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Abstract 

The modern age is an arena of interdisciplinary research and knowledge domain which involves versatile field of 
sciences to work cooperatively for the improvement of the mankind. Biotechnology is providing for more personalized 
healthcare and continued analysis of the human body. As biotechnology advances day by day, we have to uphold the 
pace to discover future medical applications of it. Biotechnology is a huge and rapidly growing field. Biomedical 
technology involves the application of engineering and technology principles to the domain of living or biological 
systems. Generally biomedical denotes larger stress on issues related to human health and diseases. Different kinds of 
live expression systems like plant or insect cells, transgenic animals, mammals, yeast, Escherichia coli and more are 
particularly beneficial because biotechnology-derived medicines from them. This type of expressed gene or protein 
incorporates the identical nucleotide sequence as endogenous form of humans. Application of biotechnology in different 
domain of biomedical fields has already brought about a substantial difference which denotes the superiority over 
traditional ways of treatment. It is very easy to understand that how biotechnology can be played a crucial role in 
medical purposes. This paper will try to highlight the glimpse of multifaceted application of biotechnology in different 
field as well as from different angle of application.  

Keywords: Biotechnology; Biomedicine; Micro-organisms; Plants; Prevention. 

1. Introduction

Biotechnology is outlined as biology-based technology that uses organisms or their elements to form or modify 
commodities or improve plants, animals and microorganisms. Biotechnology is defined as “the application of science 
and technology to living organisms, as well as parts, products and models thereof, to alter living or non-living materials 
for the production of knowledge, goods and services”. Developing new tools, including recombinant, fermentation and 
genetic engineering technologies that address current tissue engineering issues, biotechnology has evolved over the 
years [1, 2]. Biotechnology uses science and engineering to manufacture materials with biological agents. Biological 
agents like enzymes, plant cells and microorganisms are availed to produce prescribed drugs, foods and organic 
chemistry used for warfare. In medication, trendy biotechnology finds promising applications in pharmacogenomics, 
genetic testing, gene therapy, and drug production. Pharmacogenomics is the study of how the genetic inheritance of a 
person affects his or her body’s response to the medicine. Life scientists used biotechnology to form vaccines within the 
late nineteenth century [3-5]. The conjugation of deoxyribonucleic acid to hydrophobic compounds, medicine or 
polymers is in a position to come up with a possible sort of bio-hybrid materials with varied distinctive properties that 
are helpful for a broad range of medical applications, like gene therapy, drug delivery, and biosensing. As an example, 
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deoxyribonucleic acid particle structures are recently synthesized and used to deliver supermolecule probes, antisense 
deoxyribonucleic acid, and hydrophobic medicine for bioimaging, biosensing, and cancer medical aid [6-10]. 

Cellulose is a universal gift in cell walls of all tube-shaped structures plants, algae, plant life, and fungi. To lesser extent 
cellulose is additionally available in several marine animals, like tunicates and ocean squirts, and might even be 
synthesized by some microscopic organisms, like a bacterium [11-14]. Bacterial cellulose (BC) could be a refined sort 
of cellulose that is made by many forms of microorganism species that principally belong to the genus Acetobacter [15, 
16]. Bacterial cellulose and its composites are applied in many medical applications like wound healing, skin and tissue 
regeneration, healing beneath infectious environments, development of artificial organs, blood vessels, and skin 
substitutes [11, 13, 15, 16]. Bacterial cellulose could be an extremely crystalline linear biopolymer of monosaccharide, 
that is made with a breadth of but a hundred nanometer primarily by the microorganism Gluconacetobacter xylinus (G. 
xylinus) (formerly named Acetobacter xylinus) in each artificial and non-synthetic mediums through oxidative 
fermentation [11,17,18]. Cellulose-producing bacterium performs within the pentose-phosphate cycle or the Krebs 
citric acid cycle, based on the physiological condition of the cell coupled with gluconeogenesis. Recently, nano-
composites have received exceptional attention and are widely studied because of their glorious properties [19-22].  

Figure 1 Biomedical application of Bacterial cellulose [11] 

Bacterial cellulose is a lovely candidate for medical specialty applications because of its distinctive specific structure 
and properties, at the side of its biocompatibility. Bacterial cellulose and its composites have additionally been utilized 
in many alternative medical specialty applications, as well as cancer targeting, membrane substitute, biological 
diagnosing and biology–device interfaces [11, 13, 15, 16]. Currently, cellulose and its derivatives are found in medicines, 
cosmetics, optical films, textiles coatings, food items, packaging, and laminates [12, 23]. 

Recently, extremely crystalline nano-scale materials made from cellulose, specifically cellulose nanocrystals (CNCs) and 
drew important attention from several analysis communities, starting from Bio-resource Engineering to Materials 
Science and Engineering to Bionanotechnology [12,24]. Algae, that are either living thing or cellular eukaryotes, contain 
chlorophyll as their primary photosynthetic pigment. Many protoctist species, like Valonia, Cladophora, 
and Boergesenia ar legendary to synthesize cellulose microfibrils in their cytomembrane. Bacterial cellulose is extra-
cellularly secreted by numerous species, principally to the subsequent genera: Gluconacetobacter, Rhizobium, 
Agrobacterium, Aerobacter, Achromobacter, Azotobacter, Sarcina, and Salmonella. Tunicates are the sole marine animals 
that are capable of manufacturing cellulose microfibrils; these microfibrils are embedded within the macromolecule 
matrix of the mantle [12, 25-28]. Chitin and its deacetylated spinoff chitosan are natural polymers composed of 
randomly distributed b-(1-4)-linked D-glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit). 
Biopolymers like Chitin and Chitosan exhibit numerous properties that open up a wide-ranging of applications in varied 
sectors particularly in life science. The most recent advances within the medicine analysis are vital rising trends that 
hold a good promise in wound-healing management products. Chitin and chitosan are thought of as helpful 
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biocompatible materials to be utilized in a medical device to treat, augment or replace any tissue, organ, or performance 
of the body [29-34].  

Chitin and chitosan are obtained from the shells of crustaceans like crabs, prawns, lobsters and shrimps, the 
exoskeletons of insects, and therefore the cell walls of fungi like aspergillus and mucor. It’s primarily created 
commercially by deacetylation or removing acetyl group from the chitin chemical compound by treatment with alkali 
[35-37]. However, the biocompatibility, biodegradability, non-toxicity and antimicrobial activity of chitosan attract 
researchers in recent years and garnered interests within the field of medical engineering. The assembly of chitosan is 
related to fermentation processes, almost like those for the assembly of acid from fungus genus niger, mould rouxii, 
and actinomycete, that concerned alkali treatment yielding chitosan. Briefly, shells are ground to smaller sizes and 
minerals, primarily carbonate, are removed by extraction (demineralization, decalcification) with dilute acid followed 
by stirring at close temperature [29,38,39]. Presently receiving a good deal of interest from researchers throughout the 
world because of their fascinating properties like sturdy bactericide impact, biocompatibility, biodegradability, non-
toxicity and high humidity absorption. Moreover, different biological properties like analgesic, antitumor, hemostatic, 
hypocholesterolemic, antimicrobial, and inhibitor properties have additionally been reported by researchers in some 
recent studies. Chitin and its derivatives have sturdy antimicrobial activities that offer varied protection against 
microorganisms and fungi. The blood serum of homoeothermic animals containing antibodies developed by chitin is 
beneficial for creating someone or animal proof against infection of the parasitic attack and therefore the associated 
diseases [29, 32, 40, 41]. 

2. Biotechnology

Biotechnology is that the exploitation and application of biological organisms and processes for industrial and different 
functions, particularly the genetic manipulation of microorganisms for the assembly of a specific goods. To place it in an 
exceedingly easy approach, biotechnology is that the use of living systems and organisms to develop or build 
merchandise, or “any technological application that uses biological systems, living organisms, or derivatives therefrom, 
to form or modify goods or processes for specific use”. The last objective of biotechnology is to boost the standard of 
human life and health. Biotechnology finds applications in health & medication, agriculture, food process & 
preservation, bio-fuels and bio-energy, industry, environmental management, waste management, mining, forestry, 
cultivation, conservation, etc. Biotechnology is chiefly dealing with natural sciences. Bioscience is that the study of the 
build, its structure and performance in health and diseases. The first focus of bioscience is to grasp the disease 
mechanisms (using refined techniques) and dealing with the identification and treatment of these diseases. Bioscience 
is chiefly dealing with the facts, theories and models describing biological and clinical phenomena. Medical specialty 
engineering is an associate degree knowledge base and applied field of engineering and biology. Medical specialty 
engineering generally refers to the applying of bio-engineering to human medication, healthcare, surgery and 
rehabilitation. The sector of medical specialty engineering primarily involves biomaterials, bio-similar, bio-
instrumentation, medical imaging and medical devices [42-44]. 

The field of biotechnology is huge and will be thought of tritely as merely the event of technology that's based on biology. 
The ideas of biotechnology will unfold many alternative fields [44]. Gene testing involves the interrogatory of the 
polymer molecule itself. The area of microorganisms unit needed for the assembly of antibiotics, (e.g, penicillin, 
antibiotic drug, Chloromycetin), vaccines, vitamins, enzymes, and lots of a necessary product. One in all the necessary 
applications of recombinant DNA technology is that the modification of microorganism cells to create substances helpful 
to humans. Bacterial cells produce human proteins; with the information for synthesizing the protein, a human DNA 
gene is inserted into the vector. As a tool to explore fundamental life processes, the use of microorganisms become 
attractive due to the following facts: they can be cultured in small and vast quantities conveniently and rapidly; they 
reproduce very rapidly; their growth can be controlled easily by chemicals and physical means; and their cells can be 
broken apart or the contents can be separated into fractions of many particle sizes. For these characteristics, 
microorganisms are used as research models to determine exactly how various life processes take place [45-47]. Among 
the microorganisms, bacterium area unit one in all the foremost abundant organisms and their ability to survive below 
extreme conditions, therefore it has attracted most of the scientists within the field of biogenesis of NPs [6, 48, 49]. 

