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Chapter -1

Methodology of Language Teaching: A Comprehensive
Review

Vemuganti Sreehari and Dumpala Nirmala Devi

Abstract

This research work aims to provide a comprehensive review of the
methodology of language teaching. Language teaching methodologies play a
crucial role in shaping effective language learning experiences for students.
This work explores various approaches and techniques employed in
language teaching, highlighting their theoretical foundations, practical
applications, and potential benefits and challenges. The review encompasses
both traditional and modern methodologies, encompassing grammar-
translation, audio-lingual, communicative, task-based, and content-based
approaches, among others. Furthermore, the work discusses recent
advancements in technology and their integration into language teaching. By
examining the strengths and limitations of different methodologies, this
research aims to contribute to the ongoing discussion on effective language
teaching practices.

Keywords: Language teaching methodologies, language acquisition, second
language acquisition

1. Introduction

Language teaching methodologies have evolved over the years,
influenced by changing theories of language acquisition, advances in
technology, and the recognition of the importance of effective
communication skills in a globalized world. The field of language teaching
has moved away from traditional rote memorization and grammar-focused
approaches towards more learner-centered, communicative, and task-based
methods. In the past, language teaching primarily revolved around the
Grammar-Translation Method, which emphasized the memorization of
grammar rules and the translation of texts. This approach was criticized for
its limited focus on practical communication skills and the lack of
meaningful interaction in the target language. The emergence of the Direct
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Method challenged the Grammar-Translation Method by emphasizing direct
immersion in the target language and avoiding the use of the learners' native
language. The Audio-Lingual Method, influenced by behaviorist theories,
further emphasized repetitive drills and pattern practice to reinforce language
structures. However, in the 1970s and 1980s, a shift occurred towards
communicative approaches to language teaching. Communicative Language
Teaching (CLT) aimed to develop learners' ability to communicate fluently
and effectively in real-life situations. This approach emphasized the
importance of meaningful interaction, authentic materials, and task-based
activities. In recent years, technological advancements have significantly
influenced language teaching methodologies. Computer-Assisted Language
Learning (CALL) and Mobile-Assisted Language Learning (MALL) have
opened up new possibilities for interactive and personalized learning
experiences. Virtual reality and augmented reality have also been integrated
into language teaching to create immersive environments for language
practice. Blended learning, combining face-to-face instruction with online
components, has gained popularity in language teaching. This approach
allows for flexibility, individualization, and increased access to resources.

2. Objectives of language teaching

To provide a comprehensive overview of traditional and modern
language teaching methodologies: The paper aims to explore the historical
development and evolution of language teaching methodologies, including
traditional approaches such as Grammar-Translation, Audio-Lingual, and
Direct Method, as well as communicative approaches like Communicative
Language Teaching (CLT), Task-Based Language Teaching (TBLT), and
Content-Based Language Teaching (CBLT). It also aims to cover recent
trends, including the integration of technology, blended learning, and
innovative approaches.

To examine the theoretical foundations of different methodologies:
The paper seeks to delve into the underlying theoretical principles and
assumptions that shape each language teaching methodology. By discussing
the theoretical frameworks, it aims to provide a deeper understanding of how
these methodologies approach language acquisition, learning processes, and
the role of communication in language teaching.

To explore the practical applications and techniques associated with
each methodology: The research paper aims to discuss the practical aspects
of implementing various language teaching methodologies. It will examine
the instructional techniques, classroom activities, materials, and assessment
methods associated with each approach, providing insights into how
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educators can effectively apply these methodologies in different language
learning contexts.

To assess the benefits and challenges of different methodologies: The
paper aims to critically evaluate the strengths and limitations of each
language teaching methodology. By examining the potential advantages and
challenges associated with each approach, it seeks to provide educators with
a balanced understanding of the methodologies' efficacy and suitability for
different learners, language goals, and instructional settings.

To discuss the integration of technology in language teaching: The
research paper intends to explore the role of technology in language
teaching, including computer-assisted language learning (CALL), mobile-
assisted language learning (MALL), virtual reality, and augmented reality. It
aims to discuss the benefits, challenges, and potential implications of
technology-enhanced language teaching and the ways in which it can be
effectively integrated into language classrooms.

To provide insights for language teaching practice and future
research: By synthesizing the findings and discussions, the paper aims to
offer practical insights and recommendations for language educators. It aims
to inform instructional decision-making and curriculum development, as
well as highlight areas that require further research and exploration to
advance the field of language teaching.

3. Scope and Significance
Scope

Language teaching methodologies: The paper will cover a wide range
of language teaching methodologies, encompassing both traditional and
modern approaches. It will include methodologies such as Grammar-
Translation, Audio-Lingual, Communicative Language Teaching (CLT),
Task-Based Language Teaching (TBLT), Content-Based Language Teaching
(CBLT), and others. The scope will also extend to the integration of
technology, blended learning, and emerging trends in language teaching.

Theoretical foundations: The research paper will explore the
theoretical underpinnings of various methodologies, examining the
linguistic, cognitive, sociocultural, and psychological theories that inform
language teaching practices.

Practical applications: The paper will discuss the practical
implementation of different methodologies, including instructional
techniques, classroom activities, materials, and assessment methods
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associated with each approach. It will provide examples and insights into
how educators can apply these methodologies in diverse language learning
contexts.

Technology in language teaching: The scope of the paper will include
the integration of technology in language teaching, exploring the use of
computer-assisted language learning (CALL), mobile-assisted language
learning (MALL), virtual reality, augmented reality, and other technological
tools and platforms.

Significance

Guidance for language educators: The research paper aims to provide
language educators with a comprehensive review of language teaching
methodologies. By examining the strengths, limitations, and practical
applications of different approaches, the paper will offer insights and
guidance for educators in making informed decisions about instructional
strategies, materials and assessment methods.

Enhanced language learning outcomes: The research paper intends to
contribute to the improvement of language learning outcomes by promoting
effective teaching practices. By examining various methodologies and their
potential benefits, educators can tailor their approaches to meet the specific
needs and goals of their learners, ultimately enhancing language proficiency
and communication skills.

Informing curriculum development: The findings and discussions in
the paper can inform curriculum developers and instructional designers in
creating language teaching materials and programs. By understanding the
theoretical foundations and practical applications of different methodologies,
curriculum developers can design curricula that align with current language
teaching approaches and promote effective language learning experiences.

Advancing Research and Discussion: The research paper aims to
contribute to the ongoing research and discussion on language teaching
methodologies. By reviewing the existing literature and synthesizing the
findings, the paper will identify gaps, challenges, and future research
directions, encouraging further exploration and advancements in the field.

4. Traditional approaches to language teaching

Traditional approaches to language teaching have historically been
influential in shaping language education, although they have been subject to
criticism and have evolved over time. The following traditional approaches
are commonly discussed:
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Grammar-Translation method

The Grammar-Translation Method emphasizes the memorization of
grammar rules and the translation of texts between the target language and
the learners' native language. This approach focuses on the explicit teaching
of grammatical structures and vocabulary through deductive reasoning. It
emphasizes reading and writing skills more than oral communication and
places a significant emphasis on accuracy rather than fluency.

Direct method

The Direct Method aims to immerse learners in the target language from
the beginning of their language learning journey. It emphasizes the use of the
target language exclusively during instruction, avoiding translation or the use
of learners' native language. This approach focuses on developing learners'
oral communication skills through authentic and meaningful interactions,
employing visual aids, gestures, and demonstrations to support
comprehension.

Audio-Lingual method

The Audio-Lingual Method, influenced by structural linguistics and
behaviorist psychology, emphasizes the repetition and practice of language
patterns and dialogues. This approach relies heavily on drilling and
repetition exercises to develop learners' habit formation and automaticity in
using grammatical structures and vocabulary. It focuses on listening and
speaking skills and uses dialogues to teach language structures and
functional expressions.

Cognitive approach

The Cognitive Approach to language teaching emerged in response to
behaviorist approaches. It focuses on the mental processes involved in
language acquisition and emphasizes the role of learners' cognitive abilities,
such as memory, attention, and problem-solving skills. This approach
incorporates meaningful and interactive activities to promote
comprehension, critical thinking, and the application of language in
authentic contexts.

While traditional approaches have contributed to language teaching
practices, they have faced criticism for their limited focus on meaningful
communication, lack of learner engagement, and overemphasis on grammar
and translation. They often neglect the development of speaking and
listening skills, which are crucial for effective communication. Over time,
these traditional approaches have been supplemented or replaced by more
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communicative and learner-centered methodologies, which aim to create
dynamic and interactive language learning experiences.

5. Technology-Enhanced language teaching

Technology has significantly impacted language teaching, providing
new opportunities for interactive and engaging learning experiences. Here
are some key aspects of technology-enhanced language teaching:

Computer-Assisted Language Learning (CALL)

CALL refers to the use of computers and digital technologies to support
language learning. It encompasses various software, applications, and online
resources designed specifically for language education. CALL offers
interactive exercises, multimedia materials, language tutorials and virtual
language practice environments. Learners can access language learning
platforms, online dictionaries, grammar checkers, and language exchange
platforms, among other resources, to enhance their language skills.

Mobile-Assisted Language Learning (MALL)

MALL takes advantage of mobile devices, such as smartphones and
tablets, to facilitate language learning. Mobile apps and platforms provide
learners with on-the-go access to language resources, interactive exercises,
vocabulary flashcards, language games, and audio/video materials. MALL
enables learners to practice listening, speaking, reading, and writing skills
through mobile applications and engage in language learning anytime and
anywhere.

Virtual Reality (VR) and Augmented Reality (AR)

VR and AR technologies offer immersive and interactive language
learning experiences. VR creates simulated environments where learners can
practice language skills in realistic scenarios, such as virtual language
exchanges, cultural simulations, or virtual field trips. AR overlays digital
information onto the real world, allowing learners to interact with digital
content while engaging in language tasks. Both VR and AR provide
opportunities for authentic language practice and cultural exploration.

Online language learning platforms

Online language learning platforms offer structured language courses,
interactive lessons, and personalized learning experiences. These platforms
often include features like video lessons, interactive exercises, progress
tracking, and social learning communities. Learners can engage in self-paced
learning, receive immediate feedback and interact with other learners and
instructors through discussion forums and video conferencing tools.
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Digital language assessment

Technology has also revolutionized language assessment. Online
platforms and tools provide automated assessment of language skills, such as
reading, listening and grammar proficiency. Computerized adaptive testing
adjusts the difficulty level of questions based on learners' responses,
providing more accurate and personalized assessment results. Additionally,
speech recognition software enables automated assessment of speaking and
pronunciation skills.

The integration of technology in language teaching offers several
benefits, including increased learner engagement, personalized learning
experiences, immediate feedback, access to authentic resources, and
enhanced interactivity. However, challenges such as the digital divide,
technical issues, and the need for teacher training and digital literacy skills
must be considered to ensure equitable and effective implementation of
technology-enhanced language teaching.

6. Current Trends and Innovations

Current trends and innovations in language teaching reflect the evolving
needs of learners and the advancements in technology. Here are some
notable trends and innovations in the field:

Flipped classroom

The flipped classroom model involves learners accessing instructional
content, such as video lectures or reading materials, outside of class time.
Classroom time is then dedicated to interactive activities, discussions, and
collaborative tasks that promote deeper understanding and application of the
language. The flipped classroom approach allows for more student-centered
and active learning experiences.

Gamification in language teaching

Gamification involves incorporating game elements and mechanics into
language learning activities to increase learner motivation and engagement.
Language learning apps and platforms use gamified features, such as badges,
leaderboards, rewards, and challenges, to create a more interactive and
enjoyable learning environment. Gamification can promote healthy
competition, goal setting, and progress tracking, making language learning
more engaging and motivating for learners.

Corpus linguistics and data-driven learning
Corpus linguistics refers to the study and analysis of large collections of
language data. In language teaching, corpus linguistics is used to provide
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learners with authentic examples of language usage and to explore patterns
and structures in real-world language data. Data-driven learning approaches
utilize corpus-based resources and tools to enhance learners' understanding
of vocabulary, grammar, and collocations, enabling them to make informed
language choices.

Content and Language Integrated Learning (CLIL)

CLIL involves teaching academic content, such as science or history,
through the medium of a second or foreign language. This approach
combines language learning and subject matter instruction, allowing learners
to develop both language proficiency and disciplinary knowledge
simultaneously. CLIL fosters interdisciplinary learning, language acquisition
and cognitive skills development.

Multimodal approaches

Multimodal approaches integrate multiple modes of communication,
such as text, images, audio and video, to enhance language learning.
Learners engage with various multimedia resources, authentic materials, and
digital tools to develop multiple language skills and literacies. Multimodal
approaches acknowledge the importance of visual and auditory elements in
language learning and cater to learners' diverse learning styles and
preferences.

Online collaborative learning

Online collaborative learning platforms and tools enable learners to
engage in collaborative language learning activities, irrespective of
geographical barriers. Learners can interact, collaborate, and co-create
language projects, participate in virtual language exchanges, and engage in
online discussions and group work. Online collaborative learning promotes
intercultural communication, peer interaction, and the development of digital
literacy skills.

These trends and innovations in language teaching reflect the integration
of technology, learner-centered approaches, and the recognition of the
importance of authentic and meaningful language use. They aim to enhance
learner engagement, interactivity, and language learning outcomes in diverse
educational contexts.

Conclusion

In conclusion, the research work on the methodology of language
teaching provides a comprehensive overview of traditional and modern
approaches, examines their theoretical foundations, explores practical
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applications, and discusses the integration of technology. By considering
these methodologies and innovations, language educators can make
informed decisions about instructional strategies, materials, and assessment
methods, ultimately enhancing language learning outcomes and preparing
learners for effective communication in a globalized world.
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e o1a @ sidifa ST fawrT wriww

<t IR ge
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qRAAY # 84 arel ARG AR BT Sfiad T | gl oA
TAIfeadl ¥ PN W muIRA 21 o W1 60% | ¥ AN HY U
Ry fharderdt & Aeam & oroel Shifder =emd €| u' fafed ® f&
YTIOT &3 § HYBT Bl Well. DI bels Y4 gaTs b A H 8 AR D
GoIawR U BRI § AT 9D SR AT H AT 5 WG
RISAR 8 S 21 o 39 faws aRRefd # ugre™ vd grg @aam
DI UH ATAYY WERHEG AR & ®U H IOl AMHE & | TS By
JMNT (1971) @1 R\ RUE 9§ I8 W & & S e &1 J9aR
wa S faemrd & AfaR® @ ue™ aRar 21 <39 fhanell & Areaw
A YT &3 H o7 ud AT uRdds drT o Hahdl © | B B
Haffior fdera vd aivr &3 | wfg & fou oee - & gl den
AP guRe TR B < H R raegear | IR § fasa b g
UY] AT B 15% U © IUT UY WA B e ¥ WRd Bl fasg g
I 2| U AN & ATAR WA=l & T < H 28.50 FRI¢ U o
ST AT URTOT & STRIR 1996 H dedR 44.2 FRIs B WAT| a9
1996 &I UYFTUMT & JFFAR WRA H T, ¥, SHe, Ih e & F&
g &1 Ho1 T BT HA: 14.8, 52.6, 7.9 T 4.3 v off & 9y
2019 @1 UYFIUMT & AR d¢ax HA: 15.9, 55.2, 8.4 Td 7.5 & TE |
T Td AGT B AT § WRa B g # v we 2 39 YR aw
gEE @1 gfte | W WRa &1 faxg # gee wH € vd fasa @1 va fawTs
G YRT H I BT B |

T U UYUTed, S e, dgadfy arem, g SaTed

IRA # Wdadr | 94 S A &5 @ Feaqel e a8
o, WG WA P U I8 Ifq9d fbar AT fb 59 &3 b1
dacl S WRey fFEier § & 81 afcd A Ud SR gord # W
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AEaqul HHT 8 Fhdl © | IO et 3§ ugurerd v S faerd &
AIh ST & T fF=r W aRReRRl & 52 T T ¥ yIs 8!
fPar S wahar 21 I8l Wil qT oY WRed & fory oy ddf e
gfear foe & gurs el @l fa9y srawdar Bl 81 gure ugelt &
BT Y WIS BT & | Y & Udh Ul Yaref & Sl 3fu 39 H Ush gui
3MER ¥ 1 qo # Ao & al 3Mawdd d@ Uiy oI € |

v Ud fgcda deedfa drommel # gurs ugel @ Wwn # gfg,
SfId WRed JUR, U UNU, Rel GUR, SIS Hew Iffe el H
GIR PR & g I H GIR B W I (od1 TAT| 9 I Bl
W B & oIy BI—fdeisl ®bH, M—AaT HAHA T TRIen f[aard
PRITH P fopartaag far a1 o) ¥oMm dor § U™ |@Hg Ao
(1951—52) @ AT T H 31 U dTel Fiel S FHRAT & FHE
g SUR fhu WU | fgadll droen # e RimA (1959)° @I
fepanfeaa fopar ar o1 | MEes &1 fEior arEl | 9eR Sl d fear
ST 2 foRP rcuTesd Ud dR U3 BT @T Sl © | TRITel Arsir
IRA H fUoel 200 auf ¥ SRIRG off T U UY Yo U9 Y IAED
Dal B wY H OWNT fHAT S oar| MeErners &1 Uy e vl gy
IAET B &F H DIy (AT ARiE ST 9 8F & RO 5F AT DI
1969 H THTE PR AT AT o7 |

I WIATEd Ud Uferr HrimHl & fharae & Sew W OWRA
N I ERAF BT A AFERO UL ST A A (NDRI) &
®Y H fHar T T 9¥ 1955 H $H HRAT B GTAR F EWART B
P BT | ¥fad frar | gféer YRa H NDRI @ e wraferd o
RMOAT SR § @ T off | 39 UTard &1 I HRIferdl &l eIl
Hqas TAT DIABIAT § DI TN |

S SN & Agferd fadrd & ol g vd g7y Im&l bl [afsd
AU SaRen & Hew@ BT WIBR HAT AT 1S §7Y IUTGHI Bl 9D
Y Td g IUMGl Bl I oI UK 8 A | URUIFRGHY dRA g
ifd b1 A0, ge PRIHH Ud FHE TR Ud bRl H g Scaral @
SENT @1 oA R ARy e e ) i deadfa doer § 23
Wl Y Wiic, 4 T I B Bagl, 27 UFC Whid qAT 3 HH
fpre™ arell Bagl &1 A Mo fRAr TSI &S B dhHiel
el & AR & ILeg ¥ 1965 H I W fd&™T 91 (NDDB)
DI WUAT e ([oRTE) § B W | I H IS UG W BRI
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YT T FEHN ARl BT gHS HEegH W dd-al glawmwsi &l
IUAE] BT ST T |

g argwd fhar war @1 fUsell A= ARl d fear war uges
o FriwHl BT ST &7 W STde U el UST| 3Td: g 3mafd #
g B B I 9 I GAud A & AfH 7 AT H US
A U A dRigH |ed Uy e gRASHET (ICDP 1965—66)
BT AN foma T | 39 A & Sfaeta afaferal @1 S deiee gfaen,
Figroe AR, T & Fax gord | Sl qn wifsr | &1 SuanT,
HRI o gRcr HAl 1 <2 HAl & A1 g, ool uy) FHfdhear gfde,
AT UY SMER, 3P & Pl fdaRUUY AER & Toild & IR &
STE BT AT offe fdgell W faRiy ea feam = o aifes s0
DI AT H 30% G SUTed ¥ gig Bl GHAREd fhar o 6 |

qi deasiy Ao & ouverd o e Aol @ gem @Rer H
1967 H UAT H YRAY T STSEIS BISSYA  (AH) AASMHE B
LTI YTAIOT &3l e alel (e D Bl UYET Ud g7 Jadd b
AETH ¥ AR & 3a¥R SUAE] BRI & e | DI T | 39 fre™
ERT <2 H 700 UY TS ds WU BRe 7 AU & 10 AR Aial H
YT 8 oG URART &I 9 AT & If=id Ieslfed fdar a1 g
ST RE B

I daaul Ao 9 S en dRisAl & Igseia ey &
PR [HAT AT | TR G IUTE Jhg, 79 IO, G THWRY, g7
Td Y IRl @I Gifed AU sgeaRen &1 foparftaa fear war| gef
S fAp™ BRIPH & AegH | R grion &1 amide Rerfa § guR
M | g PYh I (SFDA) FHMT Y6 Ud HN SiHe fder
TRl AT (MFAL). Sonfa &3 fderd &risA  (TADP) @
meifesd & HTdHH (DPAP) I7fe STiehdl @l Y b T & 2 |

IR AR gRT aged d=adfa dron # g9 dgaRanei W amenRa
S PN AT @& BRI Hared @1 Sl IS SN e 91e
(NDDB) &I W4T 71| 39 dIS gNT el &I Wholdl R MR T
e faefad fear o S smeie ugfa &1 ™ fear am | g9 A
# e g g & e g1 SAR fAdrT AT ATRIE Tols AToTT—1
(1970) U™ @I Y| 98 B N vd emuiRe fhaet & fow wRd
WHR IMOPd ARG T U&H BH B PRI JWE FoAe—1 b
GRS BT B FEANT <1 B WRA WRBR §RI 1970 H IRAT ST
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T4 (IDC) &1 o= &1 Y | AT I8 TEwhRYN (AR Ud g
fauoe @ oedl BT U dRe b ST | A= ueen | uef¥e S
HRURIE] Td BSXIE B MR & T4 |

it daadfa AT § g vl A HEdl a1 S e &
e wd AMITD I # ST BT IS FqAd S wU H A
wer far AT 39 A=Y § 39 PP I bl U GUR, § U4
'Y SWMEl & I qedl & foy fafr= gfaemd ge™ HRA b1 graer
7| I A ¥ WHR gRT RV Uge" Ied wdHH  (1975)
foranfraa foam T o

B3l daadfa AGHT & JA=TIA A H G AeBINARI B A= W)
IR Taipd &a e gficdpor @1 o R 9a faar mam|
UY—UINT, UY] TS, U UEEE df Uy WRed & fofy fafe S
Jpifepal Bl fhafad & R e ga R mar o aife oy
STEHhdl Td Y e H gl B G | 59 Il D 3ic SR
FeTs—11 (1979—80) WML fhaT AT R T UHg ST < & 1980 &
TS W G AT Y USRI P! AN B FJAR G BT YR Bl
JHREa fear o1 | | 9 geel gd aFl § Suee gee— | | fharftad
T8 o7 J81 R 9 A b T [P AT AT (AH—NMIRIA Tl
AN & fharaas & IRT WRBR  WGBT TS B o | 39 Irorr
D 3T GUTe UL P HI Bg KU UM DR AT DI AT A
ST R drel AT, g Ud qAe Sl Bl WRIGHR SucTe
PRI B FILJAT B T oY |

g AoTHEIe H R BRI W (1982—83) YRR &1 1T off |
59 RIS B Ieed GIERTAT [ddb BRIBA] & A=iid SR
ST B 79 IUTad FaR FAIBR D! AR H gl HAT Alh ST
e Y@ 9 SR IR D! e Reifdy § gaR oM 1 wrauTe
o7 | (I Sl BT A= Wl U &R+ & Ieed TR
ST / STeorta =i <enfud faear 3m |

Bl Goa¥la ASHET & SR =T ARl § ST fAdrd driwH]
D FEH MfABT T 2| A4l Ao H IR WRGR g fhattad T
TIRIIOT PHRIHH (1987) U USTHH &5 ¥ T Algdy Sudfes off | g9
=T P SAEH VG A A%l I AT BT & o= fpar fram g
TJoAT YOT TIRMOUT §RT b 99 H 5—10 I~ A%l Bl Al I
BT ST Tl & | ITAE THT H T B AT G AT H 3 I IR
faem e fear o &7 R
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DI e AR AFBR QW H AR Fers AIoi1 ol feharfaa fdHar |
T &3 # 5 AT W B ATl ol Bl SR 31fSe g vl
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e anfe MRl & o Sude wifds vd faxiia |amesi &1 sifdea
STINT SRS < S 7Y I H ghg B O ORI 747 |
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SeTT W M Yare—IIl (1989) &I fohanfraq foam wam| s & e
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I B FEBRI S BeXTEI BT SR fhy T

Afzerell @ e Refd # gurR vd o drwartse el |
Ia! YfAdT vd wrfiert gRREd o1 & Ieed ¥ ared! daadia drer
% IfId At SIY URASHT (1991—92) UR™ &I T | g9
RIS &1 TE Seed Aledlill I Al e Affoal & aem 9
Y FIAT § SISHR I8 3N ®Y AU T4 Gge DRl AT |

S AT B H TP 3 Aol a¥ (1991-92) H el faam
AT BT IR fHar a7 o S 9 # AmaRe wed T S
RIS BR faar AT | $9 AGET # T AT IR gHTR UYSH P B TG
d% U UG g BT WU fHAr M| $9 AR FHE RO H
forarfaa fear T/ g1 Fged RO (2000 & d1E) H AW I§ TRATSAT
IrdeHY A9y ISR AT & 3Rt fharfead g1 3 Ioim &
I el Hae) o (1994—95) H WREGR & AT I IR QY]
P golgUs ORIy Ud Ydidd & Sival § feharfad g1 medl o
Frel # yior el # uRAR e vd waren Rem a WearfRd deA
@ Seed W R uRAST (1993—94) T WERINARI & ATH ¥
forarfad @1 MY o | I8 uRATST <o & |1 AT H 5—10 981 & forg
AN B WA o Torr Al ST RIS & AR T & ®U H BRI
ot |

T4 daadfy Ao @ S 9 § ARG WRGR §RT W HHFC
W ® AU g IAEH ASIR U B AT (2001—2002)
URAT P T A | 39 AT b =T rSHR U H A B ared
FIG(IT ST Ud SISl & wedl B g Affadl | uode wu ¥
SIRST TR0 |
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U UPR Tocl Hdex ThIH & A= A ATIRIA Tols TRATSIH
T BU H UHIpd grERmel e uRAGHT (2001—2002) ITR IR &
IR SFURI— IMYR, I¥ell, YelMfia vd emesieiqR W fparfad @1 = @
@ @Riere dfe ad (2001—2006) d& & fog orgHfed or| s
IRATSTT BT JHE Se¥d e Td U=l $YS URART B S &3 4
T WY W SISl dlf gre Al & HegH W giE IedTed &Hdl Ud
I@T A H gy TwE B WD |

RO Aerel H W SN e RismHl @ e wuvr
e &:—

SO ST
U A8 AT (1951-52) |

—TeT AT (I Breti) |
fadra Ao
TMAGT HRIHH (1959) |
T e
|qe U adr aRATST (1965—66) |
Tt Ao
MR A Trot—1 (1970)
giedr Frer
IRy uered e HRIHH (1975) |
BT FrorT
MR FeTs Aot 11 (1979—80) |
ToIhd U fIHrT IS (1980), WA HHFE I (1982—83) |
GIGEIISE
YOI YRRV HRIHH (1987) |
I ARSI (1988), MR Tete Ao T—I11 (1989) |

dfger ST gRASET  (1991-92), Sad Al Swr gRareHr
(1991—92) |

ool Haex IrofAT (1994—95) |

Page | 20



BT AT
Ryorar aRATSHT (1993—94) |
REIE ISR

Y IJARH FSIR IR fABN AT (2001—2002) (¥
PHC H & ) |

UahIgd Greremell fadr gRASHT (2001—2002) (Fgdl Haex ToH &
37ef) |

Al Ararm
A <2l el BT HRET0T |
TqREdl IS
I FY R i |
Fael 3R 99 g & forg I gRATe |
oo
1. Govt. of India Planning Commission, Third Five Year Plan, 1961-66,
345.

