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answet to plant disease management
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mtensitied over the past fow decades, producers became mo
and more dependanl oo agrochemicals as relunirciy ebiable
micthod of crop protection However, increastng use of chemical &
wpurs causes several negatve effects, ve, development of
reststance tu the applicd apents and theionen tasget e nmental
wnpacts, This has led s search for nacural subsanites for these
products. Among the hiocontrol agents, Preudomnans
theyeescens, a plant growth prometing rhizohacteda MDY heas
heen une of the most_effective agents (or plane dizease
tardyement.  Uhoy cftoctds rhe resolt of competitive exclusion
of parhogens due to colagization of G chunesphere, prodoetinn
of 4 number of secondary metabolites brclodiog antbiotcs.
stelerophores and hydropen cvanide os well u= wnduced sraternic
resistunce. However mtroducbon in a suitable suhstrare cacoec
an:l propet method of applicaton aie required For using ir io the
beld aud Lor commercial success of the formla o
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The conHnuenis use of chemicals as fertilizess 2md pestcides hias
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CHAITER-# il
Manapeme s of Envitonrnenial Froblens

3.1 Management of Environmental ’roblems

D Grargi Chalirsvarty

LCrvirenrental problems case envicommental dercad 20on which iz 2 conplex process
imvoiving rraneframarion, alterating aF natcral Inss froma any one of the smdironmental snoponcnt.
L oy acise either by natdral processes or by mon-mode aclivities,

hfanapsrment of the envirinoental resoorees s labed o envirmmental protcetion,
sustaimability and Loreprated landseaps macagement Uhe measwees tiken tor manapement of
problems associated with env ioommeen resolrces ace Listed below-

I. Management of land degradation and sail ernsinm:

Tire buvis of e bep il ons sfsiucranee of soil structure §s 2 wave enviromeatal rogizn
teading to lnss af aralle land and imparant eoil microbial bicrczoumces, Biologics] menagernent
el the problem inciude ullorestation a5 roel systems ol rees supply erganic matEriol wiih
helps to stabalize the scol while water uptake and canony inlercoplion serve e redoce Che
fequency and inlensity of surfacy Tun off owsoser abda, Agave cmericons Rieine
ettt afhergio rivcn, Tamarindus indica semve as uselc] windbreeles wlioch chesl
the Wlowing away af torile rop soil. Yegetation cover reswees the wind velesily near the griend
welie grasses such s Cenadfon dfeporifor act as soll Dindgrs sustacable land use arachices
wvelve mixed cropping, coop rotation, cwilyvatum e land parel?e [io the contours. reduce s,
inzrragcd wse of arganic ferilizers, rere-fion af lendseape harrices s:ch as trec Vines. hed zorasws
and walls and comprehensive lard husbandry programmes. Mechamce] nethods ofmanEgement
ok the prablem inglide conron s oracing which i3 @ constriet shannels aloneslopes Lo inlercepl,
end divenl thie runall water.

1. Management of 2ir polivlivo;

The air pa_'ueants wich ave primari by pamiculates and pascons pollutants shoulld ke cheched
a-the soures nf emission. The N2 and 50_pollutant. are penerited feom vehicles and indnsrial
proceasen. This can be mitigated dwongh gzeteie avd hybrd vehizles and desent peblic
transorlain svslems reducing e veliicolar waile, Cleane tugls beacd an hydrogen an;
uzirne e kesd out fiog new enging techuology therehw redocing harmful emassions into e 235
CEloroflurracarbone (CTC s) widely used as soolants in gir senditianees and refrigorannes and
enntritmtorz of noonc lzyer deplezion in the stratesphers are replacel by cther devic os such as
‘ice 2ieaning’, Purning of eoal and other fossil fuele which el bearcous polluzants i being
replaved by alleroalive clemer loms of energy such as solat encrgy, wind cnergy, hydranlic

Asaiatemt Frofesior Derorgment of Sotamy, (LK Colleme, Askam
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Role of ASHA (community health
workers) in providing maternal
health care services

a study in selected three districts of Assam
mJonali Nath

Abstract;

Tn 2005, Govt of [adia introduced National Rural Health
Wizsion {NEHM) alt aver the country to provide sasily
accessible heallh care services to the rural poor people.
And to achieve this Govt. introduce  fernale Accredited
Social Health Aclivist (ASHA) or cvery villages with
at least 100{) popalation. The women who employad
25 4 ASHA must be liberate within the age group 25-45
years and should have gaod communicative skill so as
to effectively link hetween community and primary
health care services. In India Accredited social health
activist (ASHA) are women selected and trained to
work at the luterface between member of their own
community and the public healih systern (MRHM, GO,
2012}. To aceelerate the expansion of basic health care
coverage Govt. of India employed ASHA workers all
over the country. The main objective ol this paper is to
aceess the role of ASHA to provide malemal health
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Socio-Demographic Impact of Immigration -
in Assam during the colonial Rule

Dhrabajyoti Gogoi

The most curious thing about Assam is the
consplcuous ignorance about il on the part of the prople
of India. A bnef review of the history of Assam under
the British ruie i.c. from 1826 onwards would reveal that
far-reaching changes were brought about in the region
during that period. Demographic structure of Assam
during colonial pered is an important source for
understanding socio-temographic aspects and its related
features like fertility, infanl and child mortality,
population composition, sex ratio etc. Analysing Lhe
course of population composition and translormation of
Assarn from the beginning of the cnlonial period to the
end many scholars and social scientists agreed on the
fact that migration was an important contributory factor
for Assam's abrupl growth of population. The population
of a country or region may increase through natural
causes, such as excess of births over death or through
immigration frem other places. In Assam alsa,
immigralion played a vital role in the growlh of
population during the colonial period.
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Gender Discourse im the Re-construction of
Hindu Myths in Shashi Deshpande's
Select Short Stories

Aparma Goswami

Introduction

If a brief review, of te myths incorporated in Hindu
mythology is takern, we get to see that majonity of the
tales deal with the deeds of heroism accomplished by
male protagonists. The rele of a woman is often
marginalised or 15 designed in such a way that suits the
patriazchal set-up of the society. These myths, written
by men about other prominent men of the past
systematically keep the female characters at the
background and those in the forefront are depicted as
docile women who are either obedicnt daughters or loyal
atld patienl wives, Shashi Deshpande, in her attempt to
reinlerpret some of these myths, gives the focal point to
a [emale figure in the myth who from her status as a
stibattern in the original version steps into the role of a
protagenist only to reveal female perspective of the same
mylh. Thiz perspective generates many questions that
maghl be tormed as iconeclastic az they pose strong
challenges to the status quo maintained so far. Thriee
stories by Shashi Deshpande are selected for the purpose
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Mahatma Gandki's Satyagraha sad fis
philosophical dimension

Jmmmmmwm

The period betweesn 1917- 1947 witnessed the rise
and growth of the Indian National Movemsnt which,
under the undisputed leadership of Mohandas

Karamchand Gandhi assumed a popular and mass
character. During this period which is famous as the
Glndhhnul.mmnhumlhnhqh-hﬁmwu
nlldhr&ndhihuﬂluumhﬂuhhyﬂme
mmﬂmﬂmﬂuhﬂm-hﬂm

mnu[mﬂlndﬂm-viﬂm{ﬁmmﬂw
were the central features of Gandhiji‘s political activity
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Abstract ;o Jar 5 e most wicledy convamed hevergge amd the tea trdusine af Assam s
wajcr fiereign gachuangs carmer far the countey. Witk the peactior af organic fmrming clvarly
citablished av the meons for producing pesocide fes 1ood g drick and meinienancs of
sstanalle environment, eie exploration wf iadyse no s microbes for omp prodictivine Pojds
significance They amticle gives ar overview of e bearficiel microbes Jir grivih promolion
af the teq plonr ond produetion of Hoferiiizers and biopestivides i disense management
of fhe econuancaliy valuable crop
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itk oepe,

The beverage isebrained rim the s plernnCame i sinensds .30, Kuarrejof the S ily
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in the Mertheast correc afthe awro climatic belt, Assam is e fangesd ieg producing state in [adia.

St Tew 3o lone-durmtion crap .2 s prone T atiack by several pests and pathepens tba
ulvimdee | result in exie wsive anmeal 2 ap 1068 OMareeswaran af af, 201 53 lnovzanic Jiemical-
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a:d Kloepper, 2005,
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mieluding: dete-ieat'on of sonl qualics (U wsubrunanizn e . 206057, aicamd groundwater polluton,
undesirable residues inmade tza (Muordeed-oren «o o, 1953; Kodamari, 1993; Chavdhori, |9949),
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{lawai, 1907, Cunssuhramaran arad., 2008 Bovorad, 2010 Saha ard Mokhepadhyay, 2015,
variation it susceptibality. impedance o nature] regufatory agcnts and lethal elfizots i warrn-hhopded
ammals. incheding humacs (hobed el 199325,

o this cenlaviagriculw! practices emplosing indiperauz bonelicial nicrobes 2o a signihicanl
rede et only o werease crop aocslustien but lse wenhance Gie nolrient sintent ol che grep and
rrzanialiy sorl bsallvand preductivi oy This paper gives an overcies ot the applicalinn of microbes in
varied aspects of 122 coop planletion and noaduzior,

Microbialinocolants as plant growth promofers :

WD the rising end tewares organic agricylivee there is inereased Jependsce on zait
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covering an area of 4590 s km. The region Is ane of t
mhnhhmﬁhhmﬂnﬂnﬂmﬂmu
ethril: tribes namely Dimaza, Zeme, Biate, Jolntia, H _‘
Hrmar, Lﬁﬁﬂﬂﬁmﬂﬁwmwﬁm - T
tribel peaple have deep faith in their traditional ki - “'
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among the Jaintia tribe hes been investigated. 'ﬂ'.
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along with their conservation.
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Phytochemical screening and cytotoxic el
of seed of Thevetiaperuviana (pers.) K.Sc 1L
 Nilofer Sheikh®", A. Narula® and R. Roy*
1 Dgpariment of Botany, University of Science and Technalogy, toghalays
"dewﬂm-m?fﬁﬂﬂ. hsnam
*E-mall : nilofershelkh83d@gmall.com

Abstract

Qualitative phytochemical screening of seed of
Thevetioperuviana wos done which confirmed the presence of
ﬁm@ummmmm#m athyl ocetale
and waler. The result stagesied the presence of meoximum
wmmdﬂmﬂrﬂmhﬂm’hﬂwh
purposés Is stlll wide spread which mikes the studles on
extract were cvaluated using Allium cepa roatchromaosame
aberration study. Sgads extracts suppressed the mitotic activity of
Alllum roots after 5h, 8h, 120, 24k and 48H ot 35m] congenirations

micronucleus,multiple nucleor leslon,

disintrigation, c-metaphase, ball metaphase

pagrant. The infuslon far higher tima showed significant effect on
the onion cell. The phytochemical and cytaloxic

ﬁﬂn@ﬁﬂﬂphlmmwmﬁmm

or nor-tafe wse of them for different purposes.