The fact is that biotechnology, engineering and bio-nanotechnology are nearly novel ideas. To some extent, several new 
nanotechnological discoveries cross existing conceptual border of biotechnology and the other way around. Today, the 
event of biotechnology, however, has moved beyond the borders. The data has fully grown in several engineering fields 
similarly as in biomaterial and nano-biotechnology merchandise [6]. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

133 

Bio-nanotechnology has created novel technologies for interfacing between nano-scale materials and biological systems 
supported the investigation of their interactions [6, 49]. The main products of bio-nanotechnology within the 
pharmaceutical field comprise nano-medicines and their parts, including. 

 Carriers to boost each circulatory persistence and targeted medication to specific cells.  
 Delivery vehicles to enhance governable drug release. 
 Adjuvants for delivery of immunogen, genes and diagnostic. 
 Additives to boost bioavailability, solubility, and stability of poorly soluble medication [6, 49]. 

Bio-nanotechnology in analysis results in varied medicine applications with varied benefits like labeling, medical 
specialty, bio-sensing, targeted imaging, yet as delivery, cellular delivery, medicine, bio-computing, bioelectronics, etc 
[50, 51]. Bio-nanotechnology has an impact on a medical specialty by facilitating early detection of inflammation, 
interference and early detection of cancer. Diagnostic detection techniques involve measure enzyme chain reactions, 
protein or antigen-based complexes, or enzyme-based reaction rates victimization MEMS. Whole-cell microorganism 
sensors and biosensors utilizing aptamers area unit used as different schemes of ascendable medical specialty. Inbound 
diagnostic strategies, NPs are a unit interfaced chemically or biological molecules like antibodies, antigens, and perform 
as nanoprobes. Bionanotechnology has been widely applied in pharmaceutical applications, that area unit well-known 
as drug delivery systems. The applications of bio-nanotechnology within the pharmaceutical field are delineating as 
utilization of bio-nanomaterials to the pharmacy and as campaigns like imaging, diagnostic, drug delivery and 
biosensors. It’s been incontestable that the drug delivery systems influenced the absorption ability, excretion, and 
metabolism, distribution of the drug or different connected chemical parts within the body [6, 7] 

 

Figure 2 Application of Bio-nanotechnology [50,52] 

3. Biomedical Engineering 

Biomedical technology involves the application of engineering and technology principles to the domain of living or 
biological systems. Sometimes medicine denotes larger stress on issues associated with human health and sickness. 
Medicine engineering combined with biotechnology is usually referred to as medical technology or engineering science 
[45]. Biomedical engineering is that the application of engineering principles and style ideas to medical biological 
sciences for care functions. It seeks to introduce up-to-date advanced technologies that promote the event of care 
treatment, each diagnostic and therapeutic. Distinguished medicine engineering applications embody the event of 
bioassays for clinical identification, bio-fabrication of novel biomaterials, and tissue engineering for each 
pharmaceutical business and clinical medical care [53]. Biomedical engineering additionally involves the search for 
appropriate carriers of pharmaceutical agents and biomolecules that may be used as a treatment against diseases or as 
agents for cell stimulation [54-57]. 
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3.1. Importance of Biotechnology in Biomedical Engineering 

3.1.1. Tissue Engineering 

Tissue engineering is a branch of science that unifies materials engineering and biomedicine–deals with the assembly 
of materials that will substitute and induce advanced regenerative processes in broken tissue. The expansion and 
manipulation of laboratory-grown cells, tissues or organs that may substitute or support the role of defective or injured 
elements of the body is the main operation of tissue engineering. The target of tissue engineering is to repair, replace, 
maintain, or enhance the task of a selected tissue or organ. Tissue engineering technology has developed to construct 
artificial tissues which will mimic the natural ones by combining modulated cells with completely different system 
materials, together with natural and artificial polymers. Among these materials polylactide (PLA), polyglycolide (PGA) 
and their polymer, polylactide-co-glycolide (PLGA) has received abundant attention as appropriate candidates for tissue 
engineering owing to their biodegradability and biocompatibility [29, 37, 58, 59]. Due to the distinctive characteristics 
of bacterial cellulose (BC), along with the 3D network structure, potential biocompatibility and considerably low 
toxicity, glorious mechanical properties yet as an extremely porous structure, BC is the best-suited material for tissue 
engineering applications [11,60,61]. The PVA–BC nano-composites presented tunable compressive mechanical feature 
with elastic modulus magnitudes which is closer to that of the initial articular cartilage. The PVA–BC nanocomposites 
exhibited tunable compressive mechanical characteristics with modulus magnitudes nearer there of the initial body 
part animal tissue. The PVA–BC nano-composites displayed enticing properties for replacement localized body part 
animal tissue injuries and plenty of alternative medical science issues, like broken bone discs. Supported the high 
mechanical properties, compatibility, foldability, and low value, the BC-based artificial membrane (AE) was ready and 
later on proprietary [11, 62]. BC is an attainable material to use for blood vessels for small- or large-sized vascular grafts 
because of its sensible mechanical strength (a burst pressure of up to 880 mmHg), porous structure, blood 
biocompatibility, mold ability and fold ability. 

The grapheme oxide (GO) nano-sheets were embedded within the BC nano-fibers with atomic number hydrogen 
bonding. The BC–GO composite showed bigger biocompatibility compared to them on an individual basis applied 
substances additionally to induce cell proliferation. Completely different properties and biology assessments of BC 
tubes as a vessel substitute are probed, as well as BC biomaterial-induced clotting problems, cell adhesion, proliferation, 
viability and invasion, hemodynamic analysis, microcirculatory analysis, and so on. Bacterium polysaccharide has been 
examined in dental tissue regeneration. Microorganism polysaccharide ready by the G. xylinus strain could also be 
applied for regeneration of dental tissues in kith and kin [11, 63-68]. Significantly, bio-nanotechnology has 
revolutionized tissue engineering in the regeneration of the skin in terms of tissue repair or reconstruction of lost or 
broken tissue through the employment of growth factors, cell medical aid, injectable biopolymers, and biomaterials 
particularly in severe burns, bruises and chronic wounds, wherever the treatments on the market aren't decent for the 
bar of formation of scars [50, 69]. 

Langer & Vacanti introduced biomaterial-based TE. It had been outlined as a knowledge base field using engineering 
and life sciences principles to support biological substitutes that restore, maintain, or improve the operation of a tissue 
or a full organ [70-72]. An intersection between biotechnology and medicine engineering named TE, was established to 
support and promote denovo synthesis of scaffolds, therefore, conjointly to repair defective broken tissues as per 
patient’s regeneration potential. Biomaterial scaffold is capable of providing additional to physical support, the chemical 
and biological clues required in forming practical tissue. Biomaterial technology is crucial within the creation of this 
native cell atmosphere, and numerous artificial and natural materials like polymers, ceramics, conjugated metals, or 
their composites, are studied and used in several manners. Macromolecule-derived biomaterials like albumin, 
vitronectin, fibronectin, laminin, collagen, elastin, casein, zein, conjointly provide an appropriate environment for the 
expansion of cells. Transplantation and biomaterial engineering were recently used for malady healing, with the 
aftermath of the previous, being cancer and graft rejection [70, 73-76]. 

Albumin scaffold has been with success verified and applied in bone tissue engineering. Albumen fiber scaffolds with 
mechanical properties associated with internal organ tissue have been with success fancied. These fiber scaffolds for 
engineering practical internal organ tissues [70, 77-80]. The area of Proteins is a major unit of cellular and extracellular 
players in native tissues thus; the following of tissue regeneration driven by protein-derived scaffolds or spatial and 
temporal management unharness of relevant communication molecules is being additional and additional relevant. 
Tissue-engineered constructs made from biotechnology-derived materials are given necessary insights into cellular 
organic phenomenon and behavior once within the presence of specific genetic sequences. Also reliable and correct 3D 
tissue-like structures area unit expected to be provided by tissue engineers to boost drug discovery. Through tissue 
engineering, superior 3D in vitro model area unit being developed, which permit higher and quicker drug screening [1, 
81]. 
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Figure 3 Tissue Engineering and Drug Discovery [1] 

3.1.2. Wound Healing 

The application of polysaccharides and chitosan as potential wound-healing accelerators has been investigated by 
several researchers for an extended time. Polysaccharides and their derivatives will be applied safely to animals as well 
as to humans. Varied kinds of chitin-based products are offered for medical applications, like finely divided powder, 
nonwoven materials, porous beads, preserved soft fleeces or gels, gauges, laminated sheets and clear films. The direct 
use of ‘in situ’ polysaccharide with plant mycelia from the fungus Ganoderma tsugaue to bring about wound healing 
sacchachitin membranes. A non-woven mat obtained by initial processing the mycelia to get rid of super molecule and 
pigment, followed by isolation of fibers within the 10–50 metric linear unit diameter vary and a final consolidation into 
a freeze-dried membrane beneath sterile conditions was utilized in a wound model study. The wound healing of this 
fungal-based non-woven mat as surmised from wound contraction measurements on 2 completely different animal 
model studies came out favorable. No adverse responses were discovered in vivo immunogenicity evaluations in vitro 
cell culture applying rat fibroblasts. Wound healing is accelerated by oligomers of degraded chitosan by tissue enzymes, 
and this material was found to be effective in regenerating the skin tissue of the wound space [29, 82-84]. 

