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Introduction  

The term biotechnology was introduced by a Hungarian 

engineer, Karl Ereky (1917), defining biotechnology 

as “all lines of work by which products are produced 

from raw materials with the aid of living things”.1 The 

term biotechnology is composed of two words biology 

and technology. Technology makes human life comfortable 

and easier, thus technology that uses biological agents/ 

bioresources to make human life easier is termed 

biotechnology. The Organization for Economic Cooperation 

and Development (OECD) defined modern biotechnology 

in 1982 as the “application of scientific and engineering 

principles to the processing of materials by using 

biological agents to provide goods and services for 

improving the quality of life”. 

The most promising application of biotechnology is 

observed in the medical field. Biotechnology is the 

application of biological agents (microorganisms, plant 

and animal cells, and enzymes) to be used in agriculture, 

animal husbandry, food production, and medicine 

industries.2 The Convention on Biological Diversity 

(1992) defined biotechnology as ‘‘technological application 

that uses biological systems, living organisms or 

derivatives thereof, to make or modify products and 

processes for specific use’’.2 This definition was accepted 

by the Food and Agriculture Organization, United Nations 

(FAO) and the World Health Organization (WHO). 

The basics of modern biotechnology in the field of 

biomedicine were developed using cloning in host 

organism E. coli and discovery of restriction enzymes 

by molecular biologists W. Arber, H. Smith, and D. 

Nathans for which they were awarded the Nobel Prize 

(1978). The recombinant insulin and recombinant 

human growth hormone were produced in 1980.3 

Vaccines (e.g., hepatitis B vaccine), recombinant 

human insulin, drugs, and diagnostic tools are being 

developed by medical biotechnologist for disease 

diagnosis and treatment such as tuberculosis, malaria, 

AIDS and pandemic e.g., COVID-19.4 

Medical biotechnology is described as ‘technology 

of hope’ for biomedical applications. It is actually 

defined as the “use of living resources for the production 

of pharmaceutical and diagnosing products for the 

diagnosis, treatment and for preventing diseases” because 

the healthcare sector is the most important priority 

worldwide. 

 

Medical Biotechnology 

Medical biotechnology is the application of scientific 
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and engineering principles by using living cells and 

cell materials to produce pharmaceutical and diagnostic 

products that prevent and treat human diseases. Most 

of the medical biotechnologists' work is research-

oriented that has applications in industrial settings. 

The research laboratories experiment according to the 

existing problem (e.g., development of vaccine for 

COVID-19) and conduct various experiments in a 

laboratory setup. it would be scale-up in industrial 

setup for developing vaccines or drugs and many other 

products for human use e.g., antibiotics, plantibodies, 

microbial pesticides, insect-resistant crops, vitamin A-

rich rice, and techniques for environmental clean-up. 

According to the OECD, biotechnology is defined as 

“the application of science and technology principles 

to process materials by using biological agents to 

provide goods and services”. For decades, human 

beings practiced biotechnological techniques to produce 

various goods, including curd, cheese, bread, beer and 

wine, breeding of animals and increasing crop yield by 

selecting seeds from, especially desirable plants. 

Modern biotechnology is an interdisciplinary area of 

study based on the knowledge of biosciences and 

engineering technologies. Biotechnology applications are 

classified in four major areas, including health care 

(medical), crop improvement and agriculture, non-

food uses of crops (e.g., biodegradable plastics, biofuels, 

vegetable oil), and environmental clean-up process. 

The discovery of antibiotics was the landmark discovery 

that changes the world of medicine immensely. 

Alexander Fleming was recognized for discovering 

penicillin from the mold penicillium. Using sophisticated 

biotechnology techniques and a range of microorganisms 

have been used to produce a variety of antibiotics. 