Keywords: cytotoxic, Thevetiaperuviane, chromosome

abermtion, phytochemical, Alllum cepa.
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A% cotrpared o the joint families, I Unitary farmniliss the senior citi

m,m_nﬁunn_%ﬁug;qﬁ?&&wmﬁi.&nmm&miﬂg _
o most of the sevior citizens, the cnversiding effert of reHrement
on their lives i that it removues thejr compuliion to contirnue worki

even after attzining retiring BgEe.
. -Empowering Woinen
Reference | | through Enirepreneurship .
1, w._wﬁﬂpuﬂ m“ﬁ?&iﬁm TM _.,.p__w”..m? Ficblic Fimatee & the Price Sys
Cedhi- N Bducabon, T Archana Mali
2. Diireciorahe of Economics and Statistes (2014} Stakistical Han o : :hH... e i ERATY
Agsimt 2014, Guwahat; Cavernment of Avsam fumion ke Ror, D e R IR
3 Directorte of Eoonumics and Sallstics (2015 Fronomic SKrmey
2 20T4-2015. Girwahati- Crrerrmment of Axsan, Abrstract

Erefie BV, Morgan D W (15a) - ming Sample Siza
jeie B\ . Lretermining Sizafor
Fﬁ.ﬂq.uﬂ EducaHonal and Pavchological EEE.FH.H_ A, 607510,

In truditional society, role of women were confined to household
rranagement. But with the spread of education among wornen, they do
ot keep themseloes unthin .,r.._?.__i boundieries of howse. Notwr women

5 KothH. ws“_.mmﬁ_ﬁ? & Pimeh 7, {2015), ‘mpacis of Old- Age Pensions: ; tored domsinated
The Socio- conomic Impact of Social m!:ﬂ..w..-:tiﬁ:h mﬂ_p__. H:ﬁﬂhﬂmﬂkﬂ&hﬂﬁhﬁﬁ-ﬁu ur..l._____..,..q._“ u_h.ﬂ?ﬂ..n: __..ui_.:..,a
Security Association, Geneva [Online] Availsble: (accossed o 13.01.2020,) by men. This paper attempis lo study the factors molivating

]
rrtrepreneurs, and impact of entreprencirship i empowering women
in Assam. Attempt is also made to study the strategy for developmen:
of women emtrepresenrs in the staty, qﬁ study the a_..,__a.ﬁﬂm Jactors
and impact on empowerment, date are collected from 117 women
entreprenenrs (both registered and wnregistered) from Kamrup (Rural)
and Kamrup (Metro) of Assam.

Krywords: Bmpewerment, Entreprencar, Entrepreneurship

1. Intrndaction
In Leditional society, nole of women was just confined to the hausehold
management. They are simply considered as the queen of fhe kikchen
4and seen as "home makers” (Rao, 2007). Wamen have o look after their
family and do all the domcstic chores. But, their contribubons are not
convrarted into money terms, therefore, due importance was not given
Lo them in the family decision making process. Educational
backwardness is another reason because of which women lag behind,
An per AT census report, the female Hvracy rate in India was 63,45
puercent a3 compared bo 8214 percent of male literacy. In many cascs
TIPS ST 1T AW, At fiF tha nrrartialite ther harbosr within fhemneelves,
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A Study in Utilisation of
Maternal Health Care Services in Assam

_Elr. -J_’ﬂn.::ﬂ_ Nat_h '

Introduction

Motherhood is one of the most cherished and impuortani staga
in a woman’s hife, TLis & stage where Woman require special care, —5
attention, support and nutrition. But the road to a safe motherhood 0 ad
is not a smooth one for every women across the globe,

The Maternal Mortality Eatio (MMR) is the one of the most
immportant mdicator of the health status of & woeman in the society, .
"The Waorld Health Organisation (WHO estimales that over 500,000 -
wornen & givls die from complications arising out of pregnancy
and childbirth every year, worldwide, with approximately 99% of =
these dealhs ocourring in developing countries. As per tho Hat.iﬂna't_-: g
Family Health Survey (NFSH-3, 2005-06) and Sample Registration=
Survey (SRS} estimation m 2009 ihe maternal mortality rate iy TR
Assam is recoded as highest (390 per 100006 live birthe) in the S ms

countTy.

Ip India Maternal Mortalily Rate MME dechined to 301 in S8
9001-03 and to 212 in 10000 live births YO07-09; it s still guit?
high in Assam (390 m 2000}, During 2004-06 MME 1 Asgam was
480, which fell Lo 381 m 20 10-11 as per annusl health sorvey report
Suaam: there is a total 99 point drop of MME during Mational Bural =
Health Mission {NRTIM) (ZU05-08 to 2011-12) period which is the
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Spiritual Approach to Nature — A Tool for
Environmental Protection; Its reflection in the
Socio-Religious Beliefs of the Bodos

Dr. Aditi Dewi Phﬂuihﬂ??’

Introduction

Onir environment is a matter of great concern for us. The word
‘wnvironment’ refers to the external conditions or surroundings of
both animate and inanimate ohjects. It is a system in which various
living beings as well as non living things can exist with proper
relationship. Mun being an integral part of environment, influences
the environment by hiz activities whether positive or negative. In
the same way man is influenced by the environment. Environment
is individual’s life space. Qur environment can remain in stable
condition when all the parts of the environments are in perfect
harmony. Organisms can survive, grow and reproduce only in such
a2 stable environment. So it is the morel responsibility of every

individual to protect the environment.
Environmental degradation and the notion of spirituality

! Our ancestors could fully realize the importance of conserving
nature. Their way of life seemed to be more eco-friendly than that
of the modern people. However, with the help of science and
technology people have been developing a sense of superiority over
| nature and are trying to make themselves master of the earth.
Penple, being proud of their achievements have destroyed the
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East India through Sustainable Agriculture
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Sustainaible Agriu:ultu're- lts significance

Widespread aduption of sustainable practives in agricultd

and food supply chuins is ezsential to meet curresl and fatus
Ehreats to Fogd security and envirenmental resilisnce. Iu t
coming decades, agricuitnre must produce more foad to leed A58
grovriny popalation while adapting to climate changa, an inereasipges
threat to agricultura]l yields (Foresight 2011, INRA/CIRAT
IAASTD 2009: Lobell ef el 2011; The Hague Conference 2010,
agrienltural production, greenhonse gases (GHGE contrihuting)
climate change originates from ferlilizers, ruminant digestigh
{cattle, sheep and goats), rice cultivation and fuel use. Land clearint
for agricullure, particulariy deforestalion, can also contrilul
significantly to Greerrhouse gas impacts (Smith ef al. 2000
Alternative apgrimltural practices, suitable in different regiong
can reduse net GhG emissions while maintaining or 1mpra
yields and adapting to more extrame weather iProtty & cof. 20011

Apricullure is at the nexus of three of the areatest challengy
of the 21sl century — achisving food security, adapting to eli
change, and mitigating climate change while critical resource
such as water, energy and land become increasingly searce,
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CHAPTER 15

Role of Community Level Factors Affocting the
Utilisation of Maternal Health Care Services in Assam’
A Btudy in Three Selected Districts of Asgam

Jonali Nath

Strmmery

Messt of the public healih studies, in developing countries HASSESHIT
the determinanis of maternal health care services Jocus on
household and indiicdeal level Jactors. But, af presont there hos
been a trend to study the healih care services in association of
commmity fevel fackors Compunity has greae PHpact on the
behaviowr of individual angd saciety.  Comiminnity  cfigractors
influence individucl decision making with respecr 1o varfouy -
aspeets. £ k5 owell recormized e disparities of health OUICOmey
Ay arise war only from differences in the characieristics of famities
but alvo from differences in the SOCIO-ECONDMIC aftribute and
communitics where ey e (Foste and Kuafe- Defo, 2008,
Kravdal, 2004, Robers 1909,

&t 5 clear from various soudics thet maternal healsh seoking
hehaviowr is not only associated With the individual and bousehold
level factors, but aive with commnity level factors, such ax Place af
Yesidence,  community POVEHY,  community  love] edtication,
CEMIRERIL masy media evpa sure HRORG others wiich may affect the
maternal health care behurvicwwr, In this PAPEF M qtfempt has hmade:
1o asvess the rofe of community: lovet JACLORS affecting the wilisation
of maternal health carve services in Asserm,
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Rajiv Borah, Jnanendra Upadhyay, and Birru Bhaskar

Abstract

Native tissues and organs coordinate and execute their activities via dynamic,
interlinked clusters of biochemical and biophysical attributes, which are differed
throughout biological processes spatiotemporally. Passive biomaterials, devel-
oped with tunable structural, mechanical and biochemical properties, cannot
mimic the dynamic features of the cellular environment and therefore, often
lack of efficiency in tissue regeneration to restore full functionality. With the
perspective to address this notion, stimuli responsive biomaterials have evolved
as effective tool that replicate essential static and dynamic features of native
tissues due to their capacity to alter physicochemical characteristics in response to
physical/chemical/biological stimuli compatible to tissues and organs, facilitating
on demand cell microenvironmental manipulation. The current chapter focuses
on trends of stimuli responsive biomaterials explored for tissue engineering
(TE) applications. Special emphasize has been devoted to those stimuli respon-
sive biomaterials (e.g. electroactive biomaterials), which are sensitive to the
stimuli that match with the native biophysical cues of tissues and can regulate
those biophysical cues to modulate the regeneration associated cellular processes
for faster and efficient tissue regeneration. Each category of stimuli responsive
biomaterials has been discussed with a brief introduction and the mechanism of
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functionality followed by its

R. Borah et al.

applications in various TE applications.