According to the findings of many studies, BC has been introduced as a superb biomaterial in typical wound dressing. 
There square measure some BC-based dressing materials, like Bioprocess, XCell, and Biofill, that square measure on the 
market within the market commercially. It had been reported that the skin of patients wounds were treated with a BC 
membrane improved quicker than those patients who used typical wound dressings. Czaja et al. found that non-dried 
BCs exhibited notable compatibility for various body varieties, maintained an acceptable water balance, and 
significantly reduced wound pain. Additionally recently, animal studies by Fu et al. conjointly confirmed the results of 
BC-based wound dressing materials in fast tissue regeneration and healing additionally reducing the inflammatory 
response. Moreover, the outcomes of many studies show that the topical use of microbial cellulose (MC) membranes 
accelerates the method of wound healing [11, 85-87]. 

Another study conjointly reported that megacycle membranes showed higher potency compared to standard wound 
dressings in: 

 Compatibility with the wound surface (excellent covering to any or all facial contours and a high level of 
cohesion even to the contoured regions, like mouth and nose, were seen);  

 Protective damp surroundings within the wound;  
 Important reduction in pain; 
 Fast re-epithelialization and therefore the generation of granulation tissue; 
 Reduction of scar formation [11, 87, 88]. 
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Inspired by the high chemical process activity of natural metallo enzymes, M-N-C SACs with similar structures of natural 
metalloenzymes were exploited as single-atom nanozymes to mimic the chemical process activities of natural enzymes. 
Atomically distributed single metal atoms supported on carbon spheres (denoted as PMCS) were fictitious as single-
atom nanozyme (SAzyme) with predominant peroxidase-mimicking activity for suppressing the microorganism 
proliferation and facilitating the wound regeneration [89, 90]. 

In the wound healing method, collagen plays a crucial role. It is demonstrated that raised concentration of 
hydroxyproline around the wound space is taken into account as associate indicator for the high quantity of collagen 
fiber that results in the elevation of the tensile strength that is a sign of wound healing. Lately, Woodfordia fruticosa was 
complexed with carbopol and then from it gold nanoparticles biosythesized to produce an ointment. Dhapte et al. (2014) 
investigated the wound healing potential of a gel formulation containing silver nanoparticles biosynthesized through 
Bryonia laciniosa and compared the results with already accessible marketed cream containing silver sulfa as a vigorous 
part [91-93]. 

 

Figure 4 Mechanisms of wound healing shown by biogenic AuNPs and AgNPs. (A) Biogenic AgNPs and AuNPs inhibiting 
varied microorganism growths, ultimately enhancing wound healing method, (B) increased epithelization by 
nanoparticles, (C) increase within the production of albuminoid fibers, (D) Immunomodulation Appl Microbiol 
Biotechnol [91, 94]. 

3.1.3. Cancer Treatment  

Cancer is one in all the leading diseases detected in developed countries with the looks of roughly one. About 6 million 
new cases were in 2017 within the USA alone. Presently obtainable medication for cancer treatment, together with 
taxol, antibiotic drug, cyclophosphamide, and 5-fluorouracil are invariably related to various adverse aspect effects like 
anemia, alopecia, fatigue, immunological disorder, neurologic problems, peripheral pathology, and fertility issues. 
Polysaccharides extracted from marine sources have arisen as doubtless effective chemical entities that have shown 
important metastatic tumor activities against a large vary of cancer cells. They’re reported to destroy cancer cells and 
forestall metastasis by functioning on neoplasm cells via completely different mechanisms like cell cycle arrest, DNA 
damage, gas production, and depolarization of mitochondrial membrane [95,96]. 

Based on the high chemical process capability of SACs, it has a tendency to recently built single-Fe-atom catalysts 
(denoted as Fe–N–C SACs), that regenerate tumor-overexpressed H2O2 into •OH by Fenton reaction and at the same 
time caused ferroptosis via the promotion of lipoid peroxides for economical nano catalytic tumor-oxidative treatment. 
Within the acidic tumour condition, a chemical element nucleon cared-for approach OH*, resulting in the formation and 
the resulting liberation of liquid molecule from the active sites of the catalyst, that enabled the resurrection of the active 
sites of the catalyst (Figure). However, within the neutral condition, upon the decomposition of H2O2 into •OH, the 
natural action of OH* species was hardly complete, and therefore the residual species considerably deactivated the 
active sites of the catalyst, inflicting evident declination in chemical process activity. As a result, in keeping with the 
planned chemical process mechanism, Fe–N–C SACs may implement high method |chemical change chemical action 
activities via chemical element proton-mediated process underneath acidic tumour setting [89, 97-99]. 
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Figure 5 Anticancer potentialities of marine-derived alga polysaccharides primarily based built cues to destroy cancer 
cells and stop metastasis by performing on tumour cells microenvironment via totally different mechanisms like 
necrobiosis via programmed cell death [95]. 

Gene medical care treatment wherever genes square measure accustomed treat diseases show potentiality to treat 
cancer. Because of the physical size of therapeutic plasmids and since of their circulation half-life that usually in a minute 
a carrier is needed. Chitosan-coated polyisohexyl cyanoacrylate (PIHCA) nanoparticles are developed for blood vessel 
delivery of tiny busybodied polymer (siRNA) and are shown to possess effectualness against the Ras homolog sequence 
family, member A (RhoA) cancer target sequence [29,100-102]. By an array of advanced techniques such as colony 
formation, cell viability, cell cycle progression, cell migration, apoptosis and genetic damage accompanied by 
mitochondrial membrane and nuclear morphological potential, recently, Arumugam and coworkers, meticulously 
investigated the anti-cancer properties of brown alga extracted sulfated carbohydrate, fucoidan in a hepatoblastoma-
derived (HepG2) cell line. The fucoidan conferred associate degree encouraging malignant tumor potentiality against 
HepG2 neoplastic cell lines by suppressing cell propagation, and cell detention that was reticulated with cell death and 
genetic harm [95,103]. 

 

Figure 6 Schematic illustration of tumor therapy as catalyzed by Fe–N–C SAFs [89, 98, 99] 
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Figure 7 Anticancer activity of brown seaweed (Turbinaria conoides)-derived fucoidan in HepG2 cancer cells [95] 

3.2. Artificial Kidney Membrane 

An artificial kidney membrane has been developed recently that produces attainable repetitive dialysis and sustaining 
the lifetime of patients with chronic nephrosis. Chitosan holds promise for being employed as a synthetic excretory 
organ membrane because of its intrinsic high mechanical strength additionally to permeability to organic compounds 
and creatinine. Moreover, these membranes square measure impermeable to serum proteins. The film-forming 
properties of chitosan were extensively studied by many workers and a range of chitosan membranes are proposed for 
reverse diffusion, ion exchange action, and metal ion uptake, diffusion of dyes and separation of water-alcohol mixture 
systems [29,104-106]. Uragami et al. prepared a cross-linked chitosan/PVA mix with a hard and fast quantity of cross-
linking agent and studied the transport of the salt ions through the chitosan/PVA membrane [107]. Hirano et al. 
produced a series of membranes from chitosan and its derivatives and therefore the membranes showed improved 
qualitative analysis properties. Chitosan membranes were changed with vinyl monomers victimization 60Co c-ray 
irradiation that showed an improved blood compatibility and permeability [29, 108-111]. 

3.2.1. Neural Engineering 

Nerve injuries are one in every of the foremost sophisticated physical injuries. Once the nervous system is impaired, its 
recovery is tough and failure of different components of the body happens. The repair of nerve lesions has been tried in 
many alternative ways that which have in common the goal of guiding to create nerve fibers into the appropriate 
endoneurial tubes. A large kind of materials is urged for the assembly of artificial tubes for nerve repair, as well as 
biocompatible, nondegradable, and degradable materials [29, 112, 113]. Chitosan has been thought about as a possible 
material for nerve regeneration thanks to its distinctive properties like growth, medicinal drug activity, 
biodegradability, and biocompatibility. Haipeng et al. according to those neurons civilized on the chitosan membrane 
will grow well which chitosan tube will greatly promote the repair of the peripheral nervous system [29,114, 115]. 
Apart from that, bio-nanotechnology with nano-bioelectronics has several benefits in brain analysis and neurobiology. 
Carbon nanotubes electrically stimulate neural stem cells and generate signals for nanomaterial-neural interfaces, for 
the combination of technology devices with the human brain. [50, 116-119].  

3.2.2. Pharmaceutical Engineering 

The massive bulk of pharmaceutical medicines presently on sale are artificial chemicals derived either directly by 
chemical synthesis or by with chemicals changed molecules derived from biological sources. As an example, 
recombinant human insulin became the primary factory-made or industrial, recombinant pharmaceutical in 1982. 
Before the event of recombinant human insulin, animals (notably pigs and cattle) were the sole bloodless sources of 
hypoglycemic agent. The primary success of the recombinant DNA technology is that the insertion of the human insulin 
gene factor into E. coli, thereby sanctioning the microorganism colonies to supply insulin [3, 120, 121]. Human 
somatotropin is employed to counter growth failure in youngsters that's because of a scarcity of hGH production by the 
body. Before the introduction of recombinant hGH the secretion was derived from human cadavers. Cadaver-derived 
hGH was vulnerable to contamination with slow viruses that attack animal tissue. Such infective agents cause fatal 
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diseases in some patients. Recombinant hGH has greatly improved the lengthy treatment of kids whose bodies don't 
turn out enough hGH [3,121]. 

Cells square measure then drawn from the cell banks and employed in biopharmaceutical production. Generally, the 
assembly method is split as Cultivation: the cells are transferred from the refrigerant cell bank to a liquid nutrient 
medium, wherever they're allowed to breed. The length of this step depends on the sort of cell used. Under favorable 
conditions microorganism cells such as Escherichia coli generally divide once every 20 minutes; thus, one cell provides 
multiple numbers of cells within twenty-four hour. On the other hand, mammalian cells divide only about once per 
twenty-four hour, and it takes likewise longer to get a sufficient number of cells. In the time of growth phase the cell 
culture is transferred successfully to huge culture vessels. [3, 46, 47,121]. 