2. Govt. of India Planning Commission, Draft Fifth Five Year Plan. 1974-
79;11:27-28.

3. Govt. of India Planning Commission, Draft Fifth Five Year Plan. 1974-
79;11:29-34.

4. Govt. of India Planning Commission, Sixth Five Year Plan, 1980-85,
171-175.

5. Kar N. Animal Husbandary and Rural Development, Deep and Deep
Publications, New Delhi, 2002, 183.

6. T, &, SR U H g e SRIEH, o, AP 12, wH
1998, <. 37—39 |

7. R, UES, UHIO &F H g G Aifadl BT AMifTe gvTE’,
GHOEN, 3P 4, BRAY 1998, . 1 |
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Chapter - 3

Igd B faaeren & diyor et ugq
wid g ol erga

ARIET

e &7 B M & BAd B ®U H oAl ol &, R werd
SEPICRASHA 95T & WY AIS Uil Bl & 3R AT I8 ST el
BT B | IR I ST Wrel yeret @ avg WAt # forar Sirar 2, den I8
Qe I & forw e "yl ged wa Wt 7| faaeen ffts gfy
aTRReIfe &3 § 9T S WehdT €, I8 9gd TH AT S STy H e
T oI B | T5—4 S I 9 38 &l ey & amuam & Shfag
I 9dhar 2 faader o T & forv amferes emedr 40 ufawrd & 88
afcrerd @& 919 BT 2| I8 UP TAMId el GHEleldl dTell Uiem 2| I8
et o 9 @ FH > Ul FEEid iR uftRE 2| sHe gatd U
& o armawaes id aut 100 | 200 Al B | 9 A8 @ ION arel faamren
BT IO, 31T, URAT, Foldd, Uil R SIS oI &g STl bl YT HR
P folU P ATl & U § STANT § 1T SI1al Gt g | faaeen Hiferes
AR & oI T My d Teled I2d @i & ®U § IS g, 3R IMER
H IR Bl WAE BRAT S YIS AR Arer 81 |l giemar s
RIS & WM & oIy U 3T dIdT 8 AhdT 2 |

freeraT ¥ AW forfUe, WIgeR, SIfCH W1 IR 31 TSI 5707
fl BT €, SRV & oIy $HdT SUANT TSy 2 WYHE &I A awe #
e HA B fov fhar ST Adhar B |

PASIERI

faa=leT 1 Bg M & BAd & ©I H 9T offal &, Rrad T
SEPICISASA I & AT AT Il Bl © iR S9fely I8 3T =gl
BT B | IR I ST @Wrel yeret @ avg wanT # forar Sirar 8, den g8
Qrel e & folt U@ Agayel g wa fl 21 Rd ¥, 39 T6dl Bad
@ ®U § ST e 2 | faen e ok @i 4 RgR B 2 s
TROY UIYOT & AT 9 AT BT 1ol | Fel Sfam & | faaeier &1 fagy
T HAed © IS UG H Teffed o M AR UCREise g9 &

Page | 25



HROT 31H ITANN B | Uget Ig oife sFiReT 3§ qd dicfaars wxgfa ot
T B oY, ifbd a8 § WA & 3777 & a8 SHD] Tl T FAG
EIRERI

e fafir=1 &Y wRkRerfae &= # urar <1 a&ar 8, 98 9gd T
Il S Siearg H el 9 ol & 1 59 T4 A B Are—are b
STerarg H A1 ST ST Hehdl © | I8 —4 S Ao & 38 ¥ Afewz
% ATUAN | Sfad I8 FHaT & | [ & Wit & foy |mfées sear
40 vfcrerd 1 88 Ufawra & g Bl © 1 I8 ey & T9 & A B ufd
FeTee 3R UfeRRl 2 | sHa It Ut & oy sawas <fd auf 100
A 200 il 21 S 992 <M et ® ST S Har 2 |

=31 5000 ¥ 7000 AT U8l SIfadT IR U% & UsH & H SR
ST T | T A AT UISuT B THR IR Bl Bl BT Bl I T
fAhey 2, SAfTT 3 1996 H TH.USN. §RT HEAdT &I A 3IMITod
BAA H UH HET AT A7 | AT A 39 A3 uaued. (MR aiRRerfas
Siigd Fl gomen) # ff wfe fBar 8, e I8 |99g U1 3ER
R T uat AT H# WSl B0 21 U S odl Srafy @ I oiR
WEH & YT Had & oy Ao & TEAT BT 8 BRT § AGE PRl
2| A B AN eyl &FaT & HIROT, VYT T 7 2013 Bl SIS
SR e fFamram efyd fear|

9 AT D TON dTel fIaHIRT BT Uud, 3MST, YR, Tolddd, ol aR
M S B3 SATGT B YT HxA & oIl dodd ATd & ®U H SUINT H
ARIT ST AhdT 8| Bleflfe SHBT SUINT qaI3N o], ¥erd, qAuif=,
Y AigdT fe & fAepsor Sarel & Saared & fow fhar o <& g,
ORI ST =i 3R HINRI BT TTeIhdT I 2 | S SISl BT 3T
i Heg &, FIfs I U 9 DAl W e ©, dfed YT ITRiET,
RRTTORE S &g T W1 &, s HReT died g9, &a7 R IRmaHd
SR O IENT H $9dT 98 719 2 |

YreRie goqfy sk W mfee fawer

SHaHT (2003) B AR IR U UHEH A &, AR USAT &
D A YR B T 2 ! Wl 5000 | 7000 AT Ugel W1 Pl Sl
of | qa-PIeifdaTE ARGl § 39! AUd wU 9 TSI &3 § dl o
ST off 3R $Ud AT &1 SUINT Sod s diel &3 § IBR & w7
H fhar ST €1 el Sfefary Y Bl © AR AOEM T 12 {3
AfeqIT &A1 B | el I8 A USIa § <ifde faaeiem & URebrd |
AU BT &, S WIe § $Hedl BIdT & | SHfely Has &3 | Ugel A
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DI BT SMALIH BIAT © (OTHT, 1992; TR AR o, 1974) | T
IS &1 Ywarra 3R Sl 3R g, (TP, 1992; SIhaw AR TCred, 1993)
S SISl & A1 $9 BRAel Bl BRI SR GfoReima gaim iR fatan
P dod faar 7 3R B NfE IR WEITE BRI | LR AETEl
P! T FATG B TS | <ifb 39 A &I ot Y o ufegs At
(Reft, 1997) BRT 6 Il 21 80 @ D & IR GRSIA AR 7 IRIY
S i wu W fefaa <l 7 fFaeen o WMo\ & w9 # U ava
3 fadRT BT T AT AT SITSTATAT ST 3Tdd: Sd dTolR Dbl dTdl
2 3R TRuR® &N & waa 9 faa=men & Fafd avg & w9 4 werfud
PR AGE PAT © |
Qe GRET 3R HWAT ¥ eageren ST wwifad AR

fFaeiem # dryor, gaTiie @eridl, ufdae Soar] R e &
Rerfd & rgae 3R &9 N o8 S T B &, fora9 9 wdd |
e GRETT 3R AWAT § INTGH PR D1 AUR &\l el & | g
e Iepte faRivarei arar va ot 21 faaren am, T ek
Y Sdrg S AqR ¢ | dga earyg R e @1 aRRefadl &
e BF B AU AN B BRI, TEl I Bl S H R g,
|qgs T 9§ 4000 AIeR (S UfSIT USR, WX UReTd USR, 3AARS
Gfea anfed) o Has W B U &Y ST Al § | AT @rer Sared
qrel < 7 IR 3T B! BT A 3MeST fAded 7 | eqa-ren fafr=
e A W@ gRem § ANE <dm © e s ufdga gRRefodr |
IATEA &1 Ied &9 & ([Aea-g 1985) |

SHBT N H ggd Hed © ifd SHH U™l S arell Ul Ueb
YT {adh DICARIG & ®U H AGS BT & AR By old DICARID H Hod
AT & wU H ITART H forar S 2

T HU H Q] U] dTel U &l I AFEN & HROT G-
Jed Y19l T aTell U |0l HioT & | 9IS ARl & arardr, 599 fafls,
e, @iEor &R AU O B = dod Bl ©, 594 faerfig @1, § &R
A1 S faerf®= +ff 81 2 | aiferfaar iR % g «R 4 88 wfiera Sre
& A1 I & 99 99 Fafas 2| s9 a8 9 ST SFIRET 6
gfererd (S99, 2001) @& T & | I[SICHT H ST IMAAR R ENe] WU
% fog @9 a1 e & wU H IR BT S 2

AL

fdgeia & diyor Hael gse], SUINT 3R 9™ & Usgsll Pl AL
DT |
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CAR PRI

IE YR Aded! T WR MR 7 | I8 SHaRI faf=1 Arafie Sl
SRy uferal, eEuE anfe & forg g oY |

faemren & e SR diwor T[o7
TIfI®T ST 1: fda=ren 69 & e axaeT
St o faaeem | g | @mEd | w9
fardh ey /100 ITH 350.00 | 309.00 | 353.00 | 338.00
qEE /100 ITH 1381 | 1150 | 740 | 9.20
9T,/ 100 I 5.01 200 | 220 | 380
PrafsTSe / 100 UTH 59.74 | 59.40 | 74.60 | 65.20

Dfcerm e /100 I 66.60 | 4370 | 23.00 | 15.00
BRHRA el /100 9™ 408.30 | 406.00 | 325.00 | 256.20
FRrE e /100 I 204.20 | 147.00 | 157.20 | 120.00
qrefRrm el / 100 9™ 1040.0 | 502.00 | 150.00 | 330.00

e e\ /100 UTH 1090 | 330 | 260 .
HTEST e /100 ITH 247 340 | 110 | 048
ST el /100 U4 7.47 4.10 . 2.50
(Sa: o 41, 2015)

qIfrdT [T 20 =T W ARl &1 o1 H FAIeT HI aryor [ReT
(arfcrera)

gaq (Ufoere) | fameien | AW | ) | IR | T @7 g
IR 13.00 | 30.00 | 14.00 | 18.00 3.50
T 6.10 50.00 | 3.20 . 350
EAEIRNS 71.00 — — — —
NER — - - - 4.70
INE] 5.20 220 | 320 . 2.50
DART /100 IH | 350.00 | 431.00 | 200.00 | 2400 60.00
a: Uites RUre, 2009, TH.SLIAR.EL. difetfaar
0o # fag=ren &1 g

fEFIsT U it Uifted W © I8 g g & 9d AR Y
TS (THTST) §RT 59 HE & UINUT Hed 1 goil I gF & &I T8
2| ST IUANT IMTeT, U, ALl 3T iR R g9 & forg favar Sirar
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2| WYh 5T IARBT H I ST dTel AAHIeT fFa=ia I A TS b
w9 H 991 ST € O e @ w5 H e |yt arar 2 faaeen
JMMET U CTd Uace’ @ ®U § M IRdl & 39 favge, 98 3R URRe
WS I H g B IS IT I, AT ADbs & Aol & A1 Fefrr Sar
2| Fplenl faaseT @ te A fow 8, faer SwanT dive & w9 |
T ST &, g g, SR A @I v, faaeen § U g1 § S
PHedl e <dl 8, 3R T |1 & IUANT I Ugel SI—afoliT B aeghdl
Bl I BT SR U-faRER wRet B X fhar o7 ww | faeen
% I9cl gU dISil BT G B S8 WX DT S Fhdl 2, I G DI el
PRA D o0 A7 o & wU H AT T A B AN D wU H SRATA
fpar S wadr | & iGN SfGRa faamien §i5t &1 were # e wad
2| Ul @ dvg fFaerer W ufy i a9 51 | 2

foaeiem & 3ienfie SuaRT

fFaeTeT &l AfsoTal & AT SISl ST Whdl ©, SaleXvl & oIy, 3MER
DI UG g B oy, fIR wu § oo g=di iR gedi & oy W
B A1ed B oI AT 99 @R fhe =7 | o & F9rfa 8k eref—taR
e Uerf SUE ®, offbd d SITGIOR IETel & Uh ds ] & folu
1T e 3fR Srgfd v | HE B |

T TRE DI JI—TIR ¥t § WS i B ® S @H @ fog
IR fHar ST 2 SR Srfreier Rt Ared | W@ fhar Sdr g | 9 el
BT, TFMGR, del gall, I 3R T ol enfiel 8iar 8 o SuanT |
UES T T el uered enfie fhar ST 8 | ¥ oRE gifed aTel SMER
=

|l SEwdl ok el & forg Fl afer SENT avgall BT Sedra
eI AT 3FTST 3MR 31T BT SUANT TS fham o Fhal 2 | Gfead
fSTet 3 ok ®ET SR URMSE 7T 10, 15, 20 3R 40: IR S BT g8 ¥,
TS # 40: Uferd T, 9189 S § 60 UfEd dd iR 70 ufoRrd d@
A BRT DI G DBl Fel fbar € | JfTeT e § U YReb ABR
@ ®Y H I BT ST A BT Y THaIel giedvl I8 © (& I8
SR MR A e & 991 ART & A &1 q@HTe R H [e FArar
gl

I H Iod WS ARl & A1 IHEE HIOH DI ATLIHRAT B | 45
gfrerd a& W g faaaen 9 & RS S § WidH B RIEiaRd
fpar Srar 2 | IRM Sig @ a1 & B0 ot sraRiy & ot fhar o
Jhal 8 3R dfgd BA § R A dedl & 9= A SISl T FhdTl o,
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TRl & o HUItd Jarail 1 aoll 9 diftcsd wW@Rey UIa &R H Hag
PR, T 39 980 8! ke ¥ MG fbar o1 Gadr © audl & forg
JMER HEHl HERIAT B IMIeIHa] drel Ao, Iaexvl & [y, THad
RIESUS
gt BT ART

X U BT ST &R IR & w4 H [HAT AT 8 | BFA S [ Bl
=

e ST

AT, 3R Ale BT BHI, FYHE dlel AHAI Aled HY WaARATD GHITER
3ITETET BT ArIfad PR Fahell & | (SRS, wkiE, ar Afews dEr
(g, T 3MTe, 2006 FM—iTed], TS 37T, 2010) | 39 2T & dlAv@ fh
fFRIaT @1 YARATOT &qaT WR uofl 3R A9 Sa1e AR | A
2, {E WA AR @& TN ¥ A& A e 3 welia wwa
g

foamen @& U<l Il iR AN BT STANT GARATUATHS ST &
forg fovan Srar € aral @1 S BAL, Ford B B, ST (J7d T<) Bl
B HIAT 3R TF T BT AH AT | SDBI STANT T BT AT, AARe
S @Al 3R @IBHTd Bich TE-Yoic & w9 #§ A1 fhar ST 2 |

fael ve anma, (2015) & <Ig@ H fdEART & HANT FHE AR
IUAIAATETE SHIBT IR H A R VP Sfid Bl Tg o | IR A&I-d
el # e veRid fhar T § & e SIggRer |rt # auded, g5
IR eRE el WRey W ORI, AMGRI URUIML BT AN BRal 2|
qEvEle, I8 Uil AT o favgerd Arg w@Rey SR diver @1 yafa A
fFaereT & BM &I IR 9 @ oIy dIfdbd, HN iR e & &= o
S qfwel SR Wolud 991 §Y & |

oo & Wi & usq

SHT AHEST § U Hral I fFaisn @) diftcddr ol S Sirdr 2 |
=91 fo, faaeen @1 gfam R # &R S8 $9a o8 Al @ foly, iR
9P WIeH, @iher R faer®= uerel & forw 9 =1 Sirar & | difted 3mmerom
# faasireT @1 feT M arel gt @ Aty Mfa gfar § o we@
B ¥@ifhd far war 8 gfead e #, faaeen @ IR 91 § SH3)
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Jrefergeensil H Ueh He@yul YfFeT T Aadl B, 39D AfRD, e
& AEAYU] ScUTE Bl Hdhdl © foradT ST Ui 8Ic ial # @ @t
AT © R & (1Y T ST 8, ST81 Siig 2fh WIS raerdn oy
PR dTel gt § ARl B G & uh 9 R B yaifad el 2
fFgeiam, “Aex I & wu 4, [T g 9 ge I iR SN gAai
B 9T R B (TARIIT—HART 2003) | TUfETT &5 & <2 H SHATH Bl
STTEST BFT A1(RT | 9e & AleTs, |9Tfad fJeTd, WiArarsl, i fagm,
IRING AP, SuST iR TRUGAR 30T |fed S srgeem™ fhar S
12 | 39 AfIRD T T MRST 3R R # “faa=iren & g ==i”
% forg fafr=T fh Al & of=iiclud @1 S 3Maedd & | faaeen &r faey
Y W MR & U w9 SR A & o wadn 8, ®ifs sl s
TEE! IR, ST iR 18, TReT Il & qavlg, SHd! AT
AT QT Y8 78 & | YRA ¥, N & Ush 93 R & o WeH I
JMER @ 98d &H Ugd B, difd @rael iR g U UNeG HEd |
faRmTaT T STAd Mg S 9 IF § WM &I HH FHEIId
PR FHAT © AR ARG H TG 3METE] S 9 A & A de § Ayl
It T Foar &, e ot IS I MER JER dd d9gd &F Ugd
21 39S IfAE, Id W AR A= &= & |11 wee, amsed I+
IR AR & FHM, JGAT BT AT FUANT & [Ty 3TU+1 &Har
BT QBT PR B (ol FIRD BT |

Ay

(RIS S BH Tl &1 SYANT HE™ & Ud ARTo-dh &
I HRAT 7, Fifdh gqHT ST AR ApHciaged iR B fdmed
& YA BT G FhdT © o= A Hed & oy Hedard AT Sl & |
faemirem Wfeges ARRN & foy Sudter e mads, 991 e Ues e,
3R AMER # fFa=ren &I el BT S Fefd THE WIS 3R e
B W] Sigsuere] giardl sl URTS, BB UHT Sl HHI—$H! 3T TS
M & oy e 31esT a¥dT 8 Fadl & | e § sRiqa fafie, wiEeR,
SIfed oTdHeT 3R 3T rIdRI fAstor o B €, Sarexvr & fory, dierg,
AR TABT SYANT U SIRIH HRb MBS DI g AR TR —2
AT Bl FRIFA #x7 H Aeg A & oy fhar o Haar w | faaeren
B AN GARIUATHS Bl & oy Jeuae & Fadl 8, SIE &
foro, MR, aoH QiR SRSt | saa s, fdaeten, te diegr @&
Yo & ®Y ¥, e 3R g b Aoy fiie & @ e PR g,
T A B ol H 30 I 60 T[T B T |
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D AT, fFIANT ST § Brecy MBR dRe f9-1 Hdl Raara

& FIPT 81 Fad € I1 RIS Wl & WR dP HH 8 Fdhd © old 39

ST T AT TSI IT UIRATRS Shly Gl & foTg SUYTh axleh]
BT ITANT fBAT ST 8 | U SIIANT & Hael H, |igd el gRT IR
T 31T T U, SeTERYT & forg, faamiten g5 wfeargdt a7 = g,

g affifreiftca IoN # gRad+ &1 wfid &xd ¢ fdar S =2y |
|

1.

9rig, T, YFe, UE, U9 3Bd, I (2006). EAMISTH fFEAeTHUS
HRAR alRved | et weel Ud Iare, 23(1), 73 — 87.

Tfec—aRdsN, s |, fSaro—Refer, S v, WS, S, 7999, <1,
3R M, MR | (2016) | fFa=ireT (EAMAIETA fAa=T fdes), 4o e
H ofax GG TR M Td: T UHihd THIE | o =g | @t
fasm, 6(497), 10-4172|

6, U, AoTa—RAedr, @, A5, TS, SACR—W, o, desH,
g, 3R RP, NS, (2015) | fFaen EEOISTH fFa=ren ages) &
R I 3R FraAsd @l e § JameR | @ fagm &k @@
JREAT H TS THIET, 14(4), 431—445 |

TR, WA, R deud, I (1974) ] WAl @ T oMU

(TAMTETH) o IR W) | SHfead, 78(1), 503—505 |

SR, UAST. (2009) | faaeren (IRmdifea faaeien faes |): ==,
RARA a9, 9I9er iR SrcAs o7 | Wre AR Ul JgHEE H
3fH, 58, 1—31 |

famreT Th.g.al. (2011) | fea @rer GRemm # ARSI < arell U Ui
HA | 2016—01—30 | http://www. fao. org/countryprofiles/news-
article/en/c/202477.

M, 4, dwn, ud, fgadl, 91, SR WReR@R, UH. (2015) | faEAreT
(EFMIfETH fFaamR faee |): e diftcd wRel TSl | SexeHd S
I Tedive R4, 3(9), 725-736 |
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Chapter - 4

Subaltern Historiography in India

Kaushik Dutta and Jyotipriya Gogoi

Abstract

In India, subaltern historiography is a revolutionary and empowering
method of studying the past. It challenges prevailing historical narratives that
silence the voices and experiences of underprivileged communities, including
Dalits, indigenous peoples, women, and peasants. Subaltern historiography
provides a more inclusive and thorough knowledge of India's past by
emphasizing these underrepresented viewpoints. This essay analyzes the
advantages and disadvantages of this method, highlighting its benefits for
exposing subaltern agencies, reinterpreting power relationships, and utilizing
non-conventional sources. But issues with essentialism, the exclusion of
powerful actors, methodological difficulties, the essentialization of
postcolonial identity, the narrow focus on economic issues, gender,
international contexts, and representation call for careful thought. Subaltern
historiography can continue to be a key player in altering historical research
and advancing historical justice by responding to these criticisms.

Keywords: Dalits, historiography, non-traditional, caste, colonial
Introduction

A revolutionary and uplifting method of studying the past, subaltern
historiography in India aims to elucidate the histories of marginalized and
oppressed communities that have historically been kept silent or obscured by
dominant narratives. Subaltern historiography, a term taken from Antonio
Gramsci's writings to refer to the socially and economically marginalized, was
developed in the 1980s by the eminent Indian historian Ranajit Guha. It
challenges traditional historical narratives that frequently concentrate on the
deeds of ruling elites, colonial powers, and dominant social classes while
ignoring the experiences and agency of the subaltern. The importance of
subaltern historiography can be attributed to its goal of presenting a more
thorough and complex view of India's past by bridging the gaps in traditional
historiography. Subaltern historiography shifts focus to the lives of common
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people, peasants, tribal communities, women, and other oppressed groups
while mainstream history may offer a top-down perspective on major political
events, battles and the lives of rulers. It highlights the significance of
grassroots movements, regular resistance and subaltern communities'
collaborative efforts to control their futures. Subaltern historiography's
dependence on the "history from below" technique is one of its key features.
This strategy makes use of non-conventional historical sources, including
folklore, oral traditions, music, regional mythologies, and other indigenous
knowledge systems. These resources allow historians to reconstruct the
history of the subaltern from their viewpoints rather than through the eyes of
the ruling classes and provide insightful accounts of their everyday lives.
Subaltern historiography confronts the prejudices present in official
documents and colonial archives accomplishing this.

