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31. Self Reliant Industrial Sector by Atmanirh
Bharat Abhiyan rohar

Dr. Parmeshwar Sambhaii
‘ - 1aji Kamble
HOD, Banking & Finance, Amruteshwar Arts, Commerce & Science College, Vi
) €, Vinzar, Pune.

Abstract

The paper goals to explore the changin R
T ;II s o ging role of Atmanirbhar Bharat abhiyan in MSMEs

1 is bac 4 : ;
g | A D ones of self-relent Indian Industry. this research study

explores the new significance within the Industry and self-relent India.

Key note - MSMESs
Introduction

The journey of economic development of India is very interesting, very important
invectives by government with 1991 reforms in India. After that so many small level reforms
taken by government of India.

India has been a visionary country taking measures to improve the economy and the
governance. This has been indicated by the annual growth rate of Gross domestic Product, as

provided by the world Bank (See Exhibit 1below)
Exhibit: GDP Growth (%) India

[ 1995 2000 2005 2010
| 7.5% 3.8% 7.9% 8.5%

2015
8%

Source: The world Bank Data (WB, 2019) (3)

Concept of Atmanirbhar India

Atmanirbhar Bharat, which means ‘independent India’, is the vision of't

«a greater and more significant aspect 0
hat are effective, serious

he Prime minister
ot India (with mission of) making India f the worldwide
*0nomy”, This will be accomplished by seeking after arrangements t
"d strong, ang acting naturally supporting and self-creating..
0bjectives of the Study
To study of vireos aspects of Atmanirbhar Bharat abhiyan
*  To study of significance of MSMEs an Atmanirbhar Bharat abhiyan.

e~
o i ANTTL
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arat abhiyan.

e  To study of steps about Atmanirbhar Bh

Paper study is depend on secondary data base_'

as recently publishe

Methodology of study

analysis his
The Researcher research and y 4 research paper, articles,

information collects from yarious sources such

. : er, etc.
government of India report published in (M€ to time, newspaper,

Importance and value of study |
me of the options that m

This Research paper study covered to SO
+h sieni -+ ution from the MSMES sector in
implemented in the context of MSMEs. With significant contribu ‘

the country’s GDP and employment generation.
Vision and mission of Atmanirbhar India
Atmanirbhar Bharat abhiyan upholds Indi

clarion call given by the Honble Prime Minister to utilize these .
ed to empower the resurgence of the Indian

ay be considered or

an economy in battling against Covid-19. The

difficult occasions to become

Atmanrbhar has been very generally welcom
economy (govt.2020)(8). It rests on five components viz. the Economy, infrastructure system.

Vibrant Demography and Demand. As one of the
and medium enterprise area in India can assume a significant function by standing, vigorous on

clements of Atmanirbhar Bharat, micro, small

all the five aspects, in this manner accomplishing the vision of confident India (Sood, 2020)(9).
In view of this, strengthening of the MSMEs is the key to realize the vision of Atmanirbhar
Bharat Abhiyan.
Significance of Atmanirbhar Qn& MSMEs ;

It may be noted that the role of MSME sector has been changing over the years. Earlier it
I to provide the support to the economy. Now with this Atmanirbhar mindset, MSME will
become the backb;n;e olf the economy as conveyed by our Hon’ble Prime Minister b yp romoting
the concept “vocal for local’. Therefore. A i .
from strengthening of the industry sectorsscjfl izzz?r:(cll e oo

goods and services whiting the country

making it self sufficient country , It might be noti
3 oticed that after farmj . q
biggest sector in India. rming MSME is the secom

Industry sectors suitable to MSMEs

to be changed to become “Self Reliant’ it i il minating the exports. This needs
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Inclusion of MSMEs in Building of self-reliant Indja
It is required to strengthen the MSMEs by fixing the various issues that they are facing
ince last two decades. These are critical aspects for the success of MSMEs and are as listed
beloW (s00d,2020)
In this context, India can plan to promote its manufacturing and trade with the help of
MSMEs. According to (Srivastav, 2020(12), there could be followings ways to encourage the
MSMEs:

o  Providing assurance of quality workforce.

e  Making Financial Credit easily accessible so as to have financial stability.
e  Providing Branding and Promotion support to enhance the market visibility of MSMEs
and their products in domestic markets. ’
Good reforms towards ‘reduction input .costs’ will benefit MSMEs and make India an

attractive place to do business. This will ensure domestic value addition which will make MSME

attractive and competitive.
With ‘Make in India’ agehda, support MSMEs get access to such resource such as design

studios, innovation labs, and strengthening of standards and quality infrastructure.

Findings of the Study
The Researcher after the analysis of all data and related works of self-reliant Indian

Industry systematic framework is required to include MSMEs in making a reality. It may be
advised that there is need to understand our strengths and accordingly to bring-up and support
the industry. Artisans and craftsmen are using natural resources for making their products.
Providing and technology to artisans and craftsmen will definitely enhance their business

prospects. Another sector is healthcare which will offer opportunity for MSMEs to provide a

range of products and services for the masses. services making use of artificial intelligence
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Abstract

The Covid-19 pandem
the lives of Indians were forced to shift in accordance with the

ic India undertakes a fully lockdown for almost more than three

months. All of a sudden,
regulations issued by government. This change in the lives of Indians can be mirrored by an

adjustment in food consumer behaviour that, consequently, brought about a transition in the

whole supply chain. This paper gives an overview of the recent changes in consumption patterns

that occurred due to the Indian lockdown, and how evolutions in behaviour are intertwined with

the evolution of the main food supply chains. Many of the events here depicted are likely to last
far beyond the crisis and affect the subsequent evolution of food consumption in India. The
Indian retail supply chain successfully adapted to the big shift in consumption. Despite purchases
for essential items having increased, no stockout harmed the food security of Indians. Out-of-
home consumption moved inside houses giving space to home meal preparation and comfort
food. Home delivery has been the most important element in this context, as it boomed during
this period, helping laggard consumers fill the digital divide, as it was mostly mediated by ¢
commerce platforms and instant messaging. It was also the leverage that allowed small retailers
and small producers regain their space. This crisis calls for a more sustainable food system that
will be increasingly oriented to moving goods rather than people, which will also have relevance
in the coming years
Key words: consumption, lockdown, food, behaviour

Introduction

o res;?:ddfjljzgs;n ;111: :;(IIZ :haindoccur due to natural calamities and crises. COVIZ;z
sectors and activities, including marr?f: y ff)r remen deths but also ouches 1 eco:ICalth
Organization, 2020). Significant conside::':'u o Su}-)ply S e (Worl Iy

ion has aimed at the strength of the f00d supP

Y
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ok ot the time sasters. Food Supply requireg to
10 »

chain interference due to transportatj N SSaEsRin food atleteniny
on and sup
Ply network, shortage of Iz
, ge of labour.

, (H2N2) i ,
(H2N2) in 1957, (M3N2) in 1968, pandemic flu

n 1) in 2009; COVID-19 is different becayge of the

€conomic Situation arises cr

' | f ¢ uttering
commermal and economic activity, ol ot
he

disrupti
10 , ;
' 1. work from home, social d ption of personal routine, work, home (e.g., closure
0 ocial di :
ofthe . , 4% distancing, the response of retail sectors and food service).

o reduce the COVID-19 impact among food workers, proper response plans were established
o providing direction in the operations of the food supply chain at the time of the outbreak.
Qbjectives of Study

. To study of food consumption pattern in lockdown period.

o To study of consumption behaviour in lockdown period.

o To study of how to changing consumption pattern in lockdown period.
Methodology of the Study

The research paper depends on the primary as well as secondary data. researcher has

‘wllected information about the food consumption use of questioners from the across of
Maharashtra. the researcher has collected data of food consumption from 500 household’s throw-

out the Maharashtra use of google form and analysis by exile and anoia technics. researcher also

use of secondary data for the study as like published research paper, news, articles etc. The

| survey asks a number of questions related to how food consumption® behaviours have been

altered during the pandemic, including changes in food shopping, preparation, and consumption

practices. The questionnaire consisted of 27 one-option, multiple-choice, and open questions and

Was structured into three sections: (1) socio-demographics (10 questions): citizenship, gender,

bousehold income, education level, etc.; (2) food purchase and consumption behaviour (15

Questions): food shopping behaviour, food-related behaviours, food
holmehold food waste. etc.: and (3) emotions (2 questions). To assure the quality of the survey

-related activities, extent of

lata, the questionnaire was pretested with 20 respondents. This step ensured that the questions

Wete clear and comprehensible, and respondents can understand and answer them. Based on the
b

fe
“hack obtained from the pretexts, the
K .
?Slstency was demonstrated with the coefficient alpha 0
%ol
*ed. The data, collected through Survey horens =2

4 :
thage for Social Sciences (SPSS) version 25.0 for analysis.

questionnaire was adjusted and administered. Internal

£0.705. A total of 500 answers were

Means, variation ratio,

40776 43
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e calculated for descriptive data. The variation ratj, o
» Of

frequencies, and percentages wer

ndex (VR), is 2 simple measurement of statistical dispersion in qualitative Variab]eg

Freeman i

while stan

dard deviation is used for continuous data. It is the simplest measure of qualitatjy,

t is defined as the proportion of cases, which are not in the mode category based

n. In particular, the Mann—-Whitne

ategorical variables as independent variables
Qatari) and the Kruskal-Wallis test was used for mult;-

variation. I
y U test was. running whenever we hgq

the equatio
dichotomous ¢ (e.g., stocking up food—Yes = |

No = 0; citizenship—Qatari or non-

choice responses as independent variables (e.g., occupation). In addition, statistical significance

was set a priori at a p-value of 0.05.
Review of Literature

On the 31st of Dece
reported to the World Health Organization (WHO) a cluster of pneumonia cases of unknown

disease in Wuhan City, in Hubei province. On the 9th of January 2020, the Chinese Centre for

mber 2019, the Municipal Health Commission of Wuhan (China)

Disease Control and Prevention reported that a novel coronavirus (SARS-CoV-2) had been
detected as the cause of the easily transmissible respiratory disease, later named Covid-19
(Ministry, 2020). On 11th March 2020, WHO declared the disease a pandemic (WHO, 2020). In
the attempt to limit the outbreaks and contain the spread of the disease, many countries have
adopted an emergency lockdown strategy. Lockdown measures have consisted of quarantines
and restrictions such as borders closures, travel restrictions, limitations on personal freedom
closure of educational establishments, smart working at home (except for all strategic sectors),
ban on public gatherings, social distancing, closure of all but essential comrr;ercial activities.
Amongst Western countries, the lockdown measures implemented in Italy have been considered
f)ne of the most restrictive closure schemes. On the 8th of March 2020, the Italian govemment
;Helpc.)selci rigorous measures to its population, and the country became ’the first in the Wester
mis imi :

i e o e s i e o £ 3
of places of residence. This strict lockdovfrI: - eer:CISe.s and dog walks, all within e el
which citizens gradually were allowed to con:/ ; ma-l ntjcllned BP0 the Sid giay 2025 éﬁer
precautions, The purpose of the study is t - tht.ﬂr fives as normal, maintaining s0° m.lﬂor

o shed light on the changes in the food pafadlgm y

presenting an overview o he €
f in eff
the main effects of the Italian lockdown on consumption habits a8 well
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' the corresponding psychologi
| g5 00 g psychological effects op consumers. In particular, the present study

| gimed t provide a categorization of the main changes in food purchasing

| Results of the Study

| Sociodemographic Characteristics of the Participants Table 01 & 02 indicates that
§2.91% of the respondents were, 61.32% were women, 50.36% were married with children,

- 60.03% were active professionally, and 83.7% were highly educated. Further, most of the

.5 respondents were middle aged (53.89% of them were 25 to 45 years old). This was related to the

" mode of administration bias as mainly young and educated people have access to the internet and

| social media, which were used for the dissemination of the survey. Moreover, 62.05% of the
respondents’ households eamn the same income as most other households in lockdown. Food

Behaviour and Consumption Habits During COVID-19 Pandemic The results regarding food

| consumption during the COVID-19 pandemic in Maharashtra suggest clear changes in
consumers’ behaviour related to food shopping. According to Study, 35.35% of the respondents

 (including “moderately more” and “much more”) indicated that they ordered more groceries

online. At the same time, 29.14% of the respondents indicated that they never ordered

| Sustainability 2020, 12, 6973 7 of 18 groceries online. In addition, 29.30% of respondents
| indicated that they ordered much less food online from a full-service or fast-food restaurant or by
a delivery application. Further, 33.79% of the respondents (including “moderately more” and
“much more”) indicated that they increased their purchase of local food products. Regarding

eating and drinking habits during the COVID-19 pandemic, interestingly, 32.4% of the

respondents increased their consumption of fruits and vegetables, 32.3% ate much more healthy

foods, and 44.6% drank more water (all by including “moderately more” and °
and “much less”, 44.5% of the respondents have

‘much more”).

Meanwhile, by including “slightly less”
decreased their consumption of unhealthy foods, such as fast food, 32.4% of respondents have

decreased their consumption of unhealthy snacks, and 28.7% have eaten less candy, cookies,

cakes, and pastries. The Study highlights some changes in food-related activities. In particular,

¢” and “much more”, 42.90% of the cohort stated that they are

by including “moderately mor
are cooking and preparing food much more

ating more with family members, 49.20%

frequently, and 54.5% are spending a lot of time cooking.

1 I No. : 40776
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Tabl - _ mw
Ten/l// jﬂﬁﬂ%m "Slightly | About Moderately | Much
I 1rs
Neve Time | Less | Less z};:ﬂ . More More
/_// o,
Coking food 4.08_|0.70 10 {140 gggg ;69.39 Zgég = 0\51
oking 0 | . . . Ao
e [370 020 [210 |30 7L Tos
family
members I —— ’
Spending @ 10.10 | 0.70 |2.40 5.19 26.79 |27.0 27.49 | 4.28 0\73
 time cooking
Eating 470 |050 |679 |731 45.49 |23.30 12.01 |4.06 |03;5]
between meals ] ] ]
Making _easy | 16.80 | 0.30 |8.89 8.0 36.49 | 18.59 10.80 |3.46 [0
meals - i
Eating at 2240 | 1.20 | 1421 |79 29.41 | 8.19 16.20 |3.08 |071
home ) ]
Take  away | 26.00 | 1.60 | 28.55 |8.71 1720 |8.70 820 |[247 |01
with deliveries 7 '
Eating  at|4191 | 1.70 |[28.0 |6.91 109 [2.80 230 | 147 [051
someone '
else’s place
Eatingout 5230 [1.00 |31.59 |440 [6.79 | 1.60 1.00 [1.18 046
Table 02. food consumption behavioural change during the COVID-19 pandemic
Item Percentage B = Mean | VR
Never Fi.rst Much | Slightly | About | Moderately | Much
Time | Less | Less the More More
Purchas local | 7.07 - S2me
Pl 1.03 | 1.12 |1.38 55.52 | 15.86 17.93 |4.17 |04
Purchas  food | 6.55 [ 0.5 ; 057 |
fom a large D2 1 13.62 | 9.66 48.10 | 11.21 10.34 |3.67 |032
supermarket
Purchas  food | 19.31
- 1.2 Y
from a small | L 11862 [ 1224 3443 [8.62 552 |289 |06
Supermarket
Ordering 291
, 141517 71 |
groceries 11.55 | 5.00 13.79 [21.21 1214 | 289 |07
online
Having meal | 2120 750
. 2120 [1.20 [2930 ] —1 |
d 20 |29, - ——= |
(clivered 30 | 1160 [13.10 | 11.70 190|277 |7
frectly to my
full servi
%g
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©qusion and Findings of the Study
Con

This finding could be explained by severa] factors in the study: The absence of panic

g due to the numerous policies and strategies implemented by the Qatari government to

fgate the effects of the COVID-19 pandemic on fooq supply, as explained below. The

psumption of local Qatari food products increased due to food safety concerns. With the
covID-19 pandemic, uncertainty around the spread of the virus remains and consumers
| jporeasingly want to know where the food they buy comes from. Consumers’ unfounded
| perceptions, that imported food products could pose a safety risk, involved a preference for
Jocally produced items. with barrier gestures, and social distancing becoming the norm, the
wronavirus pandemic has transformed how consumers in Qatar get their food with a surge in
| anline grocery shopping. This is due to lockdowns as well as to a general hesitation to visit large
| and often busy hypermarkets, a precautionary measure to prevent contracting the virus. Some
: demographic groups, such as young and educated adults, use the internet more frequently and
| sed more frequently services such as online grocery shopping and meals delivery during the
| pandemic. With the absence of panic buying and food stockpiling, food waste dropped.
 Nomnally, many consumers consume at least one meal on average outside their home. The waste
s significantly greater when we eat outside regarding stoking up food, we noticed some
| differences between Qatari and non-Qatari respondents. Non-Qatari respondents stocked up
More food than Qataris. This could be explained by the socio-economic characteristics. The
Central Bank declared a QAR 75 billion (USD 20.5 billion) stimulus package to the private
*ctor, which will provide much-needed relief to various sectors that underpin the economy.
With the absence of panic buying and food stockpiling, food waste dropped. Normally, many
cOnsumers consume at least one meal on average outside their home. The waste is signiﬁcantly
Seater When we eat outside. With the restaurants and coffee shops closed, entertainment options
f:cc:me limited 4pqg eating with family and cooking turned into new entertaining activities. In
Cating outside is an intrinsic part of the culture in Qatar and is a major form of

u malnment



-2021 FACTOR - 6.399 (www.sjifactor.com)

RIL - JUNE Ap,
_x JSSUE- 1~ Al;730 - JMPACT , N
VO%B’JFEA _ISSN 2277-
Ad

Reference

. 1d. F., Kirchain, R., 2007. Material availability -
J . F 1€1d, °

he
o150, E- Gregory, 4 responses. 41(19), 6649-6656, doe: 10_1021 /630701

Al effGCtsa an

supply chain: HEh

59c.