Gene therapy is use of DNA as a pharmaceutical agent to treat the diseases. It derives its name from the thought that 
DNA can be acted as supplement or alters genes within individual’s cells as a medical care to cure the diseases. The 
foremost common type of gene therapy in medical care involves victimization desoxyribonucleic acid that encodes a 
practical, therapeutic factor to interchange a mutated factor. In germ line gene therapy in medical care, germ cells 
(sperm or eggs) are changed by the introduction of particular genes with quince character that then integrated into 
their genomes. This may permit the therapy to be familial and passed on to later generations. In case of somatic gene 
therapy, the therapeutic genes are inserted into the somatic cells, or body, of a patient. Any modifications and effects 
are going to be restricted to the individual patient solely and cannot be transmissible by the patient’s offspring or later 
generations [3,122, 123]. 

Gene therapy as a medical care treatment is a molecular biotechnology technique for correcting genetic disorders by 
exchange defective genes with practical or traditional genes. Gene therapy has some needs, which ought to be met. 
Firstly, all genes of interest should be cloned; treatment ought to deliver sufficient copies of traditional genes to focus 
on cell; transferred genes ought to have stable expression; changed cells should have a survival advantage over 
unqualified cells and at last organic phenomenon should correct or reverse the malady [47]. The goal of the 
Pharmaceutical business is to own a gene therapy medical product that will be delivered systemically. There primarily 
two ways that of implementing a gene therapy treatment: one is in vitro, which suggests outside the body, cells from the 
patient’s blood or bone marrow are removed and grown within the laboratory. They're then exposed to a virus carrying 
the specified factor. The virus enters the cells, and also the desired factor becomes a part of the desoxyribonucleic acid 
of the cells. The cells are allowed to grow within the laboratory before coming back to the patient by injection into a 
vein. The second type of treatment called in vivo, this suggests within the body, no cells are far from the patient’s body. 
Instead, vectors square measure won’t to deliver the specified factor to cells within the patient’s body [3, 47, 124]. 

 

Figure 8 Schematic diagram for a possible route in the use of dendrimers as gene delivery vectors [128] 
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Due to their anti-photoaging, anti-inflammatory, antioxidant, and antitumor bioactivities seaweeds-derived bioactive 
polysaccharides have garnered exceptional interest. A bio-active compound, Sargachromanol E, which is extracted from 
the brown algae Sargassum horneri has redoubled scavenging ability against ROS (Reactive oxygen species) and 
prevented cell membranes from aerophilous modification in UV-exposed human dermal fibroblasts. Sargachromanol E 
has treatment on maintaining the skin scleroprotein fibers by inhibiting the expression of metalloproteinases (collagen-
degrading matrix). Moreover to antioxidant potentiality, S. horneri derived polysaccharides exhibited potent moisture-
absorption and maintenance capabilities. Li et al. evaluated the utility of S. glaucescens extracts in aid by carrying gouty 
arthritis in-vitro bioassays in stratum keratinocytes and dermal fibroblasts [95, 125-127]. 

As cellular plasmid DNA by itself is unable to penetrate the cell wall, the primary stage is then to make (in vitro) a push 
between dendrimer and deoxyribonucleic acid (called dendriplex). The dendriplex is then intercalary to cells in vitro 
(or is introduced into animals in vivo or ex vivo), wherever it'll be transported to the particular cell via the blood system. 
The dendriplex can bind to the cell wall and await the cellular uptake (endosome uptake), so permitting its 
incorporation within the living substance. Once the hydrogen ion concentration changes from 7.4 (extracellular value) 
to 5.5 (intracellular value), the deprotonation of dendrimer surface teams causes the dendriplex destruction and also 
release of macromolecule nucleic acid. This causes the endosome to escape; otherwise, the dendriplex is going to be 
degraded when the fusion of the endosome with lysosomes. At the same time, the endosomes go through lysis, and also 
the free macromolecule (DNA) is free into the living substance. Finally, the deoxyribonucleic acid travels through the 
living substance to enter the nucleus for sequential organic phenomenon [128-131]. 

3.2.3. Drug Delivery 

Drug delivery has been the foremost promising field of liposome applications within the pharmaceutical trade. In clinical 
tests, liposomes have exhibited a high improvement of pharmacological medicine and bio-distribution of encapsulated 
drug or therapeutic agents and cut back the toxicity of those medicines by their accumulation at the target tissue. 
Currently, there are plenty of liposome-based medicines approved by the office for clinical applications with numerous 
stages of clinical trials [6, 132]. BC and alternative chemical compound materials are broadly studied for controlled drug 
delivery. Production of BC-based nano-composites to optimize the controlled drug delivery is that the most significant 
strategy to market the drug-delayed release effects of BC. In some studies, the mix of BC and polyacrylic acid (PAA) (BC–
PAA) has been prepared by chemical change initiated through beam irradiation victimization varied doses of radiation. 
These BC–PAA composite hydrogels were examined as pH-responsive substances for controlled in vitro drug delivery 
utilizing varied contents of bovine albumin (BSA) as a model compound. The fictitious BC composites were used as a 
substitute carrier for percutaneous drug delivery. In recent studies, several drug delivery systems supported nano 
cellulose substances for diverse pharmaceutical applications are used. Microbial cellulose includes an appropriate 
structure to be used in drug delivery systems. A very important purpose of victimization microorganism cellulose is as 
an acceptable bourgeois of medicine is to manage the speed of drug unharnessed and optimize drug concentration. 
[11,133-142]. 

 

Figure 9 The use of BC as a matrix or reinforcement to prepare nano-composite [11] 
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The discovery and development of drugs within the clinical section is a very difficult and valuable method as a result of 
most of the medicine fail to attain favorable clinical effects because of their inability to achieve the target website of 
action. A substantial quantity of the administrated drug is disseminated over the traditional tissues or organs that don't 
seem to be concerned within the pathologic process, usually resulting in severe facet effects. The cationic sugar 
polysaccharide and chitosan, has drawn increasing attention in pharmaceutical and medical specialty sectors, as a result 
of its bumper convenience, inherent medicine properties, and alternative favorable biological properties like 
biocompatibility, biodegradability, non-toxic profile and low-immunogenicity that result in a potential application 
within the style of carriers for controlled unleash of drug delivery. A range of drug is also well incorporated into chitosan 
matrix is very kind of forms like beads, films, microcapsules, coated tablets etc. for controlled-release therapies. A less 
degree of polymerization like 60 % deacetylated chitin or hydroxypropyl chitosan is being considered as a vast 
development of per-oral sustained release tablets. The targeted malignant tumor drug delivery system is furthermore 
as following the trail of the drug carrier with a bio-friendly significant metal-free quantum dot could be a nice 
contribution to cancer therapy [29, 38,104,143]. 

 

Figure 10 Translocation of nanosize biomaterials in the body after exposure to inhalation, ingestion, skin contact, and 
injection leading to systemic circulation and finally reaching all the organs [50] 

3.2.4. Medical Devices 

Bionanotechnology can be specialized in developing nanostructures of biomaterials for the designation and detection 
of diseases at earlier stages by conjugating nanoparticles with targeting in vivo imaging agents and neoplasm markers. 
Bionanotechnology has the potential for genomic diagnostics; electrospinning will generate nanofibers of varied 
morphologies like cores heath, porous surface, and side-by-side structures incorporated in composites, tissue scaffolds, 
wound healing, and drug delivery devices in medical specialty applications. It can also help come up with nonwovens 
for filtration, skinny coatings for defense, and membranes for aerosol purification and protection structures. Medicine 
like antibiotics, antitumor proteins, DNA, and the polymer is delivered through electrospun-built scaffolds. 

Electrospinning generated fiber mats hold special applications in tissue engineering as they promote proliferation, 
healing, and mimic the extracellular matrix and can even be used as barriers for the elimination of autopsy, like wound 
dressings, and for tissue regeneration recombinant DNA technology primarily based on genetic engineering. 
Bionanotechnology merchandise can improve drug delivery through a targeted approach, thanks to the buildup of nano-
products at high concentration due to the distinct pathophysiology of unhealthy tissue. Radio and magnetic signals are 
accustomed to guide the nanoparticles or nanorobots to the target within the body [50, 51,144]. In the gene therapy 
approach, the potency of the gene delivery into target cells plays a vital role in the success. Cationic liposome-DNA 
complexes, which are known as “lipoplexes”, are presently thought to be a probably different to infectious agent tools 
or vectors for the gene delivery in pharmaceutical applications. Cationic liposomes are ionic liposomal particles 
composed of a cationic lipid and a neutrally charged lipid. For the formation of liposomal complexes containing 
condensed desoxyribonucleic acid, a cationic lipid includes amphiphilic groups that exhibit a positive charge, which 
simply creates interactions between the positively charged cyst and negative charged desoxyribonucleic acid. It was 
recommended that the discharge mechanism of desoxyribonucleic acid from the cationic lipid/DNA complexes in cells 
chiefly relates to the action of anionic lipids at first placed within the cytoplasmatic face of the endosome [6, 145-147]. 
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Over the last decades, nanopores have incontestable potentials for sensing a diversity of analytes, contributory to the 
revolution of medical specialty and DNA/RNA sequencing. To date, many protein channels like a-hemolysin, aerolysin, 
MspA, FluA, Omp F/G, ClyA, CsgG, and PA63 and infectious agent connectors like phi29, T3, T4, and SPP1 are with 
success used as nano-pores for detection of polymers, polypeptides, tiny molecules, and DNA/RNA. Protein engineering, 
like insertion/deletion of amino acids and website directed cause, and introduction of purposeful modules are loosely 
wont to tune nano-pore properties. Different styles of analytes need distinctive nanopores with different sizes, shapes, 
and hydrophobic/ hydrophilic natures for sensitive and specific detection [6,148]. 