 

Recombinant DNA (rDNA) Technology 

Recombinant DNA (rDNA) technology refers to the 

process of combining DNA molecules from two 

different sources and inserting them into a host organism, 

to generate products for human use (Figure 1). The 

discovery of DNA double-helix structure was the base 

of advancement in the field of rDNA technology.5 The 

first rDNA molecule was generated by Paul Berg, 

Herbert Boyer, Annie Chang, and Stanley Cohen in 

1973, as they developed a technique to introduce DNA 

into host organisms e.g., E. coli to create a transgenic 

bacterium.6 The foundation of rDNA technology was 

laid by the discovery of restriction enzymes by Werner 

Aber, Hamilton Smith, Daniel Nathans and received a 

Nobel Prize for Medicine and Physiology in 1978. In 

several bacteria, these enzymes naturally occur and 

serve as part of the restriction-modification system 

which is a bacterial defense mechanism. The restriction 

enzymes selectively recognize a specific DNA sequence 

to cut and remove DNA segments from one organism 

and recombine it with the DNA of another organism. 

Today more than a thousand restriction enzymes are 

available for modern genetic engineering.7 

Since the year 2019 due to the exposure of COVID-

19 pandemic worldwide, biotechnology has had a 

tremendous scope for the discovery of medicine and 

vaccine to save human life. The rDNA technology 

used host organisms to produce therapeutic products 

for the treatment of human diseases7 e.g., E. coli used 

for the production of insulin hormone, growth 

hormones, monoclonal antibody, yeast cells used to 

produce Hepatitis B vaccine. The basic steps involved 

in rDNA technology are illustrated schematically 

below (Figure 1): 

 

 
 

Figure 1. Recombinant DNA Technology Steps and Applications: 

Treat foreign DNA and plasmid with restriction enzymes and 

join using ligase. Introduce the recombinant plasmid into host 

bacteria. Applications of amplified genes and proteins are 

explained in the diagram. 

 

 Isolation of gene of interest by treating with 

restriction enzyme that needs to be cloned. 

 Formation of a recombinant DNA (rDNA) molecule 

by insertion of the DNA fragment into a carrier 

DNA molecule called vector (e.g. plasmid, cosmid) 
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that can self-replicate within a host cell. 

 Transfer of the rDNA into an E. coli host cell 

(transformation) 

 Selection of only those host cells carrying the 

rDNA and allowing them to multiply thereby 

multiplying the rDNA molecules. The whole process 

thus can generate either a large amount of rDNA 

(gene cloning) or a large amount of protein expressed 

by the insert. 

The modern biotechnologists have been classified 

into the following branches: (a) In Silico Biology/ 

Bioinformatics is an interdisciplinary branch of study, 

that deals with the application of mathematical, 

statistics, biology, and informational technique principles 

to process the biological data to find out the structure 

and functions of macromolecules (e.g., DNA, Proteins, 

etc.) and plays an important role in various areas, 

including genomics, transcriptomics, proteomics that 

have application as in silico drug designing. (b) Blue 

biotechnology is based on the use of marine resources 

to develop new products. (c) Green biotechnology is 

the application of agricultural technology to improve 

crops or industrial purposes to generate industrially 

useful products e.g., paper, detergents, biofuels, 

pharmaceutical, textiles, substances, designing of 

transgenic plants, etc. (d) White or industrial biotechnology 

is the application of industrial processes, enzyme or 

microorganism to produce chemicals, pharmaceuticals, 

food ingredients, etc. (e) Red biotechnology is the 

application of medical technology for producing vaccines, 

antibiotics, drugs, and curing diseases through genetic 

manipulation. Therefore, advancement in the field of 

biotechnology is facilitating scientists for designing 

safe and effective drugs, vaccines, and other various 

products.8-11 

Medical biotechnology has outstanding features of as 

the contribution of developing a variety of drugs, 

vaccines for the treatment of microbial infections, 

chronic renal and respiratory disease, cancer, autoimmune 

disease, cerebrovascular diseases (e.g., myocardial 

infarction), diabetes, and dementia/brain-related diseases 

(i.e., Alzheimer's disease, Parkinson's disease, etc.). 