Waller, M.A., Faw

tt. S.E., 2013. Data science, predictive analytics, ang Big Data-a
ce ) e . :

11 transform supply chain design and management. J. Byg, Logist g
w1 |

revolution that I
. /ibl.12
;zz;d;;)o:l:l; Jlivelihoo ds during the Covid-19 crisis: closing the £aps in safy
nets, http://www.oecd.org/corOnavirus/en
Director, W. H. O., General’s opening remarks at the media briefing on COVID19.
March 2020. Erisim: https://www.who:int/dg/speeches/detail/who-directorgeneral,
Staniforth, J., COVID-19 update: worker health, absenteeism present largest risks o
U.S. food supply chain, https://Www.foodqualityandsafety.com/article/covidew.
updateworker-health-and-absenteeism-present-largest-risk-to-u-s-food-
(Accessed 20 March 2020).

supply-chairn/,

World Health Organization. WHO Director-General’
Briefing on COVID-19—

s Opening Remarks at the Media

11 March 2020. Available online: https://www.who.int/dg
speeches/detail/who-director-generals

-opening-remarks—at-the-media-brieﬁng-on—
covid-19---11

WHO. Coronavirus Disease (COVID-19). Situation Report—204. Available online:
https://www.who.int/ docs/default-

covid-1 9-sitrep-204.pdf?sfvrsn=

1f4383dd 2 (accessed on 12 August 2020.
Ministry of Public Health. Qatar

Dietary Guidelines; Ministry of Public Health.
Indian Economie survey 2020.

source/coronaviruse/situation-reports/20200811- '



Peer Reviewed Refereed
and UGC Listed Journal
(Journal No. 40776)

ISSN 2277 -5730
AN INTER

NATIONAL MULTIDISCIPI.INARY
QUARTERLY RESEARCH JOURNAL

AJANTA

' Lead by
example

Volume - X, Issye - I,
April - June - 2021
English Part - |

>, Impact Factor/ Indexing
- t 2019-6.399

. , T s wwwsjifactor.com
a q l q \ i “ L\ -]




ISSN 2277 - 5730
AN INTERNATIONAL MULTIDISCIPLINARY
QUARTERLY RESEARCH JOURNAL

AJANTA

Volume - X Issue - I April - June - 2021

ENGLISH PART - |

Peer Reviewed Refereed
and UGC Listed Journal

Journal No. 40776

am-ﬁam ﬁ{fﬁm

IMPACT FACTOR / INDEXING
2019 - 6.399

www.sjifactor.com

+ EDITOR <
Asst. Prof. Vinay Shankarrao Hatole

M.Sc (Maths), M.B.A. (Mktg.), M.B.A. (H.R.),
M.Drama (Acting), M.Drama (Prod. & Dir.), M.Ed.

** PUBLISHED BY +»

b

Ajanta Prakashan
Aurangabad. (M.S.)




VOLUME - X, ISSUE - II - APRIL - JUNE - 2021
AJANTA - ISSN 2277 - 5730 - IMPACT FACTOR - 6.399 (www.sjifactor.com)

©>  CONTENTS OF ENGLISH PART -1 «

S.No. Title & Author Page No.
1 Impactof Covid-19 onIndiain Development Perspective 1-14
Prof. Dr. P.S. Kamble
2 Impact of Covid- 19 & Key sectors of Indian Economy 15-20
Dr. Rashmi Dhobale
3 Impact of Covid- 19 on Education Sector with Special Emphasis on 21-25
Management Education
Dr. Abhishek Mukherjee
4 Impact of Covid on Indian Environment- Scriptural Solutions and Remedies | 26-29
Mrs.Aparna Rajhans
5 Impact of COVID 19 on Tourism Sector in India 30-36
Dr.Bajarang N. Jadhav
Prof.Namadev K. Mang
6 Impact of Covid-19 on Migrant Labourers of India 37-41
Dr. Devaki Nilesh Rathod
7 A Study of Food Consumption Behaviour at the Time of Covid-19 Pandemic | 42-48
inIndia
Dr. Parmeshwar Sambhaji Gadkar
8 Impact of Covid-19 on Indian Agriculture - A Study 49-54
Dr. Gunde Gowda
9 India Post Covid-19: Impact and Challenges on Indian Economy 55-60
_ Dr.Jagannath Kukkudi
10 Impact of Covid- 19 on Manufacturing and Trading Businesses in 61-68
Sangli- Kolhapur Region '
Dr. Jyoti Deepak Joshi
11 Impact of Covid-19 on Indian Industry: Challenges and Opportunities 69-76
Mr. K. S. Gangode
12 Modemn Art and Technology: Digital Art 77-81
Dr. Lalit Gopal Parashar
13 Impact of COVID on Literature in India 82-86
L Smt. Poonam Prakashrao Mane




VOLUME - X, ISSUE - II - APRIL - JUNE - 2021
AJANTA - ISSN 2277 - 5730 - IMPACT FACTOR - 6.399 (www.sjifactor.com) AP-8

1. Impact of Covid-19 on India in Development
Perspective

Prof. Dr. P. S. Kamble
Department of Economics, Shivaji University, Kolhapur, MS.

Abstract

The entire World is suffering from Corona pandemic, and India cannot be an exception.
India has been suffering from Covid19 infection extensively as well as intensively. But the
corona pandemic is a special and dangerous problem for India in many counts such as, it is
highly populated, rural dominated, weak health sector especially public, demographic dividend
availability, growing economy and many others. It is observed that Covid 19 infection is hard
hitting the economic development of India and its sectors, sub sectors and individual economic
activities also. The present research paper examines the impact of Covid19 pandemic on India in
development perspective and probable policy direction for the revival of the economy and
rehabilitation of the society especially labour class, and combating covid19 infection which is
growing rapidly and extensively. The covid19 and its lockdown policy has imposed a heavy
economic loss, burden, cost and damage to the Indian economy and its different productive
sectors and sub sectors. A new economic stimulus package at least 5% of GDP which should be
a sector specific like agriculture, industry, service, trade, labour, poor and so on, because the
economic stimulus package of the government of India is just 1% of GDP according to the
number of individual and institutional experts with more loan component and less proportion of
direct transfer of income to the beneficiaries. Once again, the urgent need for development of

public health and due cooperation and monitoring of the private health sector requires due and

urgent attention by all the center, state and local governments. The citizens of India should

behave responsibly and in a disciplined manner along with the honest and sincere
implementation of the measures such as safe distancing, mask, face cover, hand wash, sanitizer.

Keywords: Corona Pandemic, Covidl19 Infection, Development Impact, Economic

Development and Growth, Gr

Revival of Economy, Policy Direction

oss Domestic Product (GDP), Economic Stimulus Package,
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Introduction i ¢ a pandemic. Indi
The entire World is suffering from Corona p - india cannot be gy exc

art and parcel of the globe with its close integration, associatiop and ¢q

E

epti()n t() !
this, as it iS p e )
The policy of economic reforms in general and globalization in particular hag further ;

nsities the corona pandemic in India indicating a little bit chance of it

Ilnecﬁm 'q
Ilt(insiti%ji
excepﬁ()n, :

; . intensively.;
2020 in the real sense of meaning. But the corona pandemic is a very SPecal g

and exte
Consequently, India has been suffering from Covid19 infection extensively as we]] as

since March
dangerous problem and challenge for India in many counts and respects, such as jt is highly

populated, rapid urbanization, rural dominated, weak and inadequate health sector especially'
public, demographic dividend availability, growing economy and many others. It is obseryeg tha
Covid 19 infection is very hard hitting to the economic growth of India and its sectors, su],}l
sectors and individual economic activities also. It is not only this but it has also very severely ]
affected social welfare and the society as a whole along with people of different strata in the?
society such as labour and migrants. This necessitates to analyse the impact of Covid 19 "n;
Indian economy in development perspective and the probable policy direction which is urgently
needed and will be useful and effective as well. Recently only, India is experiencing the second i
wave of Corona 19 infection especially March 2021 and highly rapid, extensive and intensive ;
also, even in the use of two vaccines. It is against this background, the present research papr
endeavours to examine the impact of Covid19 pandemic on India in development perspective
and probable policy measures to achieve twin objectives; revival and recovery of the econo?y ;
and rehabilitation of the society especially labour and at the same time combating °°Vid_19 1
infection which is growing rapidly and which is becoming extensive and intensive it India’_i
across the states and districts.
Research Methodology .
fgreal®

The Covid19 pandemic is a global phenomenon, problem and challenge, but is© ot
. . ) \¢
ntensity, extensive and gravity in the country like us. More importantly, it has posed 0%

. . e b
challenges at a time, one of weakening and failure of health sector, especially Publlc hdits ;
an

s :
ector and a deep-rooted adverse impact on the economic development of the economy

. eﬂ y e
sul;dsectors and their collapse as well. Hence its research study was inevitable ond urilﬂ'or
needed to tak i ime 2% ‘

€ up. It is therefore the present study has been taken up. The prime ovid19 3

objective : i
of the present study is to assess the economic development imp i o

lockdown polic : is of 4 ‘
y on Ind i : o 0 i

type, which ana] }I: o o Vimh useful policy direction. The present study 1-5 sectors”’ f
yses the economic development impact of Covid 19 on India and its 57

-
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~ indicated by the GDP and its sub sectors. The da

- Trade and Industry, Center for Monitoring Indian

and the newspapers like Economic times. The co

is for the different points of time ag per the availability and the necessity. The collected data was
analysed by applying the simple statistical tools like growth, percentage share and others. The
analysed of the data results have been interpreted and conclusions and inferences have been

revealed. The data analysis has put forward problems, sub problems and weaknesses relating

economic development, sectors, employment unemployment, and
direction.

Economy (CMIE), research papers and articles

llected secondary data is not a time series but it

policy measures as a policy

Extent of Covid-19 Infection In India

Covid19 is a World pandemic and about more than 172 countries have

been suffering
from its infection. On 21°

July 2020 World has in all 14.68 million covid19 infected cases. Out
of which 8.77 million cases have been recovered, but 609733 deaths have been taken place and

all others are active cases. So far as India is concerned, the total number infected cases stood at

1127281, out of which 391727 cases are active, 27628 deaths have been taken place and 707926

cases have been cured. The analysis of Covid19 infection in India reveals that it is concentrated
in a few states than all others namely Maharashtra, Tamil Nadu, Delhi, Karnataka and Andhra
Pradesh, with 64% share in total number of infected cases. The state of Maharashtra is in a
leading positon with 310455, which is followed by all others with 175678, 123747, 63772 and
49650 cases respectively. Delhi has the highest rate of recovery with 85%, which is followed by
Tamil Nadu 69%, Maharashtra 55%, Andhra Pradesh 46% and Karnataka 36% respectively. The
death rate is the highest in Maharashtra with 3.82%, which is followed by Delhi 2.96%,
Karnataka 2.09%, Tamil Nadu 1.45% and Andhra Pradesh 1.29%. The further area wise analysis
of Covid19 infection in India shows that it is prominently concentrated in a few cities and
metropolitans, and Delhi is in leading position with 123747 cases, which is followed by Mumbai
with 101388, Chennai 87325, Thane 75111, Pune 54624, Hyderabad 31929, Bangalore 31929,
Ahmadabad, Kolkatta and Palghar respectively with their 49.55% share in total cases infected
from covid19 virus. But this scenario is changing, recently with rising infected cases in rural

areas and villages as well. For example, the infected cases in Kolhapur district are increasing

is . : 40776 3
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+n in the urban areas like Kolhapur municj Ly
rapidly even in the recent lockdown 1n pur municipaj o, N
I 00 5

Ichalkaranji municipal council, but the 0 oteworthy thing is, the infected cases also hay,
C

0 all 12 tehsils and their villages of Kolhapur district is a thing of serious concery, ¢,

B . th i
In the last 3 to 4 days, the number of infected cases increasing Sy

sense of meaning. Tapidly 4

more than 35000 cases daily and consequently has achieved a leading positjop 2crug, 8
countries in the World. This is showing extensive and intensive increasing a big challg &
: : S of

Covid19 pandemic before the globe as well as India and the state like Maharashtra, Which
R

leading position from the beginning only.
On 28% July 2020, the total number of cases infected from Covid19 in the Worlg StOOdgi

4
3

16.46 million, out of which 653047 deaths have been taken place and 10.1 million cases g
been recovered. According Ministry of Health government of India, as of today, the mq

infected cases were 1464990 with net addition of 52827 over previous day, out of which 496i(
|
' %
cases in India has been prominently contributed by 63.64% to total by only five states, whid -'“-

includes Maharashtra (375799) stood first, which is followed by Tamil Nadu (213723), Deli
(130606), Andhra Pradesh (96298) and Karnataka (96141) respectively. But Delhi is in leading
position in recovery rate with 87.96%, followed by Tamil Nadu (73.24%), Maharashie 1
(56.74%), Andhra Pradesh (48.08%) and Karnataka (37.28%) respectively. But unfortunstdf -
Maharashtra has a highest death rate with 3.63%, which is followed by Delhi (2.93%), Kamai
(1.95%), Tamil Nadu (1.63%), and Andhra Pradesh (1.08%). Besides this, the eXte“mdé
intensity of corona infection in India has been concentrated (44.39% share in total) in somt
cities and metropolitans, which comprises of Delhi with 130606 cases, which is followed DY
Mumbai (109161), Chennai (94695), Thane (86358), Pune (76203), Bangalor (45453;;
Hyderabad (35970), Ahmadabad (25692), Kolkatta (18201), and Raigad (14580) respeti®
The salient feature of Covid19 infection is the bulk of infected cases are in the g g le§;
than 40 years and 40 to 60 years. But the death rate is higher for the patients in the ag® glfﬂg ?
:?;Z:SOI i)l/;a;sl ;:/)1;1(;1; :Ss:l:; 21111:: : is about 2.6'% for all others coupled with co;ljtild’:i (:o’ Of

: problems, kidney problems and others also- ot

te se°

India as well iled i ar - ivate>" 3
ell as globe has failed in combatting infection because of domination of prt¥ ot

active cases with net addition of 18665, 33111 deaths and 935777 cured cases. The covidly

inadequ i i
! quate public sector, shortage of staff, equipment’s, testing ]aboratores :
Infrastructure as well as facilities. wd ‘

It is about o infecti®” s
ne year to be completed since the outbreak of the corona 19 o vl

Was in contr )
ol after the passage of time. But recently its outbreak is found in the wor

I/ Peer ] 77
Rewewed Refereed and UGcC Listed Journal No. : 40 6

b




VOLUME - X, ISSUE - II - APRIL - JUNE - 2021
AJANTA - ISSN 2277 - 5730 - IMPACT FACTOR - 6.399 (www.sjifactor.com) AP-8
AJANZO -

in India in the muted form known as second form of Covid 19. And its infection is increasing
especially in the foreign countries like USA, UK, Canada, Italy,

Germany and others. Recently
its infection also significantly in India also. As on 28

February 2021, the total number of new
infected cases in India stood at 15510 with an average of 15199 in the last week period. The

across the state analysis of the covid infected cases reveals that it is concentrated in a few states
only such as Maharashtra, Kerla, Kamnataka Andhra Pradesh and Tamil Nadu with 2.16M,
+8,293 , 1.06M, +3,254 | 951K, +521 » 890K, +117 and 852K, +479 cases respectively. The
present positon of the corona infected cases in the World reached to Total cases: 114M,
Recovered: 64.4M, Deaths: 2.53M as on 28t February 2021. This is an adequate proof of still
the risk and danger of corona pandemic and jts adverse impact has not yet ended.

