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CHAPTER 9

Regulatory Insights into Artificial Intelligence in
Drug Delivery and Medical Devices

Nayany Sharmal, Rekha Bishtr'., Rupali Sontakke2 and Kuldeep Vinchurkat'
t Departrnent of Pharmacologt, Indore institute of Pharmacy, Indore, Madhya Pradesh, India
2 Department of Pharmacology, Faculty of Pharmacy, Medicaps University, Indore, Madhya

Pradesh, India
3 Department of Pharmaceutics and Pharmaceutical Technologt, Krishna School of Pharryacy

and'Research,'Drs. Kiran and Pallavi Patel Global Univeristy (KPGU), Varnama, Vadodara,

Gujarat-391240, lndia

Abstract: The pharmaceutical industry is grappling with challenges that impede the

sustainability of drug development programs, primarily due to escalating research and

developmenl costs ioupled with diminishing efficiency. This chapter explores the

potential of leveraging artificial intelligence (AI), particularly machine learning (ML)
ind its subset, deep learning (DL), to bring about a transformative impact on the drug

development process. ML, characterized by its capacity to leam from data with or

without expliclt programming, holds promise for addressing the complexities inherent

in pharmaceutical research. DL, employing artificial neural networks (ANNs) as a

muiti-objective simultaneous optimization technique, has demonstrated efficacy in
optimizing drug delivery systems. AI has the potential to transform drug discovery,

ciinical trials, drug delivery, and medical devices, emphasizing alignment with
regulatory guidelines. However, challenges such as data quality and model complexity
Iimit its transformative impact on medicine delivery and device development'

This chapter is structured into three par-ts, each addressing a distinct aspect ofAI in the

pharmacbutical landscape. The first part provides a foundational introduction to AI in
the pharmaceutical industry, elucidating its role in overcoming inherent challenges.
The second part delves into the diverse applications of Al-based tools and systems,

encompassing drug discovery, various drug delivery systems, and the development of
medical devices. Finally, the third part of the chapter sheds light on the regulatory
challenges associated with Al-based drug delivery and medical device development,
offering insights into the evolving regulatory landscape.

Keywords: Artificial intelligence, Drug delivery, Dosage design, Drug
development, Deep learning, Drug discovery, Medical devices, Machine learning,

Regulatory
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Abstract Ptu{cipal
lndore lnstitute of Pharmacy,

rNDOtrE (M.P.)
conventior-ral canidr''clrenrotherapy has some cirawbaclir, ir.tuaing low bioavailability, a superior
rate of drr-rg degradatiot-t, nontarget distributior-r, systenic toxicity, ailcl clrug resistance in cancer
celis' In cancer therapy' these restrictions frequently result in therapeutic FailLlre. The dn-rg delivery
platforms based on marine biopolymers have gair"recl attentior-r as a viable metl1oci to ger arouncj the
drawbacl<s of traditional chemotherapy techniques. Marine biopolymers' ad.rptability a,cl
rlultifunctionality etlclow them with bio-responsive properties. They display cha,ges i,", the size ol
chain, shape, solubility, dimensions, intermolecular interactions, seconclary structures, etc., irr
response to a variety of physiological stimuli. The compounds from the ocean play a significant and
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inclucling fucoiclan, aiginate, polysaccharicles, carrageen, chitosan, and porphyrin exhibirecl
signiiicanl anticarrcer activitres. The main commercial sources of cl'ritosan, a partly cleacerylatecl
derivative of chitin, are the shells of marine crustaceans such as crab and shrimp. This chapter
presents a thorough analysis of the function of marine biopolymer in the clelivery of anticancer
drugs.
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Abstract