Pharmacogenomics-based medications help to understand 

why individuals respond differently to medicines and 

it becomes a part of the chronic diseases treatment 

process. It has developed the base of a safe medication 

approach according to an individual’s genetic makeup.12 

Genome Editing and Gene Therapy 

J. Doudna and E. Charpentier were awarded by the 

Nobel Prize (2020) in Chemistry for the development 

of the CRISPR/Cas9 genome editing technique. The 

CRISPR/Cas9 genetic scissors could change the DNA 

of humans, plants, and microorganisms with high 

accuracy. Since the discovery of DNA structure and 

the recognition of genes, the ability to site-specific 

local modifications in the human genome has become 

the goal of medical research. 

 Therefore, the advancement of gene therapy techniques 

has the capacity for creating gene improvements by 

site-directed mutation or modifications that have 

targeted treatment (Figure 2). Advances in gene 

therapy, antibiotics discovery, rDNA technology and 

chemotherapy, and other techniques allow the manipulation 

of vectors used to deliver genetic material to target cells.13 

 

 

Figure 2. Strategies for Delivering Therapeutic Transgenes. 
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Tools and methods for gene therapy are used to 

correct a gene mutation in an inherited embryo 

disorder. Genetic disease is the outcome of a structural 

or functional alteration in the DNA that is considered a 

gene mutation in which the DNA sequence is altered. 

Three methods can be adopted by gene therapy: (a) 

replacing a faulty gene with a normal gene; (b) 

inactivating or 'knocking out' the defective gene; or (c) 

inserting a completely new gene into the body to treat 

the disease so that the human body can generate the 

right protein and thereby eradicating the root causing 

the disease.14 

Gene mutation may cause many human diseases 

such as diabetes, cancer, cardiovascular, autoimmune 

disorders, and mental illnesses. It is assumed that 

family history is a strong indicator of the likelihood of 

genetic inheritance of an individual's disease15. Single 

gene mutation/nucleotide polymorphisms (SNPs) is 

associated with various diseases including sickle cell 

anemia, Severe Combined Immunodeficiency (SCID), 

β-thalassemia, hemophilia, cystic fibrosis, phenylketonuria, 

etc. Gene therapy focuses on diseases caused by single 

-gene defects.16 

The gene therapy may be classified into two types, 

based on the treated cell types (a) germline gene 

therapy and (b) somatic gene therapy. Germline gene 

therapy involves introducing ‘normal’ genes into the 

eggs or sperm or the fertilized egg or early embryo of 

the offspring. These genetic changes would be 

inherited. Germline gene therapy may be performed to 

eliminate genetic disorders or to enhance genetic 

variation. Somatic gene therapy involves the introduction 

of novel genetic material into somatic cells to express 

therapeutic gene products and its promise to treat both 

inherited and acquired diseases. In progenies, somatic 

gene therapy is not inherited. The somatic cells are 

exposed to a recombinant virus carrying the desired 

gene and after infection, the desired gene becomes a 

part of the DNA of the cells. Gene therapy approaches 

and concepts are still under progress and are being 

investigated during pre-clinical trials on laboratory 

animals. The safety aspect of initial clinical trials will 

lead to the widespread investigation of applications in 

both medicine and surgery.17 

 

Monoclonal Antibodies and Plantibodies 

Antibodies present in serum are a heterologous 

population released by B- lymphocytes and therefore 

are known as polyclonal antibodies. Monoclonal 

Antibodies (mAbs) are monovalent antibodies which 

bind specifically to the epitope on an antigen and are 

produced from a single B-lymphocyte clone. The 

mAbshave been increasingly used over the last 

decades and the concept of using antibodies to 

selectively target tumors was proposed by Paul Ehrlich 

through Hybridoma Technology (Figure 3).18 Ceasar 

Milstein and George Kohler were honored with the 

Nobel Prize (1984) for the development of hybridoma 

technology by fusing antibody-producing B-lymphocytes 

with myeloma cells using polyethylene glycol. The 

mAbs were first generated in mice using a hybridoma 

technique (1975).19 

 