The second wave of covid 19 infection has been started from February 2021 in India and
across the states and districts. It is very rapid and extensive compared to the first one. Hence it is
of greater significance to consider the present position of covid19 infection in India. As on 18
April 2021 India had 2.34 lakh new infected cases, which is like epidemiological tsunami. The
growth in infected cases is rapid from 11427 cases per day to 2.34 lakh in only 76 days
adequately proves the rapidity of the infection in India. Across the state’s analysis of the covid
infection reveals that if March 1 to April 17, 2021 period is only considered, it is found that out
of the total states and union territories in India 15 states and union territories have been hard hit
by the very rapid infection by the covid. During this period, the share of cases registered in
cumulative count Lakshadweep was the highest with 62%, which was followed by the
Maharashtra 42%, Chhattisgarh 39.50%, Punjab 37.50%, Chandigarh 33.90%, Madhya Pradesh
32% Gujrat 29.90%, Dadra Nagar Haveli, Uttar Pradesh, Jharkhand, Himachal Pradesh,
Haryana, Delhi, Rajasthan and Uttarakhand and the range of 18 to 27%. The noteworthy
peculiarity of the second wave is its fatality or death rate is comparatively higher. The number of
deaths in March 2020 was just 35, which rose to 33028 September 2020, after that it showed a
declining trend with 11599 cases in December 2020, 5536 cases in January 2021, 2777 in
February 2021, 5417 in March 2021, but rapidly shoot up 13181 cases in April 2021, which is
very higher and rapid as well as compared to deaths in the previous months in the year 2021.
This posed a very intensive and extensive problem and challenge before the Indian economy
especially with acute shortage of hospitals, beds, staff and other facilities and infrastructure. The
surprising thing is, this scenario is in the situation of covid vaccination in the county.
Maharashtra state like that in first wave is in leading position with more than 60000 cases daily

on an average. In Maharashtra, Mumbai, Pune, Amaravati, Yavatmal, Nagpur, Aurangabad and
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Nanded districts are in leading positions §
d increase in the covid infected cases. On 17t 4 .|

district of Maharashtra also is showing 2 rapi Al
s in Kolhapur district was 452 with 12 deaths, | |
|

2021, total number of infected case
corporation 192 cases, council 23, discharged 219 tl;
y 1013 ’

position reveals that in the area of
ta] corona free 51129 and active 3150. It is adequatelyi

y

decom
deaths 1856, total infected 56135 and to

proved that Kolhapur city has the maximum num
very rapid growth especially after 5™ April 2021. On 1% April 2021, total covid infected cases; 'i*
n

increased to 114 on 5™ April, 177 on 10™ April and funheti,
very rapidly rose to 192 cases on 15" April 2021. Kolhapur city has in all five hot spot aress i
namely Yadavnagar, Phulewadi, Sadarbazar , Raviwar Peth and Rajarampuri are over crowded

e |

and congested areas. This gives a red signal of rapidly growing problem and challenge of covid

19 infection in India , especially in the state of Maharashtra with the districts like Mumbai, Pune

ber of infected cases, which has registereq , |
4

Kolhapur city was just 45 , which

Kolhapur and others. 5
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o 1’1 ) cover and prominently lockdown. As of now , no vaccine as well as |
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further and continuous fall, The quarter wise G
that it was 7.1%, 6.2%, 5.6%,

DP growth in the pre and post lockdown reveals

3-83% in the year 2019-20 respectively, which fell to 5.6%, 5.1%,
4.4% and 3% respectively in 2020

Gita Gopinath has given a forecasted data, which shows that in the year 2020 the GDP of India

it will be 1.2% for China, -6.1% for USA and -3% for the
June 2020 the World Bank in it

Year 2020 the GDP growth rate of India will be
and World economy

will grow at the rate of just 1,99, , and

1 :
World economy. On 9* s World Economic Outlook says in the

-3.2% and for China it will be 1%, USA 7%,

-5% respectively., Recently on 25" Jupe 2020 the International Monetary
Fund has released a revised data which indicates that in the year 2021 the World economy will

grow at the rate of -4.9% and for India it wil| be 4.5% fall in GDP of India. According to India
Rating and Research Agency the GDP growth rate of India in 2019-20 will be -5.3% and it will
require to the growth at 5-6% rate for its recovery. The State Bank of India has forecasted that in
the post Covid19 period, there will be a loss of 40% of GDP in April-June Quarter of 2020.
According to Reserve Bank of India, the GDP growth rate of India will be zero in the year 2019-

20 and it will be negative in 2020-21. On 23 July 2020 the ICRA has given a data that India will

grow at  -9.5% in the year 2021-22, which was forecasted at -5% previously. According to
CARE the GDP growth rate of India will contract by -6.4% in 2020-21 which was previously
estimated at -1.3%. The HDFC bank says India’s GDP will grow at the rate of -6.5 to 6% in
2021-22, which was forecasted at 5%.

National Statistical Office (NSO), Ministry of Statistics and Programme Implementation
has released the Second Advance Estimates of National Income, 2020-21 as well as Quarterly

Estimates of GDP for the quarter October-December (Q3), 2020-21 in February 2021. Real GDP
or Gross Domestic Product (GDP) at Constant (2011-12) Prices in the year 2020-21 is estimated
to attain a level of O 134.09 lakh crore, as against the First Revised Estimate of GDP for the year
2019-20 of O 145.69 lakh crore, released on 29th January 2021. The growth in GDP during
2020-21 is estimated at -8.0 percent as compared to 4.0 percent in 2019-20. GDP at Current
Prices in the year 2020-21 is estimated to attain a level of O 195.86 lakh crore, as against O
203.51 lakh crore in 2019-20, showing a growth rate of -3.8 percent. The Per Capita Income in
real terms (at 2011-12 Prices) during 2020-21 is estimated to attain a level of O 85,929 qs
compared to O 94,566 in the year 2019-20, giving a growth of -9.1 percent during :'2019-20, as
against 2.5 per cent in the previous year. The Per Capita Income at current prices during 2020j2l
is estimated to be [J 127,768, showing a decline of 4.8 percent, as compared to O 134,186 during

) : £ 40776 7
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was 8.75%, for urban ared 9.41% aﬂdf,
N

23.14%, and 2117 8
o; respectivey
try, or %

working in informal

of livelihoods and lives as well. In a

od and in export sector alone 15 million
e desirable extent in

e Indian economy employment gener

peri
lost. It did not recover to th

unlocking and opening up of th

to the expected and desirable extent and pre corona pan

workfo

CMIE, Mar 2020 in the unemployment rate for the nation
it rapidly rose in May 2020 to 21.73%,

for rural rea it was 8.44%,
8.08%, and 5.83

::f:;tll;e;z.yjtpi;l;ril: changed in January 2021 to 6.53%,
y 2021 the unemployment rate stood at 6.2%
Urban area 8.1% and for Rural area 5.4% respectively. The state
unemployment rate reveals that it was highest for Jammu & Kashmir 9 ;
f::iﬁ: zgllj:jisthan, Tripura 18.1%, 17.7% , Goa 16.0% , Delhi 12.5% a1
consideration t;erzltlert(;ifl::;er:pi'oment The shortcomings of the response, especially takiﬂg.ca’
psychological, and econ - men ,mObility’ which pushed migrants into enormous P o
provided by the govemmomlf: vulnerability, and the short-, medium-, and long-ter™® &
e o thZnt in order to alleviate them (Rajan, S Irudaya, 2020, p13)- b s
affordable for any economort}; SUgg.eSts that 3% is a natural rate of unemP loyme?™” whc:sall
%labits of the people in theb;oua:t:mis e t‘O iagsyin tiepotels technologic® an . eop
in India live in poverty: 68.8% . Ccor(.hng to SOC Children’s Villages: twothire of 0%
8% of the Indian population lives on less than $2 2 ay. " :
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even have less than $1.25 per day available - they are considered extremely poor. This makes the
[ndian subcontinent one of the poorest countries in the world; women and children, the weakest
members of Indian society, suffer most. The foregoing analysis reveals that the covidl9
Jockdown policy has very deeply and intensively adversely affecting economic growth of India
gs indicated by the trends in GDP analysed above because all productive sectors and economic
activities were shut down as the part of lockdown policy. Even a gradual unlock is not effective
and helping in the revival of the economy to the extent expected and again imposition of
lockdowns frequently resulting in absence of desirable indicates planned efforts further.

The overall economic growth of the economy is contributed by three productive sectors
namely agriculture, industry and service which have contributed by 16%, 30% and 54%
respectively in the year 2018-19. This poses the urgent need for examining the impact of
Covid19 especially on the productive sectors such as agriculture, industry and service also.
. Industry sector plays a very important role in the rapid and all round development of the
. economy. It is observed that the lockdown policy that India has adopted to control growing
' infection has very hard hit. According to the data given by Ministry of Statistics and Programme
Implementation Government of India in the pre lockdown period the growth rate of Industry was
2.1% in January 2020 , which very rapidly fell to -18.3% in April 2020 and it showed a further
and continuous fall thereafter, which indicates a rapid and significant adverse impact on the
industry sector. When the trends in month to month industrial production are considered, it is
observed the growth rate of industry sector fell from 2% in pre lockdown period to -10% post
lock down period, which also registered a rapid and significant fall continuously thereafter as
well.

National Statistical Office (NSO), Ministry of Statistics and Programme Implementation
has released the Second Advance Estimates of National Income, 2020-21 as well as Quarterly
Estimates of GDP for the quarter October-December (Q3), 2020-21 in February 2021. The
agriculture sector grew at the rate of 4.3% at constant prices (2011-12) in 201920 , which fell
signiﬁcam]y to 3% in 2020-21. During the same period mining & quarrying registered decline
from -2.5%, to -9.2% , manufacturing -2.4% to -8.4% , Electricity , gas , water supply , utility
21% to 1.84% , construction 1% to -10.3%, Trade, hotel, transport & communication 6.4% to -
18% , Financial, real estate & Professional services 7.3% to -1.4% and Public administration,
defence & other 8.3% to -4.1% respectively indicates except agriculture & allied activities and
COnstruction all other activities have registered a negative growth in the year 2020-21 over 2019-

20 indicateg activity or sub sector wise the negative impact of the covidl9 pandemic and
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lockdown policy adopted. AS . |
The quarter wise analysis of growth j, . 4
¢

2020-21 shows @ significant fall from 4.1% t0 -6.5%.
s or sub sectors reveals that in the first quarter of the year except i
g

positive growth with 5% for the year | py;
> butiy §

afore mentioned activitie

and quarrying (-1.3%) all others
the first quarter of 2020-21 except agriculture and allied activities (3.3%) all the activitieg gy *

r showed a higher level negative growth (€ 85 manufacturing -35.9%, constructio, . 1
ommunication _47.6% with -22.4% GVA , which ws

have registered 2

sub secto

49.4% and trade, hotel , transport & €
well as third quarter but with improvement.

further continued in the second as "
According to Ministry of Trade and Industry in the post lockdown period compared ty

2019 in 2020 a very large decrease in production of eight main industries is found. The _;
n of Coal fell rapidly from 3.2% growth rate in April 2019 to -15.5% in April 2020.
_6.7% from -6.4% , Natural gas by -19.9% from- i
-4.4% , Steel by - a

productio
Likewise, Crude oil output grew at the rate
24.2% from 4.3%, Fertilisers by -4.5% from
83.3% from 13.3%, Cement by -86% from 23%, Electricity by -22.8% from 5.9%, registeringa
total fall by -38.1% from 8.2%, is a thing of serious concern. Further it is observed that in April
with Cement 86%, Electricity 22.7%,_.,;;
try wise impact of covid

2

0.8%, Refinery products by

2020 core industry sector of India contracted by 38%
Fertilisers 4.5%, and Crude oil 6.3% respectively. The analysis of indus
pandemic depicts that compared to the third quarter of 2019-20 in the year 2020-21 except coal
production, steel consumption and purchase of private vehicles, manufacturing and electﬁcity,g
all major industries and services such as crude oil production, cement production , cargo handled;-;
railway passengers, metallic minerals have registered a significant negative growth

| We introduce India as an agricultural country, hence it is of crucial importance fo
examm.e Fhe impact of Covid19 lockdown on agriculture sector of India. Accordin
;’afk:t::::;ii:iul;fog;;?:e Implementation GDP contributed by agriculture was X 6098'?.}%
Ay perfi};d . : pre lockdown which fell to Rs. 5306.26 lakh crore in April 20201“
s hocnrise.of Covidl'9 lockil year ‘2018'19 agricultural exports earned $38 billion, which was
depending on agriculture direct(l):'vcr)lrl;cli)itztctlloczdown e A a0 mRCE PCOPIG m III:::
lockdown due to close down of all agricultur: aS j SO}lrce Otj livelihood suffered 2 1o duﬂﬂtgs5%
labours engaged in agriculture sector lost thej Il al-hed a?twmes. More importent’ :dbouAboﬁtﬁi;
45% workforce is cultivators which suffered :1 lvehh.OOd in the corona pandemic P erio% <
on agriculture. Actually, 0ss ofincome due to adverse impact o "

in this e
expected a significant increase i year the natural conditions were favourable and 2% i
€ In production and the season was al d but due to 1°° '3
also good bu
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and no logistics and access to markets the farmers producing vegetables like tomato, cabbage,

cauliflower, fruits like water melon, mango and food grains like paddy and wheat farmers

suffered a huge economic loss, is a thing of concem. But unfortunately, due to limited supply of

agricultural produce in the cities and metropolitans a significant rise in prices of agricultural

commodities was observed. For example, during April 2019 to April 2020 the prices of cereals

and products rose from 1.2% 2.8%, of milk and milk products from 0.4% to 9.4%, oil and fats

from 0.7% to 10.8%, vegetables from 2.9% to 23.6%, pulses and products from -0.8% to 22.8%,
which put additional economic burden on poor strata of the society in the urban areas, which can
be described as Agricultural paradox or dilemma. According to the recent data in the year 2020-
21 except agriculture (3%) and electricity, gas , water and utility (1.8%) all others have
exhibited the negative growth only compared to the year 2019-20.

According to the quarter wise latest data also agriculture and allied activities have

illustrated a positive growth of 3.9%, which was 3.4% in the third quarter during 2020-21 and

2019-20 . India is a service sector dominated economy so far as the economic growth of India is
concerned. It is therefore very much needed to study the impact of Covid19 pandemic on service
sector of the economy as well. The ease of doing business indicates state of service sector
development and in the post lockdown period a significant fall is registered by the Ease of Doing
Business Index from 63 in 2019 to 40 in 2020 and further continuous decline. Trade is a service
and the balance of the trade indicates growth in international trade as well as the magnitude also,
but the balance of trade of India has down turned from $ -15170 million in January 2020 to -
6760 in April 20 and further to -3150 in the post lockdown.