The criticism of colonial historiography, which was frequently closely
tied to imperial goals and reaffirmed orientalist notions of Indians as docile
and backward people, has also been greatly aided by subaltern historiography.
This method challenges the idea of a one-sided narrative of colonial control
and reveals the nuanced relationships between the rulers and the ruled by
emphasizing the resistance movements and agency of subaltern communities
during colonial rule. Additionally, caste- and gender-based structures in Indian
society have been reexamined as a result of subaltern historiography. It
explores the histories of women and Dalits (formerly known as untouchables),
highlighting their contributions and ongoing battles to regain their identities
and agency. There have been issues with subaltern studies as a
historiographical framework. According to some academics, this can lead to
romanticizing or idealizing the subaltern and can obscure the inherent
conflicts and difficulties that exist within these groups. Others contend that
concentrating only on the underprivileged risks omitting the larger
socioeconomic and political environment in which these groups operated. This
chapter aims to list the positive and negative aspects of this school of
historiography.

Subalterns of prominence and their works

1) Ranajit Guha: Ranajit Guha, who was born in 1923, is frequently
referred to as the founder of subaltern studies and a significant
contributor to the growth of subaltern historiography. Guha, born in
Kolkata, studied history at the University of Calcutta before going to
the University of Oxford to get his doctorate. In his seminal book
"Elementary Aspects of Peasant Insurgency in Colonial India"
(1983), he questioned traditional historiography, which
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2)

predominantly examined the Indian liberation fight from the
viewpoint of the nationalist elite. Guha instead focused on the
peasant uprisings and movements throughout the colonial era,
notably those in the 19th century. Guha maintained that rather than
being passive targets of oppression, peasants were active participants
in the struggle against colonial rule and the exploitation-promoting
practices of the landed gentry. By adopting the term from the writings
of the Italian Marxist Antonio Gramsci, he created the term
"subaltern" to describe these oppressed people. Guha's writings
highlighted the necessity to study history "from below,"
reconstructing the experiences of the lower classes utilizing out-of-
the-ordinary materials like oral traditions, folk melodies, and local
tales. Guha co-founded the Subaltern Studies group in 1982 with
other like-minded historians in addition to his seminal work. The
group produced several significant books that were essential to the
development of Subaltern Studies. Guha's efforts have had a
significant impact on Indian historical studies, he passed away in
2015 after a glorious career.

Gyanendra Pandey: A renowned anthropologist and historian well
known for his important contributions to subaltern studies. He was
born in India in 1942 and pursued higher education in the US, where
he worked in a variety of academic fields. The interconnections of
culture, society, and history are frequently explored in Pandey's
work, with a focus on topics relating to nationalism, identity politics,
and communalism in colonial and post-colonial India. Pandey
explores the development of communal identities under British
colonial authority in his seminal work "The Construction of
Communalism in Colonial North India" (1990). He disputes the idea
that communalism was a fundamental or inevitable force, claiming
that it was a result of particular social and historical circumstances.
The significance of comprehending communalism at the grassroots
level is emphasized in Pandey's work. He has also investigated the
politics of memory and representation as a result of his interaction
with the complexity of Indian society. Pandey investigates the
various ways that the partition of India in 1947 has been remembered
and commemorated in his 2001 book "Remembering Partition:
Violence, Nationalism, and History in India". He draws attention to
the omissions and exclusions in official narratives and emphasizes
the importance of taking into account the experiences of the lower
classes, who frequently got lost in history.
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3)

4)

Shahid Amin: Another renowned historian affiliated with subaltern
studies; Shahid Amin was born in 1938. He was educated at
Cambridge University and Aligarh Muslim University after being
born in Aligarh, India. The social and cultural history of
contemporary India receives the majority of Amin's attention. Amin
examines the historical memory and representations of the Chauri
Chaura incident that took place in 1922 in his book "Event,
Metaphor, Memory: Chauri Chaura, 1922-1992" (1995). Chauri
Chaura's initially peaceful protests during Mahatma Gandhi's non-
cooperation movement became violent, killing police officers.
Gandhi responded by halting the movement against cooperation.
Amin looks at how this incident has been remembered and perceived
over the years to show how it has continued to influence subaltern
groups' collective consciousness. The significance of local
viewpoints and the many ways that historical events are perceived
and remembered by various social groups are both highlighted by
Amin's work. He draws emphasis on the agency, lived experiences,
and impact on molding the historical memory of the subaltern
classes.

Dipesh Chakravarty: Dipesh Chakrabarty, a prominent
postcolonial historian, and leader in the subject of subaltern studies,
was born in 1948. Chakrabarty, who was raised in Kolkata,
completed his higher education in both India and the US. His writing
focuses mostly on colonialism, modernism, and historical disparity
issues. Chakrabarty critically investigates the Eurocentric nature of
much of modern historical thought in his ground-breaking book,
"Provincializing Europe: Postcolonial Thought and Historical
Difference" (2000). He contends that non-Western nations' historical
experiences have frequently been disregarded or dismissed as simple
copies of Western history. Instead of rejecting Western philosophy,
Chakrabarty advocates "provincializing" Europe to make room for
the uniqueness of non-Western histories and experiences.
Chakrabarty's involvement with subaltern studies includes a critique
of the Eurocentrism present in historical accounts as well as a plea
for a more inclusive and pluralistic approach to the study of history.
He highlights the significance of acknowledging the agency and
historical contributions of underrepresented people, and he calls on
historians to look beyond Eurocentric paradigms.
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5)

6)

Parth Chatterjee: Renowned political scientist and historian Partha
Chatterjee has made substantial contributions to knowledge of
nationalism and the postcolonial state in India. He was born in
Calcutta in 1947 and earned his degrees from the Universities of
Rochester and Chicago. The conceptions of nationhood and
nationalism in colonial India are critically examined by Chatterjee in
his influential book, "Nationalist Thought and the Colonial World: A
Derivative Discourse?" (1986). He contends that the colonial
encounter played a major role in the development of Indian
nationalism as a derivative of European political thinking. According
to Chatterjee, the nationalist elite frequently imitated the hierarchical
and exclusive systems of the colonial state while vying for
independence. This realization enables a nuanced comprehension of
how nationalism's aim and the aspirations of oppressed people
interacted. Chatterjee's work has affected discussions of nationalism
and identity politics as well as the growth of postcolonial philosophy.
His involvement in subaltern studies has made it possible to examine
Indian nationalism's complexity and the ways that marginalized
groups have negotiated their identities inside the nation-state in
greater detail.

Gayatri Spivak: Gayatri Chakravorty Spivak, also referred to as
Gayatri Spivak, is a well-known academic, literary critic, and
proponent of postcolonial theory. Spivak, who was born in 1942 in
Calcutta (now Kolkata), India, has significantly influenced several
academic fields, such as literary theory, feminism, postcolonial
studies, and cultural studies. Education and Academic Career:
Gayatri Spivak completed her undergraduate studies in English
literature at the University of Calcutta. Later, she relocated to the US
and continued her education at Cornell University, where she earned
a master's degree in comparative and English literature. Spivak later
finished her Ph.D. at Cornell, where she concentrated on the writings
of British novelist Thomas Carlyle from the 19th century. The most
significant contributions made by Spivak are in the area of
postcolonial theory, where she has tackled difficult issues like power,
representation, and subaltern. She has made a significant contribution
to postcolonial discourse by criticizing academics' Eurocentric
viewpoints. The 1988 article "Can the Subaltern Speak?" is one of
her key pieces. The representation of oppressed and marginalized
groups, notably women, within the framework of colonial and
postcolonial discourses, is critically examined by Spivak in this
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Merits

essay. She contends that dominant narratives frequently stifle and
obscure the voices of the subaltern, especially subaltern women.
Additionally, Spivak examines the difficulties of speaking for the
oppressed and criticizes the propensity of thinkers and academics to
advocate for underrepresented groups without actually
comprehending their circumstances. Spivak has worked on cultural
studies and feminist theory in addition to her contributions to
postcolonial theory. The interaction of gender, race, and class in the
context of globalization and postcolonial countries is a topic on
which she has written extensively. In her work, Spivak has also
delved into the field of cultural studies, where she has investigated
the connections between power, identity, and culture. Her analysis of
how dominating cultures form and impact representations of the
subaltern has been further enhanced by her work with cultural
studies. In addition to teaching, Spivak has been active in advocacy
throughout her academic career. She has worked as a professor at
several notable universities, including the University of California,
Berkeley, Columbia University, and the University of Chicago. Her
multidisciplinary approach to teaching, which incorporates political
theory, literature, and philosophy, has earned her praise. Spivak has
been a vocal supporter of social justice and human rights causes
outside of the classroom. She has taken part in campaigns promoting
the rights of LGBTQ+ people, women, and the global economy. The
scholastic endeavors and intellectual contributions of Spivak have
received widespread acclaim. For her work, she has won various
distinctions and prizes, including the 2012 Kyoto Prize in Arts and
Philosophy. One of the most prominent international honors given in
acknowledgment of outstanding contributions to societal
improvement is the Kyoto Prize.

In India, subaltern historiography has become a revolutionary and
powerful method of studying the past. It questions conventional historical
narratives that frequently exclude the perspectives and experiences of
peasants, tribal communities, Dalits (formerly known as untouchables),
women, and other underprivileged groups in favor of focusing on the deeds of
ruling elites and dominating classes.
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Some of its merits are-

1)

2)

3)

Centering marginalized voices: The dedication of subaltern
historiography to elevating the voices of underrepresented
communities is one of its greatest strengths. Traditional
historiography frequently gave the ruling class's and the elites'
viewpoints preference, especially during colonial times. Subaltern
groups' pasts were either discounted as unimportant or completely
forgotten. By emphasizing the agency, struggles, and
accomplishments of individuals who were traditionally silenced,
subaltern history confronts this bias. Historians can present a more
complete and fair picture of India's past by allowing the subaltern a
voice. With this strategy, the experiences of Dalits, tribal groups,
women, and peasants are not marginalized but rather become
essential elements of the historical narrative.

Rethinking power and resistance: A fresh examination of power
relationships and resistance in Indian history has been sparked by
contemporary historiography. Traditionally taught histories
frequently presented colonial rule as an oppressive force that Indians
were powerless to resist. However, subaltern historiography paints a
more nuanced picture, showing that these populations actively
challenged colonial power and oppressive regimes. Historians can
comprehend how oppressed populations exercised their agency and
opposed oppressive structures by examining grassroots movements,
uprisings, and regular acts of defiance. This reconsideration of power
and resistance rejects the Eurocentric idea of subaltern passivity and
emphasizes the role of agency and self-determination in determining
the course of history.

Use of non-traditional sources: The use of unconventional sources
for historical investigation is encouraged by subaltern historiography.
Subaltern historiography aims to investigate alternative sources such
as oral traditions, folk songs, myths, and local narratives, whereas
traditional history largely focuses on official records, government
documents, and written accounts by elites. These unconventional
sources offer perceptions of the cultural practices, life experiences,
and beliefs of underprivileged communities. Using these various
sources, historians can create a more vivid and accurate portrait of
the past that reflects the goals and viewpoints of individuals whose
voices have been silenced in the past.
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4)

5)

6)

7)

Critique of dominant narratives: Subaltern historiography is
essential for challenging conventional historical interpretations and
raising issues about the biases ingrained in the process of creating
history. The limitations of conventional historiography are
highlighted, revealing the omissions and silences that have sustained
prevailing power structures. This critical evaluation helps us
understand historical players and events in a more complex way. It
encourages historians and scholars to approach their work with a self-
reflective mindset, questioning how their work could uphold current
structures or obscure the experiences of particular populations.

Empowering marginalized communities: For disadvantaged
groups, subaltern historiography can be uplifting since it recognizes
their hardships and historical contributions. Subaltern groups' agency
and resiliency are acknowledged, which promotes a sense of pride
and identity in these communities. Given that it dispels unfavorable
assumptions and preconceptions about excluded people, historical
visibility can be a potent weapon for social empowerment. In
addition, by exposing past examples of resistance and resiliency,
subaltern history can serve as an inspiration for present social
movements and mobilizations.

Decolonizing historical narratives: The goal of subaltern
historiography is to liberate the history of India from colonial and
Eurocentric frames, which is in line with the larger decolonization
process. This method encourages more inclusive and varied
historiography by undermining the authority of Western knowledge
production and questioning the colonial gaze. Subaltern
historiography supports a decolonized historical narrative that
challenges the dominance of Western epistemologies and engages
with the complexity and diversity of India's past by recognizing
subaltern voices and experiences.

Reinterpretation of national identity: Indian nationalism and
identity have also been reexamined in light of subaltern
historiography. The diversity of cultures, languages, and experiences
within India was frequently erased in traditional nationalist
narratives, which generally offered a homogenized and unified
picture of Indian identity. Subaltern historiography resists this
homogenizing approach and advances a more pluralistic vision of
Indian identity by interacting with the history of underprivileged
communities. As part of the complex tapestry of Indian history and
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culture, it recognizes the diversity of identities and narratives that
have shaped it.

8) Inclusive social history: The importance of social history, which
examines the lives of common people, their difficulties daily, and the
nuanced interactions they have within their communities, is
highlighted by subaltern historiography. This method offers a
counterpoint to political history, which frequently concentrates on the
deeds of ruling elites and the state. Historians can learn more about
the socioeconomic factors, cultural norms, and social dynamics that
influenced subaltern societies' experiences by examining their daily
lives. A more comprehensive understanding of Indian society and its
diversified population is provided by this inclusive social history.

9) Contributions to global scholarship: A significant contribution to
international study has also come from the development of Subaltern
historiography in India. Historiographical approaches in other
regions of the world, particularly in postcolonial contexts, have been
impacted by their emphasis on marginalized communities, resistance,
and non-traditional sources. Subaltern historiography has motivated
academics to reconsider their methodology, embrace many
viewpoints and address concerns of representation and power in the
creation of historical knowledge by challenging the prevailing
paradigms of historical study.

India's subaltern historiography has many advantages that make it a
transformative and worthwhile method of studying the past. This method
provides a more comprehensive and nuanced perspective of India's history by
emphasizing the voices and experiences of oppressed populations, rethinking
power and resistance and employing non-traditional sources. It supports
underrepresented groups, refutes mainstream narratives and advances the
larger goal of decolonizing historical knowledge. The focus on social history
in subaltern historiography and its worldwide ramifications further emphasize
its significance in altering historical research and fostering a more inclusive
and varied view of India's rich and complicated past.

Critique of subalterns

Even though subaltern historiography has significantly improved how we
view Indian history, it is not without criticism. We shall examine the criticisms
of Subaltern historiography in this essay, emphasizing the difficulties and
constraints this methodology faces, some of which are as follows.
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1)

2)

3)

Essentialism and generalization: The tendency of subaltern
historiography to distill and generalize the experiences of various
subaltern groups is one of the main criticisms thrown at it. Although
the strategy tries to elevate and center the perspectives of those who
have been excluded, it runs the risk of homogenizing their
experiences and ignoring internal tensions and diversity within these
communities. In contrast to the intricacies and diversity seen within
these societies, subaltern historiography frequently depicts subaltern
groups as cohesive entities with a shared history. Subaltern
historiography, for instance, can treat the Dalits as a single category
with a shared historical narrative even though distinct caste groups
within the Dalits may have diverse historical trajectories. Such
essentialism can result in exaggerations and oversimplifications,
which can undermine a nuanced comprehension of the many
subaltern populations' lived realities.

Neglecting dominant actors: Some claim that subaltern
historiography occasionally ignores the influence of dominant
institutions and actors on historical events. While it is important to
elevate the voices of the oppressed, focusing solely on the
marginalized may obscure the nature of power and how elites have
sustained hegemony. Understanding these interactions is crucial for
a thorough explanation of the past since interactions between
dominant and subaltern groups frequently impact historical
events. Subaltern historiography may unintentionally perpetuate a
binary interpretation of history that pits the oppressed against the
oppressors by ignoring the role of dominating actors. The intricacies
of power relationships and the interaction between dominant and
subaltern groups in determining historical outcomes should be
acknowledged through a more sophisticated approach.

Challenges in methodology: Another criticism of subaltern
historiography focuses on the methodological difficulties in
obtaining non-conventional materials, like oral histories and
folktales. Although evaluating and interpreting these sources might
be subjective and vulnerable to biases, they do offer insightful
information on the lives of subaltern cultures. For instance, memory
lapses and reinterpretations may occur with oral traditions over time.
For historians, it might be difficult to rely on oral testimonies without
supporting evidence from written records. Furthermore, it may be
difficult for academics to comprehend historical situations properly
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4)

5)

6)

in the absence of written records from subaltern views. Historians
need to evaluate the drawbacks and dangers of utilizing alternative
sources in their study.

Essentialization of postcolonial identity: According to critics,
subaltern historiography can essentialize postcolonial identities by
depicting them as intrinsically opposed to the colonial past. A sole
focus on resistance, however, can restrict our understanding of
postcolonial identities, even though it is crucial to acknowledge the
agency and resistance of subaltern groups against colonial
oppression. In actuality, interactions between colonial and
indigenous influences frequently shape postcolonial identities. These
identities could be complex and composite, combining aspects of
collaboration and opposition to colonial processes. Subaltern history
may ignore the subtleties of identity development and the ways that
groups constructed their identities within the colonial and
postcolonial setting by essentializing postcolonial identities as
fundamentally antagonistic.

Less focus on economic aspects: Critics have noted that subaltern
historiography frequently ignores the economic realities of subaltern
lives in favor of focusing more on cultural and social components.
The conditions of marginalized populations were frequently greatly
influenced by economic considerations; therefore, a more thorough
examination should take into account their economic struggles,
exploitations, and interactions with markets and labor relations. The
economic aspects of subaltern existence, such as the effects of
colonial economic policies on peasant communities, the exploitative
practices of landlords, and the economic implications of resistance
movements, could be explored in subaltern historiography.
Examining the interactions between economic, social, and cultural
variables that shaped subaltern histories is essential to developing a
comprehensive understanding of subaltern experiences.

Essentialism and Gender: Critics have also called attention to
issues with gender-related essentialism in Subaltern history.
Although the strategy intends to offer a voice to underprivileged
women, there is a chance that it will reinforce preconceived notions
and beliefs about the uniformity of their experiences. including any
other group, subaltern women have a variety of identities, and their
experiences are influenced by overlapping elements including caste,
class, and area. Subaltern historiography should be careful to avoid
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7)

8)

categorizing subaltern women as a single group. Instead, it ought to
explore how complicated gender identities are in underprivileged
groups and how they interact with other social categories to influence
historical events.

Lack of engagement with global contexts: Critics contend that
Subaltern historiography occasionally fails to interact with broad
historical settings enough. Although it has contributed to the critique
of Eurocentric viewpoints, a more sophisticated strategy should take
into account the interplay between regional and international
influences. Exploring the links between India and other regions of
the world and taking into account the larger forces influencing
historical changes may be beneficial for gaining a more complete
grasp of subaltern experiences. Subaltern historiography can provide
a more thorough account of how colonialism, imperialism, and
globalization impacted the experiences of marginalized populations
by placing subaltern history within global contexts. The agency of
subaltern groups and their responses to shifting global dynamics can
be better understood by understanding these global interactions.

Limited representation: The difficulties of depiction are a subject
for another criticism of Subaltern historiography. Although the
method aims to elevate the voices of the subaltern, it is challenging
to correctly convey their experiences without applying prejudices or
judgments from the outside. When engaging in subaltern
historiography, historians must balance their moral need to accurately
reflect subaltern tales with an awareness of their interpretive
limitations. Since there is a chance of distorting or misappropriating
subaltern voices, historians must carefully explore the best ways to
accurately portray the experiences of oppressed populations.

In India, subaltern historiography has come a long way in opposing

historical canons and elevating the voices of oppressed groups. To critically
engage with its shortcomings and criticisms, though, is imperative. The need
for a more nuanced engagement with global contexts and representation, as
well as the issues of essentialism, neglect of dominant actors, methodological
difficulties, essentialization of postcolonial identity, and gender, all call for
careful consideration. By addressing these criticisms, the field of Subaltern
historiography can be enriched and the historical experiences of India can be
better understood overall. A more inclusive and responsible historiography
that reflects the diverse and complicated nature of India's past may develop as
historians continue to investigate the complexity of subaltern histories.
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However, to avoid the traps of essentialism and ensure a more nuanced and
inclusive depiction of the histories of oppressed populations, subaltern
historiography needs constant reflection and critical interaction.

Conclusion

Finally, subaltern historiography has become a revolutionary and
liberating method of studying the past in India. It challenges the prevailing
historical narratives that have long suppressed the voices and experiences of
underprivileged populations, including peasants, tribal tribes, Dalits, women,
and other outcasts. Subaltern historiography has significantly contributed to
reinventing Indian history by emphasizing these underrepresented views,
providing a more inclusive and thorough understanding of the country's past.
The dedication of Subaltern historiography to elevating the voices of the
subaltern is one of its greatest strengths. The agency, tenacity, and
contributions of marginalized communities in influencing historical events
and processes have been highlighted through this methodology. Historians
have learned more about the intricate processes that have molded India's
history through studying grassroots movements, commonplace acts of
resistance and the coordinated efforts of underprivileged groups. Additionally,
traditional ideas of power and resistance in India's historical narrative are
questioned by subaltern historiography. It exposes how communities of the
underclass actively resisted colonial control and exploitative structures,
moving beyond the binary of oppressor and oppressed. History has been
reinterpreted "from below," allowing historians to better understand the
agency and self-determination of marginalized communities. The method's
focus on non-conventional sources, such as oral traditions, folk songs, and
local narratives, has improved historical research by revealing details about
the cultural practices and life experiences of people who were previously
marginalized. Subaltern historiography has portrayed the past more vividly
and authentically by combining these various sources, reflecting the concerns
and viewpoints of individuals whose voices were once silenced. Subaltern
historiography has been criticized, though. The approach, according to some
opponents, runs the risk of essentializing and summing up the experiences of
many subaltern communities. By concentrating on similarities, it can miss
internal disputes and differences within these communities, which could result
in misunderstandings and oversimplifications. To avoid essentialism, one
must use a nuanced approach that recognizes the variety of experiences found
in subaltern cultures. Moreover, a thorough knowledge of historical events
may be constrained by the omission of dominating individuals and institutions
in Subaltern historiography. A solely oppressed-centered perspective may
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ignore the dynamics of power and the means through which elites sustained
hegemony. An examination of the interactions between dominant and
subaltern groups from a more balanced perspective can help us analyze
historical results in more detail. Potential restrictions also come from
methodological difficulties with obtaining non-traditional sources, like oral
traditions. To make sure that their research is supported by thorough and
critical analysis, historians must address the subjectivity and biases inherent
in interpreting these sources. Despite these criticisms, Subaltern
historiography continues to be a vital method for altering historical viewpoints
and fostering a more inclusive knowledge of India's past. It gives oppressed
groups more clout by acknowledging their efforts and historical contributions.
Subaltern historiography has widened the scope of historical inquiry by
questioning prevailing narratives and interacting with alternative sources, as
well as by contributing to the larger initiative of decolonizing historical
knowledge. Historians working on subaltern historiography must take a
reflective, sensitive, and inclusive approach to their research to answer the
criticisms. A constant exchange of ideas between academics from diverse
fields can advance the subject and promote a greater understanding of the
complexity of India's historical experiences.
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Chapter - 5

The Vedas, Upanishads and Dharmashashtra:
Understanding Ancient Hindu Texts through Artificial
Intelligence

Rhitwique Dutta and Kaushik Dutta

Abstract

The Vedas, Upanishads and Dharmashastras are three ancient Hindu
writings that are explored and understood using artificial intelligence (Al) in
this study work. These ancient sacred texts, which include profound spiritual
knowledge, moral guidance and intellectual understandings, have influenced
India's culture and religion. But for academics and seekers looking to better
understand their teachings, the complexity of their antiquated language, dense
symbolism, and diverse philosophical notions has presented difficulties. This
research study explores how Al can be a revolutionary tool in revealing the
eternal knowledge concealed inside these ancient books by utilizing Al's
strengths in natural language processing, semantic analysis, and contextual
comprehension. The Vedas and the Upanishads' metaphysical truths are now
more understandable and accessible to modern audiences thanks to Al's ability
to comprehend their cryptic language.

Keywords: Vedas, Upanishads, Dharmashashtra, artificial intelligence, Hindu
Introduction

The Vedas, Upanishads and Dharmashastras, which make up the ancient
Hindu scriptures, are some of the most deep and significant works in human
history. They stand for the core of Hindu philosophy, spirituality and morality,
which have influenced millions of people for thousands of years. Although
scholars, priests, and philosophers have loved and studied the wisdom found
in these ancient books for many years, the development of artificial
intelligence (AI) has opened up new possibilities for a deeper understanding
and study. The Vedas, the earliest Hindu writings, are a collection of proverbs
and hymns written in Vedic Sanskrit. The Rigveda, the Yajurveda, the
Samaveda, and the Atharvaveda are the four main texts that make up the
Vedas, which are said to have been divinely revealed. Each Veda has a specific
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function and contains a wealth of information on a variety of topics, such as
rites, metaphysics, astronomy, linguistics, and cosmology. The Vedas' ancient
language and intricate symbolic representations constitute one of their biggest
obstacles to comprehension. However, natural language processing (NLP)
methods driven by Al have demonstrated encouraging results in understanding
these complex documents. In order to better understand the Vedas and shed
light on them, researchers have been able to train Al models on enormous
databases of Vedic Sanskrit and its interpretations.