 
 

Figure 3. Hybridomatechnology. 
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Hybridomas are hybrid cells produced by the fusion 

of antibody-producing lymphocytes with myeloma 

cells.20 Monoclonal antibodies are being used in 

clinical applications, e.g. OKT3 which is the first 

monoclonal antibody to be used for the prevention of 

acute rejection of organs. OKT3 binds and blocks the 

function of cell surface CD3 (Muromonab-CD3) in T 

cells. The mAbsare important diagnostic substances 

used in biomedical and microbiological research for 

the diagnosis of hepatitis, AIDS, influenza, herpes 

simplex, and for the treatment of infectious diseases 

and cancer.21 Pregnancy tests based on selectively 

detect elevated levels of human chorionic gonadotropin 

(hCG) in urine or serum by using a combination of 

mouse monoclonal anti-hCG antibodies and goat 

polyclonal anti-hCG antibodies. The mAbs can detect 

unusual serum levels of a prostate-specific antigen, 

which provides an early warning of developed prostate 

cancer. The recombinant antibodies have been approved 

for therapeutic use and have been introduced into human 

medicine e.g., Muromomab, Abciximab, Rituximab, 

Infliximab, Trastuzumab, Omalizumab, Efalizumab, 

Cetuximab, etc.22 Antibodies can also be produced in 

transgenic plants by inserting foreign genes and the 

resulting mAbs are termed as plantibodies. Phage display 

and plantibody techniques arefor large-scale production 

of customized mAbs. 

 

Vaccines Technology 

Edward Jenner is well known for hisinnovative 

contribution to immunization and the ultimate eradication 

of smallpox. Eventually, the eradication of smallpox 

was one of the major successes of vaccine science. 

Scientists around the world have been working to 

develop the SARS-CoV-2 vaccine, the virus that 

caused the COVID-19 pandemic. The fast-tracked 

vaccine will likely be launched between the end of 

2020 and the middle of 2021. Vaccination is a safe and 

efficient way to administrate a harmless form of a 

pathogen to induce a specific adaptive immune response 

that protects the individual against later exposure to 

the pathogen and it is the most effective method for 

disease prevention and control.23 

Vaccines define as a preparation of immunogenic 

material used to induce immunity against pathogenic 

organisms. A vaccine contains the harmless or less 

harmful form of pathogen’s antigens, e.g., the smallpox 

vaccine contains the antigens specific to smallpox. 

When a person is vaccinated against smallpox, the 

immune system responds by stimulating B-lymphocytes 

cells to produce smallpox antibodies. After vaccination 

against a pathogen, the body's immune system will be 

ready with active B-lymphocytes and antibodies to 

fight against the infection.24 The advance of novel 

technologies such as genomics, proteomics, bioinformatics, 

and recombinant DNA technology are useful for the 

discovery of new vaccine antigens. The approaches 

used for vaccine development are based on an improved 

understanding of the microbial structure, physiology, 

epidemiology, virulence, host-pathogen interactions, 

and the scale of microbial intra- and interspecies 

diversity (Figure 4).25 

 

 

Figure 4. Phases of Vaccine Development. 

 

Most current vaccines can target pathogens that have 

low antigenic variability and for which protection depends 

on antibody-mediated immunity. This is the case for 

tetanus, polio, measles, diphtheria, and hepatitis B.26 
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In Table 1, the vaccination schedule for Indian children 

according to the Universal Immunization Program (UIP) 

is explained. 