Biopolymefs afe nontoxic, biodegradable, biocompatible and irave e.xcellent flexibility properties,which are for meclical pllrpose and implantable medical devices. several research stuclies havebeen undertal<en to clemonstrate the potential of biomaterials ir-r tissue engineering, tissueregeneration' promote healir-rg, systems for clrug delivery, ancr therape.rtic implan[s as the neecl forlhem grows' Impiants are cievices that mi*ic a biological component and ar-e erlployecl to replaceclestroyecl orgail in crcler to maintain normal bocly function, while materials such as metals,ceramics' ancl polymers are employecl in the creation of mecric.ri implants, rhey have clrawbacl<s: :r as imnlr-rnologic rejections lly the bocly, high cost. Bacteria, insects, crabs, ancl sh.imp producemarine biopolymers in the marine environment. Marire resources have become more wer-r<now,a,d sought-afte' as having to cr-rt resources for tr-re procructior-r of bioporvmers such as proteins ancrpoiysaccharides' Biopolymers including sr-rch proteins, polyeste.s, cationic polysaccharicle, anioniccarbohydrates' natural polysaccharides, and others are abundant in marine species such as plarrts,aninrals' algae' ancl certain microbes. This chapter focuses on marine biopolyrners, wl-iich areemplcyed or can be utiuzed to create implants, despite the fact that silk, polyiactic acicl. .llginate,chitosan' ancl gelatin are all biopolymers that can be employed in the healthcare system. The
"rpproach of these biopolymers in severai medical clevices Lrtilized in various rneclic.rl sectors sucl-ras cardiology, derm1g@i,opthopedics, and opht
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Abstract

Ivlaterials that rnal<e up marine animals have a wicle variety of qualities anci traits that cor-rlci
support tireir prospective Llse in the biomedical inclustry. The commercial exploitation of marine-derived materials, st-tch as tl-iose acqr-rirecl through the processing of foocl, not only ensures the
sustainable utilization of organic water resource br,rt also provicres an intnguing platform for thedevelopment of innovative biomaterials with favorable environrnental ancl economic implications.
ir., acldition to ensut-ir"rg tl-re sustainable use of organic water resoLrrce, the conrmercial exploitatiorr
o1 materials from nrarine source, lil<e those acqr-rired tl-rrough the processing of foocl, olfers aparticularly exciting source for novel biological materials cleveloprlent with favorable
environmental as well as economic implications. intriguing platform for the clevelopment ofinnovative biornaterials witlt favorable effects on the economy ancl the environment" Accor-cling tothls viewprlint' a growing number of various sorts of substances are berng extractecl fror, aquatic
creatures and converted ir-rto valr-rable n-reclical proclucts, sr-rch as advancecl cl.-rg clelivery system.
Alginates' agar chrtosan, carrageenans, chitin, giycosarninoglycans, coliagen, and biosilica are
Itigirlightecl in rhis chapter" The final section of this chapter exanines the usage of the
aforernentioned proclucts irl particular biomecticllgeilications, particularly thei' contribr-rtior-r tothe creati 
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Abstract

From the beginningolhuman civilization, there has been an unavoiclable reliance of huma, belngs
on man-made polyrners for various purposes ranging from food pacl<aging to clothing, rreclicines,
building furniture, and much more. uncontroilable exploitation of synthetic polyners witSout
proper disposir-rg creates adverse impacts on olrr surrounclir-rgs and environment, whic6 ulti,-rately
leads to different types of pollution and other serious hazarcls. I(eeping these problems in rnincl,
r*cearchers from different fielcls focuseci tl-reir approach on biopolymers, which are obtainecl fr.onl
natllral sollrces' Among them, biopolymers obtained from marine sollrces are gaining more
aftention these days as they cause very little or no harm to environment ancl can get easily
ciecomposed' These biopolymers are obtair-red from clifferent marine organisms lil<e bacteria, algae,
seaweeds, mollusl<s, crustaceans, fungi, and fishes. Variety of polymers inclr:ding proteirrs,
polysaccltarides' agar, cellulose, chitin, chitosan, fucoidans, gelatii-r, and alginates, are exlractecl
from above-mentionecl marine organisms by various techniques. These polyn-rers possess a r.rnge of,
benefits, lil<e eco-friendly nature, self-clegradability, ancl sustainable sources. Apart fror, these
merits' marine biopolymers on coupling with nanofabrication techniques prove to be aclvant.rgeous
over conventional forms of polymers. These nanofabricatecl structures hold greater ber-refits h.rvir-rg
higher entrapmenr efliliencies. enhancecl surface area, resemblance to natural extracellular matrix
structure. Ri in nanotechnologi ct of these biopolymers leads to the
develo ofabricated stru ofibers, nanoparticles, nan
nano

empl
ites, quantum do ers" These nanostrllcturel
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Despite energy metabolism, apoptosis regulation, and cell signaling; mitochondria are aiso
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' reactive oxygen species (RoS), responsible for the preservation of redox balance; its
" overproduction also endorses cancer growth by modulating gene expressions and