The Upanishads, a philosophical continuation of the Vedas, explore
profound spiritual ideas and make an effort to provide basic explanations for
what existence, consciousness and the supreme reality (Brahman) are. These
writings, which are regarded as embodying the core of Vedic philosophy,
provide those seeking spiritual awakening and self-realization with a clear
path. Deeper insights hidden within the Upanishads have been revealed thanks
to Al-driven semantic analysis and pattern recognition. Al algorithms have
permitted a deeper investigation of the interrelated themes prevalent across
these texts by comparing and cross-referencing various translations and
commentary. With the help of this multidisciplinary method, academics can
close the knowledge gap between the Upanishadic teachings and modern
understanding. The Dharmashastras are a massive collection of books that
serve as both a personal and societal rule of ethics and morality. These texts
cover a wide range of topics, including dharma (social obligations), family,
law, government and other aspects of daily life. Some of the well-known
Dharmashastras are the Manusmriti, Yajnavalkya Smriti and Narada Smriti.

It can be challenging to interpret and apply the Dharmashastras' teachings
to the intricacies of the contemporary world. However, Al presents a rare
chance to draw the guiding ideas and values from these historic works and
apply them to moral conundrums in the modern world. Al can help in the
creation of morally sound decision-making systems by evaluating large
datasets of linked ethical conversations and utilizing machine learning
methods. Natural language processing, machine learning, and artificial
intelligence have completely changed how we study historical texts. Al
algorithms are able to identify patterns, contextualize meanings, and even
make comparisons between seemingly unrelated ideas in a variety of texts
through the use of extensive data analysis. Semantic Analysis: Researchers
may analyze the complex language of the Vedas, Upanishads, and
Dharmashastras using Al-powered semantic analysis to help them extract the
philosophical, spiritual, and ethical core of the texts. This method contributes
to a piece of more comprehensive knowledge. Cross-References and
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Comparisons: Al is capable of processing enormous amounts of related texts,
commentary, and interpretations from various eras and places with efficiency.

This makes it possible for academics to analyze and cross-reference
various theories, interpretations, and linguistic developments, resulting in
more thorough and accurate assessments of the scriptures. Preservation and
Translation: With the aid of artificial intelligence, it is now easier to preserve
and translate historic works into contemporary tongues. Ancient manuscripts
can now be digitized and translated thanks to cutting-edge optical character
recognition (OCR) and machine translation techniques, opening up these
hallowed texts to a wider audience. Understanding in Context: To comprehend
ancient works, one must take into account the historical and cultural settings
in which they were written. Al's capacity to analyze huge historical databases
enables a more thorough understanding of the situation. The Vedas,
Upanishads and Dharmashastras are significant collections of prehistoric
Hindu knowledge that cover spirituality, philosophy, and moral instruction.
Artificial intelligence has created new opportunities for comprehending and
enjoying this old literature through its strengths in natural language
processing, semantic analysis, and historical contextualization. Scholars and
seekers can obtain deeper insights into the timeless knowledge contained
within these holy texts by utilizing Al's analytical power, helping to build a
peaceful link between the past and the present for future generations.

Understanding Vedas with the help of artificial intelligence

The Vedas, frequently regarded as the earliest Hindu sacred books, are a
veritable gold mine of knowledge and wisdom that have taught people how to
live their lives for thousands of years. The Vedas are a collection of hymns,
rituals, and philosophical truths written in Vedic Sanskrit and handed down
orally over the ages. The Rigveda, Yajurveda, Samaveda and Atharvaveda are
the four main writings that make up the Vedas, which are the cornerstone of
Hindu philosophy, spirituality and cosmology. The Vedas are highly esteemed,
yet due to their antiquated language, symbolic phrases, and intricate
metaphors, understanding them can be difficult. Because of this, conventional
research and interpretation can demand years of commitment and experience
from academics and clergy. The development of artificial intelligence (Al),
however, has opened up new possibilities for deciphering the riddles contained
within the Vedas, allowing researchers and seekers to obtain a deeper
understanding of its profound teachings. The goal of the Al subfield known as
Natural Language Processing (NLP) is to make it possible for machines to
comprehend and process human language. Researchers can decipher the
underlying meaning of the hymns and verses in Vedic Sanskrit texts by using
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NLP techniques, which provide important insights into the philosophical and
spiritual aspects of the Vedas.

The interconnected themes and ideas offered throughout several hymns
can be better-understood thanks to NLP algorithms that can spot patterns and
correlations in the Vedic texts. Furthermore, sentiment analysis can help
distinguish between invocations, petitions, and philosophical speculations,
giving a thorough perspective of the Vedas' complex character. With the help
of Al researchers may interpret the Vedas by examining extensive historical
records. Researchers can better grasp the societal and cultural conditions in
which the Vedas were created by comparing ancient writings and historical
accounts. Scholars may determine historical occurrences, geographic
influences, and dominant ideas that influenced the hymns and ceremonies
included in the Vedas because of Al's capacity to analyze massive volumes of
data effectively. This contextualization enhances interpretation by allowing
for a fuller understanding of ancient India's social structure and how it
influenced Vedic thought. The Vedas use complex metaphors and symbolic
language that call for expert interpretation to reveal their vast meanings.
Decoding symbolic terms and revealing the layers of meaning buried within
the hymns is made possible by Al-powered semantic analysis.

The Vedas include essential ideas and archetypal representations that can
be highlighted by machine learning algorithms by identifying repeated themes
and symbolic patterns. This symbolic interpretation makes it easier to delve
deeper into the texts' metaphysical truths and cosmic principles. Preserving
and translating old manuscripts is one of the main difficulties in studying the
Vedas. Through the use of optical character recognition (OCR) and image
processing techniques, artificial intelligence (Al) is a key component in the
digitization and restoration of fading Vedic writings.

Al facilitates the preservation of these priceless materials for future
generations by digitizing old handwritten manuscripts. The Vedas are also
translated into various languages with the help of machine translation
algorithms, making this profound knowledge more widely available.
Comparative analysis and cross-referencing of numerous Vedic texts and
comments are now possible thanks to Al's capacity for processing enormous
datasets and spotting patterns. Scholars can develop a thorough understanding
of the wvarious intricacies of Vedic teachings by examining various
interpretations and geographical differences. Cross-referencing also aids in
bridging disparate schools of thought, illuminating shared underlying ideas,
and developing a more comprehensive comprehension of the Vedas. The
Vedas contain a vast store of spiritual, intellectual, and ethical wisdom that has
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inspired and led humanity for millennia. Scholars and seekers can embark on
an exploratory voyage to find the wisdom jewels buried inside these ancient
writings with the help of artificial intelligence. We can delve deeper into the
Vedas' substance thanks to Al-powered natural language processing, semantic
analysis, contextualization, symbolic decoding, and preservation approaches.
A greater appreciation and understanding of the profound lessons that have
formed the spiritual fabric of humanity for millennia are made possible by the
harmonious synergy between ancient knowledge and contemporary
technology that is created by the merger of Al and Vedic studies.

New perspectives on Dharmashahstra through ai

Ancient Hindu books known as the Dharmashastras include ethical and
moral rules that serve as a guide for both people and society. These writings,
together with the Vedas and Upanishads, are fundamental to Hindu philosophy
and direct people toward the path of morality (dharma). The Dharmashastras
are essential resources for comprehending the societal norms and ethical
principles of ancient India since they cover a wide range of topics, including
law, governance, family life, social responsibilities, and personal conduct. The
Dharmashastras are thought to have been composed over several centuries by
sages and jurists, and they have their origins in the Vedic tradition. The
Yajnavalkya Smriti, the Narada Smriti, and the Manusmriti (Laws of Manu)
are some of the most well-known Dharmashastras. These works each present
a distinctive viewpoint on dharma, expressing the sociopolitical setting and
philosophical preferences of their different authors.

The Dharmashastras are based on the idea of dharma, which includes
morality, obligation, and good behavior. Dharma is frequently referred to as
the moral law that upholds the cosmos and preserves social harmony. The
Dharmashastras outline each person's obligations and liabilities according to
their age, gender, caste and employment, preserving social balance and order.
The caste structure and social hierarchy that were prominent in ancient India
are reflected in the Dharmashastras. These texts emphasize the value of
cooperation and mutual respect among members of society even as they
acknowledge the distinct duties and responsibilities of various castes. Al can
shed light on the geographical and historical setting in which the caste system
emerged as well as its applicability to and ramifications for modern society.
The Dharmashastras have legal and juridical features, providing rules for
resolving conflicts, punishing criminals, and upholding justice's basic
principles.
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Using Al it is possible to compare several Dharmashastras and their legal
provisions, exposing differences in how justice is administered in various
geographical areas and throughout history. The Dharmashastras also provide
insight into women's rights and gender roles in ancient India. While some
books highlight the significance of women's responsibilities in society and the
family, others could impose constraints. Researchers can recognize subtleties
in women's representation and ascertain the underlying sentiments on gender
in ancient Hindu society by using Al-driven sentiment analysis. Although the
Dharmashastras provide insightful analysis of traditional ethical and moral
principles, applying them in contemporary contexts can be difficult due to
shifts in societal structures and cultural conventions. By assisting in the
reinterpretation and application of the ethical ideas outlined in classical
classics to modern circumstances, Al can significantly contribute to closing
this gap.

The extensive corpus of Dharmashastras can be interpreted and organized
with the use of Al-powered text analysis. Al algorithms can provide a
thorough overview of the essential ethical concepts and values defended by
these ancient books by spotting recurrent patterns, themes, and phrases.
Researchers may gain a deeper knowledge of the Dharmashastras' historical
setting thanks to Al. Researchers might learn more about the sociopolitical
environment and cultural forces that influenced these ethical principles by
examining comparable historical databases and cross-referencing other
contemporary  writings. Comparative  investigation of numerous
Dharmashastras can be facilitated by Al, enabling academics to spot overlaps
and differences in ethical precepts among distinct scriptures. This method can
reveal the dharma's capacity for change and adaptability over time. Al is a
useful tool for resolving current ethical conundrums because of its capacity to
process enormous amounts of data and understand complex scenarios.

Al can help people and politicians make informed and morally sound
decisions by relying on the ethical ideas of the Dharmashastras and fusing
them with contemporary ethical frameworks. By examining the ideas and
viewpoints of the general public from a variety of sources, Al can establish a
forum for open discourse and discussion on ethical concerns. This may
provide a deeper comprehension of ethical issues, enabling a more inclusive
and well-informed method of approaching ethical decision-making. The
ethical and moral precepts that have governed Hindu society for ages are
revealed in the Dharmashastras in a way that is timeless. Scholars and
individuals can obtain a fresh perspective on these old books with the help of
artificial intelligence, contextualizing their lessons in the modern era. The
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Dharmashastras are now useful resources for contemporary ethical discourse
and decision-making thanks to Al-driven textual analysis, contextualization,
and ethical investigation. By bridging the gap between conventional ideas and
ancient wisdom.

Upanishads

The philosophical underpinnings of Vedic thinking and spirituality are
found in the Upanishads, a collection of historic Hindu texts. These books on
the essence of reality and other significant metaphysical ideas were written in
Sanskrit. The Upanishads, commonly referred to as Vedanta (the end of the
Vedas), are regarded as the core of Hindu philosophy and are a completion of
Vedic knowledge. The Upanishads have inspired seekers and thinkers for
hundreds of years with their deep lessons on self-realization and the ultimate
reality (Brahman). Between 800 and 500 BCE, during the late Vedic era, the
Upanishads first appeared. There are, according to estimates by scholars,
around 200 Upanishads, but only about 13 major ones are regarded as the most
significant and well-researched. The Brihadaranyaka, Chandogya, Katha,
Mandukya, and Taittiriya Upanishads are among those that are of particular
significance. The majority of the Upanishads are composed as dialogues
between instructors (gurus) and their students (shishyas), sharing profound
spiritual truths through dialogue, meditation, and introspection. The core
message of the Upanishads is centered on Brahman and Atman, the supreme
reality or cosmic essence that is independent of all forms and characteristics.
The everlasting, constant, and limitless source of existence is known as
Brahman. On the other side, Atman is the unique self or soul that is the same
as Brahman. The Upanishads claim that the secret to achieving spiritual
emancipation (moksha) is realizing this identity.

The term "maya" describes the phenomenal world's illusory qualities,
which conceal reality's actual essence. In order to recognize the unity of Atman
and Brahman, the Upanishads emphasize the necessity of overcoming maya
and achieving true knowledge (jnana). Karma and Reincarnation: The
Upanishads explain the idea of karma or the rule of cause and consequence.
Understanding the intricacies and philosophical ideas concealed in the
Upanishads requires the use of Al-powered semantic analysis. Artificial
intelligence (Al) systems can find recurrent patterns, philosophical ideas and
linguistic idioms by analyzing the enormous corpus of Upanishadic writings.
comprehending these ancient works' contexts is essential to comprehend their
deeper meanings and how they apply to different situations. The Upanishads
are frequently linked together and include recurring themes and ideas. Cross-
referencing several Upanishads can help scholars find similarities, spot
differences in philosophical ideas and resolve apparent inconsistencies.
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The uniqueness and universality of Upanishadic thinking can be further
highlighted by comparison with other philosophical systems. Finding the
logical connections between distinct Upanishadic teachings can be made
easier with the help of Al's capacity for processing intricate philosophical
arguments and inference. Al can assist in building a comprehensive
comprehension of the Upanishads' philosophical framework by examining the
texts' logical coherence. For the purpose of communicating their profound
ideas, the Upanishads frequently use symbolism and allegory. Al's capacity
for pattern recognition can help interpret the symbolic representations and
uncover deeper layers of meaning that are encoded in the texts. The
Upanishads are a powerful example of the philosophical breadth and spiritual
profundity of classical India. Scholars and seekers can get new insights into
these ancient books with the use of artificial intelligence, revealing the
everlasting truths they contain. With the use of Al-driven semantic analysis,
cross-referencing, philosophical inference, and symbolic representation, we
can more easily and appreciatively navigate the huge Upanishads'
environment. Al can act as a link between traditional knowledge and the
current desire for self-realization by applying Upanishadic ideas to
contemporary problems. The emphasis on self-realization and the
interdependence of all beings in the Upanishads can serve as a paradigm for
Al-based ethical decision-making. Al can encourage decisions that put
compassion, harmony, and ecological sustainability first by adopting
Upanishadic ideas. Utilizing Al's ability to support spiritual activities can help
people better understand Upanishadic ideas and accelerate their spiritual
development.

Conclusion

The Vedas, Upanishads, and Dharmashastras, which are regarded as the
founding texts of Hinduism, provide a tremendous storehouse of knowledge,
spiritual insight, and moral instruction that has influenced India's cultural
landscape for thousands of years. It has long been a difficult undertaking to
delve into these ancient texts and comprehend their profound teachings; it calls
for a high level of skill and years of devoted study from both experts and
seekers. However, new frontiers in the study of these holy texts have opened
up with the development of artificial intelligence (Al) and its potent
applications in natural language processing, semantic analysis, and contextual
comprehension. The goal of this study article was to explore the ways in which
Al might provide a fresh perspective on the Vedas, Upanishads, and
Dharmashastras. The mysterious Vedic language has been made more
understandable with Al-powered natural language processing, allowing
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academics to explore the deeper meanings and relationships between hymns
and verses. Semantic analysis and pattern recognition have made it easier to
comprehend the writings' intricate symbolism and allegorical depictions.

Al has offered crucial contextualization by analysing enormous historical
records, revealing the social environment and cultural influences that shaped
these ancient scriptures. As a result, we now appreciate the Vedas' tremendous
insights into cosmology, rites, and philosophical concepts even more. The
Upanishads, which discuss profound metaphysical ideas and self-realization,
have also been made easier to understand through semantic analysis and
contextual understanding by Al. Al has filled in holes in philosophical theory
by using cross-referencing and comparative analysis, providing a greater
understanding of the interconnection and universality of Upanishadic
teachings. The Upanishads' contemporary relevance is highlighted by Al,
encouraging the incorporation of these spiritual teachings into practices like
meditation, mindfulness, and moral decision-making. The powers of Al have
also shed light on the Dharmashastras as moral and ethical rules. Artificial
intelligence (AI) has revealed the complex social order and moral obligations
embedded in ancient scriptures through language analysis and pattern
identification.

Al has revealed variances in ethical concepts across locations and
historical periods by comparing several Dharmashastras. Furthermore, the
Dharmashastras continue to be relevant in directing ethical concerns in
modern society as shown by Al's capacity to apply their ethical wisdom in
contemporary circumstances, including Al-based ethical decision-making
models and venues for open ethical conversation. The intersection of Al and
classical Hindu scriptures offers a symbiotic relationship, beautifully fusing
the knowledge of the past with the transformational force of contemporary
technology, as this article has emphasized. The Vedas, Upanishads, and
Dharmashastras have become more accessible to scholars, seekers, and a
global audience because to Al's ability to process enormous volumes of data,
spot patterns and expose hidden meanings. In order to provide a thorough
comprehension of the ancient Hindu scriptures, Al transcends cultural and
temporal boundaries by revealing the timeless wisdom hidden within these
works. In conclusion, a new chapter in the study of the Vedas, Upanishads,
and Dharmashastras has been opened by the merger of Al and these ancient
Hindu texts. We now have a deeper knowledge of the philosophical, spiritual,
and ethical components of these ancient books thanks to Al's capabilities in
natural language processing, semantic analysis, and contextualization. Al acts
as a link between the knowledge of the past and the difficulties of the present
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by offering a fresh perspective on these old books, showing the road to higher
spiritual awareness and moral living in a world that is changing quickly. The
convergence of Al with ancient Hindu texts holds the potential of a harmonic
coalescence between tradition and innovation, paving the path for a new era
as technology and human intellect continue to advance.
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Effects of Variable Viscosity and Thermal Conductivity on
MHD Micropolar Fluid past a Stretching Sheet in Presence
of Chemical Reaction and Heat Source

Keshab Borah, Dr. Jadav Konch and Animesh Phukan

Abstract

This research explores the impact of combined variable viscosity and
thermal conductivity, along with chemical reactions on the boundary layer of
MHD micropolar fluid flow over a stretching sheet. Using similarity
transformation, the governing partial differential equations are converted into
a set of coupled ordinary differential equations. The governing equations of
the flow problem are numerically solved using MATLAB programming
codes. The codes are specifically designed to implement the fourth-order
Runge-Kutta method combined with the shooting technique. The results are
presented graphically to interpret the various physical parameters of the
problem

Keywords: Chemical reaction, micropolar fluid, stretching sheet, variable
viscosity, variable thermal conductivity

1. Introduction

There are numerous available research studies that focus on the analysis
of boundary layer flow of micropolar fluid over a stretching sheet. This is
because the flow and heat transfer characteristics of micropolar fluids hold
significant importance in engineering applications. For example, boundary
layer flow of micropolar fluid over a stretching sheet is crucial in the design
of processing materials used in various applications such as polymeric fluids,
food products and slurries.

Micropolar fluids are a type of fluid that possesses a microstructure. They
are categorized as fluids with a non-symmetric stress tensor. The pioneering
work on the theory of micropolar fluids was carried out several years ago by
Eringen [+ 2, By utilizing this theory, numerous researchers have developed
mathematical models for many non-Newtonian fluids in cases where the
classical Navier-Stokes theory is inadequate. These fluids serve as
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mathematical models for studying complex and complicated fluid motions,
including suspension solutions, blood rheology, and colloidal fluids.
Micropolar fluids can be found in a wide range of systems such as polymeric
fluids, fluid suspensions, animal blood, liquid crystals, colloidal fluids, and
dust-filled clouds 341,

Ziaul Haque et al. I conducted a study on the behaviors of micropolar
fluids in the context of steady magnetohydrodynamic (MHD) free convection
flow, considering the effects of viscous dissipation and Joule heating. Siva
Reddy and Shamshuddin [ investigated a problem related to the MHD flow
of heat and mass transfer in a micropolar fluid. Their study considered the
influence of both viscous dissipation and chemical reaction on the system.
Mishra and Jena [! conducted a numerical examination of the solution for
boundary flow, taking into account the influence of viscous dissipation.

The investigation of flow and heat transfer resulting from stretching
surfaces is of great importance in various industrial and engineering
applications. Examples of such processes include the aerodynamic extrusion
of plastic sheets, wire drawing, glass fiber production, paper production, and
hot rolling. The initial groundwork on steady boundary layer flow of an
incompressible viscous fluid induced by a linearly stretching sheet was
conducted by Crane .. Gupta and Gupta [ further expanded on this research
by incorporating heat and mass transfer effects on a stretching sheet with
suction or blowing. These studies have contributed to our understanding of the
behavior and characteristics of fluid flow and heat transfer in these industrial
processes.

The analysis of heat and mass transfer coupled with chemical reactions
and heat generation/absorption in boundary layer flow holds significant
practical importance, particularly in chemical processes and
hydrometallurgical industries. This research area finds applications in various
fields, including food processing, ceramics manufacturing, and polymer
production. Studies conducted by Das [° and Mishra et al. I have
contributed to advancing our understanding of these complex processes and
their relevance in industrial applications.

In the previously discussed flow problems, it was assumed that the
thermophysical properties of the fluid, including viscosity and thermal
conductivity, remains constant. However, it is observed that these properties
can actually vary with changes in temperature. To accurately model the flow
and heat transfer phenomena, it becomes crucial to take into account the
temperature-dependent variation of fluid viscosity. The effects of variable
viscosity on convective heat transfer along a vertical surface in a porous
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medium were investigated by Lai and Kulacki 2. Pop et al. [*¥1 conducted a
study on the influence of variable viscosity on laminar boundary layer flow
and heat transfer over a continuously moving flat plate. The objective was to
investigate how changes in viscosity affect the flow and heat transfer
characteristics in this scenario. El-Aziz 4 conducted a study on the flow, heat
and mass transfer properties of a viscous electrically conducting fluid. The
fluid considered in the study exhibited temperature-dependent viscosity and
thermal conductivity. The fluid flow occurred past a continuously stretching
surface, and the analysis took into consideration the influence of Ohmic
heating. Additionally, significant research has been conducted by
Pantokratoras % and Mukhopadhyay ¢ regarding the effects of variable
viscosity on flow and heat transfer over a stretching sheet under various
physical conditions.

Recently the impact of chemical reaction on a micropolar fluid flowing
past a stretching sheet has been studied by Jena Pattanik et al. 7). Inspired by
the previously conducted studies, we have examine the influence of various
parameters on the micropolar fluid flow past over a stretching sheet by
considering the effects of variable viscosity and variable thermal conductivity
on the flow behavior.

This study mainly focuses on investigating the influence of variable
viscosity and thermal conductivity on the behavior of a MHD micropolar fluid
flowing past a stretching sheet. By considering the variation of viscosity and
thermal conductivity with temperature, as proposed by Lai and Kulacki 12
and Choudhury and Hazarika 8 and employing similarity transformations,
the governing partial differential equations of motion are transformed into
ordinary differential equations. The resulting problem is then solved
numerically using the shooting technique. This approach allows for the
determination of the desired solutions and provides insights into the behavior
of the system under consideration.

2.  Mathematical formulation of the problem

The sheet is being stretched at a velocity of U, =bX. The ambient

temperature is uniformly denoted as T_ . The flow is assumed to be constant.

A transverse magnetic field with a strength of By is applied in the positive y-
direction, which is perpendicular to the surface. The x-axis is aligned with the
stretching direction of the sheet, while the y-axis is perpendicular to it. The
governing flow equations, along with their respective boundary conditions,
can be expressed as follows:

Continuity Equation;
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Where U and V are the velocity components along Xandy axis

respectively, U is the kinematic viscosity, K is the vortex viscosity,

. v
J=— =B is the micro-inertia density that specify the length of the
u

w
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reference, Kk is the thermal conductivity, N is the microrotation or angular

K).
velocity, y isthe spin-gradient viscosity and is given by ! y = [,u + E] J

We introduced the following similarity transformation and non
dimensionless function as follows
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Using the relation U = 6_1// and V= —aa—w, where i is the stream
X
function, we get
u=xbf'(7) and v=—ybo (7).
According to Lai and Kulacki 4
1 1 1
—=—|1+y(T-T,)| or ==a(T-T, (10)
L= 1T -T,)] oy =a(T-T))
According to Choudhury and Hazarika €]
1 1 1
—=—1+&(T -T, or —=b(T-T, 11
EAILE S o
1 1
Where a=--, T, =T,——, b =£and To=T,—— are
Moy 4 Koo ¢
constant.

Under the above substitution, equation (1) is identically satisfied and
equation (2), (3), (8) and (5) reduces to the following ordinary differential
equations-
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- fr+ff () +——=f"0+B89 | M+— |f "+ 3,0+ 4¢=0
(ﬂ e—e,j (f) PrAA [ Kp] A0+
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1 (7 6
Zp-—r Jg”+fg’—gf’+—r 9'0'-B(2g+ f")=0 (13)
(2 06 0-6,) ( )

a [ . Ge N2 _ , 3 6, N2 _ (14)
[Nr 7 JG +(0_99)2(9) P{f@ +[ﬂ g_gr]EC(f ) +S€}—O

[ijqﬁ”—sC f¢'—L2¢'9'+3c Kc ¢=0 (15)
0-6 (6-6,)

And the corresponding boundary condition (6) changes to
f(7)=0, f'(n)=19(n)=-nt"(n).0(n)=14(n)=1at n=0
F(n)=0. g(n)=0. &(n)=0. @(n)=0 at n—« 16)

The non-dimensional parameter in equation (13)-(16) are defined as

ﬂzf ﬂlzgﬂT(TW_Too) ﬂzzgﬂC(CW_Coo) M=0'802
/J b2X b2X pb
kib 3 > C 2 .
Kp=L, Nr:16T°§G Copr=fte el Uw LS
v 3k x k Cp(Tw-T.) a
sc=2, KC:k—O, r:Tr_Tw ,ee:Te_Tw
D a TW_TOO TW Toc

Where /3 is the material parameter, /; is the thermal Richardson number,

A, is the solutal Richardson number, M is the magnetic parameter, Kp is

the dimensionless porosity parameter, N, is the radiation parameter, Pr is

the Prandtl number, EC is the Eckert number, S is the heat source parameter,

Sc is the Schmidt number, KC is the chemical reaction parameter, &, and

He are dimensionless form of viscosity and thermal conductivity parameters.