 
Table 1. Vaccination Schedule for Indian Children’s According 

to UIP 

AGE VACCINE 

By birth 
Bacillus Calmette – Guerin vaccine (BCG) 

Oral polio vaccine (OPV) Hepatitis B vaccine 

(Hep B) 

6 Weeks 
Diphtheria, Pertussis Tetanus vaccine (DPT) 

Hemophilus influenzae type B (HIB)vaccine 

Oral polio vaccine(OPV), Hepatitis B vaccine 

(Hep B) 

10 Weeks 
Diphtheria, Pertussis Tetanus vaccine (DPT) 

Hemophilus influenzae type B (HIB)vaccine 

Oral polio vaccine(OPV)/ Inactivated polio 

vaccine (IPV) 

14 Weeks 
Diphtheria, Pertussis Tetanus vaccine (DPT) 

Hemophilus influenzae type B (HIB) 

vaccine, Oral polio vaccine (OPV) 

18 Weeks 
Inactivated polio vaccine (IPV) 

6 Months 
Hepatitis B vaccine (Hep B) 

9 Months 
Measles 

Conjugate vaccine is the combination of weak antigen 

with strong antigen for stronger immune response to 

the weak antigen e.g., the vaccine against Hemophilus 

influenzae type B (Hib) is a conjugate vaccine. DNA 

vaccines could be produced by using antigenic genes 

that code for the antigens of microbe in the host 

organism. Vaccines capable of generating neutralizing 

or opsonizing antibodies against these pathogens are 

successful.27 

 

In Silico Drug Designing 

The objective of the drug discovery process is to 

search for new drug molecules which can bind to a 

specific target known to be involved in causinga 

disease and change the target’s function.28 The drug 

discovery process involves the lead structure identification 

and is followed by the synthesis of its analogs, and 

their screening to get candidate molecules for drug 

development. Even though most traditional drug 

discovery processes depend on experimental tasks, in 

silico approaches are playing important roles in every 

stage of this drug discovery pipeline (Figure 5).30 

 

 

Figure 5. In Silico Drug Discovery Process.
30 

 

In silico techniques significantly contribute to the 

early drug development process and are an important 

in target and lead discovery.29 In silico drug, designing 

methods are limiting the use of animal models in 

pharmacological research, for rational designing of 

novel and safe drug candidates.30 

 

Human Genome Project 

The Human Genome Project (HGP) was a multinational 

collaborative project to determine the sequence of all 

the genes and map the genome of humans.31 The 

estimated budget of $3 billion for the HGP was funded 

by the United States-National Institutes of Health (NIH) 

and the Department of Energy (DOE). The project 

started in 1990 and the International Human Genome 

Sequencing Consortium published the first draft of the 

human genome in Nature journal (February 2001).32 

The main object of the HGP was to provide acomplete 

and accurate sequence of the 3 billion DNA base pairs 

that make up the human genome and to find all the 

estimated 20,000 to 25,000 human genes. The project 

also aimed to sequence the genomes of several other 

organisms that are important to medical research, such 

as the mouse and the fruit fly. The primary method 

used by the HGP to produce the finished version of the 

human genetic code is map-based, or "Bacterial 

Artificial Chromosome” (BAC) based sequencing. 

Just about 2% of genes of the human genome encode 

proteins, and at least 50% of the genomes do not code 

for proteins termed as “junk DNA” 33. The initial draft 

of the rat genome sequence was published in November 

2002. The 3 million human genetic variations have 

been identified as Single Nucleotide Polymorphisms 

(SNPs); and the generation of complementary DNAs 

(cDNAs) for more than 70% of known human and 

mouse genes. Improved knowledge on the genetic 

basis of diseases provides availability of DNA-based 

diagnostic methods for neurodegenerative diseases 
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e.g., Alzheimer’s disease, Parkinson’s disease, multiple 

sclerosis, cancers, and hypertension.34 

 

RNA Interference 

The dsRNA-mediated interference (RNAi) is a natural 

post-transcriptional mechanism of gene silencing 

expression in a range of organisms. Gene silencing is a 

function of RNA degradation into short RNAs that 

activate ribonucleases to attack homologous mRNA.35 

RNAi works on cells of organisms ranging from flies, 

nematodes, plants, and mammals, showing its fundamental 

significance in the selective suppression of protein 

translation by targeted mRNA encoding degradation. 