The second wave of covid 19 infection has been started in India and across the states and
districts. It is very rapid and extensive compared to the first one. India economy was recovered
considerably but its development is being adversely affecting in the economy as well as its sub
sectors because of restrictions and lock down policies have been adopted across the states and
districts especially since February 2021 and restrictions and lockdowns have been started to
implement. This is definitely going affect the development of India and its sub sectors and all
other sectors and activities also. The adverse impact of this latest restrictions and lockdown
Policies have been forecasted by some the institutions and agencies, which is help in analyzing
their adverse impact on the development of India. According to Economic Times poll of
€Conomists India’s GDP will decline by 0.2 to 1% in Financial Year 2022. ICRA predicts that
BY. 97 growth at 10 to 10.5%. But Nomura forecasts the GDP growth of India to 12.6% from

13.5%, because of one-month lockdown and possibility of its further extension. Yes bank

; . : 40776 11
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f -'vgrains should be distributed free of cost among the poor, migrant labours, informal labours and

‘ggriculfufal labours, handicapped and other deprived strata of the population. A pro employment
 growth strategy should be formulated and implemented to combat highly intensive and extensive
unemployment problem during corona pandemic in India, which has the benefit of demographic

dividend. The MGNREGA should be made extensive and intensive in rural areas coupled with
its introduction in the urban areas also. The banking and financial sector should be made more
liberal and open to meet credit demand of the different productive sectors and sub sectors. The
health sector should be strengthened by assigning a status of social commodity or service and
due coordination with the private sector also. Once again, the urgent need for development of

public health and due cooperation and monitoring of the private health sector requires due and

urgent attention by all the center, state and local governments. The citizens of India should

behave responsibly and in a disciplined manner along with the honest and sincere

implementation of the measures such as safe distancing, mask, face cover, hand wash, sanitizer.

This policy direction will enable us in realizing twin objectives; that is revival of the deeply
depressed Indian economy and its sectors & sub sectors and combating extensively and

intensively growing Covid19 infection in India, across the states, districts and urban as well as
rural areas.
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Prof. Anuja Gawag,
Asst. Professor-
Amruteshwar Arts, Commerce and Science College, Vinggr Tal,Vel
: ' y Ve ha Dl‘ﬂ. Pune_

atroduction™” . : .
Employees welfare is comprehensive term including varioys services

benefit .
employees and by the employers. Through such generous fringe benefits the and facilities offereq to

employers make life worh 1
" 0 3
for wPIOYC"'S' rth h\'mg

Life was hard for the working class at the beginning of the 20 century. In 1900 survey showed

15% and 20% of the population were living at subsistence level worse between 8% and 10% of po Im _b“wecn
i ulation w

jiving below subsistence level. Among all the resources of production employee is on s on vere

: : . e of the most importan
functions of production. In it was possible that by hook and crook we can handle st work Fos bu:’?ml
> Y

sivation is totally different. Human being is not just like a machine, they have their emotions feelings, likes and

dislikes also. They do not work only for salary and wages. So satisfaction derived from their job as very
jmportant. Job satisfaction is one of the important aspects of HRM. Now days, so many organisation are giving

welfare facilities to their employees. Because it is related to their satisfaction. If employees giving various
welfare facilities their families is_satisﬁcd and overall employee satisfaction increasing. Motivated employees
may do better.

The basic purpose of employee welfare is to enrich the life of employees and keep them happy and contented.
Employee welfare measures motivate the employees for the better performance, it also improves the human
relationship and thereby it increases the job satisfaction of the employees. Job satisfaction is a multifaceted
concept. It is integral component of organisational climate and it is important element in the management of
employee relationship. Therefore the research objective is to study the impact of employee welfare measures on
job satisfaction.

Keywords: Employee Welfare, Job satisfaction, Organization

Meaning and Definition:

“Employee welfare is comprehensive term including various services, benefits and facilities offered to
employees and by the employers. Welfare including anything that is done for the comfort and improvement of
employees and provided over above the wages”

“Job satisfaction means a fulfilment or enjoyment that a person derives from their job”. Employee welfare is
very close relation to employee satisfaction because welfare helps in keeping the moral and motivation of fhc
employees high so as to retain the employees for longer duration. Welfare include monetary but also many klrld
forms. Monitoring of working conditions creation of industrial harmony through infra.su-.ucturc. t.'or Industrial
relations and insurance against disease, accident and unemployment for the workers and their families.

Review of literature:- )
* a = - - » l
“According to mark Columbus, in his study welfare facilities toward shoe makers in Chicago 1964.spcf:|ﬁcs lh:
welfare measures is one of the most important factors for the overall well-being. "satyanarayan and redid (2017)
stated that th all satisfaction levels of employees about welfare measures in the organisation cover 1S
at the over

few arc not satisfied with welfare measures provided by the organisation.therfore it 1S
satisfactory .however a 1€

- cting welfare measures may be improved further. Such welfare measures enrich the
suggested that the existing
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mployee standard of living and their satisfaction levels. Employee satisfaction p,
em ! _ . .
wilz their work and position. To be contented, they likely enjoy much. of their
fair and cares about them, and they are comfortable in their work environment

With the resources they have available to complete their jobs.
Need of the study: -

Sem

0
work, ¢, ey
~ both iy Ou‘;"age,nt“ﬂ

and its effect on Employce satisfaction,”
Objective of the study ;-

D Tof
2)

1) Factorjeg Act-1948

Motor transport a¢y- 961

3) Créches-193;

Employees family pension scheme, 197;
5) Matcmity benefit act, 1961

Employeeg Provident
7) Employees State Insurance Act, 1948
8) Employee’s deposit-linkeq insurance scheme, 197¢

9)  The Payment of Gratuity Ac, 1972
Relevance of study:.
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in raising their standards of living. This makes workers to Pay more attention
<o their productivity. Employees get stable labour force by providing welfare
si . o 3 . ) .

s and L:umcir Jctive interest in their jobs and work with a feeling of involving and participation
ckers 1aKe '

¢  increase the productivity of org and promote healthy industrial relations there by maintaining
sure

SES

Assisting employees with work place stress associated with financial probl
ce. Assi

_ _ ems. Keep their
qri | high Employee are satisfied when their financial and safety need are satis
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From the study 1t 18 found that employee welfare facility has great impact on job satisfaction. They
- petter physical and mental health to workers and thus promote healthy work environment, Facilities like
| prm"‘di schemes, medical benefits, and education and recreation facilities for workers’ families help in raising
l:::l::an dards of living. This makgs workers to pay more attention towards work and thus increases their
arisfaction. Employers get stable labour force by providing welfare facilities. Workers take active interest in
their jobs and work with a feeling of involvement and participation. Employee welfare measures increase the
productivity of organization and promote healthy industrial relations thereby maintaining industries peace.
Employees are very much satisfied with the increment policies which are provided by the organization.
Employees are also happy with the working hours of the organization since there is no night shifts are

encouraged. The social evils prevalent among the labours such as substance abuse, etc. are reduced to a greater
extent by the welfare policies.
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Abstract

There is very urgent urge which has to give more attention and that is the complexities of women’s life in different
cultures and social values and their struggle under the unfair mechanism of screwed society which is very nicely
presented in the works of Anita Nair. Anita Nair paints her women as they are, with their defenses down, ready to
open their heart to other women. The predicament of her characters is covered with a faint existential hue. They
struggle for freedom, are aware of their absurd situation, feel stifled in it and try to find an answer to the very
mystery of their existence in a society that does not understands them .They all finally come to their conclusions
and feel at peace with themselves and their worlds.

The present research paper is an attempt to portray the woman of modern and current modern India as characterized
in the novel ‘Ladies Coupe’ By Anita Nair who is devoted to raise feminist and social issues.

Key words: Social Justice, feminism, gender inequality, tradition, modernity.

Introduction:

Feminism is perhaps the most powerful movement that cleaned literary world in the second half of the
twentieth century. It has been expressed differently in different parts of the world, and within India, by different
women depending upon their class, background and the level of consciousness and understanding. Main focus of
feminism stands for liberation and liberation of women from all forms of domination by the state, by society and by
men. Anita Nair thoroughly testifies all the above-mentioned elements in her novels. Feminism is a progressive
ideology, a mission and a movement that champions male and female equity. Feminism in India is not an artificial or
duplicate of the west and feminist is not an anti-marriage, anti-men movement imported from the outside or any
anti-social act which is against the society, but it is an art and science of the development of women in various
challenging environment, it is fight for the existence of the women for the freedom and equal human rights.
Feminism is a philosophy and an undertaking for ending all forms of domination. It is not against family and
marriage. It is all about transforming these institutions to weed out their integral injustices. Indian feminism has thus
its own elements and character which are developed as the times have passed with the more experience. (htt31)

The present research work attempts to explore and analysis of Anita Nair’s ‘Ladies Coupe’

Aims and objectives

1. To study critically Anita Nair’s novel ‘Ladies Coupe’
2.To Study the women characters portrayed by Anita Nair from feminist perspective.
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Research methodology

The researcher has applied the following methods for her research paper

1. Itis one of the descriptive, exploratory and interpretative by nature

2. The study material comprises the collection and thorough primary analysis of primary and secondary sources.

i.e. Research papers, articles, literary reviews, journals etc.

As far as the research paper is concerned, the researcher has selected a novel by Anita Nair ‘Ladies Coupe’ for her
research paper. All her novels mainly deal with the experiences of the women protagonists, who face traumatic
situations in their family life. Subjugation of women in the predominantly patriarchal family life in India,
Lesbianism, and rape are some of the issues she has projected in her fiction. Her Fiction mainly presents the ethos
of the middle class Indian life.

The men and women in their fiction are influenced by the modernity. In an urban middle class life women
find themselves entrapped in a male dominated world. They are assigned a secondary position in the family as a
result of social customs and traditional values assigned to an ideal womanhood. .In a family life, essentially in India,
a woman is forced to occupy secondary status even if she is an earning member of the family. It is not her feminity,
but age old social traditions and the control of education by men which are the factors contributing to the
subjugation of women in their family life and the society in general.

As per researcher in this novel, Anita Nair, the writer, mainly concentrated on a question through her
protagonist, Akhila, is it possible for any women to stay single and be happy, or does she have to be dependent on
any one for her identity?. Different solutions are provided by the women with whom she met in her journey on the
train in the novel ‘The Ladies Coupe’. Janki, the oldest woman in the group, from her experience from life,
demonstrate the need of man, the husband, in woman’s life. She is among those women who is taken care by their
husband and then, after him, by their son. In Manu Smriti believes in this saying that a “Woman is looked after first
by the father, second then by the husband and after the death of the husband, at last by the son, and so she doesn’t
need freedom’. This is what Janki says (Nair, 2001): I am a woman who has always been looked after first there
were my father and my brother, then my Husband. When my husband is gone, there will be my son, waiting
to take off from where his father left off. Women like me end up being... fragile LC-(22) (Nair)

Even Sheela, a teen age girl is sensitive enough to understand her grandma’s desire to be well dressed
even in her death, as she believed that a woman has to be physically attractive (htt30) Sheela understands the wishes
of her grandmother, and in spite of the displeasure of her father and others, she dresses up the body of her
grandmother. Sheela, through her action challenges male-controlled authority, and from her grandmother’s example
she learns that she has to look after her own wishes and pleasures in her life.

Margarate Shanti is presented as another victim of patriarchy. Her autocratic husband willfully frustrates
her carrier by restraining her down to a job in the school and her household duties. He even makes her abort her
child for his own pleasure. Margarate is given a secondary treatment in the presence of others. Being a modern
woman and scholar in chemistry, she finds a way to escape the dictatorship of her husband, Paulraj. She starts
feeding him rich food, which eventually deals his activity turning him into a fat, lazy man.

As per the researcher who has experienced gender inequality is a characteristic phenomenon everywhere
and it is more observed in India. As the old customs and belief, the wife must try to please her husband and obey his
wishes. Indian women, whose minds are influenced by the ancient traditions and myths like sati, savitri, cannot
easily think of divorce. A divorced woman is looked down upon though she is not at fault. The narratives of Prabha
Devi, Janki show how the birth of a girl child is glared upon by the father, which is the result of social practices in
the Indian community especially in the middle-class families. (htt32)

Marikolanthu in ‘Ladies Coupe’ is an example of socially disregarded woman right from her teenage
stage. She has to be a maidservant in the Chettiar House where she is maltreated by Murugan a male member of the
aristocratic family. She is sexually exploited by the landlord and has also lesbian relationship with the lady of the
house. Anita Nair presents her as a woman who finally arises as a strong woman and takes care of her unlawful son,
who otherwise would have no future. Anita Nair has represented women from different social sections, but has
shown how women everywhere are dominated and even maltreated in the Indian family life. Marikolanthu is
sidelined not only as a woman, but also one who belongs to low section of the society. For no fault of her she is
obsessed away from the Chettiar House. Her desire to learn further is overwhelmed, and even her brothers criticize
and blame her.

Karpagam is represented as a strong woman determined for achieving self-recognition in a male-
controlled social organization. She is a widow but contrasting other widows she applies the kumkum and wears
colorful clothes. She is a bold woman, who disrupts the chain of patriarchy when she says,
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I don’t care what my family or anyone thinks. I am who I am. And I have as much right as anyone else to live
as I choose. Tell me didn’t we as young girls wear colorful clothes and jewelry and a bottu? It has nothing to
do whether the girl is married or not and whether her husband is alive or dead. Who made these laws
anyway? Some man who couldn’t bear the thought that in spites of his death, his wife continued to be
attractive to other men’’ (LC-202) (Nair, Ladies Coupe)

Karpagam after the death of her husband did not lose hopes in her life she continued to fight for her
rights in the society and was very brave in solving her own problem patiently. Even after facing such tough situation
by Karpagam still she was happy and this was the most motivating factor for Akhila, who permitted her family to be
dependent upon her for the expense, paying very less attention towards her own life. Karpagam advises Akhila to,
“--- live alone Build a life for yourself where your needs come first. Tell your family to go to hell or Whatever
(LC-202) (Nair, Ladies Coupe)

Akhila absorbs from Karpagam the way to tackle the any tough situation coming in the way of her life, which
guided Akhila in her future course of life. It was after this motivation by the Karpagam which helps her to take her
long journey to Kanyakumari and met a variety of women in the Ladies Coupe.

Conclusion
The stories of women in ‘Ladies Coupe’ demonstrate how women in every section of the Indian society are
demoted and even troubled by the male dominated society.

As far as Anita Nair’s Novel ‘Ladies Coupe’ is concerned researcher has observed in Anita Nair’s novel
‘Ladies Coupe’ that she has projected all her women characters revolt against the tradition destined old mode of life
and try to rise above the male domination. As per researcher Anita Nair traces a variety of aspects related to
feminism, deriving out of the family life of India. Gender inequality is one of the features, in ‘Ladies Coupe’

The stories of women as illustrated in Anita Nair’s ‘Ladies Coupe’ illustrate how women in every strata of
the Indian society are marginalized and even oppressed by the patriarchal set up of the society. Even a woman who
earns for livelihood of the family is subjected to the patriarchal norms

Though Anita Nair vary in her narrative techniques, and attitude towards feminism but her novel is centered
on family and finally the idea of her protagonists journey from ‘tradition to modernity who questions their existence
in patriarchy and break the social order and make a silent war against it and succeed in keeping themselves within
social conventions. The prominent thing is that her women at least realize that they are in dominance.
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Introduction

ilica-supported DTP/SiO, is simple to
prepare and shows good acidic
characteristics. The acidic properties of
DTP/Si0; can be controlled by

activation temperature and have shown
significant catalytic activity [1].
DTP/SiOzexhibits  efficient  heterogeneous

catalytic properties for the synthesis of a wide
variety of important organic building blocks
such as a-aminophosphonate [2]. Moreover, it
is successfully employed as catalyst for the
many organic transformations via C-H
activation and functionalization of nitrogen-
containing aromatic heterocycles [3, 4], Fries
rearrangement [5], Friedel-Crafts benzylation
of anisole [6].