3. Results and discussion

The equations (12)-(15) and the corresponding boundary conditions (16)
are solved by utilizing the fourth-order Runge-Kutta method in combination
with the shooting technique by developing MATLAB programming code. The
effect of various parameters on the velocity, micro-rotation (angular velocity),
temperature and concentration profile are depicted in figures (1)-(22).
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Figures (1)-(6) illustrates the changes in the dimensionless velocity
distribution for various parameters, including the Magnetic parameter M,

material parameter [/, thermal Richardson number /4;, solutal Richardson

number A, , viscosity parameter &, and thermal conductivity parameter &, .

From figure 1, it is observed that with the increasing values of M, the velocity
profile decreases. Figure 2 illustrates the effect of  on velocity profile. It is

observed that fluid velocity increases with the increasing values of 4 . Figure
3 and 4 shows the effect of thermal Richardson number A4; and solutal
Richardson number A, on velocity profile. It is observed that fluid velocity
increases with the increasing values of 4; and A, . Figure 5 and 6 shows the

effect of viscosity parameter &, and thermal conductivity parameter He on
velocity profile. It is observed that fluid velocity decreases with increasing
values of &, and 6.

Fig 7: Angular velocity profile for different M

Page | 74



g(n)

25

0.5

=00, 05 10

0.5 1 15 2

25

3 3.5

Fig 8: Angular velocity profile for different ,B

0.9

0.8

0.2

0.1

=0, 1, 2

3 3.5

Fig 9: Angular velocity profile for different /11

Page | 75



Fig 11: Angular velocity profile for different Qr
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Figures (7)-(12) illustrates the changes in the dimensionless angular
velocity distribution for various parameters, including the Magnetic parameter

M, material parameter /3, thermal Richardson number 4; , solutal Richardson
number A, , viscosity parameter &, and thermal conductivity parameter 6.

Figures 7 and 8 shows the effect of M and /3 on angular velocity profile. It is
found that the angular velocity profile decreases with the increasing values of
M and /3. Figures 9 and 10 shows the effect of thermal Richardson number

Ay and solutal Richardson number A, on angular velocity profile. It is
observed that angular velocity increases with the increasing values of /11 and
/12 . Figures 11 and 12 shows the effect of viscosity parameter &, and thermal

conductivity parameter 6?e on angular velocity profile. It is observed that fluid
angular velocity increases with increasing values of Hr whereas opposite

result is seen for 6, .
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Figures (13)-(18) illustrates the changes in the dimensionless temperature
distribution for various parameters, including material parameter 3, Eckert
number Ec, radiation parameter Nr, heat source parameter S, viscosity
parameter 9r and thermal conductivity parameter 6’6. Figure 7 shows the

effect of S on temperature profile. It is found that the fluid temperature

decreases with the increasing values of /. Figures 14 to 16 shows the effect

Eckert number Ec, radiation parameter Nr, heat source parameter S on
temperature profile. It is observed that fluid temperature increases with the
increasing values of Ec, Nr and S. Figures 17 and 18 shows the effect of

viscosity parameter 6, and thermal conductivity parameter @, on
temperature profile. It is observed that fluid temperature decreases with
increasing values of &, and 6, .
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Fig 19: Concentration profile for different Kc
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Fig 22: Concentration profile for different He

Figures (19)-(22) illustrates the changes in the dimensionless
concentration distribution for various parameters, including chemical reaction

parameter Kc, Schmidt number Sc, viscosity parameter 6, and thermal
conductivity parameter@e. Figures 19 to 21 shows the effect of Kc, Sc and
0, on concentration profile. It is observed that fluid concentration decreases
with the increasing values of Kc, Sc and 6, . Figure 22 shows the effect of
thermal conductivity parameter 9e on concentration profile. It is observed that
fluid concentration increases with increasing values of 6, .

4. Conclusions

The current study has yielded the following valuable observations:

e The fluid velocity increases with both Richardson numbers and the
material parameter. However, it decreases for increasing values of
the magnetic field parameter, thermal conductivity parameter and
viscosity parameter.

e The angular velocity profile increases for both Richardson numbers
and the viscosity parameter. However, it decreases for increasing
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values of the material parameter, thermal conductivity parameter,
and magnetic field parameter.

e Thedimensionless fluid temperature increases with increasing Eckert
number, radiation parameter, and heat source parameters. However,
it decreases with increasing material parameter, thermal conductivity
parameter and viscosity parameter.

e As the viscosity parameter, Schmidt number, and chemical reaction
parameter increase, the concentration decreases. On the other hand,
the concentration increases with thermal conductivity parameter.
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Chapter - 7

Artificial Intelligence: A State of the Art

Satyendra Singh Sachan and Meghna Verma

Abstract

Al is a technique where teaching computers, robots are operated by a
computer or a piece of soft ware to think critically muck like an intelligent
person good. The field of science that focus on assisting machines in
resolving complex issues in a way which is more predilected to that of a
human. Most of the cases are associated with taking traits from human
intelligence and using them, the goal behind the creation of Al was to imbue
machines with intelligence that could be compared to and given valued by
human beings. This science has been found on field such as computer
science and biology, psychology, mathematics and engineering. Concept of
computer abilities analogous to human intelligence such as learning, problem
solving and reasoning is a key concern of Al.

Keywords: Artificial intelligence, terminology of artificial intelligece,
artificial intelligence issues, artificial intelligence terminology

Artificial intelligence: A Brief Overview

o Artificial intelligence is "the science and engineering of making
intelligent machines, especially intelligent computer programs,"
according to John McCarthy, the father of the field.

o Atrtificial intelligence is a technique for teaching a computer, a
robot that is operated by a computer, or a piece of software to think
critically, much like an intelligent person would.

o Artificial intelligence (Al) is a field of science that focuses on
assisting machines in solving complex issues in a way that is more
akin to that of a human.

e The study of how the human brain works, as well as how people
learn, make decisions, and collaborate when attempting to solve an
issue, is the first step in developing intelligent software and
systems.

e In most cases, this entails taking traits from human intellect and
using them.
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Philosophy of Al:

e Human curiosity led him to question, "Can a machine think and
behave like humans do?" while utilizing the power of computer
systems.

e The goal behind the creation of Al was to imbue machines with
intelligence that is comparable to and valued highly by humans.

Al's main objectives are to:

e Develop expert systems, or machines that can advise their users and
behave intelligently.

e To Implement Human Intelligence in Machines: Developing
apparatuses that comprehend, consider, pick up knowledge, and act
in human-like ways.

Al's contribution is:

A science and technology called artificial intelligence is founded on
fields like computer science, biology, psychology, linguistics, mathematics,
and engineering. The creation of computer abilities akin to human
intelligence, such as learning, problem-solving, and reasoning, is a key focus
of Al

Artificial

Intelligence
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Both without and with Al, programming

The following are some differences between writing without and with
Al:

Programming Without Al Programming With Al

Without Al, a computer program can|Al-enhanced computer programs are capable
resolve the particular problems it is|of providing general solutions to problems.
designed to address.

The program's layout changes when it|By combining knowledge from very
is modified. independent sources, Al programs can take
in new changes. Therefore, you can change
even a tiny bit of program material without
affecting its overall structure.

Modification takes time and effort. It{Modifying a software quickly and easily.
might result in a negative impact on
the initiative.

Al's importance

e Game Playing: For a few hundred dollars, you can purchase chess
playing robots that can compete at the master level. Although they
contain some Al, they primarily use brute force computation to
perform well against humans by looking at millions of positions. It
takes the ability to look at 200 million locations per second to
defeat a world champion using brute force and well-known
trustworthy heuristics.

Voice recognition

Computer voice recognition became useful for a few specific uses in the
1990s.Thus United Airlines has replaced its keyboard tree for flight details
by a system using speech recognition of flight numbers and city names. It is
very practical.

Natural language processing

You can communicate with a machine that can comprehend human-
spoken natural language.

Expert systems

Some apps combine hardware, software, and specialized data to convey
reasoning and advice. They offer customers explanations and guidance.

Vision systems
These systems interpret, grasp, and process computer-generated visual
data. A spy plane, for instance, captures images that are used to create maps
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or spatial data for the regions.
Clinical expert systems are used by doctors to identify patients.

Police use computer software that can identify the face of criminal with
the stored portrait made by forensic artist.

Handwriting Recognition

Software that reads handwritten text on paper or on a computer using a
stylus is known as handwriting recognition. In order to create editable text, it
can identify the letter shapes.

Al Methodology

The goal of an Al technique is to efficiently organize and use
information so that:

e It should be perceptible to the people who provide it.
e It should be simple to modify to fix mistakes.

o Despite being insufficient or incorrect, it should be helpful in many
circumstances.

Al methods increase the speed at which a complex program is executed.
Al research topics include

Artificial intelligence encompasses a vast range of topics. As we move
forward, we take into account the widely prevalent and thriving research
fields in the field of Al:

Natural
Language
Processing

Neural
Networks

Artificial
Intelligence

Fuzzy Logic Robotics
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Applications in real life of research fields

There are a wide range of uses for Al that benefit regular individuals in
their daily lives:

Sr. No. |[Research Area

1. |Expert Systems
Examples include clinical tools and flight tracking systems.

2. |Natural Language Processing
Examples include speech recognition, the Google Now feature and
automatic voice output

3. |Neural Networks
Examples include face recognition, character recognition and handwriting
recognition systems.

4.  |Robotics
Industrial robots, for instance, can move objects, apply paint, check for
accuracy, drill holes, clean surfaces, coat objects, and .carve objects.

5. |Fuzzy Logic

Examples: Consumer electronics, automobiles, etc.

Al task classification

The domain of Al is classified into Formal tasks, Mundane job, and

expert tasks.
Perception Common
Sense
Reasoning

Scientific

Analysis  Medical

Diagnosis Lg',?;ﬂ:;'e
Engineering Processing

Financial
Analysis

Games

syse| suepunpy

>

Page | 93



Task Domains of Artificial Intelligence

Mundane (Ordinary) Tasks Formal Tasks Expert Tasks
e Perception e Mathematics e Engineering
e Computer Vision e Geometry ¢ Fault finding
e Speech and voice e Logic e Manufacturing
¢ Integration and e Monitoring
o Differentiation
Natural Language Games Scientific Analysis
Processing e Go
e Understanding e Chess
e Language Generation o (Deep Blue)
e Language Translation e Checkers
Common Sense Verification Financial Analysis
Al issues

Al is developing with such an incredible speed, sometimes it seems
magical. Researchers and developers share the belief that Al may become so
powerful that it will be challenging for people to control.

Humans created Al systems by infusing them with as much intelligence
as they could, which now threatens the very existence of humans.

Threat to privacy

Theoretically, each email and phone conversation could be understood
by an Al program that can recognize speech and comprehend natural
language.

Threat to human dignity

Al systems have already started replacing the human beings in few
industries. It shouldn't take the place of people in professions like nursing,
surgery, judging, or law enforcement where they hold dignified positions
that are related to ethics.

Threat to safety

Safety Risk Self-improving Al systems have the potential to grow so
powerful that they are very difficult to stop from achieving their objectives,
which may have unintended consequences.

Al Terminology

Term Meaning

Agents, also known as assistants, brokers, bots, droids,

Agent -
g intelligent agents, and software agents, are systems or software
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programs that are capable of autonomous, purposeful, and
reasoning directed towards one or more goals.

Autonomous  |Robot capable of controlling itself without outside assistance or
Robot influence.

Backward Working backward to determine the cause or reason for a
Chaining problem.

Blackboard The memory inside the computer is what is used for inter-expert

system contact.

Environment

It is the area of the real or virtual universe that the agent inhabits.

Forward Chaining

Approach to moving toward a conclusion or solution to an issue.

Heuristics

It is information that has been gained through experimentation,

evaluations, and trial-and-error.

Knowledge
Engineering

Obtaining information from other resources and human experts.

Percepts It is the manner in which the agent receives environmental data.

Pruning Ignoring pointless and useless factors in Al systems.

It is a way for expert systems to describe knowledge bases. It is

Rule in the shape of IF-THEN-ELSE.

A shell is a piece of software that aids in creating an expert

Shell . . ;
system's knowledge store, inference engine, and user interface.

Task It is the goal the agent is tries to accomplish.

a test created by Allan Turing to measure a machine's intellect in

Turing Test . - .
g comparison to human intelligence.
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Chapter - 8

Job Stress Symptoms and How to Ease the Stress

Dr. Anil Kisan Bade

Abstract

Job stress comes in different forms and affects your mind and body in
different ways. Small things can make you feel stressed. Major stress comes
from having too much or not enough work or doing work that doesn't satisfy
you. Conflicts with your boss, coworkers, or customers are other major
causes of stress.

First, identify what's creating stress at work. Maybe it's lack of control
over your job. Or maybe it's worry about losing your job or how you are
doing at work. You might feel stress because you're unable to express your
thoughts and ideas to your boss and coworkers.

Think about why you want to reduce stress at work. You might want to
protect your heart and your health by reducing stress. Or maybe you simply
want to enjoy your life more and not let work stress control how you feel.
Your reason for wanting to change is important. If your stress reason come
from you and not someone else, it will be easier for you to make a healthy
change for good.

Next, set a goal for yourself that involves reducing your stress level.
Think about both a long-term and a short-term goal. If you are truly
miserable because of a stressful job, it may be time to think about changing
jobs. Make sure you know whether it is you or the job that's the problem.

Before you quit, spend time thinking about other job options. Not
having a job will probably also lead to stress. Getting another job before you
quit is best, but sometimes that isn't possible. Decide what is less stressful
for you-unemployment or being miserable in your current job. It might help
to talk with a counselor about your choices.

Conclusion

Exercise increases your overall health and your sense of well-being,
which puts more pep in your step every day. But exercise also has some
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direct stress-busting benefits. Physical activity helps to bump up the
production of your brain's feel-good neurotransmitters, called endorphins.
Although this function is often referred to as a runner's high, a rousing game
of tennis or a nature hike also can contribute to this same feeling.

Regular exercise can increase self-confidence and lower the symptoms
associated with mild depression and anxiety. Exercise also can improve your
sleep, which is often disrupted by stress, depression and anxiety. All this can
ease your stress levels and give you a sense of command over your body and
your life.

Keywords: Stressful job, burnout in working place, job stress, manage job
stress, job stress symptoms.

Introduction

Job stress comes in different forms and affects your mind and body in
different ways. Small things can make you feel stressed, such as a copy
machine that never seems to work when you need it or phones that won't quit
ringing. Major stress comes from having too much or not enough work or
doing work that doesn't satisfy you. Conflicts with your boss, coworkers, or
customers are other major causes of stress (DK, April 26, 2018).

It's normal to have some stress. Stress releases hormones that speed up
your heart, make you breathe faster, and give you a burst of energy. Stress
can be useful when you need to focus on or finish a big project. But too
much stress or being under stress for too long isn't good for you. Constant
stress can make you more likely to get sick more often. It can make chronic
pain worse and can also lead to long-term health problems such as heart
disease, high blood pressure, back problems, and depression.

Look for these signs of job stress: (Placeholderl)
e Headaches
e Trouble sleeping
e  Problems concentrating
e  Short temper
e  Upset stomach
e Job dissatisfaction and low morale
What causes job stress?

Most of the time, it's the major sources of stress that lead to job burnout
and health problems. Job stress can affect your home life too. Here are some
common sources of major job stress, with examples of each
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Lack of Control: Belief in one’s ability to exert control over the
environment and to produce desired results is essential for an individual’s
well being. It has been repeatedly argued that the perception of control is not
only desirable, but it is likely a psychological and biological necessity
(Lauren A.Leotti,Sheena S lyengar,Kevin N.Ochsner, 2010).
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Feeling as if you have no control over your work or job duties is the
biggest cause of job stress. People who feel like they have no control at work
are most likely to get stress-related illnesses. Here's an example:

Shelly is responsible for putting together a report that her boss must
deliver at a 4 p.m. meeting. She's been waiting all day for the notes and
numbers she needs. Shelly finally gets the notes from her boss at 3:15 and
rushes to prepare the report and charts and to make copies in time. She gets it
done, but she feels mad and resentful. This is the third time this week that
this has happened (Surinder Kaur, 2011).
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Increased responsibility

\9

/

Ay Dransiracon

Taking on extra duties in your job is stressful. You can get more
stressed if you have too much work to do and you can't say no to new tasks.

John volunteers for every new project, because he heard that's the best
way to get promoted. But the tasks are starting to pile up, and he's feeling
overwhelmed. He knows he can't really manage one more thing. But this
morning, John's boss asked him to take on another project, and John agreed.
Now he's more worried than ever about getting everything done. (Panel Y
Seult, M.Freeney; JoanTiernan, December 2009, )

Job satisfaction and performance

a
JOB

SA ' SFACTION

Do you take pride in your job? If your job isn't meaningful, you may
find it stressful. Are you worried about doing well at work? Feeling insecure
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about job performance is a major source of stress for many people (Katopol,
2014).

Rahul has worked in his new job for 8 months. He thinks he is doing
well. But his boss doesn't say much, so Rahul isn't sure. He wonders if he's
on the right track, but he's afraid to ask.

Uncertainty about work roles

A"“ ¥

Be the same as Roshni. Roshni worries about what this means for
her. Being unsure about your duties, how your job might be changing, or the
goals of your department or company can lead to stress. If you report to
more than one boss, juggling the demands of different managers can also be
stressful (Ohana, 2020).

Mr. Raju old manager was promoted. Now Raju is working for someone
new. She's heard that the new boss plans to "shake things up" in her
department. The new boss just hired Emily, whose job seems to

Poor communication
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Tension on the job often comes from poor communication. Being unable
to talk about your needs, concerns, and frustrations can create stress.
(Hawksley, 2013)

A new job with more responsibility and better pay just opened up in
Jill's department. Jill knows she can do this job. And she's been with the
company longer than anyone else on her team. She waits for her manager to
ask if she is interested. But after several weeks, a coworker is promoted to
the new job. Jill feels hurt and angry, but she doesn't say anything

Lack of control

Lack of support from your boss or coworkers makes it harder to solve
other problems at work that are causing stress for you.

Julie works in a busy office answering customer complaint calls all day.
It would be easier to handle all the calls if he could at least trade tips with his
coworkers. But everyone else is busy too. His coworkers never make it out
of their cubicles during the day, even to let off a little steam.

Poor working conditions
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Unpleasant or dangerous physical conditions, such as crowding, noise,
or ergonomic problems, can cause stress.

Sham is exposed to constant noise at work.

He wears earplugs, but at the end of her shift her ears are ringing. She
often comes home with a headache

Meet with your manager

®

©) dreamsbime.com

Meet with your manager at least once a year (every 3 or 6 months is
even better) to talk about your job and your performance. If a performance
review is already part of your job, treat it as a chance to clear up issues that
may be causing stress for you. Here are some questions to ask:

What is expected of me in this job?
Where is this company going? How do | fit into that plan?
How am | doing? What are my strengths? How can | improve?

What can | expect from you if there's a problem with my work or my
job?

If I continue to do well, how might my efforts to be recognized (Wicke,
2019)

You and your job (Evy Kuijipers,Dorien Tam Kooji: Marianne van
Woerkom, 2020).
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Get organized: Keep track of your projects and deadlines by making a
list of what's urgent. Decide what matters most and what can wait.

Don't put things off: Use a schedule planner to plan your day or week.
Just seeing on paper that there is time to get each task done can help you get
to work. Break a large project into small steps, and set a deadline for each
one.
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Learn to say "'no." Don't over commit yourself. If you take on too
much, you're creating stress.

Focus: Do one thing at a time. In some cases, you can do two things at a
time. But if you start to feel stressed, go back to doing one thing at a time.

gg64182025 GoGraph.com

Concentrate: Try to limit distractions and interruptions. Ask others to
give you a block of time when you are not disturbed.
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Delegate: Ask someone else to take on a task. It's not always important
to have all the control.

e Take care of yourself (Halrynjo, 2009)

How To Unplug From Work At
The End Of The Day
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Unplug: Don't let the technologies that help you do your work get in the
way of your leisure time. Consider turning off cell phones or beepers when
you are with family or friends. And avoid checking work email when you're
not at work
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Be realistic: Remember that everyone has good days and bad days at
work. For more information, see the topic Stop Negative Thoughts:
Choosing a Healthier Way of Thinking.

Reward yourself: When you finish a difficult task, celebrate. Enjoy a
snack at your desk, or-if your job permits-take a short walk or visit with a
coworker.

VIRTUAL THEME DAYS
SPIRIT WEEK
HAHONY TUrLpAY WEPNEIOAY THURLPAN reroay
SPORTS HEACH CECADES  SUPERHEROD COMEANY

DAY oAy DAy Day PRICE

Schedule time for fun: If you spend every second of your day getting
things done, you may resent never having time for yourself. If your employer
offers a flexible work schedule, use it in a way that fits your work style. Go
into work earlier and take a longer break at lunch to make time for a yoga
class or a walk.

Page | 109


https://www.webmd.com/mental-health/tc/positive-thinking-with-cognitive-behavioral-therapy-topic-overview
https://www.webmd.com/mental-health/tc/positive-thinking-with-cognitive-behavioral-therapy-topic-overview
https://www.webmd.com/balance/guide/the-health-benefits-of-yoga

Progressive refaxation enables the
gradual relaxation of one part of
the body at a time

= )

Practice breathing and relaxation techniques: You can do these at
home or in a quiet place at work. For more information, see:

Stress Management: Breathing Exercises for Relaxation.

Stress Management: Doing Guided Imagery to Relax.

Stress Management: Doing Progressive Muscle Relaxation
Setting a goal to reduce stress

First, identify what's creating stress at work. Maybe it's lack of control
over your job. Or maybe it's worry about losing your job or how you are
doing at work. You might feel stress because you're unable to express your
thoughts and ideas to your boss and coworkers.

Think about why you want to reduce stress at work. You might want to
protect your heart and your health by reducing stress. Or maybe you simply
want to enjoy your life more and not let work stress control how you feel.
Your reason for wanting to change is important. If your reason comes from
you and not someone else; it will be easier for you to make a healthy change
for good.

Next, set a goal for yourself that involves reducing your stress level.
Think about both a long-term and a short-term goal (DJ, 2011).

Here are a few examples:

e Sham’'s long-term goal is to reduce stress by managing her
frustration over things she can't control at work. Her short-term goal
is to learn to do deep breathing and relaxation exercises when she
gets stressed. She'll try it the next time her boss hands her a last-
minute project.

e Jisha's long-term goal is to reduce stress by speaking up at work and
expressing her interests and ideas more effectively. Her short-term
goal is to practice being more assertive. When she's ready, she'll
contribute an idea at a department meeting.
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e Rahul's long-term goal is to reduce stress by having a better
understanding of what's expected of him at work. His short-term
goal is to find out how he is doing now. He plans to schedule a
meeting with his boss to talk about his performance and how he can
improve.

e Jeet's long-term goal is to reduce stress by learning to say "no" to
projects he doesn't have time to handle. His short-term goal is to get
organized and prioritize the projects he has now. He is going to
make a list of all of his work and then prioritize the tasks that are
most important.

After setting your goals, think about what might get in your way. Use a
personal action plan (What is a PDF document) to write down your goals,
the possible barriers, and your ideas for getting past them. By thinking about
these barriers now, you can plan ahead for how to deal with them if they
happen.

Most important, make sure you get support from friends and family in
your efforts to reduce job stress. If your company has an employee
assistance program, you might use it to talk with a counselor. A counselor
can help you set goals and provide support in dealing with setbacks.

Know when to quit

If you are truly miserable because of a stressful job, it may be time to
think about changing jobs. Make sure you know whether it is you or the job
that's the problem.

Before you quit, spend time thinking about other job options. Not
having a job will probably also lead to stress. Getting another job before you
quit is best, but sometimes that isn't possible. Decide what is less stressful
for you-unemployment or being miserable in your current job. It might help
to talk with a counselor about your choices (Johnson, 2008).

Exercise and stress relief

Exercise increases your overall health and your sense of well-being,
which puts more pep in your step every day. But exercise also has
some direct stress-busting benefits.

e It pumps up your endorphins: Physical activity helps to bump up
the production of your brain's feel-good neurotransmitters, called
endorphins. Although this function is often referred to as a runner's
high, a rousing game of tennis or a nature hike also can contribute
to this same feeling.
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e It's meditation in motion: After a fast-paced game of racquetball
or several laps in the pool, you'll often find that you've forgotten the
day's irritations and concentrated only on your body's movements.
As you begin to regularly shed your daily tensions through
movement and physical activity, you may find that this focus on a
single task, and the resulting energy and optimism, can help you
remain calm and clear in everything that you do.

e It improves your mood: Regular exercise can increase self-
confidence and lower the symptoms associated with mild
depression and anxiety. Exercise also can improve your sleep,
which is often disrupted by stress, depression and anxiety. All this
can ease your stress levels and give you a sense of command over
your body and your life.
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Chapter - 9

Psychopharmacology

Bhavisha Patel, Bhoomika Patel and Dr. Suresh V.