participation in various signaling pathways, thereby inducing genomic instability. since
tumor cells have long been found to reveal altered mitochondrial structure and function,
thus, targeting mitochondria has emerged as a possible intervention for cancer therapies.
Nonetheiess, numerous stratagems have been proposed to date for selective delivery to
mitochondria. Due to the low efficacy and toxicities of currently using mitochondria*
targeting anticancer agents as an effective anticancer therapy, mitochondria-targeting
nanotechnologies have emerged as a novel approach that has been demonstrated to be
effective in cancer therapies in both in vitro and in vivo studies. currently, numerous types
of nanomaterials including polymeric, lipid, metallic, magnetic, silica, semiconductor, and
graphene oxide nanoparticles have been fabricated for mitochondria-targeted cancer
[herapies to augment cancer cell destruction. In consistent, the present book chapter aims to

-abridge the possible role of mitochondrial Ros on cancer progression and gives a summary
of the possibilities to target mitochondria for anticancer therapies.
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Cueprpn Oxp

NAxoTECHNoLoGY m NTuRoDEGENERATIoN

SUyaMALADEVI BetrU'

I REspaR.n, ffi,[Yltr#fr trffiX.u rxsrrrurE,
cuprrrxan AceDEMy op REsBARCH AND EuuceuoN,

KnreueAKKAM-603 I 03, Teuru_ Nanu, INDta
SDppaRTMENT or puanvAcolocy, INDonr IxsururE oF

Puenuecv, IIST celapus, RAU, IxnoRp 453331 (M.p.), Ixom

Abstract

Neurodegenerative illne sses, such as Parkinson's disease, multiple
sclerosis, epilepsy, and Alzheimer's disease, affect about I million people.
Duc to the brain's complexity, CNS issues are of the utmost irnportance . To
treat neurodegenerative diseases and address issues with toxicity,
specificity, and delivery, & variety of medications are available. The blood-
brain barrier (BBB), for example, poses a problcm because it prevelts
therapeutic drugs from passing through and reaching their intencled target,
The BRB is a banier that prevents drugs fi'om reaching target sitcs, so
researchers have been looking for ways to opcn it up. l'hcse challenges
underscore the necessity of utilizing nanotechnology to manipulate or
regulate divcrse cellular proccsses to attain the dcsircd traits. Nanoparticles
arc a potent substitute for dn"rg administration and other mcthocls because
they can cross the BBB due to their nanosizc. Nanotechnology has the
potential to enhance CNS disorder diagnostic and therapeutic approaohes,
as well as focilitate efficient drug delivery. With the aid of nanoengineering.
medications can be rnodified to perform tasks such as crossing the BBB,
targeting particular cells, modifying signaling pathways, transferring
benefici and promoting

Ig
l*

I regeneration and preservation.

N;. applications. rhis chaprer

)H rndore,,,l,Iil:'5rfw''ac"'
tXUf;nf;' (iri.f i

Wit is on

22

HP-71
Rectangle



Chapter One

focuses on the most cutting-edge current nanotechnology applications in thc
treatment and diagnosis of thc most prevalent ND.

Keywords: Neurodegenerative diseases; Nanoparlicles; CNS issucs;
Blood-brain barrier; Nanotechnology

Introduction

The progressive loss of a neuron's structure or function. which is
frequently accompanicd by ncuronal dcath, is the hallmark of
neurodegenerative diseases (ND) Examples include prion disease (prD),
Alzheimer's disease (AD), Parkinson's disease (pD), and amyotrophic
lateral sclerosis (ALS).

There are still a few effective early cliagnosis and treatment options for
many ND, despite notable advancements and a wealth of research on tI-re
subject. One of the most important barriers is the blood-brain barricr (BBB),
which prevents the n-rajority of drugs and irnaging agents lrorn entering and
having side effects outside the brain. Current options for cliagnosing and
treating brain diseascs are frequently detenlinecl by vascular lesions and
BBII leakage (Gabathuler. 2010, 50), An innovative and promising
tcchnique is nanotechnology, which makes use of rnaterials or devrces that
are created on a scale of 1 to I 00 billionths of a metre ( 1 - I 00 nm) (Fernandes
et al., 2010,166). 'fhe r-rse of NM (nanofibres, nanotubes, nanoparticles, ancl
nanogels) in biomedicine is curently widespread, with a wide range of
physicochemical properties.