The pyrans are considered as an important
building block for the synthesis of several
natural products [7] and photochromic
materials [8]. The heterocyclic entities
containing pyrans ring show many medicinal
and pharmacological properties and are
involved in may biochemical reactions [8].
Furthermore, pyrans serve as important
synthetic intermediates for the synthesis of
biologically important compounds such as
pyrano-pyridines [9], poly-azanaphthalenes
[10], pyrano[2-c]pyrimidines [11], and pyridin-
2-ones [12]. Hence, the synthesis of hetrocyclic
compounds containing pyran nucleus has
attracted the attention of many synthetic and
medicinal chemists. Moreover, the heterocyclic
compounds containingpyrano[3,2-c]chromene
nucleus is a class of important heterocycle with
broad spectrum of biological activities [13]
involving spasmolytic, diuretic, anti-coagulant,
anti-cancer and anti-anaphylactic activity [14].
The chromene building block with fused ring
system has proved to expand the biological
spectrum with superior anti-bacterial profile
against numerous microbes such as bacteria
and fungi [15]. The fused chromene containing
heterocycles has shown the excellent biological
properties vizantiproliferative [16],
sexpheromonal [17], mutagenicitical [18], anti-
tumor [19], anti-viral [20]and CNS depressant
activities [21].

2021, Volume x, Number x

There are many methods available in the
literature for the synthesis of
dihydropyrano[3,2-c]chromene compounds via
one-pot multi-component reaction (MCR)
between 4-hydroxycoumarin with aldehydes
and malononitriles such as H¢P2W13062/18H,0
[22], sodium dodecyl sulfate (SDS) [23], DBU
[24], Tetrabutylammonium bromide (TBAB)
under solvent-free and in aqueous condition

[25], ionic liquid [26], sulfonic acid
functionalized  silica  (SiO:PrSOsH)  [27],
poly(N,N'-dibromo-N-ethyl-benzene-1,3-

disulfonamide) [PBBS] and  N,N,N',N'-

tetrabromobenzene-1,3-disulfonamide
[TBBDA] [28], trisodium citrate[29], Biguanide-
functionalized Fe304/SiO2magnetic
nanoparticles [30], inorganic-organic hybrid
magnetic nanocatalyst Fe;03 [31] Ru(ll)
phosphine complexes [32], Silica-bonded n-
propylpiperazine sodiumn-propionate [33], 2-
hydroxyethylammonium formate (ionic liquid)
[34], bleaching earth clay [35] etc. However,
these reported methods have been found to be
inadequate in terms of longer reaction time,
lower practical yields, ease of handling of
hazardous chemicals, isolation of the product,
lack of catalytic reusability etc. Taking into
account the limitation of the reported methods,
we can still have a scope to develop new
method for the synthesis of dihydropyrano|[3,2-
c|]chromene derivatives. To address the
shortcomings of reported methods, herein we
reported DTP/SiO; as efficient, recyclable
heterogeneous catalysts for the synthesis of
dihydropyrano[3,2-c|chromene derivatives.

Experimental
General

All the physical constants were recorded in an
open capillary tube and were uncorrected. The
reagents, chemicals and solvents used were of
synthetic grades and were used as obtained.
The reactions were monitored by thin-layer
chromatography on precoated sheets of
alumina gel-G (Merk, Germany) using iodine
vapours and or UV light for detection. The Infra-
Red (IR) spectra were recorded on Schimadzu
Spectrophotometer (KBr pellets). 'H NMR
(300MHz) and 13C NMR (100 MHz) spectra




2021, Volume x, Number x

were recorded in DMSO-d6 or CDCl3z using TMS
an internal standard with an Avance
spectrometer (Bruker, Germany). Mass spectra
were determined on an EI-Schimadzu QP 2010+
GCMS system.

2.1. General procedure for the synthesis of 2-
amino-5-0xo-4-phenyl-4,5-dihydropyrano[3,2-
c]chromene-3-carbonitrile derivatives 4:

A mixture of 4-hydroxy-2H-chromen-2-one 1 (1
mol), aldehyde (2a-2n) (1.1 mol), malononitrile
3 (1.1 mmol), and DTP/SiO2 (20 wt %) in DMF
(10 mL) was heated to 60°C with stirring about
30-50 Minute (Table 2). The progress of
reaction was checked by TLC. After completing
the conversion of reactant into product (by
TLC), the catalyst was filtered off and reaction
mixture was allowed to cool at room
temperature. To this cooled mixture, ice cold
water (50 mL) was added and stirred
mechanically for 5-10 min. The solid was
separated out, filtered and recrystallized from
ethanol to afford the pure products 4 a-n.

2.1.1.Product 4a: Pale yellow powder;
(purified by recrystallization with ethanol); IR
(KBr) cm-: 3323, 3204, 2195, 1720, 1668,
1601, 1519, 1381, 1264, 1143, 1048, 761, 481;
1H NMR (300 MHz, DMSO-d6 TMS) & ppm; 4.40
(1H, s, pyran-CH), 7.21-7.30 (5H, m, arom.),
7.36 (2H, s, NHy), 7.40-7.48 (2H, m, arom.), 7.69
(1H,t,] =7.2 Hz, arom.), 7.86 (1H, d, ] = 7.2 Hz,
arom); 13C NMR (100 MHz, DMS0-d6, TMS) &
ppm; 37.1, 57.9, 1038, 1129, 116.6,
119.2,122.5, 124.7, 127.2, 127.7, 128.6, 133.0,
143.4,152.2,153.5,158.1, 159.6.

2.1.2. Product 4b: Grayish solid; (purified by
recrystallization with ethanol); IR (KBr) cm:
3319, 3310, 3195, 2196, 1718, 1676, 1608,
1377, 1057, 954, 757, 506; 'H NMR (300 MHz,
DMSO0-d6 TMS) 8 ppm; 2.21 (3H, s, CH3), 4.36
(1H, s, CH), 7.05-7.11 (4H, m, arom.), 7.34 (2H,
s, NHz), 7.39-7.47 (2H, m, arom.), 7.66 (1H,t, ] =
9.0 Hz, arom.), 7.86 (1H, d, ] = 9.0 Hz, arom.);
13C NMR (100 MHz, DMSO-d6, TMS) 6 ppm;
20.7, 36.7, 58.2, 104.2, 113.1, 116.6, 117.8,
119.3, 122.5, 124.7, 127.6, 129.1, 132.9, 136.3,
140.5,152.2,153.3, 158.0, 159.6.

2.1.3. Product 4c: White solid; (purified by
recrystallization with ethanol); IR (KBr) cm:
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3370, 3290, 3182, 2191, 1709, 1671, 1605,
1571, 1507, 1459, 1379, 1319, 1251, 1178,
1111, 1052, 1026, 951, 834, 756, 564, 529; ; 1H
NMR (300 MHz, DMSO-d6 TMS) & ppm; 3.68
(3H, s, OCH3), 4.35 (1H, s, CH), 6.82 (2H,d, ] =
8.4 Hz, arom.), 7.13 (2H, d, ] = 8.4 Hz, arom.),
7.33 (2H, s, NH), 7.38-7.47 (1H, m, arom.),7.63-
7.69 (1H, m, arom.), 7.84 (1H, dd, ] = 7.5 Hz, ] =
1.2 Hz, arom.), 7.93 (1H, d, ] = 9.0 Hz, arom.);
13C NMR (100 MHz, DMSO-d6, TMS) &6 ppm;
36.2, 55.1, 58.4, 104.3, 114.0, 115.3, 116.6,
119.4, 122.5, 124.8, 128.8, 132.9, 133.5, 135.5,
152.2,153.1, 158.0, 159.6, 160.5.

2.1.4. Product 4e: Light yellow colored solid;
(purified by recrystallization with ethanol); IR
(KBr) cm-: 3402, 3323, 3204, 2197, 1714,
1670, 1604, 1509, 1379, 1264, 1143, 1047, 761,
481; ; 'H NMR (300 MHz, DMSO-d6 TMS) &
ppm ; 4.46 (1H, s, CH), 7.23 (2H, d, ] = 8.4 Hz,
arom.), 7.43-7.50 (6H, m, NH; + arom.), 7.68-
7.72 (1H, m, arom.), 7.88 (1H, d, ] = 7.2 Hz,
arom.); 13C NMR (100 MHz, DMS0-d6, TMS) &
ppm; 36.4, 57.7, 103.6, 113.1, 116.6, 119.1,
122.6, 124.8,128.6, 129.6, 131.7, 133.1, 1424,
152.3,153.6,158.1, 159.7.

2.1.5. Product 4f: Yellow colored solid;
(purified by recrystallization with ethanol); IR
(KBr) cm: 3385, 3305, 3188, 2191, 1712,
1674, 1606, 1375, 1060, 759, 510; ; *H NMR
(300 MHz, DMSO0-d6 TMS) & ppm; 5.12 (1H, s,
CH), 7.17-7.23 (3H, m, NH; + arom.), 7.34 (3H, t,
] =8.7 Hz, arom.), 7.46 (4H, t,] = 10.1 Hz, arom);
13C NMR (100 MHz, DMSO-d6, TMS) 6 ppm;
37.0, 56.6, 116.5, 116.9, 119.5, 120.7, 124.8,
125.1, 125.8, 129.8, 130.4, 131.9, 134.5, 142.5,
150.3,154.1, 159.0.

2.1.6. Product 4j: Yellow colored solid;
(purified by recrystallization with ethanol); IR
(KBr) cm: 3390, 3212, 3179, 2197, 1662,
1575, 1465, 1409, 1260, 1227, 746, 548; H
NMR (300 MHz, DMSO-d6 TMS) 8§ ppm: 4.64
(1H, s, CH), 7.44 (2H, t, ] = 7.5 Hz, arom.), 7.49-
7.54 (2H, m, arom.), 7.57 (2H, s, NH3), 7.69 (1H,
t, ] = 7.5 Hz, arom.), 7.87 (1H, d, ] = 7.5 Hz,
arom.), 8.14 (2H, d, ] = 8.4 Hz, arom.); 13C NMR
(100 MHz, DMSO-d6, TMS) 8§ ppm; 22.3, 36.9,
43.9, 56.9, 1029, 113.0, 116.7, 1189, 122.7,
123.8, 124.8, 129.2, 133.2, 146.7, 150.8, 152.4,
154.0, 158.1, 159.6.
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2.1.7. Product 4k: Yellow colored solid;
(purified by recrystallization with ethanol); IR
(KBr) cm'; 3382, 3235,3179, 2193, 1728,
1663, 1600, 1416, 1298,1173, 1119, 1010, 753,
472; 'H NMR (300 MHz, DMSO-d6 TMS) 6
ppm: 4.69 (1H, s, CH), 7.42 (1H, d, ] = 8.7 Hz,
arom.), 7.48 (1H, d, ] = 7.8 Hz, arom.), 7.52 (2H,
s, NHz), 7.59 (1H, t, ] = 7.8 Hz, arom.), 7.68 (1H,
dt,] = 8.0 Hz, ] = 8.0 Hz, ] = 1.4 Hz, arom.), 7.76
(1H, t, ] = 7.8 Hz, arom.), 7.87 (1H, d, ] =7.2 Hz,
arom.), 8.08 (2H, d, ] = 7.8 Hz, arom.), 13C NMR
(100 MHz, DMSO-d6, TMS) 6 ppm; 22.3, 36.8,
43,9, 57.1, 103.0, 113.0, 116.7, 119.0, 122.5,
124.8, 130.2, 133.2, 134.8, 145.6, 148.0, 152.4,
154.0, 158.3, 159.7.

Result and Discussion

To pursue our work towards the development
of efficient methods for the synthesis of
important heterocyclic compounds adopting
MCRs [35], herein we became interested in
developing an environmental friendly method
involving use of DTP/SiO; as an efficient,
recyclable heterogenous catalyst for the
synthesis of 2-amino-5-oxo-4-phenyl-4, 5-
dihydropyrano[3,2-c]chromene-3-carbonitrile
derivatives through a one-pot multi-component
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condensation reaction of 4-hydroxyquinolin-
2(1H)-one, aldehydes, and malononitrile. By a
preliminary experiment, we found that this
three-component condensation reaction
catalyzed by DTP/SiO; worked very well.
Hence, inspired by the preliminaryexperiments,
herein we have reported an efficient one-pot
multi-component synthesis of 2-amino-5-o0xo-4-
phenyl-4, 5-dihydropyrano [3,2-c] chromene-3-
carbonitrile derivatives in excellent yields

(Scheme 1).
OH CHO
N N CN DTP/SIO,
+ \ + <
0o R CN DMF
1 2a-n 3

Scheme 1. Synthetic route of 2-amino-5-o0xo0-4-
phenyl-4, 5-dihydropyrano[3,2-c]chromene-3-
carbonitrile derivatives

Initially, we investigated the three-
component condensation reaction of 4-
hydroxy-2H-chromen-2-one 1, benzaldehyde
2a, and malononitrile 3 in the presence of
various catalyst; the results are tabulated in
Table 1.

Table 1. Comparison of catalytic activity of various catalysts for synthesis of pyrano[3,2-

c]chromene-3-carbonitrile derivatives

Entry Solvent Catalyst Yield%
1 Methanol DTP/SiO; 60
2 Ethanol DTP/SiO; 64
3 DCM DTP/SiO- 70
4 Acetonitrile DTP/SiO; 75
5 DMF DTP/SiO: 94
6 Water DTP/SiO; NR
7 DMF 20%DTP/Si0; 94
8 DMF 30%DTP/Si0O; 94
aJsolated yields

In order to optimize the reaction condition
viz. catalyst loading and solvent, a model
reaction was studied by varying the range of
solvents including polar and non-polar solvents.
In order to find out the appropriate solvent for
the synthesis, the model reaction was carried
out by using solvents such as methanol, ethanol,
dichloromethane (DCM), acetonitrile,
Dimethylformamide (DMF). However, the DMF
solvent gave the preferred pyrano[3,2-

c|]chromene-3-carbonitrile product in good
yield (Table 1, entry 8), whereas methanol,
ethanol, DCM and acetonitrile, respectively gave
moderate yield (Table 1, entries 1-4). The
formation of the preferred product was not
observed using water as the solvent (Table 1,
entry 6). This indicates that the solvent plays a
key role in the activity and performance of the
catalyst. The above observations indicate the
reaction using polar protic solvent that shows
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an astonishing effect on the yield of the product.
Thus, with the reaction in the presence of polar
protic solvent, there was a negligible possibility
for the substrate to come in contact with
catalyst therefore, the yield of the product was
found to be low, and reaction in polar aprotic
solvent showed the highest yield. The
promising results were observed using DMF as
a solvent over a DTP/Si0; catalyst, which
allowed us to further optimize the DTP/SiO;
catalyst loading. The results in Table 1 (entry 7)
reveal that the catalyst with 20 mole % of
DTP/SiO; loading is excellent. Considering the
catalyst using 30 mole % DTP/SiO; tested, there
was no considerable rise in the yield of the
product (Table 1, entry 8). The optimized
reaction condition for the given reaction was
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found to be using 20 mole% DTP/SiO; in DMF
solvent. These results motivated us to explore
the scope of the pyrano[3,2-c]Jchromene-3-
carbonitrile  derivatives  synthesis  from
substituted 4-hydroxyquinolin-2(1H)-one,
aldehydes, and malononitrile in the presence of
a DTP/SiO, catalyst at optimized reaction
conditions.

A series of aromatic aldehydes were selected
to undergo the condensation in the presence of
DTP/SiO; catalyst. As shown in Table 2,
aromatic aldehydes 2 carrying either electron-
donating or electron-withdrawing substituent
reacted efficiently and gave excellent yields
(Table 2, entries 1-14). The possible
mechanism is depicted in scheme 2 in the
supplementary file.

Table 2. DTP/SiO; catalyzed synthesis of pyrano[3,2-c]chromene-3-carbonitrile derivatives

R

OH CHO _

N @ X <gm DTP/SIO, N

0o R DMF O NH,

1 2a-n 3

4a-n
Product Ar Time (Min) Fou:(ll(;a(llg;()zt;)te d) MP-C Found(Reported)
4a C¢Hs2a 30 94 (10) 254-256 (253-255)[31]
4b 4-CH3C¢H42b 32 92 (80) 210-220 (219-220) [32]
4c 4-CH30-CsH4 2¢ 35 90 (78) 220-222 (220-222) [31]
4d 4-F-CeH4 2d 30 95 (96) 260—262 (260-262) [26]
4e 4-Cl-C¢H4 2 35 92 (88) 257--259 (256-258)[27]
4f 4-Br-CeH4 2f 35 91(80) 247-248 (247-249)[23]
4g 3-CH30-4-HOC¢H3 2g 30 94 228-230
4h 4-OH-CsH4 2h 30 87 258-260
4i 3-OH-C¢H4 21 30 89 263-265
4j 4-NO2-CeH4 2j 40 90 (85) 177-179 (177-178)[32]
4k 3-NOz-CsH4 2k 45 87 (84) 257-258 (257-258) [31]
41 2-Cl-CeH4 21 45 93 (84) 262-263 (263-266 [23]
4m 2,4-Cl,C6H32m 45 90 (86) 256-258 (255-257) [22]
4n 2-OH-CsH42n 40 88 280-282
aJsolated yields.