Abstract

We live in an age of psychopharmacology. One in six persons currently
takes a psychotropic drug. These drugs have profoundly shaped our scientific
and cultural understanding of psychiatric disease. By way of a historical
review, we try to make sense of psychiatry's dependency on psychiatric drugs
in the care of patients. Modern psychopharmacology began in 1950 with the
synthesis of chlorpromazine. Over the course of the next 50 years, the
psychiatric understanding and treatment of mental illness radically changed.
Psychotropic drugs played a major part in these changes as state hospitals
closed and psychotherapy gave way to drug prescriptions. Our review suggests
that the success of psychopharmacology was not the consequence of
increasingly more effective drugs for discrete psychiatric diseases. Instead, a
complex mix of political economic realities, pharmaceutical marketing, basic
science advances and changes in the mental health-care system have led to our
current infatuation with psychopharmacology.

Keywords: Psychopharmacology, history, antipsychotics, antidepressants,
mental illness, treatment

Introduction

Over the course of many decades, psychotropic drugs have been shown
to be effective in managing a wide range of mental and emotional disorders.
These chemical substances have significantly transformed the treatment of
mental illness. However, as the use of these drugs has increased, so have their
effects and potential side effects.

Definition of psychotropic drugs

A psychotropic drug is any medication that primarily affects behaviour,
experience, or other psychological functions, as defined by the Logman
Dictionary of Psychology and Psychiatry.
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Classification

Psychotropic drugs can be classified into six main categories, which
include antipsychotic agents, antidepressant agents, antimanic agents,
antiepileptic agents, antianxiety agents, sedatives, and hypnatics, as well as
antiparkinsonian agents.

Antipsychotic agents

Antipsychotic agents are also known as neuroleptics, major tranquillizers,
phenothaiazines, ataractics, anti-schizophrenic and D2 receptor (dopamine
receptor) blockers, however the term antipsychotic appears to be the most
appropriate. They were introduced into the United States in the 1950s with the
phenothiazines. Other drugs in this classification soon followed. Since that
time a second generation of medications has been developed. The first
generation antipsychotics are called “typical” and the second generation are
called “atypical” or “novel”. This group of drug has a major clinical use in the
treatment of psychotic disorders and psychotic treatment.

History

e Rauwolfia alkaloids: The plant Rauwolfia serpentine (Benth) is a
climbing shrub indigenous to India. It was named so in the honour of
Dr. Leonard Rauwolf, a 16" century botanist. In ancient Ayurvedic
medicine, the extract of this plant (sarpgandha) has been claimed to
be useful in cases of insomnia, insanity and even snakebite. From
various alkaloids of this plant reserpine is commonly used in
therapeutics. Primarily it can be used as antihypertensive agent.

The first attempt was made in the Paris in 1951.
Indications/Use

Although used earlier as urinary antiseptic and anti-helminthic (use
stopped due to toxicity), the current indications for the use of antipsychotics
include the following:-

a) Organic psychiatric disorders
1) Delirium (in small doses e.g. haloperidol, resperidone).
2) Dementia (for psychotic features and severe agitation).

3) Delirium tremors (occurring in drug and alcohol withdrawal states:-
e.g. haloperidol, resperidone).

4) Drug induced psychosis (e.g. haloperidol in amphetamine-induced
psychosis).
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b)

c)

d)

e)

5)

Other organic mental disorders (e.g. organic hallucinosis, organic
delusional disorder, secondary mania).

Non-organic psychotic disorders

1)
2)
3)
4)
5)

6)

Schizophrenia.

Schizo-affective disorder.

Acute psychoses.

Mania (with or without mood stabilizers).

Major depression (for psychotic features, agitation and melancholic
features, along with anti-depressants).

Delusional disorder, including MHP (mono symptomatic
hypochondrial psychosis) (e.g. pimozide).

Child psychiatric disorders

1)

2)

3)

Attention deficit disorder with hyperactivity (in low doses, when
stimulant medication is either not available or is contraindicated, e.g.
thioridazine rarely used).

Infantile autism and other pervasive developmental disorder (e.g.
haloperidol).

Conduct disorders in children (presenting with aggression) (very
rarely used).

Neurotic and other psychiatric disorders

1)

2)

3)

Severe intractable and disabling anxiety (e.g. rarely low doses of
thioridazine).

Treatment refractory obsessive compulsive disorder (e.g. low doses
of olanzapine).

Anorexia nervosa.

Medical disorders

1)
2)
3)
4)

5)

Huntington’s chorea (e.g. haloperidol).
Intractable hiccups (e.g. chlorpromazine in law doses) rarely used.

Nausea and vomiting (rarely in low doses) ondansetron, an
antiemetic drug is a weak antipsychotic.

Neuroleptanesthesia (droperidol with fentanyl, a meperidine) rarely
used.

Tic disorders e.g. Gilles de la tourette syndrome (e.g. haloperidol,
resperidone).
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6) Eclampsia (chlorpromazine, promethazine and pethidine are given
together as a lytic cocktail) rarely used these days.

7) Heat stroke (e.g. chlorpromazine) (rarely used).

8) Tetanus (e.g. chlorpromazine) (rarely used).

9) Intractable pruritus (rarely used).

10) Pre-anesthetic medication (e.g. chlorpromazine) (rarely used).

Pharmacokinetics

The orally administered antipsychotics are absorbed erratically and
variably from the gastro- intestinal tract, with uneven blood levels with low
bioavailability. Intramuscular and intravenous administration provide much
more reliable blood levels. On an average, the oral liquid dose produces a peak

level at 1; hours, while the intramuscular dose peaks at 30 minutes. The

antipsychotics are highly lipophilic and highly protein-bound. They easily
enter areas with good blood supply like brain, lung, kidneys and fetus and
accumulate there. They are not dialyzable.

The half-lives of almost all antipsychotics are long and theoretically a
single dose administration per day is enough to produce sustained therapeutic
blood levels. So we can say that acute effects of a single dose generally last 6-
8 hours. The elimination t¥2 is variable, but in the range of 18-30 hours.
However in practice, divided doses are given initially to avoid side effects.
Later, an attempt is made to give the whole dose or a major part of total daily
dose at night.

Steady state plasma levels are usually reached in 5-10 days. Once the drug
is withdrawn, it may remain in the body for many days to many months.

The main metabolic pathway is through liver (Hepatic microsomal
enzymes). Oxidation and conjugation are the most important methods of
metabolism for phenothiazines. Many of the metabolites, e.g. mesoridazine
(For thioridazine), reduced haloperidol (for haloperidol) and 9- hydroxyl-
risperidone (for risperidone) are also active compounds. Chlorpromazine has
more than 150 metabolites, some of which are active. The excretion of the
metabolites is through kidneys and liver (entero-hepatic circulation).

Most of the antipsychotics tend to have a therapeautic window. If the
blood level is below this ‘window’, the drug is ineffective. If the blood level
is higher than the upper limit of the ‘window’, there is toxicity or the drug is
again ineffective.
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Mechanism of action

But, most probably, one of the major mechanism is the antidopaminergic
activity of this drug. Antipsychotic drugs block d»- receptors, the dopamine
receptors which are mainly present in the mesolimbic system (mesolimbic
system is concerned with the emotional reactions and the nigro-striatal system.
The relative potencies of these drugs in competing for D, receptors parallel
quite closely their clinical potencies. It is currently believed that the
antipsychotic drugs are effective in treating psychosis due to their action on
the D, receptors located in the mesolimbic system, while the extrapyramidal
side effects (EPSE) are caused by the blockade of the D, receptors in the nigro-
striatal system. Sedation is caused by histaminergic blockade, which is
maximum for drugs like chlorpromazine and thioridadazine.

The antipsychotic drugs (antipsychotics) are used in a range of conditions.
They are the mainstay of the treatment of schizophrenia and will be discussed
below in that context. However, they are also the mainstay of the management
of delusional disorder, psychosis which occurs in dementia, they have a place
in the management of delirium, and they must be added to antidepressants for
the successful management of psychotic depression. The antipsychotics have
a central place in the management of acute mania (even in the absence of
delusions and hallucinations). Olanzapine and aripiprazole have recently
gained acceptance as mood stabilizers (prophylactic agents in mood
disorders). Quetiapine has recently been approved by the FDA (USA) as a
treatment for bipolar depression (Dando & Keating, 2006). In rare cases they
are used in the management of insomnia and anxiety (Carson et al, 2004), but
this is not recommended and is best left to experts.

1. Phenothiazines
e Chlorpromazine
e  Fluphenazine
e Mesoridazine
e Trifluoperazine
e Thioridazine
e  Triflupromazine
e Prochlorperazine
e Perphanazine

2. Thioxanthene

e  Flupenthixol
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e  Chlorprothixene
3. Butyrophenones
e Haloperidol
e  Trifluperidol
4. Diphenylbutylpiperidines
e Pimozide
5. Indolic derivatives
e Molindone
6. Dibenzoxazepines
e Loxapines
7. Atypical antipsychotics
e Clozapine
e Risperidone
e Avripiprazol
e Olanzapine
e Ziprasidone
e Quetiapine
The typical antipsychotics

The typical antipsychotic drugs were the first effective antipsychotics.
Chlorpromazine was the first, being described by French doctors in 1952,
Others followed, including: haloperidol, fluphenazine and thiothixene. There
is a straight line relationship between the affinity of the typical antipsychotics
for the dopamine D2 receptor and the therapeutic dose of these agents in acute
schizophrenia (Illustration). This is consistent with the dopamine hypothesis
of schizophrenia Illustration. Typical antipsychotics. Affinity for the
dopamine D2 receptor (y-axis). Therapeutic doses (x-axis). This straight line
relationship supports the dopamine hypothesis of schizophrenia.

Haloperidol: It is a potent antipsychotic with pharmacological profile
that substituted phenothiazines. It produces few autonomic effects, is less
epileptogenic, does not cause weight gain, jaundice is rare. It is most preferred
drug for acute schizophrenia, Huntington’s disease and Tourette’s Ssyndrome.
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Side-effects of typical antipsychotics

The extrapyramidal system (EPS)-the EPS is not a side-effect of
antipsychotics, but needs to be mentioned before certain side effects. The EPS
is a motor system composed of dopamine (DA) and acetylcholine (Ach)
neurons which enjoy a reciprocal relationship. In some individuals when DA
receptors are blocked, the balance in the system is disrupted, leading to side-
effects.

Acute neurological side-effects (acute EPS effects) occur secondary to D2
receptor blockade in the EPS. These can appear on the first day of treatment
and can take various forms of involuntary muscle spasm, particularly
involving of the jaw, tongue, neck and eyes. A dramatic form is oculogyric
crisis-in which the neck arches back and the eyes roll upward. A potentially
dangerous form is laryngospasm-an early warning sign may be the patient’s
voice becoming higher pitched.

Balance has been disturbed resulting in muscle spasm, and can be restored
by acute treatment with oral or intramuscular injection of an anti-Ach-such as
benztropine (2mg). The response is immediate and pleasing.

Medium-term neurological side-effects are also due to D2 blockade in the
EPS. Akathisia usually occurs within the first few day of treatment and
involves either a mental and/or motor restlessness. Mental restlessness
presents as increasing distress and agitation. Motor restlessness usually affects
the lower limbs, with shifting from one foot to the other while sitting and
constant crossing and uncrossing of the legs while sitting. This is a difficult
condition to manage. Useful steps include lowering the dose of the
antipsychotic (if possible), adding diazepam or propranolol, or adding an
anticholinergic (none of these agents is dramatically effective). Parkinsonism
usually occurs some days or weeks after the commencement of treatment.
There is a mask-like face, rigidity of limbs, bradykinesia, and loss of upper
limb-swing while walking. Tremor and festinating gait are less common. The
best management is reduction in dose of the antipsychotic (if possible) and the
addition of an anticholinergic agent.

Chronic neurological side-effects (late EPS effects) usually occur after
months or years of continuous D2 blockade. Tardive dyskinesia (TD)
manifests as continuous choreoathetoid movements of the mouth and tongue,
frequently with lip-smacking and may also involve the head, neck and trunk.
Late EPS effects may continue after cessation of the typical antipsychotic.
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Neuroendocrine effects result from blockade of dopamine transmission in
the infundibular tract. Prolactin levels rise, with most antipsychotic agents and
extreme cases may cause galactorrhea, amenorrhoea and infertility.

Neuroleptic malignant syndrome (NMS) is probably due to disruption of
dopaminergic function, but the mechanism is not understood. Untreated, the
mortality rate is 20% and immediate medical attention is mandatory. The
symptoms include muscle rigidity, hyperthermia, autonomic instability and
fluctuating consciousness. Renal failure secondary to rhabdomyolysis is a
major complication and the cause of mortality.

Anticholinergic side-effects include dry mouth, difficulty with
micturition, constipation, blurred vision and ejaculatory failure.
Anticholinergic delirium is a toxic confusional state; it usually occurs in
patients taking a range of drugs directed at different symptoms, and
antipsychotics may play a role.

e Histamine blockade may produce severe sedation.

e Alpha adrenergic blockade may produce postural hypotension,
cardiac arrhythmias and impotence.

o Dermatological side-effects include skin rash and photosensitivity.

e Weight gain is common with most typical antipsychotics.
Second generation antipsychotics

e A search for an antipsychotic drug, which acts only on the
mesolimbic system but has no effect on the nigro-striatal system, has
led to the development of a heterogenous group of drugs, collectively
known as atypical or newer antipsychotics. These are also known as
second generation antipsychotics (SGAs) or serotonin-dopamine
antagonists or (SDAS) like risperidone and olanzapine.

e By definition these drugs are effective antipsychotics without
producing undesirable extra pyramidal side effects and do not cause
elevation of the serum prolactin levels.

e These are characterized by a selective limbic dopamine blockade, D4
receptor blockade or a combination of potent 5-HT, and weak D,
antagonism. Such a drug ideally would have serious side-effects like
tardive dyskinesia and neuroleptic malignant syndrome.

e Atypical antipsychotics in addition to their effect on the positive
symptoms are believed to be effective in the treatment of negative
symptoms like apathy, decreased sociality, anhedonia of chronic
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schizophrenia. Clozapine in particular is effective in the management
of treatment-resistant schizophrenia.

The atypical antipsychotics

The term “atypical” cannot be defined, and should (but probably will
not) be replaced by “second generation”. When these drugs first
appeared they were called atypical because they did not produce EPS.
However, experience has shown that they do produce these side-
effects.

It can be agreed, however, that they cause EPS less commonly and
less severely than the typical (first generation) antipsychotic agents.

The atypical antipsychotics have a greater affinity than did the typical
antipsychotics for 5SHT-2A receptors. Also, the atypicals have a
greater affinity for 5SHT-2A receptors than for D2 receptors.

There is an interaction between serotonin and dopamine neurons in
the basal ganglia. In this important region, which is associated with
movement, serotonin neurons inhibit the release by dopamine
neurons of dopamine. The exact mechanism is unclear, but may
involve axo-axonal synapse. This explains the low rate of EPS side-
effects associated with the atypical agents.

Exceptions abound, however and amisulpride, generally classed as
an “atypical” has no affinity for serotonin receptors. Ultimately, all
we can say of the atypicals are that they are newer antipsychotics,
which are less likely to cause EPS than the older agents.

Both typical and atypical antipsychotics are effective in reducing the
positive symptoms of schizophrenia (hallucinations, delusions and
positive thought disorder). The negative symptoms of schizophrenia
include social withdrawal, self-neglect, loss of energy and drive, and
poverty of thought. It has been construed that the negative symptoms
are composed of two subgroups of symptoms: primary negative
symptoms (being part of the illness process), and secondary negative
symptoms (being apparent rather than actual symptoms of the
disorder, instead, being secondary to drug treatment). Claims are
made that the atypicals may produce no secondary negative
symptoms, and go some way in relieving primary negative symptoms
(Carpenter, 1996). Other symptoms of schizophrenia include
cognitive and mood difficulties and reduced quality of life. Evidence
suggests that the atypical antipsychotics are helpful in all of these
domains (Burton, 2006) than typical agents.
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Structural brain changes associated with the disease process of
schizophrenia have been identified. There is evidence that atypical
antipsychotics (but not the typicals) ameliorate these changes. For
example, the volumes of the thalamus and cortical grey matter
increase with atypical antipsychotic treatment (Scherk & Falkai,
2006).

Mechanism of action

In addition to the dopaminergic receptor blockade, some atypical
antipsychotics like resperidone and clozapine also block 5HT
receptors in the frontal cortex and the striatal system, which helps to
lessen EP reactions and is related to their usefulness in negative
symptoms. It also blocks alpha 2 adrenergic receptors.

It has narrow therapeutic window.

Provides a wider range of safety- in that it has lower propensity to
cause EPS and tardive dyskinesia.

Helps to improve negative symptoms.
Does not elevate serum prolactin levels in human

May not catalepsy in animals.

Side-effects of the atypical antipsychotics

Most of the side effects of the typical antipsychotics can also be
encountered with the atypical agents, however, they are less frequent
and generally less severe.

Weight gain is problem in schizophrenia and other mental disorders,
in part, because of poor eating habits and lack of exercise. However,
the atypical antipsychotics exacerbate this problem. A meta-analysis
(Allison and Casey, 2001) estimated that over a 10 week period the
mean increase was as follows:

1) Clozapine 4.45 kg.

2) Olanzapine 4.15 kg.

3) Risperidone 2.1 kg (quetiapine probably similar).

4) Ziprasidone 0.04 kg (aripiprazole probably similar).

The prevalence of type 2 diabetes in people with schizophrenia is
double that of the general population. Over recent years there has

been concern this may be a direct result of atypical antipsychotic
treatment. As the atypical antipsychotics are the most effective
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component in the medical management of psychotic disorders, this
question was soberly examined. An association between
schizophrenia and diabetes has been recognized for over a century.
Risk factors for diabetes include poor overall health, lifestyle and
level of access to heath care.

Atypical antipsychotics are associated with weight gain, but there is
no evidence for an intrinsic role for the antipsychotics in the
aetiology of diabetes. As this issue has been brought to the attention
of clinicians, they have a responsibility to monitor the diabetes risk
factors of patients (Poulin et al., 2005).

Hyperlipidemia (raised cholesterol and triglycerides) appears to be
associated with the dibenzodiazepine-derived antipsychotics
(clozapine, olanzapine and quetiapine).

QTc interval prolongation has been a matter of concern. The average
QTc interval in healthy adults is about 400 msec and a QTc interval
of 500 msec or more is a risk factor for torsade de pointes (a
ventricular arrhythmia which can lead to syncope, ventricular
fibrillation and sudden death).

One study found the following prolongations:

1)
2)
3)
4)
5)

Ziprasidone 20.3 ms.
Quetiapine 14.5 ms.
Risperidone 11.6 ms.
Olanzapine 6.8 ms.
Haloperidol 4.7 ms.

Myocarditis and cardiomyopathy are rare (0.015-0.188%; Merrill et al.,
2005) side effects of clozapine therapy.

Recommendations for the monitoring/management of the side effects
of the atypical antipsychotics have been provided (Marder et al,
2004). However, further work is required. When weight gain is
anticipated (clozapine, olanzapine, quetiapine and risperidone)
weight and BMI should be recorded. Nutritional and life style
(exercise) advice is recommended. With excessive weight gain a
change to another agent may be considered.

When diabetes is anticipated (clozapine and olanzapine in particular)
the weight is to be monitored and laboratory measures (e.g. fasting
blood glucose) may be indicated. When hyperlipidemia is anticipated
(clozapine, olanzapine and quetiapine) serum cholesterol and
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triglycerides may be monitored. When QTc prolongation is
anticipated  (ziprasidone, particularly), EEG monitoring is
recommended in cases of increased cardiac risk (known heart
disease, syncope, family history of early sudden death). Myocarditis
has been associated with clozapine and clozapine clinics have
specialized screening procedures.

Individual atypical antipsychotics

As in all branches of medicine, if a disorder cannot be controlled with
standard doses of a particular agent, first the dose is increased
judiciously and if the desired result remains evasive, another agent is
trialled. The management of psychosis is difficult. Fortunately we
have a range of atypical antipsychotics; while they have some similar
actions, they come from a range chemical classes, and all have
particular advantages. A series of trials may be necessary for the best
possible outcome.

Clozapine

Clozapine is often effective in treating schizophrenia which has been
unresponsive to all other antipsychotics. It is unique in causing
neutropenia (potentially fatal) in 1-2% of patients. Thus, clozapine is
reserved for severe otherwise unresponsive schizophrenia, and must
be managed by specialized clinics which conduct regular (weekly for
the first 18 weeks) blood tests.

Other side-effects include significant weight gain, hypotension and
tachycardia.  Hypersalivation (unknown with the typical
antipsychotics) can be troublesome with clozapine (and rarely with
some other atypicals, such as olanzapine). 1% of patients experience
seizures-this does not mean clozapine must be ceased-instead,
anticonvulsants are added. This is a formidable array of side-effects,
nevertheless the antipsychotic benefits are substantial. Clozapine is
also useful in the treatment of TD.

Risperidone

Risperidone is an effective antipsychotic. At high doses (8 mg and
above) it loses some of its advantages over typical antipsychotics
insofar as acute EPS readily appear. A major disadvantage is the
elevation of prolactin levels. A preparation which dissolves in the
mouth is available. Risperidone has an advantage over the other
atypicals in that an IMI depot (long-acting) preparation is available.
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This can be administered once per fortnight during the maintenance
phase, somewhat reducing compliance problems.

Paliperidone

Paliperidone is the active metabolite of risperidone, which was
released when the patent of the parent chemical was about to expire.
It has a slightly improved side-effect profile. There is less weight
gain, but more EPS problems, and the elevation of prolactin remains
problematic. The dosing strategy is simple, a special capsule enables
a single daily dose.

Olanzapine

Olanzapine is an effective antipsychotic which has gained acceptance
as a mood stabilizer (used in the prophylaxis of mood disorder;
Tohen et al., 2005). It has a pharmacological action and side-effect
profile similar to clozapine (except, it is not associated with blood
dyscrasia). The most troublesome side-effects are weight gain and
sedation. The risks of diabetes and hyperlipidemia need to be
considered.

An occasional side-effect, which is seen regularly with clozapine, is
hypersalivation. Olanzapine does not elevate prolactin to a
significant degree. The sedating/calming effect of olanzapine is
useful in acute disturbance. Olanzapine has an advantage of over the
other atypical medications in being available in an IMI form for acute
administration.

A preparation which dissolves in the mouth is available. A long-
acting depot form is available but because physiological response is
variable, the patient must be observed for 3 hours following every
injection (which is proving to be a disincentive).

Quetiapine

Quetiapine is an effective antipsychotic which has a receptor binding
profile similar to clozapine, but with relatively lower affinity for all
receptors. The side-effect profile is favourable, 75% of respondents
denying any side-effects (Hellewell et al., 1999). Sedation and
hypotension are reported, especially during the commencement
phase. Weight gain and the risk of diabetes and hyperlipidemia need
to be considered. Quetiapine has little affinity for muscarinic
receptors so that blurred vision and difficulty with micturition are
rarely problems. The rate of EPS is similar to placebo and there is no
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significant elevation of prolactin. Quetiapine may cause sedation and
weight gain.

Aripiprazole

e Avripiprazole is a recently released antipsychotic. Rather than an
antagonist of dopamine receptors, it appears to be a high affinity
partial agonist at presynaptic D2 receptors and an antagonist at
postsynaptic D2 receptors. It has little affinity for D3, D4 and D1-
like receptors and its affinity for SHT-2A receptors is low.

e There is some alph-1 blockade and orthostatic hypotension has been
reported. The efficacy appears similar to risperidone and less than
olanzapine, but the side-effect profile appears favourable at
manufacturer recommended doses, with minimal elevation of
prolactin. Aripiprazole has a role as a mood stabilizer.

Antidepressants

Antidepressants are those drugs, which are used for the treatment of
depressive illness. These are also called as mood elevators or thymoleptics.

Classification

Class Example Trade Names (Olvrlact;(/ilg;ag?
Imipramine Antidep 75-300
Trycyclic antidepressants Amitriptyline Tryptomer 75-300
(TCAs) clomipramine Anafranil 75-300
Dothiepin Prothiaden 75-300
Selective serotonin reuptake Fluoxetine Fludac 10-80
Inhibitors (SSRIs) Sertraline Serenata 50-200
Dopamine antidepressants Fluvoxamine Faverin 50-300
Atypical antidepressants Amineptine Survector 100-400
Monoamine Trazodone Trazalon 150-600
Oxidase inhibitors Isocarboxazid marplan 10-30
(MAOISs)
Indication
Depression

e  Depressive episode

e Dysthymia

e Reactive depression
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e  Secondary depression

e Abnormal grief reaction
Childhood psychiatric disorders

e  Enuresis

e  Separation anxiety disorder

e School phobia

e Night terrors
Other psychiatric disorders

e Panic attack.

e  Generalized anxiety disorder.

e Agoraphobia, social phobia.

e OCD with or without depression.

e Eating disorder.

o Borderline personality disorder.