Because of their adaptability, cngineercd nanornaterials (NM) are
appealing to the biomedical sector. While chemical functionalizatior-r can
provide targeting specificity, thcir physical properties, for instancc, can be
used for tissue engineering and regeneration as well as diagnosis and/or
therapy. NM can function to help dmgs and/or contrast agents per:retrate the
BBB or can cross it on their own (Fernandes et al., 2010, 1 66). Aclditionally,
NM can be administered orally, inhaled, or parenterally ancl may contain
both hydrophilic and hydrophobic molecules, With a particular ernphasis or.r
potential furure applications. this chapter focuses on the most cr-rtting-edge
curent nanotechnology applications in the treatn-rent and diagnosis of thc
most prevalent ND.

,**$i***
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Cuaprpn Ercur

NexoTECHNoLoGY:
Ax EIUpnGING Anspxer AcAINST
NpUnoDEGENERATIVE DIspaSES

Poora MIrreLl, RAMIT KapooR,,
RUppsn K. GeurAM,, SuerEEL AuH,TpD4,5 AND

HwTaNSHU SueRueI
1 currrana corLEGE oE' PuenuAcy, cururena IJxrvERSrry,

Rerpune, PLTNJAB, INDrA- 140401
2CtaRIvATE Axaryrtcs, NoIDA, INuA

3DppaRTMENT or PuanuACoLoGv, IxDonE Ixsururp oF
Puanuecy, IIST Calapus, RAU- Ixponr (M.p)

aDEpaRTMENT or cusvtlsTRy, GovpnxMENT posrcnaDUATE
ConEcp RArouru, Jeutru AND Kasuuln-185133, INnra
suxrvERsrry cpxrnp FoR RBsEancH AND DrvElopMENr

(UCRD), CUaNDTGARH ljNrvEnsrry, Mosalt 14041 3, Ixnn

Abstract

The nanotechnology field especially in case of healthcare, has become
a revolutionary concept with enorrnous potential for diagnosing and
treating neurodegenerative disorders. Alzheimer'g Parkinson's, and
Huntington's illnesses and many more blood brain barrier related problems
are among the examples of the neurodegenerative conditions which causes
serious risks to public health. By providing effective and personahzed
solutions for illness detection and treatment, the nanotechnologyibased
approach_provides the awesome solutions to these problems and the-tolls

!e and promisi
te,4il diagnosti illness detection has been
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218 Chapter Eight

possible by nanotechnology. To get the disease-specific biomarkers and
facilitate eaily diagnosis, functionalized nanoparticles nanoparticles
attached with a particular ligandl antibody run puu. the role. Moreover,
nanosensors and nanoprobes provide real-time monitoring of disease
development and therapeutic response. In conclusion, the diagnosis and
treatment of neurodegenerative disorders show enorrnous promise for
nanotechnology. Researchers are paving the path for more precise
diagnostics, targeted therapeutics, and regenerative techniques by using
the special characteristics of nanotechnology.

Key words: Nanotechnology, Neurodegerative disease, parkinson,s
disease, Huntington's disease, detection etc.

1, fntroduction

Science and engineering are rapidly advancing in the field of
nanotechnology. It entaiis the manipulation of matter at the atomic and
molecular level, as well as the design, production, and use of materials and
devices with sizes ranging from a few nanometers to several hundred, The
diameter of a human hair is around a thousand times larger than this size.

Because of their small size, nanomaterials have rp.iiul properties that
can be superior to those of their bulk counterparts in terms of mechanical,
optical, magnetic, and electronic capabilities. These characteristics have
made a wide range of prospective applications in numerous industries
possible, including electronics, healthcare, energy generation, and
environmental remediation. (Barbosa et ar.,2019; Kabano, a Gendelman,
2007; Mohid & Bhunia , 2020; Silva et al., 201 5)

The sfudy of nanotechnology is a multidisciplinary field that integrates
concepts and methods from physics, chemistry,'materials science, and
engineering. It also entails creating fresh methods for sfudying and
interacting with materials at the nanoscale, such as molecular self-
assembly methods and scanning probe microscopy, (Silva et al., z0l5)