Therefore, the nature of the substituents
attached to the aromatic ring did not show a
significant effect in this conversion. The
experimental operations involved efficient, eco-
friendly, convenient, rapid properties and
showed the ability to endure a variety of
electron releasing and electron-withdrawing

functional groups, such as methoxyl, nitro,
hydroxyl, and halides. The recycling experiment
revealed that the catalyst could be recycled for
next 4-5 times without further purification of
the catalyst. And it was observed that there was
no significant loss in the yield of the product
(Table-3).
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Table 3. Catalytic activity of DTP/SiO..
b CHO
N L . CN DTPsSIO,
@o @NOZ ‘on DMF
Run 1st 2nd 3rd Sth
Time (Min) 45 45 45 45 45
Yield 87 87 86 86 86
Conclusion References

In summary, we have reported a simple, rapid,
efficient one-pot multi-component
condensation of 4-hydroxyquinolin-2(1H)-one
1, aldehyde 2, malononitrile 3 catalyzed by
efficient heterogeneous catalyst DTP/SiO; to
offer 2-amino-5-0x0-4-phenyl-4, 5-
dihydropyrano [3,2-c] chromene-3-carbonitrile
derivatives 4. The current method offers simple
experimental procedure, easy isolation of
catalyst, efficacy and reusability of the catalyst
over the previously reported methods.
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Introduction

The carbazole alkalods which are pharmacutical
importance nitrogen containing heterocycle have
been isolated from various natural sources. The
exhaustive effort has been made toward the new
discovery and construct of natural product. In the

recent decade, numerous synthesis methods have
been reported globally [1]. In the early 1982,
Chakraborty et al. studied the roots of Murraya
koenigii Spreng and isolated the carbazole
alkaloids Mukoline and Mukolidine [2] (Figure 1).

-
=
== !

R! = H, R? = COOMe, R = Me Mukonine (1)
R! = H, R? = CHO, R = H Murrayanine (2)
R! = H, R? = COOH, R = Me Mukoeic acid (3)
R! = H, R? = COOMe, R = H Clausine E(4)
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pu—
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R = CH,0H, R? = Me Mukoline

R! = CHO, R? =Me Mukolidine

R! Me, R? = Me Glycozolicine

R! = OH, R? = Me Clausamine E
R!= O0H, R? = Me Clausamine G
R! = OH, R? = H Clausamine F

Figure 1: Naturally

In India, the Murraya Koenigii is the best source
for the isolation of the carbazole alkaloids such
as murrayanine which is commonly called kadi
patta leaf and used day to day life in kitchen [3].
The alkaloids display wide-ranging range of
pharmaceutical activity such as antitumor, anti-
inflammatory, anti-histaminic, antioxidant, light
emitting properties [4]. Because of extensive use
of  distinctive  skeleton,  physicochemical
properties and pharmaceutical
mentioned above, the introduction of novel,
simple and efficient route to prepare the
carbazole moiety has considerable attention in

activities as

the scientist community. The numerous synthetic
methods are present for the preparation of
murrayanine (1), mukonine carbazole alkaloids
[5-6].

The diverse synthetic reports available in the
literature include Fischer indolization [7] the iron
catalyzed
cyclization of

tricarbonyl(cyclohexadiene)
oxidative cyclization in

metal oxidative coupling with
arylamine
complexes [8-9],

the palladium(ID)-

occurring carbazoles

catalyzed [10], the thermal cyclization of 1-
phenyl benzotriazole [11] cyclization of
biarylnitrenes to carbazole [12] and some others
methods. Recently, Banwell et al. described a new
procedure for the preparation of Mukonine
carbazole alkaloids with 66% yield via a Pd-
Catalyzed oxidative C-C bond formation followed
by reductive coupling reaction [13]. Knoke et al.
(1993) described the iron-promoted carbon-
carbon, carbon-nitrogen bond formation followed
by synthesis of koenoline, mukoeic acid,
murrayafoliae A, murrayanine. murrayaquinone
A, and mukonine natural product [14]. Subha et
al. described the novel cross coupling reaction
followed by reductive cyclization in the presence
of triphenylphosphine that gives a range of
alkaloids, including mukonine,
murrayafoline A, mukoeic acid, clauszoline K,
koenoline, murrayanine,glycoborine, mukoline,
glycozolicine,

carbazole

mukolidine, and glycozoline
alkaloids [15]. The natural product mukoline and
mukolidine were produced by the reaction of

aromatic amine with the exposure of palladium
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(I1) acetate and copper (II) acetate in the pivalic
acid [16].

As a researcher, always interested to report a
methodology for the construction of
bioactive heterocyclic compound [17-23]. In this
paper, we have described a new method for the
total synthesis of murrayanine (1), mukonine via
construction of desire scaffold via Buchwald
coupling followed by Pd(OAc):
oxidative coupling reaction to obtain desire
molecule.

novel

mediated

Material and methods

General

The experiment was performed in a dry glass
apparatus and the required raw chemicals were
bought from the national and international
suppliers such as Spectrochem, Aldrich, Merck,
Fisher and used directly. The dry reaction was
carried out in the Argon gas atmosphere. The
progress of reaction was checked on TLC. The
synthesized = compound  purification
performed using column chromatography with
Silica gel (60-120 Mesh) from Aura. The solvent
was dried over A4 molecular sieves prior to use
and the THF was dried over Na metal. The
tetramethylsilane (TMS)
standard at ambient temperature for the running
of the 'H NMR, 13C NMR spectra over a Bruker
400, 500 MHz NMR machine. The FT-IR spectra
were recorded over a Bruker-
model 683 B or 1605 spectrophotometer and
absorptions were expressed in cm-l. All Buchi
501 apparatus was used for the recording of
melting points and Boiling Points of pure
compounds and are uncorrected.

was

used as internal

Perkin-Elmer

Synthesis of methyl 4-bromo-3-methoxybenzoate
()

To a solution of 4-bromo-3-methoxybenzoic acid,
6 (1,00 g, 1 eq) in methanol (15 ml) H2S04 (20 pL,
0.15 eq) was added. The reaction mixture was
blended to reflux for 5 h. After completion of the
reaction, the solvent was removed under reduced
pressure and the crude mass was mixed in DCM
NaHCOs3 and cold water. The organic layer was
dried over sodium sulphate and concentrated

under reduced pressure to afford the pure
product 5 methyl 4-bromo-3-methoxybenzoate;
white crystalline product, mp 54-56 °C.

Methyl 3-methoxy-4-(phenylamino)benzoate (3)

In a dry seal tube with magnetic stir bar,
Pd:(dba)s;, methyl 4-bromo-3-methoxybenzoate2
(g, mmol), aniline ( g, mmol) was added, followed
by xantphos (g, mmol) Cs2COs3 (g, mmol) in a dry
1,4-dioxane, the tube then
evacuated/backfilled with argon 3x with stirring.
The seal tube was stirred vigorously at 110 °C for
48h. After completion of reaction (monitored by
TLC), the reaction mixture was diluted with 5 ml
ethyl acetate and filter over sintered glass funnel,
the organic solution concentrate under vacuum
and purified using column chromatography to
afford white crystal with 58% yield.

THNMR (300MHz, CDCl3); &: 3.88(s, 3H), 3.96 (s,
3H), 6.54 (br, 1H), 7.06 (t, J= 7.4 Hz, 1H), 7.19-
7.26 (m, 3H), 7.34 (t, J= 8 Hz, 2H), .7.52 (d, J= 1.5
Hz, 1H), 7.59 (dd, J= 1.4 Hz & 8.1 Hz, 1H)

13CNMR (75 MHz, CDCl3), 6: 51.7, 55.7, 59.8,
110.5, 110.6, 119.9, 120.8, 123.0, 123.5, 129.4,
132.2, 140.6, 146.5, 167.1.

seal was

Synthesis of methyl 1-methoxy-9H-carbazole-3-
carboxylate; Mukonine (2)

In a dry seal tube with magnetic stir bar was
added Pd(OAc): and methyl 3-methoxy-
4(phenylamino)benzoate 3 in a 1,4-dioxane the
seal tube was fluxed with argon 3x with stirring.
The seal tube was blended vigorously at 100 °C
for 16h. The progress of reaction was checked
using TLC and after completion of reaction the
mixture mix with 10 mL Ethyl acetate.

After completion of reaction (monitored by TLC),
the reaction mixture was diluted with 10 mL
ethyl acetate and filter over sintered glass funnel,
the organic solution concentrate under vacuum
and purified using column chromatography with
( ethyl acetate: hexane) to afford white solid.
Mukonine (5a): Yield (70%), mp 194-198 °C (lit.
4 mp 196 °C); 'H NMR (300 MHz, CDCl3): &: 10.37
(s, D20 exchange, 1H), 8.34 (s, 1H), 8.06 (d, J=6.2
and washed with the saturated solution of

343|Page



Gaikwad M.V., Kamble R.D,, et. al./

Hz, 1H), 7.61 (s, 1H), 7.51 (t, / = 9.1 Hz, ] = 8.9 Hz,
1H), 7.40 (t,/ = 8.8 Hz,J=5.8 Hz, 1H), 7.09 (t, ] =
6.2 Hz, 1H), 3.88 (s, 6H); 13CNMR (75 MHz, DMSO-
ds): 167 6 167.89, 146.01, 139.91 132.61, 126.02,
123.71, 123.83, 122.11, 120.22, 120.54, 116.21,
111.45, 107.23, 55.52, 55.01; The -calculated
HRMS for the molecular formula CisH13NO3; [M+
H]*, 256.0968 and observed 256.0970.

Synthesis of 1-methoxy-9H-carbazole-3-
carbaldehyde; Murrayanine (1)

A solution of compound methyl 1-methoxy-9H-
carbazole-3-carboxylate 0.500 mg in a 17 mL dry
THF at -78 °C under the argon atmosphere di-
isobutyl-aluminum hydride in THF was added
drop wise and keep the vessel temperature below
-65 °C. After completion of reaction, the reaction
was quenched with 10 mL of 10% HCI, and
extracted into 2 x 10 mL portions of ethyl acetate.
The organic layer was also washed by using 10%
HC], solution and saturated sodium bicarbonate.
The organic layer was dried over magnesium
sulfate and concentration under reduced

Chem. Methodol. 2021, 5(4) 341-347

pressure gave desired 1-methoxy-9H-carbazole-
3-carbaldehyde. Murrayanine (1): Colourless
crystals, Yield (78%), mp 164-168 °C ; tH NMR
(400 MHz, DMSO) 6: 11.68 (s, 1H), 8.78 (s, 1H),
8.20 (d, J = 7.9 Hz, 1H), 8.03 (dd, J = 8.3, 5.5 Hz,
2H), 7.66 (d, J = 8.3 Hz, 1H), 7.53 (t, J = 7.5 Hz,
1H), 3.95 (s, 3H).

Result and Dissection

The retrosynthesis analysis of murrayanine (1),
mukonine (2), is in Figure-1.
retrosynthetic analysis for the synthesis of the
target molecule 1 murrayanine (1) and mukonine
(2) carbazoles are expected to be obtained via
Buchwald-Hartwig coupling followed by Pd
catalyzed C-C coupling reaction (Scheme 2). The
key precursor 5 has been required for the
construction of murrayanine and mukonine

shown Our

carbazole alkaloids.

1

OHC : O ‘ ] COOMe
g I N !
OMe H OMe

COOMe
OMe
SO
2 3

COOH COOMe NH,
J]: OMe OMe t
Br Br
6 5 4

Scheme 1: Retro synthesis of murrayanine (1), mukonine (2), carbazole alkaloids

With the help of synthetic pathway as shown in
Scheme 2, the optimization of 1 involves carbon-
nitrogen coupling with Buchwald coupling the
catalyzed coupling reactions of amines with
aromatic halides followed by the C-C oxidative
coupling cyclization of the phenyl and aryl rings

are the key steps. We started our strategy as per
our proposed strategy (Scheme 1). The precursor
5 has been prepared form the etherification of 4-
bromo-3-methoxybenzoic acid in MeOH/ H+ gives
precursor 5. Then we moved towards the actual

synthesis of desire precursor 3 from the
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Buchwald coupling with 5 and amine 4 by using
Xantphos, Cs2CO3 and Pd(tris)s [24] under the dry
condition. At the beginning, we performed
Buchwald coupling reaction by using various
bases such as K;CO;, CsCOsz, KOtBu. When the

reaction was performed with the base K,COs3 at
100 °C to produce desired precursor, but very
less yield, while in case of CsCOs3, t-BuOK yield
was moderate to good (Table 1).

Table 1: Examination of the Pd-catalyzed Buchwald coupling reaction

Sr /No | Reagent Ligand Base Time Yield%
1 Pdz(dba)s BINAP K2CO3 24 20
2 Pd(OAc): Xanphose K>CO3 24 35
3 Pdz(dba)s BINAP KOtBu 24 28
4 Pd(OAc): Xanphose KOtBu 24 42
5 Pdz(dba)s BINAP Cs2C03 24 30
6 Pd;(dba); Xanphose Cs2C03 24 69
7 Pd(OAc): Xanphose Cs2C03 24 38

Based on the above observation, we decided to
examine the synthesis intermediate 3 via
Buchwald coupling reaction. Initially,
examined the Pd-catalyzed Buchwald coupling
reaction using Ligand BINAP and Xanphose in the
presence of base K,CO3, KOtBu, Cs;CO3 (Table 1,

we

entry 1). The treatment of 5 and 4 with Pd(OAc):
Pd-catalyst in the presence of ligand Xanphose
and base K;CO3 Cs;C0O3 and KOtBu with dioxane
solvent resulted in the formation of 3 with 35%,
38% and 42% yield (Table 1, entry 2, 4 and 7).

COOH COOMe
MeOH, H*
OMe 3 h, reflux OMe
Br Br
6 5

OMe 1

NH,

S

COOMe

> i OMe
Pd,(dba)s, 1,4-Dioxane HN

Cs,C03, Xanphose
100 °C

Pd(0OAc),, Dioxane
100 °C

3
lth

DIBAL-H, to r.t.

‘ g
N
H

O i COOMe
3h,65% ' N ’
H

OMe
2

Scheme 2: Synthesis of murrayanine (1), mukonine (2), carbazole alkaloids

Based on the treatment of 5 and 4 with Pdz(dba)s;
Pd-catalyst in the presence of ligand BINAP,
Xanphose and base K;C03;, KOtBu, Cs2CO; with
dioane solvent which resulted in the formation of
3 with 20%, 28%, 30% and 58% yield (Table 1,
entry 1, 3, 5 and 6) from the above result, it can
be concluded that the Buchwald coupling
reaction occur by using Pd;(dba)s; reagent using

Xanphose ligand with Cs;CO3; base in a 1,4-
Dioxane solvent( table 1, entry 6). The desired
compound 3 in our hand showed very good yield.
Next, we embarked on the total synthesis of
murrayanine (1) and Mukonine (2). The
compound 3 were treated with Pd-catalyst and
gave desired alkloids. Mukonine (2) was then
prepared by oxidative coupling cyclization of the
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phenyl and aryl rings of precursor 3 initiated by
stoichiometric amount of Pd(0Ac); [25] in acetic
acid solvent 7. Further, Mukonine (2) was
converted to murrayanine (1) via reduction of
ester group to aldehyde by using DIBAL-H in THF
solvent with 78% yield.