“Biosensors”, which are referred to as “biosensing”, “bio probes”, or “nano biosensors”, area unit outlined because the 
devices or systems that incorporate bioactive materials intimately coupled to appropriate transduction parts for 
detection the activity or concentration of chemical species in samples. Biosensors have the advantage of their speedy 
time interval in detection, together with the emergence of complementary technologies. The sophistication of 
fabrication technologies leads to the regularly reduced sizes of biosensing devices, which supplies rise to submicron 
sensing systems referred to as nano biosensors. It’s essential to quickly and sensitively notice pathogen DNA, giving 
effective diagnosing and acceptable antibiotic treatment time [6, 149]. 

Translocation of nanosized biomaterials within the body once exposed to inhalation, ingestion, skin contact, and 
injections resulting in circulation and eventually reaching all the organs. The performance of biosensors, as well as the 
sensitivity, linearity, specificity, reusability, reliability, and chemical stability is considerably influenced by the bio 
functionalization of the detector platform [6]. Some factors, like antibodies, receptors, and enzymes, are greatly used in 
bio analysis and biosensors as bio-sensing parts. These instruments will manage the time period of biological signals in 
vivo, together with the discharge of antibodies or proteins in response to broken tissue, inflammatory events, infections, 
genetic disorder, or internal organ pathology. One of the foremost common biosensors is that the blood sugar display. 
Moreover, Wang and Wang et al. ready B.C. nanofibers containing Au nanoparticles (BC-Au) nanocomposites as a supply 
for amperometric determination of aldohexose. 

In another study, Eisele et al. applied B.C. as external lamella in aldohexose biosensors for the amperometric 
determination of merchandise of aldohexose enzyme reactions. Chronic stability (200 hours) was obtained with diluted 
blood (1:10), which was longer than that of the commercial Cuprophan® substrate (stability thirty hours) with an 
equivalent condition [11, 150-153]. Catheter is a skinny tube created as a medical device that can be inserted within the 
body to treat diseases or perform an operation. This versatile tube inserted through a slim gap into a body cavity, 
notably the bladder for removing fluid. The utilization of heparin coated chitosan in catheters draw abundant attention 
of the researchers within the field of medicine engineering because of its nice clinical performance and physical 
compatibility. Chitosan–heparin coated polymers additionally show glorious thrombo resistance properties. The period 
of time of the thrombo resistance can be extended by covalently binding the heparin to chitosan with the help of sodium 
cyanoborohydride. This surface treatment is helpful for medicine applications requiring blood compatibility for periods 
as long as four days [29, 154-156].  

4. Conclusion 

Biotechnology is one in the entire favored and most vital fields escort an inventory of helpful applications. The most 
effective factor concerning this huge field is employed within the medicines. The realm of genetic engineering and 
biotechnology introduces varied techniques. DNA molecules and genes to make an adequate diagnosis of diseases are 
used few techniques which are reported by the polymerase chain reaction similarly as gene therapy, recombinant DNA 
technology. Due to the rising analysis field, biotechnology comes with the upper potential for locating completely 
different kinds of biological issues. One in all the biotechnology applications that get a lot of fame is endocrine discovery. 
Excluding that, biotechnology together provides advanced medical devices and instrumentation for every preventive 
and diagnostic perform. In medical sector biotechnology has recombinant DNA technology that driven expectations for 
medication, therapeutic proteins, and varied biological organisms. It includes engineering yeasts, bacteria, animal cell 
and together modified human cells. The modified cells unit of measurement accustomed treats multiple genetic 
diseases. Each cell materials and living cells to supply each diagnostic and pharmaceutical merchandise area unit 
employed in biotechnology in drugs. It offers a lot of applications to drugs and it's the foremost exciting factor 
concerning biotechnology. Information of the genetic makeup of our species, the genetic basis of hereditary diseases, 
and the invention of technology to manage and fix mutant genes provides methods to treat the illness. 

Recommendation 

Biomedical engineering pinpoints a problem within a patient and fixes the problem through medical intervention and 
tries to improve patient’s heath. Other medicine rather than biomedicine only focus on curing diseases. From these 
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studies, it'll be possible to apply biotechnological knowledge in the field of biomedicine for the betterment of human 
being and further identify new biotechnological principal for biomedical sector. 

Compliance with ethical standards 

Acknowledgments 

The authors sincerely thank the staff of the Institute of Radiation and Polymer Technology, Atomic Energy Research 
Establishment, Savar, Dhaka, Bangladesh. 

Disclosure of conflict of interest 

No, we have no conflict. 

References 

[1] P Pacheco DL, Reis RM, Correlo VP, Marques A. The crosstalk between tissue engineering and pharmaceutical 
biotechnology: recent advances and future directions. Current pharmaceutical biotechnology. 2015; 16(11): 
1012-1023. 

[2] Ding M, Eliashberg J, Stremersch S. Innovation and marketing in the pharmaceutical industry. Springer-Verlag 
New York. 2016. 

[3] Chekol C, Gebreyohannes M. Application and current trends of biotechnology: a brief review. Austin Journal of 
Biotechnology & Bioengineering. 2018; 5(1): 1-8. 

[4] Steinberg FM, Raso J. Biotech pharmaceuticals and biotherapy: an overview. J Pharm Pharm Sci. 1998; 1(2): 48-
59. 

[5] Desmettre P. Biotechnology and animal health. Revue scientifique et technique (International Office of 
Epizootics). 1993; 12(2): 355-368. 

[6] Lee YC, Moon JY. Introduction to Bionanotechnology Springer. 2020; 199-217. 

[7] Allen TM, Cullis PR. Drug delivery systems: entering the mainstream. Science. 2004; 303(5665): 1818-1822. 

[8] Kedar U, Phutane P, Shidhaye S, Kadam V. Advances in polymeric micelles for drug delivery and tumor targeting. 
Nanomedicine: Nanotechnology, Biology and Medicine. 2010; 6(6): 714-729. 

[9] Chen H, Khemtong C, Yang X, Chang X, Gao J. Nanonization strategies for poorly water-soluble drugs. Drug 
discovery today. 2011; 16(7-8): 354-360. 

[10] Meng HM, Liu H, Kuai H, Peng R, Mo L, Zhang XB. Aptamer-integrated DNA nanostructures for biosensing, 
bioimaging and cancer therapy. Chemical Society Reviews. 2016; 45(9): 2583-2602. 

[11] Moniri M, Boroumand Moghaddam A, Azizi S, Abdul Rahim R, Bin Ariff A, Zuhainis Saad W, Mohamad R. 
Production and status of bacterial cellulose in biomedical engineering. Nanomaterials. 2017; 7(9): 257. 

[12] Sinha A, Martin EM, Lim KT, Carrier DJ, Han H, Zharov VP, Kim JW. Cellulose Nanocrystals as Advanced. Journal 
of Biosystems Engineering. 2015; 40(4): 373-393. 

[13] Shah N, Ul-Islam M, Khattak WA, Park JK. Overview of bacterial cellulose composites: a multipurpose advanced 
material. Carbohydrate polymers. 2013; 98(2): 1585-1598. 

[14] Czaja WK, Young DJ, Kawecki M, Brown RM. The future prospects of microbial cellulose in biomedical 
applications. Biomacromolecules. 2007; 8(1): 1-12. 

[15] Ul-Islam M, Khattak WA, Ullah MW, Khan S, Park JK. Synthesis of regenerated bacterial cellulose-zinc oxide 
nanocomposite films for biomedical applications. Cellulose. 2014; 21(1): 433-447. 

[16] Keshk SM. Bacterial cellulose production and its industrial applications. J Bioprocess Biotech. 2014; 4(150): 2. 

[17] Khan S, Shehzad O, Khan T, Ha JH, Park JK. Production of bacterial cellulose by Gluconacetobacter hansenii using 
a new bioreactor equipped with centrifugal impellers. Korean Chemical Engineering Research. 2009; 47(4): 506-
511. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

144 

[18] Falcão SC, Coelho ARDB, Evêncio Neto J. Biomechanical evaluation of microbial cellulose (Zoogloea sp.) and 
expanded polytetrafluoroethylene membranes as implants in repair of produced abdominal wall defects in rats. 
Acta Cirurgica Brasileira. 2008; 23(2): 184-191. 

[19] Ross P, Mayer R, Benziman M. Cellulose biosynthesis and function in bacteria. Microbiology and Molecular 
Biology Reviews. 1991; 55(1): 35-58. 

[20] Kim J, Cai Z, Lee HS, Choi GS, Lee DH, Jo C. Preparation and characterization of a bacterial cellulose/chitosan 
composite for potential biomedical application. Journal of Polymer Research. 2011; 18(4): 739-744. 

[21] Stroescu M, Stoica-Guzun A, Jinga SI, Dobre T, Jipa IM, Dobre LM. Influence of sodium dodecyl sulfate and cetyl 
trimethylammonium bromide upon calcium carbonate precipitation on bacterial cellulose. Korean Journal of 
Chemical Engineering. 2012; 29(9): 1216-1223. 

[22] Ul-Islam M, Ha JH, Khan T, Park JK. Effects of glucuronic acid oligomers on the production, structure and 
properties of bacterial cellulose. Carbohydrate polymers. 2013; 92(1); 360-366. 

[23] Klemm D, Schumann D, Udhardt U, Marsch S. Bacterial synthesized cellulose—artificial blood vessels for 
microsurgery. Progress in polymer science. 2001; 26(9): 1561-1603. 

[24] Lagerwall JP, Schütz C, Salajkova M, Noh J, Park JH, Scalia G, Bergström L. Cellulose nanocrystal-based materials: 
from liquid crystal self-assembly and glass formation to multifunctional thin films. NPG Asia Materials. 2014; 
6(1): e80-e80. 