RNAi is considered an essential tool not only for 

functional genomics but also for gene-specific therapeutic 

activities that target the mRNAs of disease-related 

genes, due to its exquisite specificity and efficacy. 

 In various fields of genetics and genetic engineering, 

RNAi technology has been used, especially in the 

engineering of food plants that produce lower levels of 

natural toxins.36 The RNAi modification targets the genes 

involved in pathogenicity, the genes necessary for the 

survival and metabolism of the pathogen, or the genes 

associated with the immune and toxicity response of the 

pathogen, aimed at silencing the particular gene that produces 

resistance to diseases and pathogens. The therapeutic 

ability of RNAiis to treat viral infections, cancer tumors, 

neurodegenerative diseases, renal disorders, etc.37  

Viral infections can be treated by using RNAi-based 

therapies by reducing the activity of key viral genes. 

Cancer is caused by over-excited genes in the cells and 

retarding their activities could stop the disease progression. 

RNAi-based therapies stopped the growth of HIV, 

hepatitis C, polio, and other viruses in human cell culture 

during clinical trial stages.38 RNAi-based delivery 

methods include Liposomal Nanoparticles (LNPs), 

conjugates, and viral vectors. Synthetic dsRNA is delivered 

by nanoparticles, while viral vectors deliver a transcriptional 

template to the nucleus.  

Nonspecifically cellular uptake occurs by receptor-

mediated endocytosis. Nanoparticles deliver the RNAi 

trigger to the cytoplasm of the cell. The trigger enters 

the RNAi pathway at the dicer processing or RNA-

induced silencing complex stage. Transcriptional templates 

generate hairpin RNAs that enter the pathway at an 

earlier nuclear stage (Figure 6). Finally, an active RISC 

complex is formed that cleaves the mRNA target. The 

increased acceptance of gene editing, rapidly expands 

clinical acceptance of RNAi-based drug delivery for 

targeting cells and tissues.39 

 

 

Figure 6. RNAi is the Drug: RNAi delivery approaches include conjugates, liposomal nanoparticles (LNPs), and viral vectors.
39

 

 

Nano-Biotechnology and Nano-Medicine 

Nanomaterial refers to a natural, or manufactured 

material including particles, either in an unbound state 

or as aggregate wherein external dimensions are in the 

size range of 1-100 nm for ≥50% of the particles.40 

Nano-biotechnology uses the principles and techniques 
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of nanomaterials in a biological system to manipulate 

physical and chemical properties at molecular, genetic, 

and cellular process levels to develop products and 

services  that are used in various fields from medicine 

to agriculture.41 Applications of nanotechnology in 

medicine involve employing nanoparticles to deliver 

drugs and engineering particles to be used for diagnosis 

and treatment of diseases or injuries.42 

According to the NIH, the applications of nanotechnology 

for diagnosis, prognosis, monitoring, control, prevention, 

and treatment of diseases is termed nanomedicine.43 

These involve the identification of precise targets as 

cells and receptors, related to specific medical conditions 

and choice of the appropriate nanocarriers for delivery 

of pharmaceutical, therapeutic, and diagnostic agents 

to achieve the required responses with minimum side 

effects. Nanomedicine's main targets are mononuclear 

phagocytes, dendritic cells, endothelial cells, and cancer 

cells.44 

Nanomedicine makes use of nanostructures for 

applications in different areas of medicine, including 

biosensors, drug delivery, neuro-electronic interfaces, 

in vivo imaging, and cell-specific molecular interactions. 

The nanoparticulate drug delivery systems can alter the 

biodistribution and pharmacokinetics of drugs.45 

 

Stem Cell Therapy 

Stem cells are undifferentiated cells that can 

differentiate into specific cell types. The two main 

characteristics of stem cells are perpetual self-renewal 

and the ability to differentiate into a specialized adult 

cell type 46. The field of stem cell research was 

established by Ernest McCulloch and James Till (1960). 