Conclusion

We have described a new and concise synthesis
method of Murrayanine (1) and Mukonine (2), by
using the novel approach that involves a Pd-
catalyzed Buchwald
oxidative coupling cyclization of the phenyl and

coupling followed by

aryl rings using stoichiometric amount of
Pd(OAc)..
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A direct metal-free approach for the synthesis of novel sulfenylated 2-aminothiazole and imidazothiazole
derivatives at room temperature is reported via an in situ-generated electrophilic thiolating agent. The
DOI: 10.1039/d0nj05904h present protocol provides mild and selective access for the insertion of C-S bond functionalization with

good yield. The mechanistic path was justified via density functional theory (DFT) calculations, which
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Introduction

The prevalent occurrence of organosulfur compounds in vital
biological systems, drug architectures and natural products
present themselves as versatile scaffolds in organic chemistry,
medicinal chemistry and materials chemistry.'™ They constitute
an active portion of commercially available drugs.”” These
consequences have led to an unending quest for a capable
catalytic system, comprising a blend of carbon-sulfur bonds to
create organosulfur compounds.®™® The majority of reported
transformations for C-S bond coupling includes the synthesis of
diaryl sulfides using imidazoheterocycles,"” indoles>™>* or
aryl halides**™® by reaction with thiols or thiones. Several
catalytic systems utilized for the cross dehydrogenative coupling
reaction (CDC) of the C-S bond include the use of transition
metals,”° elemental sulfur,”’° and iodine.**™** Amongst
these protocols, those capable of encountering direct metal-free
regioselective C-S bond coupling in bifunctional motifs for
the selective synthesis of heterocyclic organosulfur compounds
are highly desirable.”*™> Moreover, among numerous catalytic
systems reported for the synthesis of organosulfur compounds,
the use of N-halosuccinimides was proven to be a highly useful
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explore the role of the solvent in the reaction mechanism.

approach;>*™ however, N-halosuccinimides have a general
tendency to oxidise secondary alcohols to their corresponding
ketones.®”®! In recent years, the use of N-sulfanylsuccinimides for
the direct sulfenylation of aromatic and heteroaromatic C-H
bonds has become an interesting strategy.®*”” Very few reports
are available for the synthesis of catechol thioethers.”>””
However, the selective synthesis of organosulfur compounds has
not been reported hitherto via in situ-genarated N-(heteroarylthio)-
succinimide (NHTS), by utilizing N-halosuccinimide and
heterocyclic thiols such as 1H-benzo[d]imidazole-2-thiol, benzo[d]
oxazole-2-thiol and 5-(pyridin-4-yl)-1,3,4-oxadiazole-2-thiol. The
use of these heterocyclic thiols may impart advantages in
the areas of small molecule syntheses as well as pharmaceuticals
as imidazothiazole and thiazoles are considered to possess
a broad spectrum of biological activity.”* Consequently,
the selective C-5 electrophilic sulfenylation of pseudo aromatic
imidazothiazoles with secondary alcohols may provide a
beneficial synthetic route for medicinal chemistry research. Jie
et al. have reported the organocatalytic sulfenylation of
B-naphthols using N-(arylthio)succinimide as the sulfur source,
and they have observed that the dearomatization of f-naphthols
takes place with the oxidation of an alcoholic group to a ketone
(Scheme 1).7%

Nevertheless, alcohols also possess the propensity to react
with thiols to generate thioethers in the presence of certain
catalytic systems.®*’™®® These annotations and our previous
study regarding the synthesis of bioactive compounds®~*° have
provoked us to focus on the development of a new catalytic
system for the selective C(sp?)-H bond thiolation of 2-
aminothiazoles and imidazothiazoles using heterocyclic thiols
and N-halosuccinimide.

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifigue 2021
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Scheme 1 Earlier approaches for C-S bond coupling.

Results and discussion

The hypothesized synthetic route commences with the reaction
of N-chlorosuccinimide with aromatic thiophenols, as predicted
by previous literature.”® We have further demonstrated that
further reaction of N-chloro-thiols smoothly allows the formation
of C-S bonds.”*”* When this halogenation-thiolation tandem
strategy was first implemented, the formation of the product took
place with poor yield and prolonged time of 10 h.

When we carried out the same reaction taking 1 equiv. of
N-chlorosuccinimide with 1 equiv. of 1H-benzo[d]imidazole-
2(3H)-thione using methanol as the solvent, we came across a
curious observation that instead of introducing chlorination in
heterocyclic thione, the construction of in situ-generated NHTS
(Scheme 2I) takes place within 5 min by stirring at room
temperature. A plausible reason for this observation may be
that the resonance stability of heterocyclic thiols eventually
supports the in situ generation of NHTS. When the same
strategy was employed in the case of aromatic thiols, the
generation of N-(arylthio)succinimide does not take place to
such an extent. We investigated the utilization of NHTS for the
sulfenyllation of substituted 4-phenylthiazol-2-amine 4a-e
(Scheme 2II) and 1-(3-methyl-6-phenylimidazo[2,1-b]thiazol-2-
yl)ethanol 6a-e (Scheme 2III) in the same reaction pot. The
starting reactant 6a-e was obtained by reducing 1-(5-((1H-
benzo[d]imidazol-2-yl)thio)-6-(4-chlorophenyl)-3-methylimidazo
[2,1-b]thiazol-2-yl)ethenone with NaBH,.”” For exploring the
optimal reaction conditions, N-halosuccinimide and solvents
were examined using 4-(4-chlorophenyl)thiazol-2-amine or 1-(3-
methyl-6-phenylimidazo[2,1-b]thiazol-2-yl)ethanol as the standard
reactant (Table 1). Initially, N~chlorosuccinimide (NCS) 1 equiv.
was employed under dichloromethane (DCM) as the solvent yield
was observed to decrease (Table 1, entry 1). When the amount of
NCS was increased, the yield improved (Table 1, entry 2). Further
improvement of the yield was seen when 1.5 equiv. of NCS
was employed with 2 equiv. of the reactant (Table 1, entry 3).
Optimized reaction conditions were found when methanol was
used as the solvent with 1.5 equiv. of NCS and 2 equiv. of reactant

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifigue 2021
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Scheme 2 Present work.

Table 1 Optimal reaction condition?

Entry NXS equiv. Heterocyclic thiols equiv. Solvent (3 ml) Yield? (%)

1 NGCS(1.0) 1 DCM 43
2 NCS (1.5) 1 DCM 47
3 NCS(L5) 2 DCM 52
4 NCS(L5) 1 CH,0H 71
5  NCS(20) 1 CH,;0H 64
6  NCS(L5) 2 CH,;0H 89
7 NCS (1. 5) 2 CH;COOH 34
8 NCS (1.5) 2 Toluene 41
9 NCS (1. 5) 2 CH;CN 44
10 NCS(1.5) 2 DMF 31
11 NCS (1.5) 2 DMSO 51
12 NIS(1.5) 2 CH;0H 58
13 NBS(1.5) 2 CH;0H 78
14 — 2 CH;0H NR®
15  NCS (1.5) 2 No solvent Trace

“ Reaction conditions: N-halosuccinimide, heterocyclic thiols are stir-
red for 5 min at room temperature first and then reactant 4a or 6a was
added and reaction mass was further stirred for next 20 min at room
temperature. ” Tsolated yield. ¢ NR = No reaction.

New J. Chem., 2021, 45, 4632-4637 | 4633
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(Table 1, entry 6). The as-synthesized product was washed with
cold ethanol. Column chromatography was not needed for
purification. Further variation in the amount of the reactant
and/or NCS using methanol as the solvent was shown to decrease
the yield (Table 1, entries 7-11). The implementation of N-iodo-
succinimide or N-bromosuccinimide was observed to diminish
the yield (Table 1, entries 12 and 13). In absence of N-halosucci-
nimide the reaction did not proceed (Table 1, entry 14). Furthermore,
the reaction was not observed under solvent-free conditions (Table 1,
entry 15).

With this optimal set of reaction conditions (Table 1, entry 6),
we proceeded to investigate the sulfenylation of 2-aminothiazole
derivatives. While exploring the effects of the substrate scope of
2-aminothiazole derivatives, the unsubstituted 2-aminothiazole
ring at the C-4 position was unable to furnish the product.
Amongst the substituted 2-aminothiazole derivatives, those
derivatives possessing electron withdrawing substituents at the
para position of the aromatic ring successfully furnished the
product with satisfactory yield (Scheme 3). Electron-donating
groups were found to retard the yield (Scheme 3), while sub-
stituents at the meta position were unable to furnish the
product.

Interestingly, the method achieves the selective C-5 sulfeny-
lation of 2-aminothiazole derivatives, and no reactions were
observed to give a nuclear sulfenylation product. We further
proceeded to investigate numerous 1-(3-methyl-6-phenylimidazo
[2,1-b]thiazol-2-yl)ethanol derivatives for their sulfenylation
(Scheme 4). Subsequently, adding 1 equiv. of reactant 6a in
the same pot and stirring for 20 min at ambient temperature
affords the synthesis of final products. Results obtained

N Xy

o\ s

HyN/\S)\s/
5ai

Ry=Cl, Br, F, H, CHy

stir at
rt for 25 minutes

{ Ny S A
G* o or R

59, 60%

)
N YS\ F
I N
9 iy
N/ NH,

5i, 70%
Scheme 3 Scope of substrate: variation of substituent on 2 aminothia-
zole*®. ?Reaction conditions: NCS (2.0 mmol) heterocyclic thiol (1.0 mmol),
substituted 2-aminothiazole 4a—e (1 mmol), CH3zOH (3 mL), reaction time
(24-25 min). “Isolated yield.
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CHyOH

7i, 75% HO 7k 70%

7j, 85%

Scheme 4 Variation of substituent on imidazothiazole*”. “Reaction condi-
tions: NCS (2.0 mmol) heterocyclic thiol (1.0 mmol), substituted imidazothia-
zole 6a—e (1 mmol), CHzOH (3 mL), reaction time (24—25 min). “Isolated yield.

demonstrate that derivatives with electron-withdrawing groups
on the aromatic ring at the para position provide the product
with a satisfactory yield (Scheme 4), whereas with electron-
donating groups such as the methyl group at the same position
tend to decrease the yield of the product (Scheme 4). Electron-
releasing substituents failed as exemplified by the reactant
possessing the methoxy group at the same position. Variation
in the heterocyclic thiol was not seen to alter the yield of the
product. Interestingly, in each derivative selective sulfenylation
was seen to take place at the C-5 position of imidazothiazole
derivatives regardless of the pendant alcohol. Also, no derivatives
were seen to give sulfenylation on an aromatic ring. The probable
mechanistic path was further studied by taking other
mechanistic pathways into account (Scheme 5). It came to our
attention that the reaction does not proceed in absence of any
catalyst or co-reagent after 28 h (Scheme 5A). The implementation
of in situ-generated (NHTS) results decrease reaction time to
25 min, yielding 89% (Scheme 5B). When same protocol was
carried out in presence of the radical quenching agent butylated
hydroxtoluene BHT (2 equiv.), we were still able to get 95% yield
(Scheme 5c¢), ruling out the possibility of free radical mechanistic
path. Considering the observations of controlled experiments,
optimized reaction conditions and (DFT) studies, the tentative
mechanism of the reaction is given in (Scheme 6). The 4-(4-
chlorophenyl)thiazol-2-amine (4a) derivative has been taken as
the representative of all the derivatives.

The mechanistic path was studied by DFT calculations, as
illustrated in (Scheme 6). The observations in Table 1 and

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021
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Scheme 5 Screening experiments.

Scheme 6 Plausible mechanistic path for the thiolation of substituted
imidazothiazole and 2-aminothiazole.

Scheme 5 indicating the role of CH;OH in the reaction is not
only limited to the solvent effect but it also takes part in the
mechanism as a reagent.”™* Initially, the reaction between
(4a) and (NHTS) in presence of CH3;OH leads to an
intermediate-1 with bond formation between C-5 of (4a) and
-S of (NHTS). Here, methanol is found to be bonded at C-4 that
induces the electronegativity of C-5 to facilitate C-S bonding.
The release of succinimide is found during the formation of
intermediate-2 with -H transfer from methanol. Subsequently,
methanolate abstracts -H from succinimide (intermediate-3)
and leaves to form intermediate-4. The disappearance of
profound IR stretching frequency around 3210 cm ™" (Table S1,
ESIT) indicates the formation of product (5a).

Conclusions

In summary, we have developed a metal-free, mild and selective
protocol for the synthesis of novel sulfenylated 2-aminothiazoles
and imidazothiazoles via in situ-generated (NHTS). Our study
exemplifies that NHTS is acting as a co-reagent in the current
procedure. The method adopted ensures chemoselectivity

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifigue 2021
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towards the C-H bond functionalisation in the presence of
secondary alcohol in imidazothiazole, setting up the application
of NHTS for the pharmaceutical and agrochemical arenas.
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Abstract

In present era, different tissue culture techniques are applied to enhance secondary metabolites
production by triggering stress response. These stresses include application of elicitors,
biotransformation, change in environmental conditions, change in medium constituents, precursors, etc.
Among them, elicitors are substances that induce defense responses in plants. Elicitors are introduced
into various organ cultures and in cell suspension cultures to increase the stress tolerance. The present
review focuses on secondary metabolite production in plant cell suspension culture. This will help in
conservation of rare and endangered medicinally important plants and it will also provide increased
secondary metabolite production with less time and low cost.

Keywords: Cell suspension culture, elicitor, secondary metabolite production.

Introduction

The extensive research work in the modern biological and chemical sciences have described
the role of primary metabolites in vital life functions like cell division and growth,
respiration, storage, and reproduction. The concept of secondary metabolite was first
explained by Kossel M. He defined that secondary metabolites are opposed to primary ones.
Later on, Czapek @ have taken an important step and devoted an entire volume named “end
product” to his ‘plant biochemistry’ series. As per Czapek, the secondary modification i.e.
de-amination process in nitrogen metabolism gives rise to these end products. The secondary
metabolites are often located at specific cell or organs and less than 1% of total carbon as
compared to other main molecules. In the middle of 20" Century, advancement in different
analytical techniques resulted in to identification and purification of several molecules which
formed the basis of phyto-chemistry discipline. The paper chromatography revealed that
some of the molecules are pigments. However, the possible role of these secondary
metabolites in life cycle of plant is still mysterious as mentioned by Czapek as end product.
Plant fitness is largely depending on production of secondary metabolites under
environmental influence. Most of the secondary metabolites possesses bioactivities like
antifungal, antibiotic, antiviral etc. Hence, they protect plant against pathogens and shows
allelopathic effect which prevents germination of other species present in their vicinity. In
addition, they possess UV absorbing compounds and prevents leaf damage from UV rays 1,

The classification of plant secondary metabolites is usually based on their biosynthetic
pathways [“. The secondary metabolites are grouped in to four families such as alkaloids,
phenolics, steroids and terpenes. Among these phenolic family is widespread as its
compounds are involved lignin synthesis and ubiquitous in higher plants. The alkaloids are
sparsely distributed in plants and are specific to genus and species. Such narrow distribution
of secondary metabolites forms basis of chemotaxonomy and chemical ecology. Because of
the numerous biological activities of secondary metabolites, they have been used in
traditional medicines for centuries.

In recent days, secondary metabolites correspond to value added products like cosmetics,
fine chemicals or currently neutraceutics. Recent studies have well established that in
pharmaceutical industries chemistry is said to be backbone, however about 25% molecule
used in this industry have natural plant origin . The secondary metabolite production
requires large scale cultivation of medicinal plants. However, it is difficult to cultivate
specific biotype away from their natural ecosystem. Sometime the common plants with
pathogen sensitivity are unable to grow in large fields, for example anthracnose on Arnica
montana and Hypericum perforatum. Due to this, plant cell, tissue and organ cultures
become popular choice for production of secondary metabolites.

.,.50.,.
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Different tissue culture techniques are being used for
increase content of secondary metabolites by application of
elicitors, alternation in environmental conditions and
medium constituents etc.

Elicitors

An elicitor is a substance which, when introduced in small
concentrations to a living cell system, it initiates or triggers
the biosynthesis of specific compounds [©1.