[25] Mihranyan A. Cellulose from cladophorales green algae: From environmental problem to high‐tech composite 
materials. Journal of Applied Polymer Science. 2011; 119(4): 2449-2460. 

[26] Ross P, Mayer R, Benziman M. Cellulose biosynthesis and function in bacteria. Microbiology and Molecular 
Biology Reviews. 1991; 55(1): 35-58. 

[27] Kuo CH, Teng HY, Lee CK. Knock-out of glucose dehydrogenase gene in Gluconacetobacter xylinus for bacterial 
cellulose production enhancement. Biotechnology and bioprocess engineering. 2015; 20(1): 18-25. 

[28] Kimura S, Itoh T. New cellulose synthesizing complexes (terminal complexes) involved in animal cellulose 
biosynthesis in the tunicate Metandrocarpa uedai. Protoplasma. 1996; 194(3): 151-163. 

[29] Islam S, Bhuiyan MR, Islam MN. Chitin and chitosan: structure, properties and applications in biomedical 
engineering. Journal of Polymers and the Environment. 2017; 25(3): 854-866. 

[30] Bashar MM, Khan MA. An overview on surface modification of cotton fiber for apparel use. Journal of Polymers 
and the Environment. 2013; 21(1): 181-190. 

[31] Kong M, Chen XG, Xing K, Park HJ. Antimicrobial properties of chitosan and mode of action: a state of the art 
review. International journal of food microbiology. 2010; 144(1): 51-63. 

[32] Aranaz, I, Mengíbar M, Harris R. Pa nos I, Miralles B, Acosta N, et al. Functional characterization of chitin and 
chitosan. Curr Chem Biol. 2009; 3: 203-30. 

[33] Tan H, Chu CR, Payne KA, Marra KG. Injectable in situ forming biodegradable chitosan–hyaluronic acid based 
hydrogels for cartilage tissue engineering. Biomaterials. 2009; 30(13): 2499-2506. 

[34] Croisier F, Jérôme C. Chitosan-based biomaterials for tissue engineering. European polymer journal. 2013; 49(4): 
780-792. 

[35] Yeul VS, Rayalu SS. Unprecedented chitin and chitosan: A chemical overview. Journal of Polymers and the 
Environment. 2013; 21(2): 606-614. 

[36] Bhuiyan MR, Hossain MA, Zakaria M, Islam MN, Uddin MZ. Chitosan coated cotton fiber: physical and 
antimicrobial properties for apparel use. Journal of Polymers and the Environment. 2017; 25(2): 334-342. 

[37] Dutta PK, Dutta J, Tripathi VS. Chitin and chitosan: Chemistry, properties and applications. 2004. 

[38] Chou CK, Chen SM, Li YC, Huang TC, Lee JA. Low-molecular-weight chitosan scavenges methylglyoxal and N ε-
(carboxyethyl) lysine, the major factors contributing to the pathogenesis of nephropathy. SpringerPlus. 2015; 
4(1): 1-7. 

[39] Roberts GAF. Chitin chemistry The Macmillan Press. Basingstoke, Great Britain. 1992. 

[40] Kumar MNR. A review of chitin and chitosan applications. Reactive and functional polymers. 2000; 46(1): 1-27. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

145 

[41] Koide SS. Chitin-chitosan: properties, benefits and risks. Nutrition research. 1998; 18(6): 1091-1101. 

[42] DÜNDAR M, Prakash S, Lal R, Martin D. Future biotechnology. 2019. 

[43] Chekol C, Gebreyohannes M. Application and current trends of biotechnology: a brief review. Austin Journal of 
Biotechnology & Bioengineering. 2018; 5(1): 1-8. 

[44] Black JG, Black LJ. Microbiology: principles and explorations. John Wiley & Sons. 2018. 

[45] Healthcare WI. Biotechnology-new directions in medicine. 

[46] Rai MP, Ingle AR, Gupta IS, Birla SP, Yadav A, A Abd-Elsalam K. Potential role of biological systems in formation 
of nanoparticles: mechanism of synthesis and biomedical applications. Current Nanoscience. 2013; 9(5): 576-
587. 

[47] Allen TM, Cullis PR. Drug delivery systems: entering the mainstream. Science. 2004; 303(5665): 1818-1822. 

[48] Maheshwari R, Joshi G, Mishra DK, Tekade RK. Bionanotechnology in pharmaceutical research. In Basic 
fundamentals of drug delivery. Academic Press. 449-471. 

[49] Satyanarayana TSV, Rai R. Nanotechnology: the future. Journal of interdisciplinary dentistry. 2011; 1(2): 93. 

[50] Chakraborty M, Jain S, Rani V. Nanotechnology: emerging tool for diagnostics and therapeutics. Applied 
biochemistry and biotechnology. 2011; 165(5): 1178-1187. 

[51] Zhong Q, Ding H, Gao B, He Z, Gu Z. Advances of Microfluidics in Biomedical Engineering. Advanced Materials 
Technologies. 2019; 4(6): 1800663. 

[52] Repanas A, Andriopoulou S, Glasmacher B. The significance of electrospinning as a method to create fibrous 
scaffolds for biomedical engineering and drug delivery applications. Journal of Drug Delivery Science and 
Technology. 2016; 31: 137-146. 

[53] Repanas A, Zernetsch H, Mavrilas D, Glasmacher B. Chitosan/Polycaprolactone electrospun biodegradable 
scaffolds for Cardiovascular Tissue Engineering. Pneumologie. 2014; 68(06): A86. 

[54] Rujitanaroj PO, Wang YC, Wang J, Chew SY. Nanofiber-mediated controlled release of siRNA complexes for long 
term gene-silencing applications. Biomaterials. 2011; 32(25): 5915-5923. 

[55] Sahoo S, Ang LT, Goh JCH, Toh SL. Growth factor delivery through electrospun nanofibers in scaffolds for tissue 
engineering applications. Journal of Biomedical Materials Research Part A: An Official Journal of the Society for 
Biomaterials, the Japanese Society for Biomaterials, and the Australian Society for Biomaterials and the Korean 
Society for Biomaterials. 2010; 93(4): 1539-1550. 

[56] O'brien FJ. Biomaterials & scaffolds for tissue engineering. Materials today. 2011; 14(3): 88-95. 

[57] Ravichandran R, Sundarrajan S, Venugopal JR, Mukherjee S, Ramakrishna S. Advances in polymeric systems for 
tissue engineering and biomedical applications. Macromolecular bioscience. 2012; 12(3): 286-311. 

[58] Gorgieva S, Trček J. Bacterial cellulose: Production, modification and perspectives in biomedical applications. 
Nanomaterials. 2019; 9(10): 1352. 

[59] Watanabe K, Eto Y, Takano S, Nakamori S, Shibai H, Yamanaka S. A new bacterial cellulose substrate for 
mammalian cell culture. Cytotechnology. 1993; 13(2): 107-114. 

[60] Fu L, Zhang J, Yang G. Present status and applications of bacterial cellulose-based materials for skin tissue repair. 
Carbohydrate polymers. 2013; 92(2): 1432-1442. 

[61] Zang S, Zhang R, Chen H, Lu Y, Zhou J, Chang X, Yang G. Investigation on artificial blood vessels prepared from 
bacterial cellulose. Materials Science and Engineering: C. 2018; 46: 111-117. 

[62] Bäckdahl H, Esguerra M, Delbro D, Risberg B, Gatenholm P. Engineering microporosity in bacterial cellulose 
scaffolds. Journal of tissue engineering and regenerative medicine. 2008; 2(6): 320-330. 

[63] Andrade FK, Costa R, Domingues L, Soares R, Gama M. Improving bacterial cellulose for blood vessel replacement: 
Functionalization with a chimeric protein containing a cellulose-binding module and an adhesion peptide. Acta 
Biomaterialia. 2010; 6(10): 4034-4041. 

[64] Fink H, Faxälv L, Molnar GF, Drotz K, Risberg B, Lindahl TL, Sellborn A. Real-time measurements of coagulation 
on bacterial cellulose and conventional vascular graft materials. Acta biomaterialia. 2010; 6(3): 1125-1130. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

146 

[65] Esguerra M, Fink H, Laschke MW, Jeppsson A, Delbro D, Gatenholm P, Risberg B. Intravital fluorescent 
microscopic evaluation of bacterial cellulose as scaffold for vascular grafts. Journal of Biomedical Materials 
Research Part A: An Official Journal of the Society for Biomaterials, the Japanese Society for Biomaterials, and the 
Australian Society for Biomaterials and the Korean Society for Biomaterials. 2010; 93(1): 140-149. 

[66] Novaes Jr AB, Novaes AB. Soft tissue management for primary closure in guided bone regeneration: surgical 
technique and case report. International Journal of Oral & Maxillofacial Implants. 1997; 12(1). 

[67] Korrapati PS, Karthikeyan K, Satish A, Krishnaswamy VR, Venugopal JR, Ramakrishna S. Recent advancements in 
nanotechnological strategies in selection, design and delivery of biomolecules for skin regeneration. Materials 
Science and Engineering: C. 2016; 67: 747-765. 

[68] Aiyelabegan HT, Zaidi SS, Fanuel S, Eatemadi A, Ebadi MT, Sadroddiny E. Albumin-based biomaterial for lung 
tissue engineering applications. International Journal of Polymeric Materials and Polymeric Biomaterials. 2016; 
65(16): 853-861. 

[69] Langer R, Vacanti JP. Tissue engineering. Science. 2013; 260(5110): 920-926. 

[70] Meyer U, Meyer T, Handschel J, Wiesmann HP. (Eds.). Fundamentals of tissue engineering and regenerative 
medicine. Springer Science & Business Media. 2016. 

