

surface of the biofilm have put at risk the utilisation of biomaterials within our bodies. It is possible for 

the surface of the implant to be rapidly colonised by bacteria, even in the presence of a functional 

immune system in the host. This can lead to persistent infection, failure of the implant, and even death 

in patients. It is challenging to find effective solutions to these issues due to the fact that different 

strains of bacteria are capable of attaching themselves to implants in a variety of distinct ways. Coating 

biomaterials with a variety of other biomaterials can result in the production of antibiotics. Antibiotic 

resistance is an issue that happens virtually every day despite this fact. Because of this, there has been a 

great deal of interest in recent years in the practise of integrating antibacterial drugs into the 

biomaterial matrix. Antibacterial biomaterials are relatively successful at repelling bacteria, inhibiting 

their adherence, or inactivating/destroying cells attached to the surface; yet, due to the complex 

processes that bacteria engage in, they are not productive enough in eliminating pathogens. Because 

inks for 3D printing are critical for TE applications, it is imperative that highly efficient biomaterials be 

developed that can produce antimicrobial agents. It is essential to implement measures that will stop 
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the attachment of bacteria and the growth of biofilms. Inks with antibacterial properties, such as 

metallic and metal oxide nanoparticles with low cytotoxicity, are likely to be widely used in the near 

future to eliminate a wide range of infectious circumstances, such as bacterial and fungal infections. This 

is the likely outcome of the majority of the studies on inks with antibacterial properties. Before 

bioprinting tissues, antibacterial inks based on natural polymers like CS need to be investigated due to 

the presence of a number of important variables. These variables include the difficulties associated with 

optimising print parameters, selecting acceptable and non-toxic crosslinkers, and problems associated 

with the preservation of structure stability. It is necessary to conduct additional study into the 

interactions between polymers and metal ions in order to develop tissue constructs that are not only 

well-designed but also cost-effective. These constructs must have great antibacterial activity. In 

addition, additional study is required to evaluate the biocompatibility of antibacterial inks that are 

encapsulated with metallic ions. The research must also place a clear focus on the non-harmful limit of 

the biocompatibility. The combination of recent developments in antibacterial ink fabrication 

approaches and high printability could be extremely beneficial for the production of innovative 

bactericidal biomaterials, for the preservation of their long-term performance, and for the reduction of 

infection in biomaterials inside the body. We believe that bioink-related biomaterials that include 

antibacterial chemicals are rapidly advancing and paving the way for further research into the 

prevention of infections both before and after implantation. 
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