Biomaterials that respond to chemical and biological stimuli, have also been
briefly addressed in the light of TE potential. The chapter also highlights the
advantages-limitations and future directions of stimuli responsive biomaterials at

the end.

Keywords

Tissue engineering - Stimuli responsive biomaterials - Electroactive biomaterials -
Tissue regeneration

Abbreviations

0D

1D

2D

3D
5-FU
ADSCs
Alg

B aTiO3
BT

C

Ch
CNFs
CNTs
Co

Col
CPs

CS
DDF
DLC
DMAEMA
DNA
ECM
ES

Fe

G

Gel
GelMA
GO
HA
HEMA
LCEs

Zero dimensional

One dimensional

Two dimensional

Three dimensional
5-fluorouracil

Adipose derived stem cells
Alginate

Barium Titanate

Barium titanate

Cellulose

Chitosan

Carbon nanofibers

Carbon nanotubes

Cobalt

Collagen

Conducting polymers
Chondroitin sulfate
Dermal fibroblasts
Diamond-like carbon
Dimethylaminoethyl methacrylate
Deoxyribonucleic acid
Extracellular matrix
Electrical stimulation

Iron

Graphene

Gelatin

Gelatin methacryloyl
Graphene oxide
Hydroxyapatite
2-hydroxyethyl methacrylate
Liquid crystalline elastomers
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LCST
MAP
MEH-PPV
MS
MWCNT
NB

NCD

Ni

P3HT
PAN

PAni

PAs
PCBM
PCL
PCLF
PDMS
PEDOT
PEG
PEGS
PEO-PPO-PEO

PGA

PGS
PHBV
PHEMA
PLA
PLGA
PLGA/HA
PLLA
PLLA-PEG-PLLA
PNiPAAm
PNVC
POxs

PP

PPy

PSS

PT
PTCDI-CS8
PTFE
PVA
PVDF
PZT
RGCs
rGO

SF
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Lower critical solution temperature

Microporous annealed particle
Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylene)
Magnetic stimulation

Multiwall carbon nanotube

Nitrobenzene

Nanocrystalline diamond

Nickel

Poly-3-hexyl-thiophene

Polyacrylonitrile

Polyaniline

Peptide amphiphiles

Phenyl-C61-butyric acid methyl ester
Polycaprolactone

Polycaprolactone fumarate
Polydimethylsiloxane
Poly(3,4-ethylenedioxythiophene)

Poly(ethylene glycol)

Poly(ethylene glycol)-co-poly(glycerol-sebacate)
Poly(ethylene oxide)-poly(propylene oxide)-poly (ethylene
oxide)

Polyglycolide

Poly(glycerol-sebacate)

Poly(3-hydroxybutyric acid-co-3-hydroxy valericacid)
Poly(2-hydroxyethyl methacrylate)

Polylactide

Poly(lactic-co-glycolic)

Poly(lactic-co-glycolic acid)/hyaluronic acid
Poly-L-lactic acid

Poly (L-lactic acid)-poly(ethylene glycol)-poly(L-lactic acid)
Poly(N-isopropylacrylamide)
Poly(N-vinylcaprolactam)

Poly(2-oxazoline)s

Polypropylene

Polypyrrole

Poly(4-styrene sulfonate)

Polythiophene
N.,N'-dioctyl-3,4,9,10-perylenedicarboximide
Polytetrafluoroethylene

Poly(vinyl alcohol)

Polyvinylidine fluoride

Lead Zirconate titanate

Retinal ganglion cells

Reduced graphene oxide

Silk fibroin
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Si Silicon

SMPs Shape-memory polymers

TCP f-tricalcium phosphate

TE Tissue engineering

TrFE Trifluoro ethylene

UCST Upper critical solution temperature
uv Ultraviolet

9.1 Introduction

Tissue engineering (TE) has evolved as a realistic alternative to donor-dependent
organ transplantation or autografting and allografting to repair a damaged organ or
tissue. It is meant to develop living, functional tissues that can be employed to
substitute, or repair tissues impaired because of disease, aging, congenital defects or
physical damage by integrating biomaterial scaffold, cells and bioactive compounds
(Vacanti and Langer 1999). Therefore, the choice and design of biomaterial is
essential for the regeneration of new cells in vitro and in vivo, while ensuring its
biocompatibility, bioactivity, durability, degradability, porosity, and flexibility at the
same time. In TE, the biomaterial scaffold should act as the artificial extracellular
matrix (ECM) capable to mimic the native cellular microenvironment of the particu-
lar cell type, which is needed to be regenerated. Hence, the spatiotemporal modula-
tion of the physical and chemical properties of biomaterial scaffold is necessary to
support favorable tissue regeneration. The native ECM interacts with cells
dynamically through close co-ordination with the biophysical and/or biochemical
cues for normal tissue function including regeneration. A biomaterial scaffold is also
required to function in a dynamic fashion for effective and efficient tissue regenera-
tion, which paved the way for “smart” or “stimuli responsive” functional materials in
TE applications.

Throughout the designing and creation of new materials that are able to respond
to particular stimuli, nature provides countless touchstones that are configurable,
reliable, and replicable. In reality, many living system substances vary spontane-
ously as per the environmental circumstances and their processes and actions to
maintain and regulate normal functions. It involves alteration in form, dimensions,
appearance or rigidity and depends on complicated models for feedback. Over the
last decade academic and industrial research has thus been inspired to create new
functional materials that imitate the sensitivity of natural living systems. Subse-
quently, the understanding of endogenous physiological behavior of cells and tissues
along with the existence of several important physical and chemical cues, inspired
researchers to develop a new generation of biomaterials, termed as “Smart” or
“Stimuli responsive” biomaterials. Prior to this new generation of biomaterials,
most of the biomaterials were used in a passive way, just as support for the cells
and tissues through their bioactivity and suitable physiochemical properties such as



9 Trends in Stimuli Responsive Biomaterials in Tissue Engineering 309

biodegradability, mechanical stability, and porosity. Therefore, there is a growing
interest in stimuli responsive materials for TE and regenerative medicine with the
capacity to communicate and interact with cells.

Stimuli responsive materials, also termed as “smart” or “intelligent” materials, are
those, which can sense and respond to external stimuli or any alternation in the
external environment (Cardoso et al. 2017). In rebuttal to single or multiple external
stimuli, this exceptional category of materials exhibits variations in one or more of
their physicochemical properties, i.e., size, shape, solubility, permeability, hydro-
philicity, surface charge, electrical, magnetic, mechanical, and optical, etc. These
external stimuli can be classified as physical (temperature, electrical, magnetic,
mechanical stress, light, ultrasound, etc.), chemical (pH, ionic strength, electrochem-
ical, etc.) and biological (enzymes, glucose, antigen, growth factors, receptors etc.)
stimuli (Fig. 9.1). Physical stimuli can induce modifications in the energy dynamics
of the materials, whereas the chemical stimuli modulate molecular interaction within
the material or between the material and the surrounding environment. Biological
stimuli associate with the specific biological functions such as enzymatic reactions,
receptor recognition, activating regeneration associated processes, etc. Additionally,
there are dual and multi-stimulus-responsive materials that respond to more than one
stimulus concurrently.

In regard to TE applications, stimuli responsive materials hold potential to elicit
beneficial effect at cellular level through changes in their physiochemical properties
upon any change in external stimuli, which can activate regeneration associated
processes by modulating various important biochemical or biophysical events at
cellular and molecular level. Therefore, it is important that the stimulus dependent
behavior of a potential stimuli responsive biomaterial should be able to induce the
beneficial effect during in vitro cell culture or in vivo to enhance the tissue regener-
ation and function. Although, there are a range of stimuli responsive biomaterials
with respect to their sensitivity towards specific stimulus type, the real time cellular
response is significantly observable and therefore, well explored with the stimuli
responsive biomaterials, which can respond to electrical stimulation (ES) and mag-
netic stimulation (MS). The concept of these biomaterials is based on the intrinsic
biophysical cues already present in the tissue. In fact, there are two approaches of
using stimuli responsive biomaterials for tissue repair purposes. In the first case, the
stimulus is used during fabrication of the biomaterials and there is hardly any or rare
evidence of utilizing that particular stimulus in real time during in vitro cell culture
or in vivo. In the latter’s scenario, the stimulus, which matches with the intrinsic
biophysical/biochemical cues of tissues, is utilized to mimic the dynamic cell
microenvironment. The present chapter mainly focuses on the stimuli responsive
biomaterials of the second category with their underlying mechanisms of stimuli
dependent actions in the light of cellular processes, and hence, a detailed discussion
on electroactive and magnetoresponsive biomaterials, followed by thermoresponsive
and photoresponsive biomaterials, has been presented. The chapter also summarizes
the TE applications of chemical and biological stimuli responsive biomaterials along
with dual and multi-stimuli responsive biomaterials. Notwithstanding, most of the
stimuli responsive biomaterials were explored largely in diagnostic applications and
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Fig.9.1 Concept of stimuli responsive biomaterials for effective tissue regeneration and functional
recovery in combination of physical/chemical/biological stimuli

on demand delivery of drugs, protein, gene, and cell (Cabane et al. 2012), which are
not within the scope of the present chapter.