Medical disorder

e  Chronic pain.

e Migraine.

e  Peptic ulcer disease.
Pharmacokinetics

Antidepressant are highly lipophilic and protein bound. The half-life is
long and usually more than 24 hours. It is predominantly metabolized in the
liver.

Mechanism of action

e The exact mechanism is unknown. The predominant action is by
increasing catecholamine levels in the brain.

e TCAs are also called as mono amine reuptake inhibitors (MARIS).
The main mode of action is by blocking the reuptake of
norepinephrine (NE) and/or serotonin (5-HT) at the nerve terminal,
thus increasing the NE and 5-HT levels at the receptors site.

e MAOIs instead act on MAO (monoamine oxidase), which is
responsible for the degradation of catecholamines after re-uptake.
The final effect is the same, a functional increase in the NE and 5-
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HT levels at the receptors site. The increase in brain amine levels is
probably responsible for the antidepressant action.it takes about 5 to
10 days for MAOIS and 2 to 3 weeks for TCAs to bring down
depressive symptoms.

e SSRIs act by inhibiting the re-uptake of serotonin and increasing its
levels at the receptor site.

Side effect with nursing responsibility

Side effect Nursing care
Blurred vision = Temporary avoid hazardous tasks.
Dry mouth = Encourage fluids, frequent rinses, sugar free

hard candy and gums. Check for mouth
sores.
Constipation = Increased fluids, dietary fiber and roughage, exercise,
monitor bowel habits, use stool softeners and laxatives only if necessary.

Tachycardia = Eliminate caffeine and beta blockers.

Urinary retention = Encourage fluids and frequent voiding, moniter
voiding patterns, administer catherize.

Dizziness/lightheadeness=Adequatehydration, elasticstocking, protect
from falls.

Ejaculatory dysfunction = Take after sexual intercourse, not immediately
before.

Gastrointestinal disturbances = Take with meals

Hypotension = Frequent BP, elastic stocking, gradual change of position,
protect from falls.

Insomnia = Take as early in the day as possible, sleep hygine, eliminate
caffeine, relaxation technique.

Perspiration =Frequent changes of clothes, goodhygiene, increased fluids.
Serotonin syndrome
Weight gain = Increase exercise, reduced caloric diet

Sexual dysfunction = Take after sexual intercourse, use lubricant if
vaginal dryness is present, antidotes such as slidenefil, bupropion or
bethnecol.
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Other nursing responsibility

Patient on MAOIs should be warned against the danger of ingestive
tyramine rich foods which can result in hypertensive crisis. Some of
these foods are beef liver, chicken liver, fermented sausages, dried
fish, overriped fruits, chocolate and beverages like wine, beer and
coffee.

Report promptly if occipital headache, nausea, vomiting, chest pain
or other unusual symptoms occurs these can herald the onset of
hypertensive crisis.

Instruct the patient not to take any medication without prescription.

Caution the patient to change his position slowly to minimize
orthostatic hypotension.

Strict monitoring of vitals, especially blood pressure is essential.

Antianxiety agent, sedatives & hypnotics

These are called as minor tranquilizers. Most of them belong to the
benzodiazepine group of drugs.

Classification

1.

Barbiturates: Example, phenobarbital, pentobarbital, secobarbital
and thiopentone.

Non-barbiturate non-benzodiazepine antianxiety agent: For
example, Meprobamate glutethimide, ethanol, diphenhydramine and
methaqualon.

Benzodiazepins: Presently benzodiazepines are the drugs of first
choice in the treatment of anxiety, and for the treatment of insomnia.

Very short-acting-For example, Triazolam, Midazolam.

Short-acting-Example, Oxazepam (serepax), Lorazepam (Ativan,
Trapex, Larpose), Alprazolam (Restyle, Trika, Alzolam, Quiat,
Anxit).

Long acting-Example, Chlordiazepoxide (Librium), Diazepam
(\Valium, Calmpose), Clonazepam (Lonazep), Flurazepam (Nindral),
Nitrazepam (Dormin).

Indications

1) Anxiety disorder.

2)

Insomnia.
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3) Depression.

4) Panic disorder & social phobia.

5) Obsessive-compulsive disorder.

6) Post-traumatic stress disorder.

7) Bipolar I disorder.

8) Other psychiatric indications include alcohol withdrawal, substance-
induced & psychotic agitation.

Dosage (mg/day)

1) Alprazolam: 0.5-6 PO.

2) Oxazepam: 15-120 PO.

3) Lorazepam: 2-6 PO/IV/IM.

4) Diazepam: 2-10 PO/IM/slow IV.

5) Clonazepam: 0.5-20 PO/IM.

6) Chlordiazepoxide: 15-100 PO; 50-100 IV.

7) Nitrazepam: 5-20 PO.

Mechanism of action

Benzodiazepines bind to specific sites on the GABA receptors & increase
GABA levels. Since GABA is an inhibitory neurotransmitter, it has a calming
effect on the central nervous system, thus reducing anxiety.

Contraindication

1. Renal impairment.

2. Liver impairment.

3. Respiratory impairment.
Side-effect
Nausea, vomiting, dry mouth.
Weakness, vertigo, body aches.
Blurring of vision, sedation.
Epigastric pain, diarrhea.
Impotence, ataxia, retrograde amnesia.
Impairment of driving skill.

N o g~ w Db e

Dependence & withdrawal symptoms.
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Nursing responsibility

1)
2)

3)

4)

5)
6)

Administer with food to minimize gastric irritation.

Advise the patient to take medication exactly as directed. Abrupt
withdrawal may cause insomnia, irritability, & sometimes even
seizures.

Explain about adverse effects & advise him to avoid activities that
require alertness.

Caution the patient to avoid alcohol or any other CNS depressants
along with benzodiazepines; also instruct him not to take any over-
the-counter medication.

If IM administration is preferred give deep IM.

For IV administration don’t mix with any other drug. Give slow IV
as respiratory or cardiac arrest can occur; monitor vital signs during
IV administration.

Antiparkinsinian agents

In clinical practice anticholinergic drugs, amantadine & the antihistamine
have their primary use as treatments for medication induced movement
disorders, particularly neuroleptic-induced Parkinsonism, acute dystonia &
medication-induced tremor.

Classification

1. Anticholinergics

Trihexyphenidyl.
Benztropine.
Biperiden.

2. Dopaminergic agents

Bromocriptine.

Carbidopa/Levodopa.

3. Monamine oxidase type b inhibitors

Selegiline.

4. Trihexyphenidyl

Artane.
Trihexane.
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e  Trihexy.

e Pacitane.
Dosage

1-2 mg per day initially, maximum dose up to 15 mg/day in divided dose.
Mechanism of action

It acts by increasing the release of dopamine from presynaptic vasicles,
blocking the reuptake of dopamine into presynaptic nerve terminals or by
exerting an agonist effect on postsynaptic dopamine receptors.
Trihexyphenidyl reaches peak plasma concentrations in 2-3 hours after oral
administration 7 has duration of action up to 12 hours.

Indications

1. Drug induced Parkinsonism.

2. Adjunct in the management of Parkinsonism.
Contraindications

1. Closed angle glaucoma.

2. Urinary or intestinal obstruction.

3. Hypersensitivity. Prostatic hypertrophy.

The drugs are given with caution to patients with

1. Myasthenia gravis

2. Atherosclerosis

3. Respiratory problems
Side effects

1. Dizziness, nervousness, drowsiness.

2. Weakness, headache, confusion.

3. Blurred vision, tachycardia.

4. Orthostatic hypotension, dry mouth.

5. Nausea, vomiting, constipation.

6. Urinary retention & decreased sweating.
Nurse’s responsibilities

1) Assess parkinsonian and extrapyramidal symptoms. Medication
should be tapered gradually.
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2)

3)

4)

Caution patient to make position changes slowly to minimize

orthostatic hypotension.

Instruct the patient about frequent rinsing of mouth and good oral

hygiene.

Caution patient that his medication decrease perspiration and over-

heating may occur during hot weather.

Antiepileptic agent

Antiepileptic drugs (AEDs) suppress the start of seizure activity &
reduce the spread of seizure activity. The straight forward goals for AED
treatment of epilepsy are as follows:

1)

2) Keep side effects of AED therapy to a minimum.

Control seizure activity.

Classification

1. Standard antiepileptic drugs

a)

b)
c)
d)

€)
f)

Benzodiazepines

e Clonazepam (Klonopin)

e Diazepam (Valium)

e Lorazepam (Ativan)
Carbamazepine (Tegretol, Carbatrol)
Ethosuximide (Zarontin)
Phenobarbital

e  Phenytoin (Dilantin)
Primidone (Mysoline)

Valproates (Divalproex)

2. Newer antiepileptic drugs

a)
b)
c)
d)
€)
f)

Felbamate (Felbatol)
Lamottigine (Lamictal)
Gabapentin (Neurontin)
Lamotrigine (Lamictal)
Oxcarbazepine (Trileptal)
Topiramate (Topamax)
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Dosage
e Carbamazepine: 800-1200 mg/day in divided doses.
e Phenobarbital: 60-100 mg/day
e Phenytoin: 300-600 mg/day.
e Valproates: 750-3000 mg/day.
e Topiramate: 400 mg/day.

Mechanism of action

It causes reversible depression of the activity of all excitable tissues, the
CNS being extensively sensitive. It facilitates inhibitory neurotransmission in
the CNS, presumably by interacting with GABA receptors. It depresses the
sensory cortex, decreases motor activity, alters cerebral function and produces
drowsiness, sedation and hypnosis.

Indication

1) Grandmal epilepsy, partial complex partial seizures.
2) Febrile convulsions in children.
3) Sedation-short term management of insomnia.
4) Eclampsia and pre eclampsia.
5) Anxiety disorders and acute panic attacks.
6) Alcohol withdrawal-for relief of agitation, tremor, delirium tremens,
hallucinations etc.
Contraindication
1) Pregnant and nursing mothers.
2) Hypersensitivity.
3) Bone marrow depression.
4) Heart blocks, sinus bradycardia.
5) Renal or liver disease.
6) Children under 2 years.
Side-effect
1) Drowsiness, dizziness, headache
2) Nausea, vomiting, constipation
3) Fine hand tremors
4) Hypotension, Bradycardia
5) Weight gain, polyuria
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6)
7)

Prolonged bleeding time
Risk of severe rashes

Nursing responsibilities

1)
2)
3)
4)
5)
6)

7)

Ensure the client does not participate in activities that require
alertness.

Administer medication with meals to minimize GI upset.
Monitor vital sign twice or thrice a day.
Monitor daily intake output & weight

Ensure that client understands the importance of regular blood tests
while receiving anticonvulsant therapy.

Ensure that client is informed that he or she must report evidence of
skin rash of physician immediately.

Encourage increased fluid and fiber in the diet.

Mood stabilizers

Introduction

Drugs are usually effective in treatment of acute mania and therefore the
word anti manic is often used to describe them.

But as they are effective in preventing mood swings in bipolar disorder
the better term is mood stabilizing. Agent

A mood stabilizer is a psychiatric medication used to treat mood disorders
characterized by intense and sustained mood shifts, typically bipolar disorder.

A quick walk to mood disorders

Mania-(at least 1 week).

Feeling very high on life.

Talking rapidly.

Feeling grandios.

Racing thoughts and speech.

Erratic and impulsive actions.
Delusions and hallucinations (severe).
Hypomania-(4 days or more).

Like but less severe than mania.

Euphoric, energetic and productive.
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¢ No hallucinations or delusions.

e Characterized by an unusually good mood.

e Depression-(at least 2 weeks).

o Feeling hopeless, sad or empty.

e Fatigue, energy and concentration loss.

e  Thoughts of death or suicide.

e Mixed episode-Symptoms of both the disorders are present.

e Treatment is directly related to the phase of the episode and severity

e Mood stabilizers.
Lithium

e Discovered in 1817 by arfuedson.

e  First time used for treatment of mania by john cade in 1949.
Indication

Cyclothemia-a mental state charactized by marked swings of mood
between depression and elation. Bipolar disorder.

Neurologic effects of lithium

Lithium increases the volume of brain structures involved in emotional
regulation (i.e., in the hippocampus, prefrontal cortex and amygdala) Increase
in brain volume leads to improved mental health. During manic phases of
bipolar disorder, the brain tissue becomes inflamed, if lithium is ingested, it
helps to alleviate the inflammation. Lithium inhibits glycogen synthase kinase
3 (Gsk3) and inositol trisphosphate (InsP3) these enzymes, when
overexpressed, can lead to psychiatric disorders.

Proposed mechanisms of action

Lithium balances the activities of neurotransmitters, which result in
neuroprotective effects. In particular, lithium affects glutamatergic activity
Excess glutamate uptake by glutamatergic receptors results in seizures, thus,
by decreasing their activity, neurons can be protected.

Absorption, distribution, and excretion well absorbed in the Gl tract
Distributed into most body tissues and across the blood brain barrier

Elimination half-life 24 hrs, 18 hours in children, 36 hrs in geriatric
patients, 40-50 hrs in patients with impaired renal function excreted primarily
in urine.
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Contraindications
Should be especially monitored in patients with:

Renal Disease, Cardiac Disease, Dehydration or low salt intake,
Pregnancy/breastfeeding.

Toxicity occurs at doses close to the therapeutic range so treatment should
begin at a low dose and increased based on daily serum.

Mild adverse events

o Nausea, muscle weakness, vertigo, thirst, fatigue, hand tremors.

Serious adverse events

e Ataxia, tinnitus, blurred vision and slurred speech, Seizures,
vomiting and diarrhea Coma, death.

Dosage

e Lithium carbonate: 300mg tab (licab).

e Lithosun-SR: 400 mg tab.

e Lithium citrate: 300mg/5ml liquid. (Not available in India).
e Usal range: 900-2100mg/day in 2-3 divided doses.

Blood lithium levels

e  Therapeutic levels-0.6-1.2 mEg/L the concentration of medicine in
blood stream required for the medication to be effective. (for
treatment of acute mania).

e Prophylactic levels-0.6-1.0 mEg/L (for prevention of relapse in
bipolar disorder).

e Toxic lithium levels > 2.0 mEg/L.
Signs and symptoms of lithium toxicity

e  Ataxia-loss of full control of bodily movements.
e  Coarse tremor-one in which vibrations are slow.
o Nausea and vomiting.

e Impaired memory & concentration.

e Nephrotoxicity-toxic to kidney.

e  Muscle weakness, Convulsions.

e  Muscle twitching-small, local, involuntary muscle contraction and
relaxation which may b visible under the skin.
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o Dysarthria-a speech disorder caused by disturbances of muscular
control coz of damage to CNS or PNS.

e Coma, Nystagmus-rapid involuntary movement.
Management of lithium toxicity

Discontinue, Gastric lavage, Adsorption with activated charcoal.

Ingest fluids, Maintain fluid and electrolyte balance.

Serious manifestation of lithium toxicity, hemodialysis.
Carbamazepine

e Synthesized in 1953 by schindler.

e Onset of action can be faster as compared to lithium but slower
compared to valproate.

It is available in the market under different trade names like.
Tegretol, Mazetol, Zepto. Zen Retard.
The average daily dose is 600-1800mg orally, in divided doses.

Indications

Seizures-, complex partial seizures, GTCs, seizures due to alcohol
withdrawal.

Psychiatric disorders- rapid cycling bipolar disorder.
Schizoaffective disorders, Borderline personality disorders.
Cocaine withdrawal syndrome, Psychosis with epilepsy.
Aggression.

Mechanism of action

e Normally, sodium moves into a neuronal cell by passing through a
gated sodium channel in the cell membrane.

e Carbamazepine may prevent or halt seizures by closing or blocking
sodium channels thus preventing sodium from entering the cell.
Keeping sodium out of the cell may slow nerve impulse transmission,
thus slowing the rate at which neurons fire.

Side effects
e Drowsiness, confusion, headache, hypertension, vomiting, diarrhea.

e Abdominal pain, Hepatitis, Oliguria.
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e Thrombocytopenia-def of platelets in dis case bleeding in tissues and
slow blood clot after injury.

e Agranulocytosis-def of granulocytes increase vulnerability to infctn.
e  Dry mouth.
Sodium valproate

Valproic acid was first synthesized by Burton and used as an organic
solvant.

1963-MEUINER discovered antiepileptic properties of valproaic acid.
1966-LAMBERT reported valproate might be effective as an antimanic.
1978-Approved by US FDA as an antiepilectic drug
1996-Approved by US FDA for treatment of acute mania.
Ex: Encorate, valpirin, epilim, epival
e The usual dose 15mg/kg/day with a maximum of 60mg/kg/day
orally.
Indications

e Acute mania, prophylactic treatment of bipolar disorder, rapid
cycling bipolar disorder

e Schizoaffective disorder, Seizures

e  Other disorders like bulimia nervosa, obsessive-compulsive disorder,
agitation & PTSD.

Why Use an Anticonvulsant as a Mood Stabilizer: The Kindling
Hypothesis

e It is hypothesized that epilepsy and mood disorders may be caused
by dysfunctional cation (Na & Ca) pumps, which leads to an
imbalance between excitatory (glutamate) & inhibitory (GABA)
neurotransmitters.

e Anticonvulsants are thought to prolong inactivation of cation
channels during activity such as seizure (or mood episode),
preventing spread & leading to downstream changes in GABA &
glutamate.

Side-effects

e Nausea, Diarrhea, Sedation, Ataxia, Dysarthria, Tremor, Weight
Gain.
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Chapter - 10

Optimization of Adventitious Root Culture System in
Soybean for Enhanced Production of Quercetin

Nandakumar Vidya, Ponniah Anu Akshaya and Arun Muthukrishnan

Abstract

The response of adventitious root induction from cotyledonary nodes of
soybean in different lighting conditions, and different concentrations of
indole-3-butyric acid (IBA) were studied. Among the different lighting
condition of explants placed in MS medium supplemented with IBA (1 mg/l),
16-hour photoperiod showed effective adventitious root induction when
compared to explants placed in complete darkness. Total phenolic (33.07 mg
g and flavonoid content (48.0 mg g™*) was higher in adventitious roots of
cotyledonary node explant of IBA 1mg/l in 16h photoperiod when compared
to control roots (phenolic content = 166.6 mg g*; flavonoid content = 677 mg
gY). The HPLC analysis confirmed that the quercetin content was improved
in adventitious roots (293.3 mg g*) from cotyledonary node explant of IBA
1mg/l in 16-hour photoperiod compared to control roots (31.9 mg g %) in MS
medium without any hormones. On an average, 9.1-fold increase in quercetin
was achieved in adventitious roots of cotyledonary node explant grown in
medium containing IBA (1mg/l) in 16h photoperiod compared to control. The
antioxidant activity of adventitious roots improved as the volume of extracts
used for assay was increased from 20 to 100 pl. In addition, the antioxidant
potential of adventitious roots was significantly higher when compared to
control. In DPPH assay, adventitious roots extracts (20, 40, 60, 80 and 100 pl)
showed higher potency of inhibition when compared to the control. Hence, the
adventitious root extracts were able to scavenge DPPH radicals in a
concentration dependent manner.

Keywords: Soybean, adventitious root culture, light, auxins, HPLC
Introduction

For the past few decades, plants have been highly used for the production
of potent bioactive compounds for manufacturing food supplements,
cosmetics, and used as alternative medicines. Plant tissue cultures can produce
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phytocompounds which is almost four-fold than microorganisms (Zhong
2001). Although plants themselves can synthesize these phytochemicals,
production depends on geographical location, climatic conditions, seasonal
variations and growth conditions. In vitro biosynthesis of these
phytochemicals by plant tissue cultures allows mass production, and thus a
continuous supply-demand relationship. Among various phytocompounds
synthesized by plants, quercetin is considered as one of the potent compounds
having many biological functions.

Quercetin plays a vital role in the prevention of diseases such as cancer
(Murakami et al. 2008), anti-hypertensive, vasodilator, anti-obesity, anti-
hypercholesterolemic, anti-inflammatory, anti-atherosclerotic activities
(Sultana and Anwar 2008; Salvamani et al. 2014) anti-bacterial and anti-viral
effects (Anand David et al. 2016). It is also proven against the prevention of
cardiovascular diseases, neurodegenerative diseases, asthma, hay fever, and
hives (Anand David et al. 2016).

Interestingly, quercetin has also been shown to modulate mitochondrial
function, by altering mitochondrial biogenesis, influencing the membrane
potential and by its effect on electron transport chain and generation of ATP,
and ultimately inhibiting/inducing intrinsic apoptosis (Lakroun et al. 2015).
Accordingly, quercetin intake is positively correlated with the health.
Quercetin can also be taken as a dietary supplement with daily recommended
doses of 200-1200 mg, as well as a nutraceutical through functional foods with
a concentration range of 10-125 mg per serving. Dietary supplementation with
quercetin and its addition into food is highly supported by data on its safety
(Okamoto T 2005).

Biosynthesis of quercetin

Quercetin is present in many plants such as Glycine max, Camellia
sinensis, Moringa oleifera, Coriandrum sativum etc. The phenylpropanoid
pathway is the pathway through which quercetin is synthesized in plants. In
the case of quercetin, chalcone synthase (CHS) catalyzes the condensation of
three equivalents of malonyl-coenzyme A (derived from the metabolism of
glucose) with one equivalent of coumaroyl-coenzyme A (derived from the
shikimic acid pathway) to give the corresponding chalcone, chalcone
naringenin (2',4,4',6'-tetrahydroxychalcone). Chalcone 4 isomerase (CHI)
catalyzes the C-ring closure to give naringenin (4',5,7-trihydroxyflavanone).
The C-ring is hydroxylated by flavanone 3-hydroxylase to give
dihydrokaempferol (3,4',5,7-tetrahydroxyflavanone). The B-ring is further
hydroxylated by flavonoid 3" hydroxylase to give dihydroquercetin, which is
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dehydrogenated by flavonol synthase to give quercetin. Subsequent sugar
conjugations are carried out by various flavonoid glycosyltransferases. The
biosynthesis of quercetin is shown in Fig. 1.

Adventitious root culture

The roots that are formed from non-root tissues during the normal
development and in response to various stress factors, such as nutrient
deficiency, mechanical injury, drought, and flooding. Numerous molecular
mechanisms such as internal and external physiological factors are involved
in the development of adventitious roots (Sorin et al. 2005). These roots are
usually developed from the leaves, petioles, nodes, and internodes (Rahmat
and Kang 2019). In Addition, it helps plants to survive adverse environmental
conditions.

Formation of adventitious roots takes place in four stages (Zhang et al.
2017):

1) The root pre-emergence: Modifications in molecular and
biochemical mechanisms prior to cytological development until the
occurrence of root primordial.

2) Development of roots.
3) Growth of roots.
4) Configuration of the developed roots.

Adventitious root development from the stems or hypocotyls is stimulated
by the removal of root tissue, which is an ecologically and economically viable
method of plant vegetative propagation (De Klerk 1996). Adventitious roots
are produced through direct organogenesis from cambium cells and indirect
organogenesis from callus tissues (Khanam et al. 2018). When compared to
undifferentiated tissues, the differentiated ones, similar to adventitious roots,
are comparatively more established, stable and can store a high quantity of
secondary metabolites (Murthy et al. 2008). Obviously, adventitious rooting
characteristics of plants vary from species to species for the genetic
differences in rooting ability in different species. Additionally, adventitious
root development has often been correlated with environmental factors such
as temperature, light conditions, water, and nutrient supply (Smart et al. 2002).
In plants, auxins and ethylene are growth-promoting hormones for
adventitious rooting, whereas gibberellin and cytokinin (CK) have been
suggested as rooting inhibitors. Recently, many studies have focused on
understanding auxins and adventitious root response signaling pathways (Liao
et al. 2011). As the most studied and abundant natural auxin, Indole-3-acetic
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acid (IAA) was the first used to promote adventitious root formation. Indole-
3-butyric acid (IBA) has become the most widely used auxin for inducing
adventitious root in many species. IBA is more potent than IAA and is
suggested to be a precursor of IAA (Cooper 1935; Woodward 2005). Although
auxin plays a central role in adventitious rooting, phytohormones interact with
one another and the complex cross-regulatory interaction network between
auxin and many different phytohormones controls root development (Bellini
et al. 2014).

Among different culture techniques, adventitious root culture is the most
attractive system for the production of biomass and commercially important
metabolites. Easily up-scaling of adventitious root culture to bioreactor is
another advantage of this method (Baque et al. 2013). As compared to other
culture techniques (cell, embryo, and intact plant), root culture (hairy and
adventitious) is widely exploited for the production of bioactive compounds
due to high efficiency and similarities with those from mother plants (Cui et
al. 2010). Both biotic and abiotic stress conditions alter the synthesis of
bioactive compounds in plants. Therefore, the synthesis of bioactive
compounds in adventitious root culture can be regulated by exposure to
different external elements. Furthermore, it is relatively easy to get control
over the physical and chemical environmental conditions of adventitious root
cultures (Sivanandhan et al. 2012). Adventitious roots induced under sterile
conditions in phytohormone supplemented medium have shown high rate of
proliferation, tremendous potentialities of accumulation, and stable
production of valuable secondary metabolites. Adventitious roots are of
natural product, grow vigorously in phytohormone-free media and possess
great potential to accumulate valuable secondary metabolites. Cultivation of
adventitious roots has been suggested as an alternative to natural compound
production. In the field of plant biotechnology, hairy roots, induced by Ri
plasmid insertion, have been reported to be a promising pathway for producing
rare and endangered medicinal plant species (Zhong 2001). However,
compared with hairy root cultures and field cultivation, this approach is safer,
more stable, and easier to manage (Sudha and Seeni 2001).