[71] Leor J, Amsalem Y, Cohen S. Cells, scaffolds, and molecules for myocardial tissue engineering. Pharmacology & 
therapeutics. 2005; 105(2): 151-163. 

[72] Tabata Y. Biomaterial technology for tissue engineering applications. Journal of the Royal Society interface. 2013; 
6(3): S311-S324. 

[73] Shen Q, Shi P, Gao M, Yu X, Liu Y, Luo L, Zhu Y. Progress on materials and scaffold fabrications applied to 
esophageal tissue engineering. Materials Science and Engineering: C. 2013; 33(4): 1860-1866. 

[74] Nair LS, Laurencin CT. Polymers as biomaterials for tissue engineering and controlled drug delivery. Tissue 
engineering I. 2005; 47-90. 

[75] Gallego L, Junquera L, Meana Á, Álvarez-Viejo M, Fresno M. Ectopic bone formation from mandibular osteoblasts 
cultured in a novel human serum-derived albumin scaffold. Journal of biomaterials applications. 2005; 25(4): 
367-381. 

[76] Gallego L, Junquera L, García E, García V, Álvarez-Viejo M, Costilla S, Meana A. Repair of rat mandibular bone 
defects by alveolar osteoblasts in a novel plasma-derived albumin scaffold. Tissue Engineering Part A. 2013; 
16(4): 1179-1187. 

[77] Kang BJ, Kim Y, Lee SH, Kim WH, Woo HM, Kweon OK. Collagen I gel promotes homogenous osteogenic 
differentiation of adipose tissue-derived mesenchymal stem cells in serum-derived albumin scaffold. Journal of 
Biomaterials Science, Polymer Edition. 2013; 24(10), 1233-1243. 

[78] Weszl M, Skaliczki G, Cselenyák A, Kiss L, Major T, Schandl K, Lacza Z. Freeze‐dried human serum albumin 
improves the adherence and proliferation of mesenchymal stem cells on mineralized human bone allografts. 
Journal of Orthopaedic Research. 2012; 30(3): 489-496. 

[79] Farajollahi MM, Hamzehlou S, Mehdipour A, Samadikuchaksaraei A. Recombinant proteins: hopes for tissue 
engineering. BioImpacts: BI. 2012; 2(3): 123. 

[80] Zikakis J. (Ed.). Chitin, chitosan, and related enzymes. Elsevier. 2012. 

[81] Hung WS, Fang CL, Su CH, Lai WFT, Chang YC, Tsai YH. Cytotoxicity and immunogenicity of SACCHACHITIN and 
its mechanism of action on skin wound healing. Journal of Biomedical Materials Research: An Official Journal of 
the Society for Biomaterials, the Japanese Society for Biomaterials, and the Australian Society for Biomaterials 
and the Korean Society for Biomaterials. 2001; 56(1): 93-100. 

[82] Su CH, Sun CS, Juan SW, Ho HO, Hu CH, Sheu MT. Development of fungal mycelia as skin substitutes: effects on 
wound healing and fibroblast. Biomaterials. 1999; 20(1): 61-68. 

[83] Petersen N, Gatenholm P. Bacterial cellulose-based materials and medical devices: current state and perspectives. 
Applied microbiology and biotechnology. 2011; 91(5): 1277-1286. 

[84] Fu L, Zhou P, Zhang S, Yang G. Evaluation of bacterial nanocellulose-based uniform wound dressing for large area 
skin transplantation. Materials Science and Engineering: C. 2013; 33(5) 2995-3000. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

147 

[85] Czaja W, Krystynowicz A, Kawecki M, Wysota K, Sakiel S, Wróblewski P, Bielecki S. Biomedical applications of 
microbial cellulose in burn wound recovery. In Cellulose: Molecular and structural biology.Springer, Dordrecht. 
2007; 307-321. 

[86] Czaja WK, Young DJ, Kawecki M, Brown RM. The future prospects of microbial cellulose in biomedical 
applications. Biomacromolecules. 2007; 8(1): 1-12. 

[87] Xiang H, Feng W, Chen Y. Single‐atom catalysts in catalytic biomedicine. Advanced Materials. 2020; 32(8): 
1905994. 

[88] Xu B, Wang H, Wang W, Gao L, Li S, Pan X, Liu H. A Single‐Atom Nanozyme for Wound Disinfection Applications. 
Angewandte Chemie. 2019; 131(15): 4965-4970. 

[89] Ovais M, Ahmad I, Khalil AT, Mukherjee S, Javed R, Ayaz M, Shinwari ZK. Wound healing applications of biogenic 
colloidal silver and gold nanoparticles: recent trends and future prospects. Applied microbiology and 
biotechnology. 2018; 102(10): 4305-4318. 

[90] Raghuwanshi N, Kumari P, Srivastava AK, Vashisth P, Yadav TC, Prasad R, Pruthi V. Synergistic effects of 
Woodfordia fruticosa gold nanoparticles in preventing microbial adhesion and accelerating wound healing in 
Wistar albino rats in vivo. Materials Science and Engineering: C. 2017; 80: 252-262. 

[91] Dhapte V, Kadam S, Moghe A, Pokharkar V. Probing the wound healing potential of biogenic silver nanoparticles. 
Journal of wound care. 2014; 23(9): 431-441. 

[92] Seo SB, Dananjaya SHS, Nikapitiya C, Park BK, Gooneratne R, Kim TY, De Zoysa M. Silver nanoparticles enhance 
wound healing in zebrafish (Danio rerio). Fish & shellfish immunology. 2017; 68: 536-545. 

[93] Bilal M, Iqbal H. Marine seaweed polysaccharides-based engineered cues for the modern biomedical sector. 
Marine drugs. 2020; 18(1): 7. 

[94] Chen X, Song L, Wang H, Liu S, Yu H, Wang X, Li P. Partial characterization, the immune modulation and anticancer 
activities of sulfated polysaccharides from filamentous microalgae Tribonema sp. Molecules. 2019; 24(2): 322. 

[95] Huo M, Wang L, Wang Y, Chen Y, Shi J. Nanocatalytic tumor therapy by single-atom catalysts. ACS nano. 2019; 
13(2): 2643-2653. 

[96] Weinberg SE, Chandel NS. Targeting mitochondria metabolism for cancer therapy. Nature chemical biology. 
2015; 11(1): 9. 

[97] Shadel GS, Horvath TL. Mitochondrial ROS signaling in organismal homeostasis. Cell. 2015; 163(3): 560-569. 

[98] Dass CR. Oligonucleotide delivery to tumours using macromolecular carriers. Biotechnology and applied 
biochemistry. 2004; 40(2): 113-122. 

[99] Pillé JY, Li H, Blot E, Bertrand JR, Pritchard LL, Opolon P, Soria C. Intravenous delivery of anti-RhoA small 
interfering RNA loaded in nanoparticles of chitosan in mice: safety and efficacy in xenografted aggressive breast 
cancer. Human gene therapy. 2006; 17(10): 1019-1026. 

[100] Hasegawa M, Yagi K, Iwakawa S, Hirai M. Chitosan induces apoptosis via caspase‐3 activation in bladder tumor 
cells. Japanese journal of cancer research. 2011; 92(4): 459-466. 

[101] Arumugam P, Arunkumar K, Sivakumar L, Murugan M, Murugan K. Anticancer effect of fucoidan on cell 
proliferation, cell cycle progression, genetic damage and apoptotic cell death in HepG2 cancer cells. Toxicology 
reports. 2006; 6: 556-563. 

[102] Singh DK, Ray AR. Biomedical applications of chitin, chitosan, and their derivatives. Journal of Macromolecular 
Science, Part C: Polymer Reviews. 2000; 40(1): 69-83. 

[103] Senthilkumar S, Rajesh S, Jayalakshmi A, Aishwarya G, Mohan DR. Preparation and performance evaluation of 
poly (ether-imide) incorporated polysulfone hemodialysis membranes. Journal of Polymer Research. 2012; 
19(6): 1-11. 

[104] Radhakumary C, Nair PD, Mathew S, Nair CR. HEMA‐grafted chitosan for dialysis membrane applications. Journal 
of applied polymer science. 2006; 101(5): 2960-2966. 

[105] Uragami T, Yoshida F, Sugihara M. Studies of synthesis and permeabilities of special polymer membranes. LI. 
Active transport of halogen ions through chitosan membranes. Journal of Applied Polymer Science. 1983; 28(4): 
1361-1370. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

148 

[106] Hirano S, Tobetto K, Hasegawa M, Matsuda N. Permeability properties of gels and membranes derived from 
chitosan. Journal of biomedical materials research. 1980; 14(4): 477-485. 

[107] Singh DK, Ray AR. Graft copolymerization of 2‐hydroxyethylmethacrylate onto chitosan films and their blood 
compatibility. Journal of applied polymer science. 1994; 53(8): 1115-1121. 

[108] Singh DK, Ray AR. Radiation‐induced grafting of N, N′‐dimethylaminoethylmethacrylate onto chitosan films. 
Journal of applied polymer science. 1997; 66(5): 869-877. 

[109] Singh DK, Ray AR. Controlled release of glucose through modified chitosan membranes. Journal of membrane 
science. 1999; 155(1): 107-112. 

[110] Heath CA, Rutkowski GE. The development of bioartificial nerve grafts for peripheral-nerve regeneration. Trends 
in biotechnology. 1998; 16(4): 163-168. 

[111] Willerth SM, Sakiyama-Elbert SE. Approaches to neural tissue engineering using scaffolds for drug delivery. 
Advanced drug delivery reviews. 2007; 59(4-5): 325-338. 

[112] Nair LS, Laurencin CT. Biodegradable polymers as biomaterials. Progress in polymer science. 2007; 32(8-9): 762-
798. 

[113] Yuan Y, Zhang P, Yang Y, Wang X, Gu X. The interaction of Schwann cells with chitosan membranes and fibers in 
vitro. Biomaterials. 2004; 25(18): 4273-4278. 