9.2  Stimuli Responsive Biomaterials in Tissue Engineering
9.2.1 Electroactive Biomaterials
Bioelectricity holds a pivotal role in our body’s normal operation including move-

ment, thinking, sensation, visualization with eyes, blood transportation through our
circulatory system and healing of an injury (Ghasemi-Mobarakeh et al. 2011). Cargo
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phenomena including movement of ions through the plasma membranes and
electrons along biomolecules regulate all the biological processes in the body.
Electrical potentials (—60 mV to —100 mV) exist inside and outside cells. The
changes in the transmembrane potential influence cellular functions as depicted in
Fig. 9.2 (Qian et al. 2019). Biological tissues, particularly heart, neural, skin, bone,
and muscles, are used to regulate their physiological behaviors and to propagate
electrical potential by means of their electrical conductivity mechanisms such as
accumulation and flow of charge (Balint et al. 2014). Electrical activities are
associated in modulation of range of molecular events in these tissues, engaged in
the development, adaptation, repair, and regeneration of tissues. There are growing
evidences of significant positive contribution of ES in a range of important
biological processes relevant to TE, viz. angiogenesis, cell division, cell signaling,
nerve sprouting, prenatal development, and wound healing (Balint et al. 2013). This
inspired the development of electroactive biomaterials, because of their excellent
contact with bioelectric fields in cells and tissues, for a faster pace than traditional
non-conductive biomaterials, for improving regenerations, differentiation or func-
tion of both in vitro and in vivo.

Electroactive biomaterials enable cells to obtain direct electrical, electrochemical,
and electromechanical stimulation. Possible clinical uses of ES include wound care,
bone regeneration, nervous repair, and ulcer care of the diabetic and bedridden
patients with pressure sores. Some of the electroactive biomaterials were clinically
translated as non-biodegradable cardiac pacemakers, cochlear implants, electrodes
for deep brain stimulation, etc. These smart biomaterials simultaneously can be
stimulatory to the tissues as well as can trigger controlled/responsive release of
therapeutics loaded into them. Such systems offer an effective delivery method for
physicians and scientists in wound care, making it easier for patients to implement
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Fig. 9.2 Scheme of cellular response elicited by electrical stimulation (ES) through electroactive
biomaterials based scaffolds for improved tissue regeneration and function (Qian et al. 2019)
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new therapeutic approaches. Electroactive biomaterials can adapt their chemical,
electrical, and physical properties to the specific needs of their application. The
electroactive  biomaterials family includes conducting polymers (CPs),
piezoelectrics, electrets, and photovoltaics, which are discussed in the following
subsections.

9.2.1.1 Conducting Polymers

CPs are the latest class of organic polymers integrating the electrical, magnetic, and
optical properties of metals and inorganic semiconductors with conventional
polymers’ mechanical properties, processability, etc. (Shimano and MacDiamid
2001). This fourth generation polymers are completely distinct structurally from
conventional polymers or mixture of insulating polymer with a conductive material
such as a metal or carbon powder. Alternating single and double bonds along the
strongly conjugated backbone of CPs enable electron mobility and charge movement
within and between polymer chains, which results in strong electrical conductivity
(Shirakawa et al. 1977). While the electrical conductivities of insulating polymers
are much weaker (102°~10~° S/cm), CPs possess much greater conductivities in the
range of 1-10* S/cm (Le et al. 2017). Essentially, electrical conductivity in CPs is
aided by two important features, which are its intrinsic conjugated alternation of
single and double bonds and doping (Heeger 2001). Fundamentally, the electronic
configuration CP’s backbone is unique from other insulating polymers due to the
former’s conjugated alternating single-double carbon-carbon or carbon-nitrogen
bonds (Skotheim et al. 1997). The CP backbone contains a strongly localized
“sigma” (o) bond and a weakly localized “pi” (r) bond with sp” hybridized carbon
atom. This sp® hybridized carbon atom with a single s and two p orbitals, facilitates
one non-boned electron (n electron) as shown in Fig. 9.3. Electron delocalization
occurs due to the formation of n-band by the overlapping of the unpaired out-of-
plane p, orbitals. Usually, two of the 2p orbitals (py and py) hybridize with 2s orbital
to form three sp> hybridized orbitals leaving one p, orbital unhybridized (Fig. 9.3).
These sp” hybridized orbitals are arranged at an angle of 120° among them in a same
plane, while the unhybridized orbital remains perpendicular to the plane. The head-

Sidewayvs overlapping

Head-on averlapping

Fig. 9.3 Formation of ¢ and n molecular orbitals from two sp2 hybridized carbon atoms in
conducting polymers (CPs)



9 Trends in Stimuli Responsive Biomaterials in Tissue Engineering 313

on overlapping of the hybridized orbitals gives rise to strong o (sigma) bonds
contributing to the polymer chain configuration. On the other hand, the unhybridized
p, orbitals of two carbon atoms undergo sideways overlapping and form =
(pi) bonds. The electron cloud in the © bond are highly delocalized, which enables
charge mobility along the polymer chain and between the neighboring chains.
Therefore, the charge delocalization in n-band has vital role in defining the semi-
conducting or sometimes, metal like electrically conductive nature of CPs.

Besides the single-double bond alteration in CPs, they are naturally
non-conducting. Doping is the second essential requirement to impart electrical
conductivity in CPs, which can be done by using anionic or cationic chemical
species. However, the doping mechanisms in CPs are unique. Contrary to the
substitutional doping in inorganic semiconductors, the process of doping in CPs is
interstitial (Macdiarmid et al. 1985). Doping in CPs is nothing more than a charge
transfer reaction, resulting in the partial reversible oxidation or less often reduction
of the polymer. Doping can modify an insulating or semi-conducting polymer into a
polymer with conductivity in the metallic regime. During doping, the loosely
organized electrons hop along the polymer chain in the conjugated network. The
peculiar conjugation of bonds in CP’s backbone allows the electrons to delocalize,
culminating them being shared by several atoms. The delocalized electrons, there-
fore, serve as charge carriers, which render conductivity. Actually, such delocaliza-
tion of charge modifies the band structure of CPs creating localized defects such as
polarons, bipolarons, solitons, and defect bands. When electrons are extracted or
added from a polymer chain, cations or anions are formed. These cations or anions
under the influence of an electrical field can hop from one position to another leading
to higher electrical conductivity.

9.2.1.1.1 Conducting Polymers in Tissue Engineering

The increasing popularity of electrical and electromagnetic stimulation in medical
field stems from the perception of the inherent bioelectric features of body tissues.
Living tissues create electromotive forces, preserve the necessary potential differ-
ence, and turn the current on and off by regulating current flow and storing charge
(Ghasemi-Mobarakeh et al. 2011). With this understanding, application of ES
externally was well explored to various cellular activities including cell adhesion
(Li et al. 2017), proliferation (Enayati et al. 2020), cell migration (Tai et al. 2018),
and protein synthesis for tissue regeneration (Wake et al. 2011). The utilization of
electrical signals to regulate the local cell microenvironment is, therefore, essential in
activating specific cell behavior to particular phenotypes in order to achieve tissue
functionality for longer run. CP-based biomaterials bring outstanding scaffolding
features by assisting ES to cells, which are needed to promote regenerating
mechanisms in the case of specific stimuli responsive cells (i.e., neurons, myotubes,
cardiomyocytes) (Balint et al. 2014). CPs have many benefits in terms of excellent
extent and period regulation of electrical stimuli, formidable electrical and optical
properties, a high conductivity/weight ratio, and the ability to catch and controllably
release biological molecules through reversible doping, to alter charges from a
biochemical reaction and to easily alter their electrical, chemical, physical, and
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other properties necessary for intended application. In addition, CPs can be rendered
biocompatibility, biodegradability, and porosity, which can be further altered and
regulated even after synthesis by stimulation (e.g., electricity, light, pH) or various
chemical based material modification techniques. Thus, several CPs such as
polypyrrole  (PPy), polyaniline (PAni), poly(3,4-ethylenedioxythiophene)
(PEDOT), polythiophene (PT), and poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene) (MEH-PPV) were shown to effect positively various cellular
activities including cell adhesion, proliferation and migration, DNA synthesis and
protein secretion both in vitro and in vivo. Given the potential advantages, CPs were
explored for various TE applications including neural, cardiac, bone, muscle, and
wound healing, which are summarized in Table 9.1.

9.2.1.2 Piezoelectric Material

Piezoelectricity refers to the phenomenon of surface charge accumulation on a
material exhibiting a net dipole moment and no center of symmetry under a
mechanical stress, which was first discovered by Pierre and Jacques Curie in 1880
(Jacob et al. 2018). Materials displaying such property are termed as piezoelectric
materials. This unique category of materials can convert mechanical energy acting
on it into electrical energy and vice versa. The generation of transient surface charges
in presence of mechanical deformation (e.g. compression, tension) is known as
direct piezoelectric effect and the deformation due to externally applied electrical
signal (e.g. applied voltage, reversed polarity) is known as indirect or converse
piezoelectric effect, as shown in Fig. 9.4 (Tandon et al. 2018). They can be
categorized as piezoelectric polymers and piezoelectric ceramics, which may be
natural materials or hydrogel systems. The dipoles are randomly oriented in a
piezoelectric material and in order to fully utilize its piezoelectric feature, the dipoles
should be rearranged so as to yield a net electric dipole moment through a dipole
alignment process, called poling. This can be achieved by application of a strong
electric field at a temperature above the glass transition temperature of the material
followed by cooling under the same electric field.