In this chapter, we focus on the strategies for the optimization of
adventitious root cultures from soybean for the production of quercetin.

Materials and Methods
Materials

Plant source: The soybean seeds (CO3; cv) were collected from Tamil
Nadu Agriculture University, Coimbatore, Tamil Nadu, India.
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Explants: Cotyledonary nodes.

Preparation of nutrient medium stock solution: Murashige and
Skoog’s (MS) medium (Murashige and Skoog, 1962) was used in this study.
Stock solution of macro, micro, minor, potassium iodide, Fe (EDTA),
vitamins and glycine was prepared in sterilized bottle and stored in the
refrigerator. The stock solution was mixed with appropriate proportion for
each medium, pH was adjusted to 5.6-5.8 with 0.1 N hydrochloric acid or
sodium chloride and 0.75% agar was dissolved in the medium and distributed
in the test tubes. The tubes or bottle were autoclaved at 121°C for 15 minutes
and 15 Ibs pressure.

Methods
In vitro culture of seeds
Surface sterilization of seeds

The soybean seeds were washed with running tap water with few drops
of tween 20 until the bubbles/foam disappear. The seeds were then taken into
the laminar air flow chamber. Initially the seeds are rinsed with 70% ethanol
for 45 seconds and washed thrice with distilled water. Further, they were
surface sterilized with 0.1% of mercuric chloride for 3 minutes and washed
thrice with sterile distilled water. Subsequently, the seeds were blot dried and
inoculated aseptically in MS basal medium and incubated in dark for 4 days.
Later the tubes with seeds were incubated at 16/8-hour light/dark photo period
at 25+ 2 °C.

In vitro explant preparation: The cotyledonary node and hypocotyls
explants were prepared from 7-day old seedlings.

Cotyledonary node and hypocotyl explant preparation: The explants
were placed on sterile petri plates for dissection and roots were removed using
a sterile scalpel. Cotyledonary nodes were separated using a sterile scalpel.
From a single seedling, two explants of cotyledonary nodes were obtained by
removing the roots. The epicotyl was subsequently removed to obtain two
identical cotyledonary node explants.

Optimization of adventitious root culture

The cotyledonary nodes that were prepared as mentioned above were
placed in MS solid medium supplemented with different plant growth
hormones such as IBA, IAA, NAA and 2,4-D in varying concentrations (0.5-
1.5mg/I). Six explants were inoculated in each conical flask. The cotyledonary
node explants were placed in abaxial and adaxial orientations in IBA-
supplemented medium. Further, the flask containing cotyledonary node

Page | 151



explants was incubated in two different light conditions (16h photoperiod and
complete dark) and incubated for 30 days to observe the rooting response.
Explants inoculated in MS medium supplemented with IAA, NAA and 2,4-D
in varying concentrations (0.5-1.5mg/l) were placed only in adaxial
orientation to check the root-inducing effect. After 30 days of culture, the root
growth attributes such as percentage of root response, number of roots, mean
root length, number of lateral roots, and root fresh weight were evaluated.

Extraction and quantification of quercetin
Serial maceration extraction (SME) method

The roots are cleaned, dried under shade, and powdered. The adventitious
roots were powdered using liquid nitrogen. 10 mg of each adventitious root
powder was extracted with 10 ml of methanol. The samples were then
macerated on a shaker with 150 rpm at 22 °C overnight. The extract was then
filtered through Whatman no.1 filter paper. The concentrated sample was
dissolved in 1 ml of methanol and filtered using a 0.45 um PVDF syringe
filter. The concentrated filtrate was further used for the quantification of
quercetin using RP-HPLC.

Extraction for estimation of total phenolic, flavonoids, quercetin, and
antioxidant content

The adventitious roots and control roots were separated from the solid
medium, rinsed with sterile water, and air-dried. The roots were then ground
using a mortar and pestle into fine powder in liquid nitrogen. About one gram
(DW) of fine root powder was transferred to glass tubes and extracted with 10
ml of methanol (99.9%). The samples were then macerated on an orbital
shaker at 150 rpm for 3 days (22 °C). The extract was dried using a rotary
vacuum evaporator (Cyber Lab). About 1mg of dried methanolic adventitious
root extract powder was dissolved in 1 ml of HPLC grade methanol (99.9%)
and filtered using a 0.45um polyvinylidene fluoride syringe filter.

Quantification of total phenolic, flavonoid and quercetin content

About 40 pl of filter sterilized root extracts (Img ml?) were taken to
assess the total phenolic and flavonoid content. Total phenolic compounds
were determined according to the method of Singleton et al. 1999 using Folin-
Ciocalteu reagent. The gallic acid at 1mg ml* was used as standard. Total
flavonoid content was determined by the method described by Crozier et al.
1997 using quercetin (Img ml?) as standard. Quantification of quercetin was
performed using Waters 2998 liquid chromatography (Waters, Milford, MA)
equipped with the photodiode array detector (PDA). The data were processed
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with Empower 2 software. Twenty microliters of filter sterilized root extracts
(Img ml?) and standard (Img ml? quercetin) were injected into the
Symmetry® C18 column (4.6 mm x 250 mm, 5 pm) and eluted isocratically
with HPLC-grade methanol: water (with 0.2% orthophosphoric acid) in a ratio
of 70:30 v/v at a flow rate of 1.0 ml min. The quercetin was detected with a
PDA detector at a wavelength of 375 nm. The amount of quercetin present in
each root extract was calculated by comparing the standard area with the
sample area. The standard and sample solution was injected in triplicate. The
quantification was calculated by the following formula

Quercetin (mg/g) = Peak area of the sample/ Peak area of the standard x
1000

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging

The ability of the extracts to scavenge the DPPH radical was assessed
spectrophotometrically (Gyamfi et al. 1999). About 20 pl, 40 pl, 60 ul, 80 pl,
and 100 pl of filter sterilized root extracts (Img ml—1) were mixed with 450
ul of Tris-HCI buffer (50 mmol/l; pH 7.4) and 1.0 ml of DPPH (0.1 mmol/l in
methanol). The resultant absorbance was recorded at 517 nm after 30 min of
incubation at 37 °C. The percentage of inhibition was calculated as the
percentage of inhibition = [(A0 — A1)/A0] x 100 where A0 was the absorbance
of the control (blank without extract) and Al was the absorbance

Ferric reducing antioxidant power (FRAP) and assay

The FRAP, a method for measuring total reducing power of electron-
donating substances, was assessed according to (Benzie and Strain 1996).
About 20 pl, 40 pl, 60 pl, 80 pl, or 100 pl of filter sterilized root extracts (1mg
mlt) were mixed with freshly prepared 6 ml of FRAP reagent (0.1 M acetate
buffer: 0.02M FeCI3: 0.01M TPTZ = 10:1:1). The absorbance was measured
at 592 nm (Thermo Evolution 201 UV-Spectrometry) after 30 min incubation
at 37 °C.

Statistical analysis

Data were statistically analyzed using analysis of variance (ANOVA)
using SPSS version 11.09 (IBM corporation). Data are presented as means +
standard error. The mean separations were carried out using Duncan’s
multiple range test (DMRT) and significance was determined at 5% level.

Result
Effect of explant orientation

The percentage of adventitious root induction varied between the
cotyledonary node explant orientations at different concentrations of IBA
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(Table.1). The culture of cotyledonary explants of both adaxial and abaxial
side facing the medium led to root initiation after 5 days respectively. Among
the different orientations of explants placed in the IBA medium, the adaxial
side facing the medium showed effective adventitious root induction when
compared to explants placed on the abaxial side. Among the adaxial
orientation treatments under different IBA (0.5-1.5mg/l) concentrations, IBA
at 1.0 mg/l showed the best response in all root growth attributes compared to
any other treatments tested in the present study. The percentage of root
response using IBA (1mg/l) in MS medium was 98.6% with an average
production of 7.7 roots per explant with a mean root length of 35.5cm per
explant and produced an average of 51.2 lateral roots per root with an average
fresh weight of 3.0g per explant respectively after 30 days of culture. Explants
cultured in MS medium without any hormones responded poorly with 66.6%
of root response and produced only an average of 2.6 roots per explant and
15.1 cm as an average root length per explant with 22.6 as an average number
of lateral roots per root of explant during the same culture period.

Effect of lighting condition on induction of adventitious roots from
cotyledonary nodes

The response of adventitious root induction varied between the lighting
condition and the different concentrations of IBA (Fig.1 and Table.1). Among
the different lighting condition of explants placed in the IBA medium, 16 h
photoperiod showed effective adventitious root induction when compared to
explants placed in complete darkness. Among the different concentrations of
IBA, 1.0 mg/l was most effective for root induction under 16-hour photoperiod
and IBA with 0.5 mg/I in complete darkness shows second best root induction.
The culture of cotyledonary node explants placed under both 16-hour
photoperiod and complete darkness in the medium led to root initiation after
5 days respectively. The percentage of root response using IBA (1mg/l) in MS
medium placed under 16-hour photoperiod was 98.6% with the average
production of 7.7 roots per explant with a mean root length of 35.5cm per
explant and produced an average of 51.1 lateral roots per root with an average
fresh weight of 3.1g per explant respectively after 30 days of culture.
Conversely, explants cultured in MS medium without PGR showed responded
poorly with 66.6% of root response and produced only an average of 2.6 roots
per explant and 15.1 cm as the average root length per explant with 22.6 as an
average number of lateral roots per root of explant and produced an average
fresh weight of 0.25g per explant during the same culture period under 16h
photoperiod. The percentage of root response using IBA (0.5mg/l) in MS
medium under complete darkness was 95.3% with the average production of
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6.1 roots per explant with a mean root length of 32.2cm per explant and
produced an average of 47.7 lateral roots per root with an average fresh weight
of 2.31g per explant respectively after 30 days of culture. On the other hand,
explants cultured in MS medium without PGR showed responded poorly with
60.3% of root response and produced only an average of 1.6 roots per explant
and 12.8 cm as the average root length per explant with 18.3 as an average
number of lateral roots per root of explant and produced an average weight of

2.31g per explant during the same culture period under complete darkness.

Table 1: Effect of explant orientation and lighting condition on induction of
adventitious root from cotyledonary nodes of soybean cv. COs cultured in MS
medium containing different concentrations of IBA

PGR | Percentage of No. of Mean root | No. of lateral R(\;\?;ig;:fh
(magl/l) | response (%) |roots/explant|length (cm)| roots/root Explant (mg)
16h photoperiod
Control"| 66.6 +0.86% | 02.6+0.13/ | 15.1+0.38/| 22.6 £0.86% | 0.25+0.01
IBA"
0.5 87.6+1.36° | 5.2+0.219 [251+0.61%| 33.6+156" | 1.22+0.02¢
1.0 98.6£0.96% | 7.7+0.33% |355+0.83%| 51.2+234% | 3.02+0.032
15 91.0+1.12° | 55+0.149 |29.1+0.41°| 38.3+1.86 | 1.96+0.03¢
Control¥ 58.3+1.65™ | 1.2+0.08' |11.5+0.82'| 16.0+0.89" | 0.14 +0.01i
IBA#
0.5 85.4+0.86" | 49+0.13° |23.0+0.887| 30.6+0.799 | 1.11+0.02f
1.0 91.3+0.73° | 6.1+£0.20° [32.0+1.03"| 43.0+1.63° | 2.15+0.04°
15 84.3+0.989 | 45+0.18" [21.3+0.689| 356+1.89° | 1.11+0.01f
Complete dark
Control”| 60.3+152' | 1.6+0.09< |12.8+0.36'| 18.3+2.10™ | 0.14 +0.01i
IBA”
0.5 95.3+1.21° | 6.9+0.31° [32.2+0.89°| 47.7+1.89° | 2.31+0.02°
1.0 88.6+1.01% | 53+0.26% |27.3+0579| 38.0+1.55¢ | 1.29+0.02°
15 83.0+0.85" | 4.0+0.13% [20.3+0.96"| 28.6+1.23" | 1.03 +0.03¢
Control¥ 53.6+0.81" | 1.2+0.13' |10.2+0.46™| 13.6+£0.80" | 0.14 +0.01i
IBA#
0.5 80.0+0.91" | 3.6+0.21" |19.7+0.84"| 253+0.93' | 0.97 +£0.019
1.0 79.6+133 | 3.6+0.14" |16.3+0.71'| 23.6+0.900 | 0.91+0.029
15 746+1.14 | 03.0+0.19 |14.1+0.69¢| 20.0+0.91' | 0.78+0.01"

*The cotyledonary nodes were placed adaxial side facing the medium.
#The cotyledonary nodes were placed abaxial side facing the medium.

Control: Explants cultured on MS medium without any phytohormones.
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The data were tabulated after 30 days of culture in the respective medium.
Each treatment contained three replicates with at least 10 explants per
replicate. Data represent the mean () standard error of three replicates. Values
with the different letters within columns are significantly different according
to Duncan’s multiple range test (DMRT) at a 5% level.

Effect of auxins on induction of adventitious root from cotyledonary
nodes of soybean cv. CO3

Effects of different auxins were studied in cotyledonary node explants
incubated under 16h photoperiod using the optimized protocol (Table.2). The
percentage of adventitious root induction varied between the different
concentrations of auxins used. Comparing the different concentrations of
auxins IAA, NAA, 2,4-D (0.5-1.5mg/l), IBA 1mg/l was most effective for root
induction and IAA with 0.5mg/l shows the best root induction when compared
with other concentrations of IAA. The percentage of root response using I1AA
(0.5mg/l) in MS medium under 16h photoperiod was 98.3% with the average
production of 5.9 roots per explant with a mean root length of 21.1cm per
explant and produced an average of 38.2 lateral roots per root with an average
fresh weight of 1.89g per explant respectively after 30 days of culture. NAA
with 0.5mg/l shows the best root induction when compared with other
concentrations of NAA. The percentage of root response using NAA (0.5mg/l)
in MS medium under 16h photoperiod was 98.3% with the average production
of 5.3 roots per explant with a mean root length of 18.1cm per explant and
produced an average of 34.6 lateral roots per root with an average fresh weight
of 1.79g per explant respectively after 30 days of culture. 2,4-D with 1mg/I
showed the best response when compared with other concentrations of 2,4-D
placed under a 16h photoperiod. The percentage of root response using 2,4-D
(Img/l) in MS medium under 16h photoperiod was 56.3% with the average
production of 10.6 roots per explant with a mean root length of 3.3cm per
explant and produced an average of 7.6 lateral roots per root with an average
fresh weight of 0.86g per explant respectively after 30 days of culture. On the
other hand, explants cultured in MS medium without PGR responded poorly
with 66.6% of root response and produced only an average of 2.6 roots per
explant and 15.1 cm as an average root length per explant with 22.6 as the
average number of lateral roots per root of explant and produced an average
fresh weight of 0.25g per explant during the same culture period under 16h
photoperiod. The culture of cotyledonary explants placed under 16-hour
photoperiod in the medium led to root initiation after 5 days respectively. The
percentage of root response using IBA (1mg/l) in MS medium placed under
16-hour photoperiod was 90.3% with the average production of 17.6 roots per
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explant with a mean root length of 21.5cm per explant and produced an
average of 22.5 lateral roots per root with an average fresh weight of 0.51g per
explant respectively after 30 days of culture. Conversely, explants cultured in
MS medium without hormones showed responded poorly with 66.6% of root
response and produced only an average of 2.6 roots per explant and 15.1 cm
as the average root length per explant with 22.6 as an average number of lateral
roots per root of explant and produced an average fresh weight of 0.25g per
explant during the same culture period under 16h photoperiod.

Table 2: Effect of auxins on induction of adventitious root from cotyledonary nodes
of soybean cv. CO3

PGR | Percentage of No. of Mean root [No. of lateral R?/\?;i F;S/Sh
(mg/l) | response (%) |roots/explant| length (cm)| roots/root Explar?t (mg)
Control| 66.6 +0.867 | 02.6 +0.1% |15.1+0.38°| 22.6 + 0.86" | 0.25+0.01"
IBA
1.0 98.6+0.96% | 07.7+0.33° | 355+ 0.83%| 51.2+2.34% | 3.02+0.03°
IAA
0.5 98.3+0.56* | 05.9+0.19¢ |21.1+0.50°| 38.2+0.95° | 1.89+0.01°
1.0 95.6+1.12° | 03.6+0.149 | 14.3+£0.447| 359+ 0.89¢ | 1.11+0.02¢
15 91.3+0.75° | 03.0+0.13" |11.5+0.53"| 245+ 0.869 | 0.86 = 0.01f
NAA
0.5 98.3+£0.69% | 05.3+£0.24° |18.1+0.36°| 34.6 £0.73° | 1.79+0.03°
1.0 89.6+0.99¢ | 04.2+0.117 |16.0+0.489| 31.9+0.87¢ | 1.26 +0.02¢
15 80.7+1.02¢ | 04.0+0.16" |13.8+0.769| 25.,5+0.98" | 1.18 +0.01°
2,4-D
0.5 443+0.85 | 06.3+0.199 |02.1+0.121| 05.3+0.56/ | 0.25+0.01"
1.0 56.3+0.739 | 10.6+0.13* |03.3+0.34'| 07.6 £0.76' | 0.86 +0.02
15 | 48.9+049" | 07.2+0.11° | 02.5+0.45 | 03.2+0.59% | 0.65 +0.019

The cotyledonary nodes were placed adaxial side facing the medium and
incubated under a 16-h photoperiod for 30 days.

Control: Explants cultured on MS medium without any phytohormones
each treatment contained three replicates with at least 10 explants per
replicate. Data represent mean (z) standard error of three replicates. Values
with the different letters within columns are significantly different according
to Duncan’s multiple range test (DMRT) at a 5% lev
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Adventitious root induction from cotyledonary node explant of soybean cv. CO 3. a, ¢, e,
g Induction and proliferation (a: after 10 days of culture; c: after 20 days of culture; ¢, g:
after 30 days of culture) of adventitious roots from cotyledonary node explants cultured
in MS medium containing | mg/l IBA and incubated under 16h photoperiod; b, d, f, h In-
duction and proliferation (b: after 10 days of culture; c: after 20 days of culture; e, g: after
30 days of culture) of adventitious roots from cotyledonary node explants cultured in MS
medium containing 0.5 mg/l IBA and incubated under complete darkness.

Fig 1
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HPLC chromatograms of quercetin in IBA (1 mg/l) induced adventitious roots and con-
trol roots of cotyledonary nodes. a Standard of quercetin; b methanolic extract of control
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Total phenolic, flavonoid and quercetin content in the extract from
adventitious roots of soybean cv. CO3

Total phenolic (33.07 mg g %) and flavonoid content (48.0 mg g ') was
high in adventitious roots of cotyledonary node explant of IBA 1mg/l in 16h
photoperiod when compared to control roots (phenolic content = 166.6 mg
g-1; flavonoid content = 677 mg g %) (Table.3). The results of HPLC analysis
confirmed that the quercetin content was improved in adventitious roots
(293.3 mg g ) of cotyledonary node explant of IBA 1mg/l in 16h photoperiod
compared to control roots (31.9 mg g%) in MS medium without PGR. Hence,
there was a 9.1-fold increase in quercetin content in adventitious root cultures
of cotyledonary node explant of IBA 1mg/l in 16h photoperiod compared to
control (Fig.2).

Table 3: Total phenolic, flavonoid and quercetin content in the extract from
adventitious roots of soybean cv. CO3

Phenolic content Flavonoid content | Quercetin content
(mg/g)” (mg/g)* (mg/g)
Control 038.2+1.2b 126 +2.9° 031.9+1.6°
IBA (1 mg/l) 166.6 + 3.12 677 £3.3 2939+ 1.92

Ten ml of methanol (99.9%) was added to one gram (DW) of fine root
powder and placed on an orbital shaker at 150 rpm for 3 days (22 °C). The
extracts were dried, and about 1mg of root extract powder was dissolved in 1
ml of HPLC-grade methanol (99.9%). About 40 pl of root extracts (Img ml™1)
was taken for analysis of phenolic and flavonoid content. About 20 pl of root
extracts (Img ml™) was taken for HPLC analysis. Data represent the mean
value of three replicates (five root biomass per replicate) with standard errors.
Values with the different letters within columns are significantly different
according to Duncan’s multiple range test (DMRT) at a 5% level.

Control Adventitious roots induced from cotyledonary nodes cultured on
MS basal medium; "mg Gallic acid equivalent/g DW of extract; * mg quercetin
equivalent/g DW of extract.
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FRAP reducing ability and DPPH radical scavenging assay

The antioxidant potential of adventitious roots was carried out using
FRAP and DPPH assay (Fig. 3). The reducing ability of the root extract of
adventitious roots of IBA 1mg/l in 16h photoperiod was determined using the
FRAP assay. The formation of blue-colored TPTZ-Fe?* complex from
colorless oxidized TPTZ-Fe** by the action of the electron donating
antioxidants was recorded at absorbance 595 nm. The antioxidant activity of
adventitious roots of IBA 1mg/l improved as the volume of extracts used for
assay was increased from 20 to 100 pl. In addition, the antioxidant potential
of adventitious roots of IBA 1mg/l was significantly higher when compared
to the control. In the DPPH assay, adventitious root extracts of IBA 1mg/l (20,
40, 60, 80 and 100 ul) showed higher potency of inhibition when compared to
control root extracts. Furthermore, the extracts of adventitious roots of IBA
1mg/l were able to scavenge DPPH radicals in a concentration-dependent
manner.
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Fig 3
Discussion

In this present study we took one of the valuable secondary metabolites
(quercetin) which belongs to the flavonoid group to improve its content in
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soybean via adventitious root culture. In this present study, we selected
adventitious root as the system and induced adventitious root in cotyledonary
node explants of soybean with different concentrations of auxin and quantified
quercetin content. In this present study, we have undergone adventitious root
induction in cotyledonary node explants of soybean. It is reported that
cotyledon segments derived from zygote embryos are suitable tissues for
studying adventitious root formation. Among different hormones used in this
study, IBA showed effective root induction when compared with other
hormones (IAA, NAA 2,4-D). IBA was also reported to be superior for
adventitious root development in O. stamineus (Pick et al. 2009), E.
angustifolia (Jang et al. 2012), O. prostrata (Martin et al. 2008), P. corylifolia
(Baskaran and Jayabalan 2009) and W. somnifera (Murthy and Praveen 2013).
In this study, cotyledonary explants' orientation was also examined in which
cotyledonary explants placed adaxial side facing the medium is more effective
than the abaxial side. These findings were coherent with Shri and Davis 1992,
where the best organogenic responses in Cicer arietinum (L.) were obtained
from the adaxial side of cotyledon explants. In this study, cotyledonary
explants of soybean in 1mg/l of IBA-containing medium kept under 16-hour
photoperiod showed effective adventitious root production when compared
with complete darkness. Similarly, it is proved that 1 mg/l IBA was the best
auxin for the induction of adventitious roots from leaf explants of M. citrifolia
under light conditions (Baque et al. 2010).

Plant polyphenols are a significant group of compounds that act as
primary antioxidants of free radical scavenging. These compounds can chelate
with metal ions that could catalyze the formation of ROS which promotes lipid
peroxidation (Igbal et al. 2015). Among polyphenols, flavonoids are of great
importance because they help the human body to fight against diseases.
Molecular structures, the position of the hydroxyl group, and other features in
its chemical structure determine the ability of flavonoids to act as potent
antioxidants (Igbal et al. 2015). In flavonol, quercetin is most abundant with
good antioxidant properties and possesses structural features for free radical
scavenging activity (Kalita et al. 2013). Therefore, it is significant to
determine the total phenol, flavonoid, and quercetin content in adventitious
root extracts. In the present study, total phenol, flavonoid and quercetin
content were significantly higher in methanolic extracts of adventitious roots
when compared to control roots. The FRAP and DPPH are the most common
assays to estimate the antioxidant potential of samples. The ferric ion-reducing
antioxidant potential of samples was estimated from their ability to reduce
colorless oxidized TPTZ-Fe 3 to TPTZ-Fe ?* (blue-colored complex). The
DPPH molecule that contains stable-free radicals has been extensively used to
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estimate the radical scavenging ability of antioxidants. The DPPH scavenging
ability is attributed to the hydrogen-donating ability of compounds in plant
extracts (Ebrahimzadeh et al. 2008). In this present study, the results of FRAP
and DPPH assay confirmed that the antioxidant activity of root extracts from
adventitious roots produced from cotyledonary node explant of soybean on
treatment with 1mg/l IBA in 16h photoperiod was significantly higher when
compared to control root extracts. In addition, in both FRAP and DPPH assay,
the antioxidant potential of extracts increased as the volume used to assay was
increased from 20 to 100 pl. Our results indicated that the radical scavenging
ability of adventitious root extracts (20 to 100 pl) might be mostly related to
their concentration of phenolics and flavonoids. Rao et al. 2018 reported that
the ability of the extracts to reduce Fe * could be attributed to the number of
hydroxyl groups in the phenolic and flavonoid compounds. Chiang et al. 2016
reported that FRAP and DPPH radical scavenging ability could be attributed
to the flavonoids present in plant extract of Zingiberaceae family.
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