As with any rapidly developing technology, there are potential risks
and ethical issues with nanoteihnology, such as the poteniial toxicity of
particular nanomaterials and the effects of their widespread use.
Nevertheless, ongoing investigation and regulation are aimed aiaddressing
these issues and ensuring the responsible and safe advancement of
nanotechnology. (Rothlisberger et al.. 2017 ; Sril<anth & Kessle r, 2012)

Medicinal delivery using nanotechnology has bcen used to irnprove the
efficacy and security of medicinal therapy. Drugs can be delivered to
snecrft@S{tssues in the body WXmW;fqg nanoparricles, which boqqts
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Cnaprpn ETEVEN

LtposoMAL SysrnM N NpunoDEGtrNERATroN

HTTpSH MaLHoTRAI, ANURAG DuruAN1
AND RuppsH K. GeurAM2

lcunu Goerxo Snrcu CorrpcE oF pueRuacy,
Yentm,rANAGAR, HARyANA, IxDIA

2DppaRTMENT op PuaRMACoLocy, IxnoRE INsrrrurn oF
Puenuecy, IIST Ceupus, RAU, IunoRp, INDIA

Abstract

Due to the ageing of the global population during the past ten years,
neurodegenerative (ND) illnesses have become significantly more
prevalent. Despite the extensive research supported by the scientific
community, no effective treatment has yet been proposed. The majority of
medications are only able to reduce the severity of symptoms; whether they
are administered orally or intravenously, their effectiveness is severely
constrained by their inability to cross the blood brain barrier and reach the
central neryous system (CNS). To stop or reverse cognitive decline, new
medications that target important diseases are needed. However, fypical
small molecule medications or biological treatments have had a shockingly
high failure rate in clinical studies. A practical and prospective drug delivery
method for ND that has not yet entered clinical trials is targeted
nanoliposomes. They have the abiliry to transport a wide range of
therapeutic compounds via the blood-brain barrier (BBB) and into brain
cells because they are biocompatible, extremely flexible, and biocompatible,
They can be adapted to lengthen blood circulation time and can be focused
on a single diseased target or a number of them. Currently, there is a lot of
scientific interest in creating multifunctional liposomes by combining
diffcrcnlg!{nges. This chapter focuses on current liposomal methods for
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Liposomal Systcm in Neurodegeneratlon

Keywords: Alzheimer disease, Blood Brain Barrier, Lipososmes,

Nanocarriers, Neurodegeneration, Parkinson disease'

1. Introduction

Pharmacological research aims to create innovative and effective

pharmaceutical ways to treat diseases while also improving patients' life

quality. Considering that a drug's efficacy is entirely dependent on the route

of ud-iristration u,rd itt inherent capacity to access the organs and tissues

at the right times and in the right amounts, nLrmeroLls studies aim to discover

novel medicatior-rs. Drug reti-'ntion is especially diflficr"rlt in specific regron

of the bocly. like CNS (central nervous systern), where the presence of a

BBB (blood brain barrier) rs a significant obstacle. The BBB frequcntly

hinders neuro-reparative and neuro-protective medicincs that should

operate pha,macoiogically directly at the intended location. As indicated by

the iatest accessible ir-rformation, neurological illnesses r'vill affect 10% of

the world's population, regardless of geography or socioeconomic status

(wHo. 2006)- As a resr-rlt. the world Health organisation urged that

iremendous efforts must be madc to address thc challenges in thc

aclministration of brain rnedications. Monoclonal antrbodies, recombinant

proteins, and genes, among other medications Llsed to treat neurological

conditions. are believed to be unable to successfully cross BBII' 'fhis is

because of their high molecular weight, polarity, and inability to utilize

specialized transpori,ncchanisms (Pardridge, 2012)' As a rcsult. the BBR's

regulation mechanisms are critical for the development of new therapeutics

foi wicte grollps of brai, disordcrs such as neurodegenerative illnesses.