9.2.1.2.1 Piezoelectric Materials in Tissue Engineering

The piezoelectric property has gained significant attention in the evolving TE
strategies to provide in vivo microenvironment for enhanced cell-biomaterial inter-
action and modulating the cellular response towards desired tissue or organ regener-
ation. Mechanical deformation induced transient electrical stimuli within
piezoelectric biomaterial makes it one of the best approaches in delivering ES to
cells without any external power source and devising any external electrical
connections. Tissues like bone, cartilage, tendon, dentin, and keratin, have the
piezoelectric property. Mostly, all these tissues composed with collagen, it is
the fibril structure responsible for piezoelectric behavior (Halperin et al. 2004).
The significance of piezoelectric behavior on cell behavior, tissue regeneration,
and remodeling was explored, which has driven the research towards the develop-
ment of novel piezoelectric biomaterials for TE.
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Fig. 9.4 Mechanisms of direct and converse piezoelectric effect. [Redrawn from Tandon et al.
2018]

All the tissues in human body are subjected to mechanical stimuli, and the
mechanical forces via gated channels responsible for the activation of signaling
cascades augments for tissue repair and regeneration. The conversion of mechanical
stimuli into biological signal, called as mechanotransduction, is exerted in physio-
logical functions like muscle and bone homeostasis, regulation of blood flow,
respiratory and kidney systems. The mechanical forces including compression,
torsion, tension, and shear stress exerted on cells cause changes in voltage and ion
concentrations, which result in change in gene expression. Several membrane
associated molecules such as cell junction molecules, ion channels, G-Protein
coupled receptors, and cytoskeleton proteins are involved under mechanical stimuli
and initiate the biological response by activation of signaling cascades (Zaszczynska
et al. 2020). In particular, ion channels contribute for piezoelectric response. The
cationic channels including monovalent (Na* and K*) and divalent (Ca*? and Mg*?)
channels are activated immediately after activation of piezo channels. The advances
in the material science, physiology, and stimuli responses in tissue repair and
regeneration has developed the strategies to develop synthetic, natural or composite
biomaterials, which are appropriate to facilitate the physical niche to stimulate the
cell proliferation and differentiation. The inherent piezoelectric property exerted in
various tissues of human body augmented to develop a variety of composite
biomaterials having piezoelectricity and tested for their suitability in various tissue
engineering applications depicted in Table 9.2. The characteristic features of ideal
biomaterials for specific tissue application also have been considered while devel-
oping the piezoelectric biomaterials. For example, the mechanical property varies
depending on the tissue type. The mechanical strength of the composites modulated
with enhanced piezoelectric property is the adopted strategy for the development of
piezoelectric biomaterials for bone TE application. Likewise, the low mechanical
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strength is required for soft tissue, wherein the attainment of improved piezoelectric
property in the composite material is the vital factor to be considered. The piezo-
electric ceramics include barium titanate (BaTiOs), lead zirconate titanate (PZT), and
lead metaniobate have already been studied for biomedical applications, while
toxicity and brittle nature of these materials limited their application in biomedical
field (Nguyen et al. 2014). Piezoelectric polymers have gained the attention over
piezo ceramics owing to the biocompatibility, easy fabrication, tunable mechanical
properties, etc. and therefore, found extensive applications in various TE areas such
as bone, cartilage, neural, etc.

9.2.1.3 Electrets

Unlike the transient surface charges in piezoelectric materials, electrets are
dielectrics possessing quasi-permanent electric charges or molecular dipoles capable
to generate electric fields within and outside. The concept of electrets was first
proposed by Oliver Heaviside in 1885, while the first electret was first fabricated
by Mototaro Eguchi in 1919 (Mascarenhas 1980). Electrets are considered as
electrostatic equivalent of a permanent magnet owing to their ability to store charges
for extended periods of time. Depending on the situation, however, the amount of
charges decays over time. The electrets fabrication process is similar to the poling
process of piezoelectric materials. For that, a dielectric material is electrically
polarized by applying a high electric field and heating to softening temperature
followed by cooling to room temperature. While maintaining the same field strength
(Goswami and Sen 2018). The externally applied high electric field induces ordered
charge accumulation inside the dielectric substrate as shown in Fig. 9.5. The induced
charge accumulation process involves displacement of internal and external charges,
which ultimately get trapped inside and prevents internal charge relaxation resulting
in prolonged electrization. Figure 9.5 depicts the four ways of electric polarization of
a dielectric material to form electrets according to Kohlrausch (Jefimenko and
Walker 1980). He asserted that polarization due to alignment of molecular dipoles
in the dielectric is more stable than the polarization due to internal charge migration
to surface or various layers within the dielectric and atomic charge migration to the
opposite ends of the molecules in the dielectric. Examples of electrets include
organic materials such as ebonite, naphthalene, polymethyl-methacrylate, and
many polymers, and inorganic materials such as sulfur, quartz, glasses, steatite,
and some ceramics.

9.2.1.3.1 Electrets in Tissue Engineering

The role of electret based materials in TE has gained considerable attention due to
the ability of delivering ES to tissues without the need of external power source as in
the case of piezoelectric materials. However, electrets have a static charge storage
mechanism in contrast to dynamic charge generation in piezoelectric materials,
which offers prolonged stability of the electret effect. The electret state has been
used as a basis for understanding membranes, neural signals, biological memory in
regeneration, electrically mediated tissue growth, and other phenomena in different
biophysical models. Now more than 50 years of knowledge of bioelectrets, electret
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Fig. 9.5 Electric polarization in dielectric as suggested by Kohlrausch through (a) internal charge
migration to dielectric surface, (b) charge migration within different layers of dielectric, (c¢) charge
migration at molecular level, and (d) orientation of molecular diploes within the dielectric.
[Redrawn from Goswami and Sen 2018]

effect was found in various biologically important molecules or polymers, viz.,
proteins, polysaccharides, polynucleotides, collagen, hemoglobin, DNA, and chitin
(Mascarenhas 1980). The electret effect was observed in hydroxyapatite (HA),
which forms about 60—70% of the bone mass of humans and animals. HA is thought
to modulate bone formation and resorption, as well as promotes the regeneration of
endothelial tissue (Bauer 2011). Depending on the amount of surface charges
retained, electret based materials may deliver specific electrical signals to the tissue,
giving rise to electrostatic fields and microcurrents to facilitate tissue regeneration
processes. Therefore, various electret based biomaterials including natural and
synthetic polymers were explored for range of TE applications such as bone, skin,
artificial muscles and neural nerve, which are summarized in Table 9.3.

9.2.1.4 Photovoltaics

Photovoltaic material is another class of electroactive materials, which can convert
solar energy into electrical energy through photovoltaic effect and was demonstrated
first in 1839 by Edmond Becquerel (Goetzberger et al. 2003). A photovoltaic
material, semi-conducting in nature with two regions, namely n-type and p-type
separated by pn junction (Fig. 9.6), is able to absorb a large spectrum of solar energy.
Upon light absorption, electron—hole pairs are created. They migrate towards oppo-
site directions towards each other and reach the pn junction, where an electric field is
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Fig. 9.6 Photovoltaic mechanism depicting light mediated migration of electron-hole pairs to
opposite polarities in a traditional photovoltaic cell leading to production of electric current.
[Redrawn from Tandon et al. 2018]

generated (Fig. 9.6). Photovoltaic devices consist usually of composite mixtures of
semiconductor nanoparticles with conjugated polymers, wherein one component
acts as electron donor and the other as electron acceptor (Goetzberger and Hebling
2000).

9.2.1.4.1 Photovoltaic Materials in Tissue Engineering

Various semi-conducting materials showing photovoltaic activity are found to
possess important features of an ideal biomaterial and hence, emerging TE strategies
also include photovoltaic biomaterials for providing ES for tissue regeneration. The
light absorption generated electric field, as described above, modulates the bioelec-
trical environment of cells or tissue, which controls ion influx processes through the
plasma membrane. In a particular report, it was stated that the generated electric field
induces Ca** ion translocation through voltage-gated calcium channels, which
upregulates of cystolic Ca** leading to elevated activation of calmodulin (Jin et al.
2011). The elevated activation of calmodulin drives the nucleotide synthesis and cell
proliferation.