There are two major classes of mammalian stem cells: 

embryonic stem cells that are isolated from the inner 

cell mass of blastocysts, and adult stem cells that are 

found in adult tissues. The embryonic stem cells are 

pluripotent and can differentiate into any cell in the 

adult body. The adult stem cells are multipotent and 

differentiate into the limited population of cells that act 

as a repair system for the body by maintaining the 

normal turnover of regenerative organs.47 

Stem cell therapy is a potentially emerging field to 

treat disease and injury, and it recently progressed from 

preclinical to the early clinical trial of a variety of 

diseases.48 Stem cell therapy is used for the repair of 

damaged and diseased tissue with healthy cells 

provided by stem cell transplant.49 Under the specific 

conditions of animal tissue culture, stem cells have the 

potential to differentiate into heart cells, skin cells, 

nerve cells, muscles, etc.50,51 

The embryonic stem cells can be used for disease 

treatment including leukemia, paralysis, Alzheimer's, 

Parkinson's, Huntington's, cardiac tissue damage, etc.52 

The adult stem cells are used for the treatment of 

cancer53 and are able to repair muscle damaged after 

heart attacks. The advancement in embryonic stem 

cells could be used to overcome many of the technical 

barriers for successful therapeutic gene transfer and 

clinical success of cell-based gene therapy.54 

 

Metamaterials 

Metamaterials are complex materials with an 

artificial structure which have special modified electric 

features. These features attract many scientists to use 

metamaterial structure in many medical research 

areas.55 The metamaterials can enhance the properties 

of microwave and optical passive and active components 

and exceed some performance of devices used in 

technical equipment. Examples of technical fields which 

can improve electrical engineeringare micro-and nano- 

technology, microwave engineering, optics, optoelectronics, 

semiconductor technologies, and biomedical engineering.56 

In plasmonic, the interplay between propagating 

electromagnetic waves and free-electron oscillations in 

materials are exploited to generate new features and 

applications. Biomedical scientists use these novel 

materials in much-advanced equipment and their 

electromagnetic application in medicine. Some of the 

applications of metamaterials in medicine are described 

as cancer detection, medical imaging wireless strain 

sensing, lens radar absorbing materials, etc.57 Metamaterials 

refer to important artificial composite materials in 

which small artificial elements, through their collective 

interaction and applications, create a desired and 

unexpected macroscopic property and response that is 

not present in conventional materials.58 

The terahertz electromagnetic frequency region of the 

electromagnetic spectrum plays an important role in 

biomedical imaging because biomolecules are very 

sensitive to vibrational modes for this frequency range. 

Advantages in broadband terahertz pictures have been 

rising in biomedical spectroscopy science. Biomedical 

imaging technology is used to discriminate in the 

infected e.g., cancer, and the non-infected tissue,59 

which requires broad frequency band and highly 
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efficient Radar Absorbing Material (RAM) system 

designs to obtain high-resolution image and study of 

the tissue.60 

 

Conclusion 

Biotechnology is defined as the application of 

scientific and engineering principles to process material 

to provide goods and services. Its interdisciplinary area 

of study is to serve mankind. Medical biotechnology is 

the use of living cells and cell materials to research and 

produce pharmaceutical and diagnostic products that 

help treat and prevent human diseases (e.g., cancer, 

autoimmune disease, and infectious diseases such as 

tuberculosis, malaria, and AIDS, etc.). In this study 

various applications of medical biotechnology have 

been discussed e.g., gene therapy, monoclonal antibodies 

(hybridoma technology), vaccine technology, recombinant 

DNA technology, HGP, in silico drug designing, RNA-

mediated interference (RNAi), nanomedicine, stem cell 

therapy, and medical metamaterials. 
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