2. Neurodegenerative Diseases

Age-relatecl illnesses are becoming lxore Common, in part due to an

increase in the older population in recent years (Heemels, 2016)'

parki*son's illness, Alzheimlr's infection, Amyotrophic horizontal sclerosis,

Huntington's sickness, frontotemporal dementia, and spinocerebellar ataxis

are instances of neurodegeneraiive issues. These pathologic properties

however are related with Jognitive decline, mental rveaknesses. and other

adverse Consequences, lOr example, a porverlessness tO filovc, inhalC, or

speak (Abeliovich, 2016). These issues are re cognized by particular

neuronal powerlessness ancl clcgeneration of specific rnind districts;

additionallv, an aberrant protein deposit (extracellulli::. intrpellular)

301
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I ssue enSineering is a deveioping branch as a science and as an industrv. Tissue engineering works on a blomaterial frame; obtained from any Lrssue parr or
entlre organrsm Tissue englneering is beyond the fieid of research rn the regeneration of tissucs, employ ng a platform modifiable physiologically wlrh thrl
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Abstract

Biobased nanomaterials have garnered increasing attention in recent years due to their

potential for reducing the environrnental impact of materials. To ensure that these materials

are sustainable and biodegradable, it is important to consider both their biodegradability and

sustainability. Biodegradability refers to the ability of a material to be broken down into

simpler, nontoxic substances, while sustainability refers to the ability of a material to be

produced and used in a way that does not harm the environment. Biobased nanomaterials

have the potenrial#iffimffisustainable than %Kal materials because they cg be
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deriv.ed from renewable sources and have a lower carbon footprint. However, it is important

to consider the entire life cycle of the material to ensure its sustainability' Researchers are

exploring various strategies for promoting the biodegradability and sustainability of

biobased nanomaterials, such as using biodegradable polymers or designing materials that

can be broken down by specific enzymes. overall, it is important to continue developing and

promoting sustainable and biodegradable biobased nanomaterials to reduce the

environmental impact of materials and promote a more sustainable future'
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Summary

Chitosan is a naturally occurring polymer obtained from chitin after alkaline deacetylation'

Chitosan gains importance nowadays in the food and pharmaceutical industry due to its

non-toxic, biocompatible, and biodegradable nature. For the past few years, scientists focus

on the potential uses of chitosan as well as other possible sources' Moreover, chitosan

derivatives were also developed to broaden the therapeutic potential and biocompatibility'

This chapter includes the application of chitosan and its derivatives in the medical field'

Chitosan is widely employed for the preparation of hydrogels, sponges, films' and

transdermal patches which can be used for biomedical purposes. Chitosan possesses a

wide array of pharmaceutical applications such as anti-bacterial, anti-tumor, hemostatic,

anti- hyperlipidemic, and wound healing. Chitosan is also used as a carrier for drugs and a

vector for gene delivery and thus helps in developing a targeted system' Furthermore' due

to the unique properties and characteristics, chitosan biopolymer can be used in green

chemistry. Thus, the aim of the chapter is to highlight the biomedical application of chitosan

and its derivatives with the possible mechanism'

Nasti , A.,zaki, N.M., Leonardrs, P.D., Ungphaiboon, s., sansongsak, P., Rimoli , G'M', Tirelli ' N'

chitosan/Tpp and chtrosan/Tpp-hyaluronic acid nanoparticles: Systematic optimization of the

preparative process and preliminary biological evaluation . Phorm. Res. , 26,8 ,1918 - 1930 ' 2009 '
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Summary

Alginate is a natural and versatile polymer that has gained significant attention in thebiomedical and pharmaceutical industries due to its diverse biological activities andphysicochemical properties, Alginate possesses several advantages, such as
biocompatibility and ease of gelation, making it suitable for various biomedical applications,
Its structural similarity with extracellular matrices of tissues and ability to undergo severalcritical processes have also contributed to its popularity. The alginate hydrogel,s ability toretain a large amount of water provides itwith a soft nature, making it effective in wound
healing' drug delivery of bioactive molecules, tissue engineering, and other biomedical
research and engineering fields. Modern technological advancements in alginate research
have led to its potential applicability in the form of a matrix for three-dimensional cell lines,antibiotic adjuvants in cell transplantation, and the management of s.everal ailments,
including diabetes or neurodegenerative disorders. This chapter aims to provide an
overview of the characteristics of alginates and their existing and potential uses and suggest
new avenues for future research. The biological and pharmacological mechanisms of
alginates are explained, along with their current use and future promise as a drug delivery
approach' ln conclusion, alginates' multifunctional nature and biocompatibility make them