Photovoltaic polymer poly-3-hexyl-thiophene (P3HT) with phenyl-C61-butyric-
acid-methyl ester (PCBM) was assessed successfully to light mediated ES of neuro-
nal activity of primary hippocampal neurons (Ghezzi et al. 2011). Similarly, P3HT
based photovoltaic implants were reported to stimulate action potentials in explanted
rat retinas (Ghezzi et al. 2013) and embryonic chick retinas (Gautam et al. 2014)
through photoelectric stimulation. The light induced electrical energy generation
was demonstrated by subcutaneous implantation of commercially available
nonresorbable solar cells for powering pacemakers in vivo (Haeberlin et al. 2014,
2015). Subsequently, a bioresorbable and biocompatible silicon and magnesium
based thin film solar cell was demonstrated for in vivo power supply (Kang et al.
2015). A group of researchers of USA in a breakthrough attempt used photovoltaic
subretinal implants with 70 pm pixels for localized ES of retinal neurons when
illuminated by near-infrared light (Lorach et al. 2015). This paved away the potential
of photovoltaic biomaterials for stimulation of other tissues. However, photovoltaic
biomaterials as TE scaffolds were scarcely explored for regeneration of nerve, bone,
skin, and wound healing. Some of the interesting studies involving photovoltaics-
based biomaterials are summarized in Table 9.4.
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9.2.1.5 Carbon Based Nanomaterials

Carbon based nanomaterials possess highest electrical conductivity in the family of
electroactive materials. Based on their structures, carbon based nanomaterials can be
0D (fullerenes, particulate diamonds, and carbon blacks), 1D (carbon nanotubes
(CNTs), carbon nanofibers (CNFs) and diamond nanorods), 2D (graphene, graphite
sheets, and diamond nanoplatelets), and 3D (nanocrystalline diamond (NCD) films,
nanostructured diamond-like carbon (DLC) films, and fullerite (Lin et al. 2016).
Among all, CNTs and graphene are the most attractive carbon allotropes for various
technological applications due to their unique mechanical, thermal, and exceptional
electrical properties. Graphene with single layer of a polycyclic aromatic hydrocar-
bon network sheet is the basic structural origin of other carbon allotropes, where sp?
hybridized carbon atoms are arranged in a honeycomb grid sheet (Fig. 9.7). Three of
the four outermost valence electrons (2 s, 2py, 2py, and 2p, orbitals) in carbon atoms
form covalent bonds with three neighboring carbon atoms, while the remaining
electron in p, orbital (perpendicular to the sheet) forms pi (p) bond through sideways
overlapping, which is highly mobile and this gives rise to high electrical conductiv-
ity (Wang and Weng 2018). Graphene sheet can be rolled up into a hollow cylindri-
cal structure to get 1D CNT with the hexagonally arranged carbon atoms remains
unchanged. The electrical conductivity of graphene and CNTs are comparable to the
metallic conductors such as silver and copper, which are of order 10,

Carbon nanstube (CNT) Buckyball

Fig. 9.7 Structures of different carbon based nanomaterials as indicated. [Redrawn from Lloyd-
Hughes and Jeon 2012]
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9.2.1.5.1 Carbon Based Nanomaterials in Tissue Engineering

Carbon based nanobiomaterials have some unique characteristics in regard to their
potential use as TE scaffold. These include their size resembling with several
biological components such as collagen, ultrahigh mechanical strength, and electri-
cal conductivity. Nanotopography and electrical conductivity of CNTs mimic the
native ECM (Eivazzadeh-Keihan et al. 2019). Carbon based nanobiomaterials offer
the strongest material on earth till date and hence, they can be used for development
of mechanically robust and durable biomaterial scaffolds. Thus, TE applications of
carbon based nanobiomaterials are focused on exploring their mechanical strength
and stiffness, high electrical conductivity, and complex physical properties. For
instance, nanotopography and stiffness of carbon based nanobiomaterials are capa-
ble of modulating cellular activities including cell adhesion, proliferation, migration
and differentiation. Likewise, these nanobiomaterials induce favorable cell-
biomaterial interactions owing to their intrinsic electrical conductivity and were
shown to boost cellular communication among electrically excitable cells such as
neurons (Huang et al. 2012). Moreover, they can be modified with desired functional
groups or molecules to improve desired cell-biomaterial interactions and also be
tethered with other natural/synthetic biomaterials to boost their biocompatibility,
biodegradability, bioactivity for TE applications. Researchers across the world
explored various techniques such as coating, hydrogel blending, wet/dry-spinning
procedures, and 3D printing to make 2D or 3D carbon nanobiomaterials based
scaffolds for wound healing, neural, cardiac, bone, and cartilage TE. Few salient
studies of carbon based nanobiomaterials in diverse TE areas are summarized in
Table 9.5.

9.2.2 Magnetoresponsive Biomaterials

Similar to ES, magnetic stimulation (MS) has proved to positively effect biological
functions at cellular and molecular level (Qian et al. 2019). Pulsed MS induces
increased blood flow in capillary bed, serum ceruloplasmin expression, and
improves angiogenesis. It has been established that MS effects ion influx through
plasma membrane, various important protein and growth factor synthesis/secretion
related to tissue regeneration (Fig. 9.8) (Qian et al. 2019). For example, low level
electromagnetic field was shown to modulate cellular activities by influencing ionic
transport across cellular membrane and action potential (Lacy-hulbert et al. 1998).
Another study showed increased intracellular calcium concentration mediated tissue
regeneration (Grassi et al. 2004).

Magneto-responsive biomaterials contains active magnetic component within
biomaterial network that can be manipulated spatiotemporally via an external mag-
netic field. This class of smart materials rely mostly on composites constituted by
magnetic particles whose size allows them to become embedded into a polymer
matrix to confer a magnetic response. The magneto-responsive behavior of scaffolds
is especially controlled with magnetic nanoparticles of iron (Fe), nickel (Ni), cobalt
(Co), and their oxides having a size less than 100 nm. The incorporation of magnetic
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nanoparticles in cells/tissues/scaffolds allows for magnetic force-based manipulation
of these components to build more complex systems. In addition, integration of
magnetic nanoparticles in scaffolds followed by the application of tensile or com-
pressive forces using a magnetic field has been shown to induce functionality in
certain cells. In contrast to ES, MS enables actuation at a distance on nanoscale and
cell level. Furthermore, the magnetic field can penetrate deep into tissues, reaching a
single cell and acting directly on its organelles; unlike the electric field, which is
shielded by the membrane potential. For these reasons MS is gaining importance and
intensively investigated in applications including tissue regeneration, targeted drug
delivery, cancer therapy agent, etc. Among these different possible applications, this
article mainly emphasizes on the applications of magneto-responsive scaffolds for
different types of TE including bone, cardiac, cartilage, neural, etc.

Different magneto-responsive scaffolds were prominently investigated in recent
years for TE due to its ability to deliver direct mechanical stimulation to individual
cells. Scaffolds based on the biological components such as bacterial cellulose,
chitosan, or silk fibroins were proven to enhance cell proliferation, and differentia-
tion under appropriate MS. These scaffolds not only provide a biocompatible
environment for cell growth but also trigger desire cellular activities under MS.
Hydroxyapatite (HA) due to its excellent biological activity, good biocompatibility,
and bone conductivity has been considered as an obvious choice for bone replace-
ment material. HA-based magnetic composites have also been investigated for bone
(Torgbo and Sukyai 2019), cartilage (Huang et al. 2018) TE as well as for growth of
human mesenchymal stem cells (D’Amora et al. 2017). Studies show that the
combined effect of HA-based magnetic substrate and magnetic field exposure
enhances cell proliferation, cell viability, and stimulates gene expression. In addi-
tion, magneto-active three-dimensional (3D) porous scaffold possessing a proper
bone mimicking morphology has also been investigated for the adhesion and
proliferation of preosteoblasts. It has been found that the application of magnetic
stimuli increases the cell viability on the scaffolds, inducing a solid spiderlike
network of cells, with the growth of cells on the scaffolds (Fernandes et al. 2019).
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Similar studies have also been conducted by developing 3D matrix of collagen
hydrogel with magnetic nanoparticles to promote neural growth and cartilage TE.
Investigation shows that these magnetically responsive 3D scaffolds can effectively
induce the growth of neural cells and directed to form neural networks. Table 9.6
summarizes some of the recent findings in the field of TE using magneto-responsive
scaffolds.

9.2.3 Thermoresponsive Biomaterials

One of the important/notable physical stimuli of which a relatively broad variation in
its intensity can be withstood by body physiology is temperature (Doberenz et al.
2020). Interestingly, a small variation in temperature is able to cause alteration in
size or shape of a unique class of materials, mainly polymers, which are known as
thermoresponsive materials or polymers (Cabane et al. 2012). These polymers
undergo a change in their miscibility or solubility at a critical temperature through
a dramatic transition in the hydrophobic and hydrophilic interactions between their
chains and the aqueous media (Cardoso et al. 2017). It leads to the dislocation of
intra- and intermolecular hydrophobic and electrostatic interactions, causing the
polymer chains to collapse, shrink, or expand. Intermolecular forces such as hydro-
gen bonding and hydrophobic forces in aqueous solution play a major role in the
formation of micelle, hydrogel shrinking, and the physical cross-linking of
thermoresponsive polymers. At critical temperature, thermoresponsive polymers
change from monophasic (become completely soluble) to biphasic or vice versa.
Thermoresponsive polymers, which dissolve completely to become monophasic
above the critical temperature and show a phase separation below the critical
temperature, are classified as thermoresponsive polymers with upper critical solution
temperature (UCST). While polymers, which exhibit opposite behavior are regarded
as thermoresponsive polymers with lower critical solution temperature (LCST).
Another class of thermoresponsive polymers has been reported, known as thermally
induced shape-memory polymers (SMPs) with non-UCST and non-LCST features
but undergo changes in their shape and size under temperature fluctuations (Kim and
Matsunaga 2017). Some common examples of thermoresponsive polymers are poly
(N-isopropylacrylamide) (PNiPAAm), poly(N-vinylcaprolactam) (PNVC), poly
(2-oxazoline)s (POxs), poly (L-lactic acid)-poly(ethylene glycol)-poly(L-lactic
acid) (PLLA-PEG-PLLA), poly(ethylene oxide)-poly(propylene oxide)-poly (ethyl-
ene oxide) (PEO-PPO-PEO), etc.