[114] Kumar M, Sharma P, Maheshwari R, Tekade M, Shrivastava SK, Tekade RK. Beyond the blood–brain barrier: facing 
new challenges and prospects of nanotechnology-mediated targeted delivery to the brain. In Nanotechnology-
Based Targeted Drug Delivery Systems for Brain Tumors. Academic Press. 2018; 397-437. 

[115] Kayat J, Gajbhiye V, Tekade RK, Jain NK. Pulmonary toxicity of carbon nanotubes: a systematic report. 
Nanomedicine: Nanotechnology, Biology and Medicine. 2011; 7(1): 40-49. 

[116] Kuche K, Maheshwari R, Tambe V, Mak KK, Jogi H, Raval N, Tekade RK. Carbon nanotubes (CNTs) based advanced 
dermal therapeutics: current trends and future potential. Nanoscale. 2018; 10(19): 8911-8937. 

[117] Mody N, Tekade RK, Mehra NK, Chopdey P, Jain NK. Dendrimer, liposomes, carbon nanotubes and PLGA 
nanoparticles: one platform assessment of drug delivery potential. Aaps Pharmscitech. 2014; 15(2): 388-399. 

[118] Angeles JGC, Lado JP, Pascual ED, Cueto CA, Laurena AC, Laude RP. Towards the understanding of important 
coconut endosperm phenotypes: is there an epigenetic control? Agronomy. 2018; 8(10): 225. 

[119] Steinberg FM, Raso J. Biotech pharmaceuticals and biotherapy: an overview. J Pharm Pharm Sci. 1998; 1(2): 48-
59. 

[120] Sheridan C. Gene therapy finds its niche. Nature biotechnology. 2011; 29(2): 121-128. 

[121] Strachan T, Read AP. Human molecular genetics. 1996. 

[122] Scanlon KJ. Cancer gene therapy: challenges and opportunities. Anticancer research. 2004; 24(2A): 501-504. 

[123] Kim JA, Ahn BN, Kong CS, Kim SK. The chromene sargachromanol E inhibits ultraviolet A‐induced ageing of skin 
in human dermal fibroblasts. British Journal of Dermatology. 2013; 168(5): 968-976. 

[124] Shao P, Chen X, Sun P. Improvement of antioxidant and moisture-preserving activities of Sargassum horneri 
polysaccharide enzymatic hydrolyzates. International journal of biological macromolecules. 2015; 74: 420-427. 

[125] Li ZY, Yu CH, Lin YT, Su HL, Kan KW, Liu FC, Lin YH. The potential application of spring Sargassum glaucescens 
extracts in the moisture-retention of keratinocytes and dermal fibroblast regeneration after UVA-irradiation. 
Cosmetics. 2015; 6(1): 17. 

[126] Lombardo D, Kiselev MA, Caccamo MT. Smart nanoparticles for drug delivery application: development of 
versatile nanocarrier platforms in biotechnology and nanomedicine. Journal of Nanomaterials. 2019. 

[127] Liu J, Gray WD, Davis ME, Luo Y. Peptide-and saccharide-conjugated dendrimers for targeted drug delivery: a 
concise review. Interface Focus. 2012; 2(3): 307-324. 

[128] Palmerston Mendes L, Pan J, Torchilin VP. Dendrimers as nanocarriers for nucleic acid and drug delivery in cancer 
therapy. Molecules. 2017; 22(9): 1401. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

149 

[129] Kukowska-Latallo JF, Bielinska AU, Johnson J, Spindler R, Tomalia DA, Baker JR. Efficient transfer of genetic 
material into mammalian cells using Starburst polyamidoamine dendrimers. Proceedings of the National 
Academy of Sciences. 1996; 93(10): 4897-4902. 

[130] Park JW. Liposome-based drug delivery in breast cancer treatment. Breast Cancer Research. 2002; 4(3): 1-5. 

[131] Amin MCIM, Ahmad N, Halib N, Ahmad I. Synthesis and characterization of thermo-and pH-responsive bacterial 
cellulose/acrylic acid hydrogels for drug delivery. Carbohydrate Polymers. 2012; 88(2): 465-473. 

[132] Halib N, Amin MCIM, Ahmad I. Unique stimuli responsive characteristics of electron beam synthesized bacterial 
cellulose/acrylic acid composite. Journal of Applied Polymer Science. 2010; 116(5): 2920-2929. 

[133] Trovatti E, Silva NH, Duarte IF, Rosado CF, Almeida IF, Costa P, Neto CP. Biocellulose membranes as supports for 
dermal release of lidocaine. Biomacromolecules. 2011; 12(11): 4162-4168. 

[134] Trovatti E, Freire CS, Pinto PC, Almeida IF, Costa P, Silvestre AJ, Rosado C. Bacterial cellulose membranes applied 
in topical and transdermal delivery of lidocaine hydrochloride and ibuprofen: in vitro diffusion studies. 
International Journal of Pharmaceutics. 2012; 435(1): 83-87. 

[135] Ciolacu D, Oprea AM, Anghel N, Cazacu G, Cazacu M. New cellulose–lignin hydrogels and their application in 
controlled release of polyphenols. Materials Science and Engineering: C. 2012; 32(3): 452-463. 

[136] Dash R, Ragauskas AJ. Synthesis of a novel cellulose nanowhisker-based drug delivery system. Rsc Advances. 
2012; 2(8): 3403-3409. 

[137] Kolakovic R, Laaksonen T, Peltonen L, Laukkanen A, Hirvonen J. Spray-dried nanofibrillar cellulose 
microparticles for sustained drug release. International journal of pharmaceutics. 2012; 430(1-2): 47-55. 

[138] Agarwal R, Alam MS, Gupta B. Polyvinyl alcohol‐polyethylene oxide‐carboxymethyl cellulose membranes for drug 
delivery. Journal of Applied Polymer Science. 2013; 129(6): 3728-3736. 

[139] Müller A, Ni Z, Hessler N, Wesarg F, Müller FA, Kralisch D, Fischer D. The biopolymer bacterial nanocellulose as 
drug delivery system: investigation of drug loading and release using the model protein albumin. Journal of 
pharmaceutical sciences. 2013; 102(2): 579-592. 

[140] Weng L, Rostamzadeh P, Nooryshokry N, Le HC, Golzarian J. In vitro and in vivo evaluation of biodegradable 
embolic microspheres with tunable anticancer drug release. Acta biomaterialia. 2013; 9(6): 6823-6833. 

[141] Ramya R, Venkatesan J, Kim SK, Sudha PN. Biomedical applications of chitosan: an overview. Journal of 
Biomaterials and Tissue Engineering. 2012; 2(2): 100-111. 

[142] Hu X, Liu S, Zhou G, Huang Y, Xie Z, Jing X. Electrospinning of polymeric nanofibers for drug delivery applications. 
Journal of controlled release. 2014; 185: 12-21. 

[143] Simões S, Filipe A, Faneca H, Mano M, Penacho N, Düzgünes N, Pedroso de Lima M. Cationic liposomes for gene 
delivery. Expert opinion on drug delivery. 2005; 2(2): 237-254. 

[144] Xu Y, Szoka FC. Mechanism of DNA release from cationic liposome/DNA complexes used in cell transfection. 
Biochemistry. 1996; 35(18): 5616-5623. 

[145] Duzgunes N, de Ilarduya C, Simões S, Zhdanov RI, Konopka K, de Lima MC. Cationic liposomes for gene delivery: 
novel cationic lipids and enhancement by proteins and peptides. Current medicinal chemistry. 2003; 10(14): 
1213-1220. 

[146] Wang S, Zhao Z, Haque F, Guo P. Engineering of protein nanopores for sequencing, chemical or protein sensing 
and disease diagnosis. Current opinion in biotechnology. 2018; 51: 80-89. 

[147] Bhushan B. (Ed.). Encyclopedia of nanotechnology (No. 544.1). Dordrecht, Netherlands: Springer. 2012. 

[148] Kim JS, Cho KJ, Tran TH, Nurunnabi M, Moon TH, Hong SM, Lee YK. In vivo NIR imaging with CdTe/CdSe quantum 
dots entrapped in PLGA nanospheres. Journal of colloid and interface science. 2011; 353(2): 363-371. 

[149] Khatun Z, Nurunnabi M, Cho KJ, Lee YK. Imaging of the GI tracked by QDs loaded heparin–deoxycholic acid 
(DOCA) nanoparticles. Carbohydrate polymers. 2012; 90(4): 1461-1468. 

[150] Wang J, Gao C, Zhang Y, Wan Y. Preparation and in vitro characterization of BC/P VA hydrogel composite for its 
potential use as artificial cornea biomaterial. Materials Science and Engineering. C. 2010; 30(1): 214-218. 



GSC Biological and Pharmaceutical Sciences, 2021, 16(02), 130–150 

150 

[151] Wang W, Li HY, Zhang DW, Jiang J, Cui YR, Qiu S, Zhang XX. Fabrication of bienzymatic glucose biosensor based 
on novel gold nanoparticles‐bacteria cellulose nanofibers nanocomposite. Electroanalysis. 2010; 22(21): 2543-
2550. 

[152] Lo J, Lange D, Chew BH. Ureteral stents and foley catheters-associated urinary tract infections: the role of coatings 
and materials in infection prevention. Antibiotics. 2014; 3(1): 87-97. 

[153] Irvine SA, Yun X, Venkatraman S. Anti-platelet and tissue engineering approaches to biomaterial blood 
compatibilization: how well have these been translated into the clinic?. Drug delivery and translational research. 
2012; 2(5): 384-397. 

[154] Muzzarelli RA. Heparin-like substances and blood-compatible polymers obtained from chitin and chitosan. In 
Polymers in Medicine Springer, Boston, MA. 1983; 359-374. 