:::y:::i"::lT'for biomedical and pharmaceuticar apprications. rhe review hightights
the importance of understanding alginate's unique properties and its potential to address
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Summary

cellulose is the most extensively available biopolymer owing to its several sources (wood,
plants, bacteria, pulp, and cotton). The utilization of nanotechnology enabled to achieve
nanocellulose and its different types of cellulose nanocrystals, bacterial nanocelruirr., ,rocellulose nanofibers, Nanocellulose possesses diverse characteristics such as
biocompatibility, biodegradability, high surface-to-volume ratio, marked mechanical
strength, cheaper price, non-toxicity, and ease of fabrication, which enable its incorporation
in the biomedical field for several purposes. Nanocellulose is a versatile biopolymer andfinds extensive applications in the biomedical field such as in drug delivery systems, wound
dressing, tissue engineering, antimicrobial, implants, etc. Most of these applications werev 
fulfilled by nanocellulose in the form of hydrogels and nanocomposites. The ultimate aim ofthis book chapter is to provide the extensive use of nanocellulose in the biomedical fieldand is the most promising biopolymer satisfying the requirements in several fields.

Khattak, S", V/ahrd, F., Liu, L._p,, jia, S._R., Chu, L._e., Xie, y.-y, ,li,Z.cellulose and chitin/chitosan derivatives and composrtes as antibacteriar
perspectives . Appl. Microbiot. Biotechnol., 103, 5, r 989 _ 2006, zorg .
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Summary

Carrageenan is a sulfated linear polysaccharide comprising D-galactose and 3,6-anhydro D-

- galactose extracted from some red seaweeds of the Rhodophyceae family. Carrageenan is

derived from these red seaweeds, This chapter's goal is to outline current carrageenan

medication delivery system uses. ln the pharmaceutical business, carra8eenan has been

studied as a polymer matrix in oral extended-release tablets, as a new extrusion assist for

pellet manufacture, and as a carrier/stabilizer in micro/nanoparticle systems. Because of

carrageenan's unique properties, such as its high negative charge and gelling, it has been

empioyecl as a gelling agent/viscosity enhancer for controlled drug release and long-term

netention, lt has also been employed to transport cells and regenerate tissue with medicinal

macromolecules like carrageenan. Carrageenan's safety and other possible uses will be

investigated in the near future.

Necas , J. and Bartosikova , L. , Carrageenan: A review . Vet. Med. (Praha), 58 , 1 87 - 205 ' 2013
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Immune checkpoint blockade has drastically changed the way that cancer is treated, and it

also gives cancer patients hope for the future. However, a sizable proportion of individuals

continue to show no improvement after receiving this treatment. To predict the

effectiveness of immune checkpoint antagonists, it is necessary to include biomarkers. This

chapter provides an overview of the prognostic value of well-known biomarkers, including
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programmed cell death ligand 1 (PD-L1) expression level. The predictive value of tumour

mutations_, circulatory variables, immune-related parameters, and gut flora are all covered

in this article along with immunotherapy treatment. Further, fresh developing biomarkers

that must be confirmed in future clinical research are addressed, as well as potential

indicators for illness that progresses excessively.
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Summary

protein therapy has a significant influence on the treatment of several serious human

illnesses. Many clinical proteins, including enzymes, growth regulatorS' hormones' and

mediators, are immunogenic and have limited biological stability due to their fundamentally

fragile structure and susceptibility to enzymatic degradation, which may restrict their

positive advantages and, in some cases, their utility. The most effective and direct approach

to overcome this limitation is to deliver protein by nanotechnology, which delivers the

proteins into the target cell to exchange the dysfunctional protein and keep the balance of

the organism. These delivery systems include soluble polymers, microparticles,

microcapsules, cells, lipoproteins, liposomes, micelles, and dendrimers' These carriers can

be targeted by conjugating them with certain proteins or antibodies targeting a particular

area of interest. They are sensitive to pH and temperature changes, and have a slow rate of

degradation. This chapter outlines the benefits and drawbacks of commercially available

methods to deliver proteins and those still in development, Also, it offers a concentrated '

summary of major advancements in nanoformulations development technology for the

administration of clinical proteins as well as potential prospects'

Kianfar, E. , Protein nanoparticles in drug delivery: Animal protein, plant proteins and protein cages'

albumin nanoparticles ./. Nanobiotechnology, 19, 159' 2021'
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