Applications of thermoresponsive polymers in TE applications are motivated by
their thermally induced hydrophobic/hydrophilic properties to induce controlled cell
attachment and detachment (Nagase et al. 2018). Compatibility of thermoresponsive
polymers in TE is encouraged by another important fact that there is no harmful
effect on cells and proteins over a temperature variation of 0—42 °C (Doberenz et al.
2020). PNiPAAm is the most widely investigated thermoresponsive biomaterial
with LCST behavior at 32°C, which is close to physiological condition (Yamada
et al. 1990). PNiPAAm was explored as coating on cell culture dishes for collecting
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seeded cells and layers of cells just by regulating the temperature without using
enzymes like trypsin. Traditional enzymatic degradation methods for cell separation
reduce the cell function by affecting receptors, transport proteins and ECM and thus,
integrity between confluent cell layers becomes weak leading to reduced efficiency
for therapeutic applications. In the contrary, thermoresponsive biomaterials can
provide intact cell sheet through non-enzymatic cell separation with retention cellu-
lar structure and function (Cooperstein et al. 2015). These intact cell sheets can be
used as a fresh cell culture dish, applied to wound sites and host tissues, without
requiring any sutures (Matsuda et al. 2007). Therefore, thermoresponsive
biomaterials give spatial distribution of cells by layering sheets derived from various
cell types or by layering monolayer cell sheets, creating 3D tissue constructs.
Thermoresponsive biomaterials may be used as hydrogel, injectable gelling material,
3D printing or cell layer development by biomaterial surface modification.

9.2.4 Photoresponsive Biomaterials

Inspired by natural phenomena such as photosynthesis, researchers have been using
light driven reactions to control biological functions and as a result, clinical implica-
tion of phototherapy using low level lasers, light-emitting diodes, and natural light,
has increased in the last few years (Jin et al. 2011). Light, which is an electromag-
netic radiation, is found to induce various regeneration associated molecular biology
reactions such as increase in the cytosolic Ca>* level in cells. Phototherapy has been
proven to reduce inflammatory reactions, promote cell proliferation, and growth
factor secretion (Desmet et al. 2006). Several researchers demonstrated light stimu-
lation mediated accelerated wound healing, axonal regeneration, and spinal cord
repair (Rochkind et al. 2002). These findings motivated scientists and researchers to
explore photoresponsive biomaterials for various TE applications.

Photoresponsive biomaterials, with light-sensitive molecules (chromophores) in
them, when irradiated by light, are able to reversibly and frequently switch their
physical and/or chemical properties, such as geometrical structure, refractive index,
dielectric constant, conformation, solubility, and surface hydrophilicity, etc. in real
time and spatiotemporal manner. Light stimulation through a photoresponsive
biomaterial is a relatively straightforward, non-invasive technique to modulate
dynamic cell microenvironment. Progress of such biomaterials in TE areas are
summarized in this section.

A photoresponsive culture surface composed of poly(N-isopropylacrylamide)
(PNIPPAAM) with spiropyran chromophores as side chains was demonstrated to
promote cell adhesion, when irradiated by ultraviolet (UV) light (wavelength:
365 nm) (Edahiro et al. 2005). Cells remained attached to the irradiated surface
even after subsequent cooling and washing indicating better cell attachment due to
UV irradiation. Acrylate based light-sensitive liquid crystalline elastomers (LCEs)
were developed to assist cardiac muscle contraction (Ferrantini et al. 2019). The
contraction was modulated in terms of light intensity, stimulation frequency, and
time to on/off ratio in order to fit different contraction amplitude/time courses,
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including those of the human heart. Furthermore, LCE strips were successfully
mounted in parallel with cardiac trabeculae, to improve muscular systolic function,
with no impact on diastolic properties. Photoresponsive polysaccharide-based
hydrogels obtained from radical polymerization was assessed for cartilage TE
(Giammanco et al. 2016). These hydrogels become softer and more porous upon
irradiation, presenting changes in their swelling and transport properties. Moreover,
chondrogenic ATDCS cells grown on the hydrogels showed a greater than two-fold
increase in the production of sulfated glycosaminoglycans in the gels irradiated for
90 min compared to the dark controls. Poly(ethylene glycol) (PEG) hydrogel based
micropatterned smart template was developed by spin coating method for culture of
epithelial cells offering good cell adhesion and extended cell morphology (Gong
et al. 2013). The study described the photoresponsive PEG hydrogel micropatterned
smart template, which displayed transparency based photolithography to induce
reversible control of cell adhesion with UV irradiation in defined areas. A 3D
printable UV responsive cross-linking system based on polypeptides incorporating
glutamic acid, isolycine, and nitrobenzene (NB) protected cysteine groups in a
random and block copolymer was reported (Murphy et al. 2019). According to the
report, the polypeptide with block architecture was more desired mechanical
properties, gelled at lower concentration (3.0 wt %), and could easily deposit more
than ten layered structures with high fidelity and resolution through 3D extrusion
printing. In vitro cytotoxicity evaluated with human dermal fibroblasts cells revealed
no toxic effect with fibroblasts.

9.2.5 Chemical Stimuli Responsive Biomaterials

Chemical stimuli responsive biomaterials respond to external chemical triggers such
as pH, redox, and solvent. Since, these chemical stimuli are some important features
of body physiology, chemical stimuli responsive biomaterials were also explored for
various TE applications, which has been discussed in brief in this section.

pH responsive materials contain ionizable groups for which they are able to
accept or donate protons under any change in pH in the environment (Cardoso
et al. 2017). Any pH change generate charges, which induces ionic interactions
through electrostatic repulsion among them and ultimately causes physical or chem-
ical changes in the material such as swelling, shrinking, dissociation, degradation, or
membrane fusion and disruption (Gil and Hudson 2004). Researchers are motivated
by the intrinsic pH variations present in living tissues to develop pH responsive
biomaterial scaffold for various TE applications. For example, an injectable tissue
scaffold based on branched nanofibers of peptide amphiphiles (PAs) with serine and
histidine peptides conjugated to a single fatty acid tail, were shown to switch from
solution state to hydrogel form at a pH above 6.5, which is within the physiological
pH range (Lin et al. 2012). Another study demonstrated pH responsive
C,-cyclohexane based low molecular weight hydrogels guided cell detachment
with mild reduction in pH of the culture medium (Dou et al. 2012). Subsequently,
a series of pH responsive tissue scaffolds composed of dimethylaminoethyl



9 Trends in Stimuli Responsive Biomaterials in Tissue Engineering 335

methacrylate (DMAEMA) and 2-hydroxyethyl methacrylate (HEMA) were shown
to improve the oxygen and nutrient transport through expansion in response to a
local pH change (You et al. 2015). The DMAEMA/HEMA composite scaffolds
supported enhanced cell deposition and survival in vitro and subcutaneous implan-
tation in rats showed upregulation of pro-healing genes indicating enhanced angio-
genesis, granulation tissue formation, and tissue remodeling.

Redox responsive materials possess redox sensitive group and they respond to
any change in redox gradient of their surrounding environment by changing the
oxidation state of the redox sensitive group (Cardoso et al. 2017). Application of
redox responsive biomaterials in TE applications is inspired by the natural existence
of redox potential in living tissues and glutathione/glutathione disulfide couple are
the reducing agents available in abundance in animal cells. Redox responsive
biomaterials under varying redox environment undergo changes in structure and
shape. Therefore, TE applications of redox responsive biomaterials are mainly
focused on utilizing the redox mediated degradation and drug/growth factor release
properties. For instance, poly(ethylene glycol) (PEG) based cryogel containing
disulfide-containing building blocks displayed the characteristics of a potential
tissue scaffold such as biocompatibility and porosity (Dispinar et al. 2012). The
cryogel demonstrated stability in physiological condition, but it degraded within few
hours in presence of a reducing agent (glutathione), while the degraded by products
did not affect cell viability. PEG based scaffold with redox mediated degradability
and growth factor release features, was evaluated successfully in a rabbit radius
critical defect for bone TE application (Yang et al. 2013). Same group also reported
redox mediated degradable PEG based injectable hydrogel for bone regeneration
(Yang et al. 2014).

9.2.6 Biological Stimuli Responsive Biomaterials

Biomaterials responsive to stimuli inherent to living tissues or cells are always
advantageous. It is highly favorable for biomaterials to possess specific adaptive
behavior in vivo. Alterations in conformation and degree of self-assembly of several
important biomacromolecules in presence of specific chemical species in their
surroundings, inspired scientists to develop innovative biomaterials that are respon-
sive to biomacromolecules present in living systems. For that biomaterials are
designed in such a way that it contains a functional group, which specifically
interacts with biomacromolecules or sometimes, in conjugation with specific
biological components. Although biological stimuli responsive biomaterials have
not been studied extensively for TE applications, there are few evidences of using
enzyme or glucose responsive biomaterials as potential tissue scaffolds. For exam-
ple, an injectable self-healing hydrogel composed of phenylboronic acid and cis-diol
modified PEG was demonstrated to release protein therapeutics in response to
glucose, while also evoking no immune response in vivo (Yesilyurt et al. 2016).
In another report, kartogenin, a chondrocyte differentiation inducing agent, was
loaded into poly(lactic-co-glycolic acid)/hyaluronic acid (PLGA/HA) hydrogel for
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inducing differentiation of mesenchymal stem cells into chondrocytes (Shi et al.
2016). The kartogenin loaded hydrogel was demonstrated to play a major role in cell
homing including recruitment of host’s endogenous cells in vivo without needing
any cell transplantation. An injectable microporous annealed particle (MAP) gel
based on PEG/vinyl sulphone for accelerated wound healing was demonstrated,
wherein the microgel was cross-linked to cysteine-terminated matrix
metalloprotease-sensitive peptide sequences for cell controlled biodegradability
and resorption (Griffin et al. 2015).

9.3 Conclusions and Future Outlook

The current chapter provides a discussion on various types of stimuli responsive
biomaterials in regard to their exploitation as potential tissue scaffolds with a special
emphasize on physical stimuli responsive biomaterials such as electroactive and
magnetoresponsive biomaterials. These biomaterials were explored extensively due
to their potential to manipulate the intrinsic bioelectrical cues of the native tissue. TE
is a more complex process and biomaterials are required to mimic the dynamic
environment of the native tissue to support the natural regeneration processes.
Hence, electroactive or magneto-responsive biomaterials discussed in the present
chapter, have greater evidences as potential smart tissue scaffolds as compared to the
chemical and biological stimuli responsive biomaterials including photoresponsive
and thermoresponsive biomaterials. Moreover, CP and carbon based
nanobiomaterials have emerged as superior smart biomaterial scaffolds among
other electroactive biomaterials due to their intrinsic electrical conductivity, which
is an important bioelectrical cue present in tissues and ES through such scaffolds
were demonstrated for faster tissue regrowth and effective functional recovery both
in vitro and in vivo. One of the major limitations of piezoelectric and electret based
biomaterials is the requirement of poling the scaffold for dipole alignment some-
times for several hours above their glass transition temperature in presence of a high
electric field of the order of kV (Shastri et al. 2000). It is only after the poling process
for which piezoelectric and electret based biomaterials are usable for ES for finite
length of time. Additionally, the electromagnetic signal, which is utilized by the
systems such as photovoltaic, magnetoresponsive, and photoresponsive
biomaterials, does not remain localized on the damaged area but gets penetrated to
the surrounding areas of the injury site. In contrast, electroactive CP and carbon
based nanobiomaterials offer focused ES with remarkable control over the level and
duration of the stimulation. Chemical (pH and redox) and biological (glucose and
enzyme) responsive biomaterials were scarcely explored as TE scaffold as compared
to the formers.

Besides the stimuli responsive feature, smart biomaterials should be flexible
enough to be integrated with advanced biofabrication techniques such as photoli-
thography, microcontact printing, 3D bioprinting, micromolding, and microfluidic-
assisted patterning etc., to be precisely mimic structure and other physical properties
of the natural tissues (Mohamed et al. 2019). Future research should also focus to
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optimize the biophysical signal parameters within safe limit for living tissues to
modulate the cell microenvironment. A successful technology to reach the end user
needs to demonstrate robust clinical safety and efficacy for acquiring regulatory
approval. Although, CP and carbon based biomaterials have demonstrated minimal
immune response and biocompatibility, their one of the major constraints for use in
TE is their non-degradability. Therefore, it is important to undertake strategies such
as blending with natural or synthetic FDA approved other biomaterials to regulate
the degradability feature.
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Chapter 70 ™
Phenomenological Study of Two-Zero e
Textures of Neutrino Mass Matrices in
Minimal Extended Seesaw Mechanism

Privanka Kumar and Mahadev Patgiri

Abstract In this chapter, we study the phenomenology of two-zero textures of
4 x 4 neutrino mass matrices M**% in the context of the Minimal Extended See-
saw [MES) mechanism. The MES mechamsm is an extension (o the canonical type-1
seesaw mechanism which incorporates an extra gauge singlet field °S” apart from the
three right-handed neutrinos. The MES mechanism deals with 3 x 3 forms of Dirac
neulrino mass matrix { M p ), right-handed Majorana mass matrix (Mg )and 1 = 3 row
matrix { M) which couples the right-handed neutrinos and the sterile singlet *S°. In
our work, we realize the two-zero textures of M'** within the context of the MES
mechanism by considering a (5 4+ 4) scheme, where the digits in the pair represent
the number of zeros of My and Mg, along with a one-zero texture of Mg. We find
that out of 15 allowed two-zero textures, only 6 two-zero textures can be realized
under the (5 + 41 scheme. On enforcing zeros, the neutrino mass matrix M} yields
a number of comrelations, We check the viability of each texture by scanning their
comelations under recent neutrino oscillation data. We find that certain textures are
allowed only for some selected ranges of values of sin #y;. We present scatter plots
as a viability check for each of the textures.

70.1 Introduction

From the proposition of massless neutrinos by Wolfgang Pauli to massive neuir-
nos confirmed by a number of solar, atmosphenc and reactor experiments, neutring
physics have appreciably progressed with time. Untinng efforts from expenmen-
talists have succeeded in providing solid and precise information about the mass-
squared differences 'Iﬂ.mil, ﬂm_{,} and mixing angles (#y3, #23, #13) in case of the
three active neutnnos. There are, however. a number of problems which are still
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Two Perferming Art Forms: Ojapali of
Assam and Keertan of Maharashtra

T, Aparng Goswami?
Dr. Mrinal Meghid

Abstrpst

Performing ort forms, 10 o large extent contain in
their dynamics the identity of the community that they

Frocess through which they have
passed. Presems paper attempis to fuxtapose twy
Performing art fiwmes FEpresenting two distant pegiony af
India namefy Assaes i the East and Maharasherg iy the
West. The performing art forms selected in the purview
of discussion ane Wapali of Assam and Keertan of

Maharashira, Boh the art forms trace their arigin from *

presentation is based or the Plots selected from the eplcs:
Ramayana angd Mahabharaia as well as on differen;
Puranas and popular legends. The pPerformers take revors

o multimodal way of presentation feading 10
incorporation of damce, songs, dialogues and narratives

Structured on the ahove mesitioned plots. dudiences can
be gauged ay active Participanty in the COMMeinica ion
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Chapter - 7

Prospeets of Algal Bioresources in Carbon Mitigation and
Green Technology
Dr. Gargi Chublravary

Ahsiract

Alveration in the globat carbun cyele has been a subyject of worldwide
anention and potential research i the prescil times, In these alarming
scenario microglgae seems [0 he an attractive medium for capturing the
excess O present in the atmosphers gemerated from different sourees such
a5 power plams, automebiles, voleanic enipron, decompesition of organic
matters and Forest fires. This chupter gives an averview of the prospect ol
biomitipalion of carbon by alg'ﬂl resources. Due o their efficient €O
Fxarion mechamam a3 corpared o terrestrial plants, these are of itnmense
utitity io green technology. Syrain selection, mass cultivation and harvesling
of algal hicTcsources are pre pequizites for carbon mitigation and iurther
processing. Carbon fixed by microglgae is incorporated into carbobydrates
ami lipids which can he used {or the production of chemicals, foods, or
hinfuel, The chapter establishes the tremendous potential of microalgae in
wreen hovse gas abarement and reaftirms its added benetité as a bio-refinery
that could produce an amay of ceproducts including oils, protein and
carboivdrates along with ielusl.

[Ceywords: alpae, climate change, carbon mitigation, green tachnology
Introduection

Climate Chanpe is the core issue dmeng the glubal envizonmencal
prellems and has manifold negative ramifcations, Greenhouse pasas oocur
paturally in the atmosphere and keop fhe sun's wattnth from rellecting back
inte space and making the Larth hahitable. (ut after more thun a century and
a half of industrializasion, deforestation and large seale  agricalture,
gquantities of greenhouse gases in the ammusphere have rizen to record levels
not scen i three million years. With the growth of pooulation and
economics (he conuentration of green houte gases has risen sleadily and the
mean global temperature along with it The Intergovernmental Panel on
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Aparna De st
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it Mirza, Assam,
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: India is the home for dl . .

Abstract; The North Eastern part of In wnidentified in this region of the country

i il undiscovered anil |
fauns, Many species are 51 55 sed mosily by the indigenous people fo;

Phytoresourees or plant resources fron wild are 1 .
different purposes. A huge number of witd Flora is taken as food also. Two main reasons
ure ailments and for nutrition. The

are there for consumption of phyforesources: fo ¢ i
£ it [from generation (o generation in

knowledge of using plants as medicine las been pass ’
variois indigenous groups of people. Due to advancement of [ acilities in the medical field,
cure is decreasing. In this present review, an

the knowledge of using of plytoresoices as
y ts of North-East India with

effort has been made to hightight the different wild edible plan
medicinal and nutritional value. A thorough investigation of the different properties of the

plants may lead to discovery of some very important medicine {0 SOME diseases.
Key Words: North East India, flora and fauna, phytoresources, wild edible plants, tribes.

INTRODUCTION

India is very rich in floral resources. According to [UCN, more than 45,000 plant species
have been recorded in our country. In the northen eastern part of India there is a rich heritage
of indigenous traditional knowledge on biodiversity and bioresources (Chaudhury et al,
2021). North East India comprises eight states — Arunachal Pradesh, Assam, Manipur,
Meghalaya, Mizoram, Nagaland, Tripura and Sikkim. There are about 427 tribal communities
all over India, of which about 145 major tribal communities and total subtribes of 300 (Kala,
2005) are found in North East India. Abor, Garo, Bodo, Nishi, Angami, Khasi, Kuki, Naga,
Apatani, Adi, Hmar, Mizo, Reang, Chorei, Tripuri, Deori etc. are some of the tribes from this

region of the country.

In North East India, 51 different types of forests are found which are broadly classified
under 6 categories: Tropical moist deciduous forest, Tropical semi everareen forest, Tropi
wet evergreen forest, Subtropical forests, Temperate forests and :F:E e forests. 8
flowering plants reside in this arca which include: 40 species of pin 2 : ool
pteridophytes, 825 species of orchids, 80 species of mndudm?mﬂﬂzpﬂmsl; mP':M 2
species of canes. This region has over 28 conifers, 500 mosse . 700 ? - and 728 liche
species (Prabha .ﬂ“d Jain, 2018). There are about 80Q different s 5 : errfs e crops i1
India, out of which about 300 species are used mosly by the 1 b]::c nl:; of w;l:ﬂ:d.:;::" e

rural popu
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