Classification of elicitors

Generally, elicitors are classified as physical or chemical,
biotic or abiotic and complex or defined depending on their
origin and molecular structure [,

Biotic elicitors

Biotic elicitors are molecules of either pathogen or host
origin that can induce defense responses (such as
phytoalexin accumulation or hypersensitive response) in
plant tissue. Often complex biological preparations have
been used as elicitors, where the molecular structure of the
active ingredients is unknown. Biotic elicitors can be
classified on the basis of their exact molecular structure as
follows: [7:81,

A. Proteins and glycoproteins as elicitors

Proteins and enzymes are class of elicitors that trigger
defense response e.g. in plant cell cultures. Cellulase causes
rapid accumulation of phytoalexins, enhanced production of
debneyol and capsidol in cell cultures of Nicotiana tabacum
Bl The glycoproteins are also involved in triggering of
different phytoalexins in plant cell cultures. In cell cultures
of Plantanus acerifolia, the coumarin concentration was
increased due to application of glycoprotein in its native
conformation extracted from a fungus Ceratocystis
fimbriata cell suspension culture [,

B. Oligosaccharides as elicitors

The oligosaccharides have shown to induce defense
responses in plant cells. Like proteins, carbohydrates also
act as chemical trigger i.e. elicitor to enhance the secondary
metabolite production in cell suspension culture of plants. In
Soybean cell cultures, the role of carbohydrates elicitors in
accumulation of phytoalexin was observed 4, The partial
acid hydrolysis of mycelium of Phytophthora gasperma
revealed involvement of eight oligosaccharides in
phytoalexin production 1% The oligosaccharides showing
enhancement of secondary metabolites in cell cultures of
plants are enlisted in Table 1.

C. Plant hormones as elicitors

The hormones play an important role in plant defense
mechanism against different environmental stresses. The
plat hormones, Jasmonic acid (JA), salicylic acid (SA),
derivatives and analogs of SA, Brassinosteroids act as
elicitor and accumulates specific metabolites to trigger
defense mechanism. They upregulate expression of plethora
of defense genes in plants. The plant resistance to bacterial,
fungal and viral pathogens is regulated by SA [* 151, while
the resistance against insects is regulated by JA [16. 171 JA
derived elicitation results in to enhanced synthesis of
various proteins via octadecanoic pathway 16171,

Abiotic elicitors

The abiotic elicitors have acquired less attention as
compared to biotic elicitors (%1, They include different stress
causing physical and chemical factors of abiotic origin like
salt, metal etc. Treatment of rare earth metal lanthanum to

.,.51.,.
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Taxus sp. cell cultures resulted in tremendous increase in
taxol content (280%) [8l. The other abiotic factors like
salinity, heat, drought, mechanical wounding, UV
irradiation also shown increased content of secondary
metabolites in plants. For example, exposure of cell cultures
of Vaccinium corymbosum enhanced production of non-
volatile phenolic compounds 191,

Cell suspension cultures

Initially, it was stated that the undifferentiated cells like
callus or cell suspension cultures will not be able to
synthesize secondary products 2%, However, Zenk and co-
workers demonstrated that the cell cultures of Morinda
citrifolia yields about 2.5 g of anthraquinones 1. This
finding opened the door to a large community of vitro
culturists who extensively studied the possible use of plant
cell cultures for the production of secondary compounds of
industrial interest (mainly pharmaceutics and dyes). For the
establishment of in vitro cell lines promising individual
plants are selected and callus culture established for them.
Once calli are established then they can undergo somaclonal
variation during subculture cycles. After a period of time
(from several weeks to several years) genetic stability
occurs and each callus can be considered as homogeneous
cell aggregate, just as if it was derived from single cell
cloning.

When genetic stability is reached, it is necessary to screen
the different callus lines according to their aptitudes to
provide an efficient metabolite production. Hence, each
callus must be assessed separately for its growth speed as
well as intracellular and extracellular metabolite
concentrations i.e. growth and production Kkinetics. This
allows an evaluation of the productivity of each cell line
(mg of products g* of cell day* or mg of products I* day?)
so that only the best ones will be taken to cell suspensions
and reactor studies. The cell growth kinetics is usually in
exponential curve; however, the secondary metabolites are
produced during stationary or plateau phase. This meager
production in initial stages is a result of allocation of more
carbon for cell structure building and respiration i.e. primary
metabolism when cells growth is very active. On the
contrary, when cell growth reaches to stationary phase, the
carbon flow is diverted from primary metabolism to
secondary metabolism and enhances the process of
secondary metabolites synthesis. During lag or log phases,
the enzyme activities are generally absent or less but in
plateau phase they start appearing. These observations lead
researchers to predict possible biochemical differentiation of
cell in plateau phase . But, some secondary products like
betalains and carotenoids are associated with growth of
undifferentiated cells.

The cell suspension is the best biological material to study
biosynthetic and metabolic pathways. As compared to
callus, the recovery of individual cells in large quantities for
isolation of enzymes is easier 4. The studies on
biosynthetic pathways helps to restrict enzyme activities (or
expression of associated genes) in synthesis of potent
metabolites. Such restriction steps can be altered by feeding
the cells suspension cultures with a precursor compound of
desired product. This phenomenon also has high risk of
activation of feedback inhibition at other places on the
pathway 2%1. Among multiple traditional strategies employed
for increased production of secondary metabolites, the
elicitation is one of the most successful technique. The
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elicitor compounds impose physical or chemical stresses on
cell suspension cultures which triggers production of stress
induced secondary metabolites which are not produced
under normal conditions. This elicitation of cell suspension
cultures involves both biotic and abiotic factors. The fungal
and bacterial attacks are most efficient to trigger elicitation
process and increase in content of secondary metabolites.
Immobilization is also used in liquid culture system for
enhancing metabolite production 24, In this technique, plant
cells are encapsulated with polymers

like alginate,

carrageenan’s etc.

www.pharmajournal.net

which

Table 1: List of plants and their elicitors used to enhance secondary metabolites

improves vyield of desired
metabolites 51, This may be due to possible effect of
polymers around the cell
organization between cells. This is supposed to give rise to
the so-called biochemical differentiation which favors the
synthesis of secondary products %61, The present review
aimed to summarize information of different elicitors used
for enhancement of secondary metabolites in cell suspension
cultures.

which may mimic tissue

No. Plant name Product Elicitors Reference
1 Abrus precatorius Glycyrrhizin Aspergillus niger and Rhizopus stolonifer [27]
2 Agrostis tenuis Jasmonic acid Fungal Elicitor [28]
3 Ammi majus Scopoletin Enterobacter sakazaki [29]
4 Ammi majus Coumarin Umbelliferon Phytophthora megasperma, Alternaria carthami (6]
5 Apium graveolens Furocaumarin Sclerotinia sclerotiorum [30]
6 Apium graveolens Furocaumarin Erwinia carotovora [31]
7 Apium graveolens Furocaumarin UV, CuSO4 [32]
8 Arabidopsis Indoleglucosinolates, Camalexin Thaliana fungal ehutor,;\(/:lizthyl Jasmonate, Salicylic [23]
9 Arabidopsis thaliana Indole-glucosinolates, camalexin Erwinia carotovora [33]
10 Arabidopsis thaliana Anthocyanin Jasmonic acid [34]
11 Arabidopsis thaliana Indole-glucosinolates and anthocyanins Jasmonic acid [35]
12 Arabidopsis thaliana Anthocyanins Jasmonic acid [36]
13 Arabidopsis thaliana Aliphatic glucosinolates Jasmonic acid [37]
14|  Arabidopsis thaliana Camalexin Jasmonic acid [38]
16 Artemisia annua Artemisinin Jasmonic acid [39]
17 Azadirachta indica Azadirachtin Anabaena sp. and Nosto carneum [40]
18 Azadirachta indica Azadirachtin Jasmonic acid, salicylic acid [41]
19 Azadirachta indica Azadirachtin Cyanobacterial elicitor [42]
20 Boswellia serrata boswellic acid PVP. Fusarium, Penicillin, Muco_r Sp. and y_east [43]

extract, NaCl, NaSO4, UV-C, light intensity

21| Brugmansiasu aveolens Tropane alkaloids Spodoptera frugiperda, Methyl jasmonate [44]
22 Calendula officinalis Oleanolic acid Trichoderma viride, Pectin, Chitosen [49]
23| Camptotheca acuminate Indol alkaloid Methyl Jasmonate [46]

Trametes varsicolor, Mucor sp., Penicillium notatum,

24 Carthamus tinctorius A-tocopherol and pigment Rhizopus stolonifer, and Fusarium oxysporum and [47]

abiotic (NaCl, MgSOa, FeSO4,and FeCLz3)

25 Catharanthus roseus 5’diesterase Alteromonas acleodii, Alginate oligomers 48]
26 Catharanthus roseus Indol alkaloid Methyl Jasmonate [49]
27 Citrus aurantium Chitin oligomers Chitin [50]
28 Citrus grandis Limonene, Linalool Chitosan [51]
29 Coleus blumei Rosmarinic acid Yeast Elicitor [52]
30 Coleus forskolin Methyl jasmonate Forskolin 53]
31 Cupressus lusitanica B-thujaplicin Oligosaccharide, Methyl Jasmonate [54]
32 Dacus carota Methoxymellein, 4-hydroxybenzoic acid Fungal elicitor [55]
33 Datura stramonium Alkaloids (tropane) Phytopthora megasperma [56]
34 Daucus carota Pythium aphanidermatum 6-Methoxymellein; 4-hydroxybenzoic acid [56]
35 Daucus carota Furocaumarin Unknown [57]
36 Digitalis lanata Flavonoids Copper sulphate [58]
37| Dioscorea zingiberensis Diosgenin Fusarium 159
38 Drosera burmanii Plumbagin Methyl jasmonate, yeast Extract and chitosan [60]
39| Eschscholzia californica Benzophenanthridines, sanguinarine Methyl Jasmonate, Fungal Elicitor Puccinia [61]
40| Eschscholzia californica Benzo-phenanthridine Fungal elicitor [62]
41| Eschscholzia californica Alkaloids Yeast extract [63]
42|  Euphorbia pekinensis Terpenoids Fusarium [64]
43 Eurycoma longifolia Alkaloids Chitosan, polyvinylpyrrolidone [65]
44 Ganoderma lucidum Ganoderic acid and 'Ganoderma Fungal [66]

polysaccharides
45 Ginkgo biloba Bilobalide and ginkgolides Biotic 1671
46 Glehnia littoralis Furanocoumerin Yeast extract [68]
47 Glehnia littoralis Furocaumarin Pseudomonas cichorii, UV [69]
48 Glycine max Glyceollins, ﬁﬂ%?ir:n‘ Genistein, Glucan, Methyl Jasmonate (7]
49 Glycine max Lignin Fungal Elicitor (1]

.,.52.,.
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50 Glycyrrhiza glabra Soyasaponin, 5-deoxyflavonoid Methyl Jasmonate [
51| Gossypium arboretum Gossypol Jasmonic acid [73]
52 Gymnema sylvestre Gymnemic acid Aspergillus niger [74]
53 Helianthus tuberosa Insulin Aspergillu sniger and Saccharomyces cerevisiae;
54 Hyoscyamus muticus Solavetlvgne, r|sh|t_|n, lubimin, Salicylic acid (78]
copolamine
55 Linum album Podophyllotoxin Ag, Pb, Cd, Yeast [
56 |Lithospermum erythrorthizon Shikonin, Rosmarinic acid Polysaccharides, fungal elicitor, Methyl Jasmonate [78,79]
57| Lycopersicon esculentum Scopoletin Fungal elicitor, Methyl Jasmonate [61]
58|  Medicago truncatula Beta-amyrin Yeast elicitor [80]
59 Morinda citrifolia Anthraguinone Chitin, Pectine 81
60 Nicotiana attenuata Volatile terpenes Jasmonic acid (2]
61| Nicotiana benthamiana Nicotine Jasmonic acid [83]
62| Nicotiana plumbaginifolia Nicotine Cellulase, Methyl Jasmonate (84
63 Nicotiana tabacum Capsidiol, Debneyol, Scopolatin, Cryptogein (8]
Nicotine
64 Nicotiana tabacum Sesquiterpenecyclise, Chitinase, Algal Elicitor [86]
Proteinase inhibitor
65 Nicotiana tabacum Nicotine Jasmonic acid 171
66 Nicotiana tabacum Phenylpropanoids Jasmonic acid (8]
67 Nicotiana tabacum Capsidol Fungal elicitor 189
68 Oryza sativa Momilactones, Sakuranetin, N-acetylachitoheptaose, Methyl Jasmonate 091
Phytocassans
69 Panax ginseng Saponins Low energy ultrasound 192]
70 Panax ginseng Saponin Oligogalacturonic acid Low energy ultra sound [93,94]
71 Panax ginseng Ginsenosides Methyl Jasmonate 9]
72 Panax ginseng Saponin Chitosan [94]
73 Papaver somniferum Sanguinarine Methyl jasmonate, Phenidone, Fungal elicitor 96]
74 Pastinaca sativa Furocaumarin Ceratocystis fimbriata 1971
75 Pastinaca sativa Furocaumarin Phomacompanata 98]
76 Phaseolus vulgaris Phaseolin Fungal elicitor [99]
77 Pinelli aternata Alkaloids Pseudomonas sp., Enterobacter sp. [100]
78 Pinustaeda Flavonoids and isoprenoids Jasmonic acid [101]
79 Psoralea cinerea Furocaumarin CuS0O4 [102]
80| Rhodiola sachalinensis Salidroside Aspergillus niger [103]
81 Rubia tinctorum Anthraquinone Fungal polysaccharides, Salicylic acid, Gibbrelic acid | 104
82 Ruta graveolens Furocaumarin UV, Rhodotula rubra [105]
83 Ruta graveolens Furocaumarin NaCl [106]
84 Salvia miltiorrhiza Ditepenoidtanshinones Yeast elicitor [107]
85 Silybum marianum Silymarin Yeast extract [108]
86 Solanum tuberosum Hydroxy-cinnamoyltyramins Phytophthora infestans [109]
87 Taxus baccata Taxol Vanadyl sulphate [110]
88 Taxus chinensis Trifluoroethyl salicylate Taxuyunnanine C (Tc) [111]
89 Taxus chinensis Taxol Fungal elicitation [112]
90 Taxus chinensis Taxol Nitric oxide [113]
91 Taxus chinensis Taxane Methyl jasmonate, Salicylic acid [114]
92 Taxus unnanensis Taxane Oligogalacturonides [115]
93| Vaccinium corymbosum Nonvolatile phenolic compounds UV B radiation [19]
94 Vanilla planifolia Vanillin Acetone dried red (Beetperoxidase) [116]
95 Vitis vinifera Stilbene, resveratrol, Anthocyanins Methyl Jasmonate, Ethylene [117]
96 Vitis vinifera Anthocyanin Salicylic acid, Abscisic acid, Jasmonic acid, Manitol [118]
97| Eschscholzia Californica Macarpine Salicylic Acid [119]
98 |Lithospermum erythrorhizon Rosmarinic acid Yeast extract, Methyl jasmonate [120]
99 Taxus chinensis Paclitaxel Chitosan [121]
Conclusion metabolite and overproduction of defense compounds useful

Plants are well known source of pharmaceuticals but due to
low vyield, they are not economically feasible. In
biodiversity conservation point of view, it is necessary to
avoid destruction of medicinally important plants. To
overcome these obstacles, cell suspension culture is one of
the potential in vitro tissue culture techniques to get these
metabolites in less time and high amount. In addition, it is
proving that applications of biotic and abiotic elicitors can

enhance production of these metabolites. Elicitation in
plants has opened up opportunities for better understanding
of the pathways leading to the production of novel plant

in the protection against plant pathogens. However, the
mechanism involved in elicitation process is not yet fully
understood. To unravel the potential elicitation process, the
future efforts must consider all the aspects of biochemistry,
molecular  biology, = microbiology,  phytochemistry,
pharmacognosy, and fermentation technology associated
with secondary metabolite production.

References
1. Kossel A. Archives of Analytical Physiology, Physiol
Abteilung 1891, 181-186.

..53.,.



National Journal of Pharmaceutical Sciences

10.

11.

12.

13.

14.

15.

16.

17.

18.

Czapek F. Spezielle Biochemie, Biochemie der
Pflanzen, G. Fischer, Jena 1921;3:369.

Li J, Ou-Lee TM, Raba R, Amundson R, Last RL.
Arabidopsis flavonoid mutants are hypersensitive to
UV-B irradiation. Plant Cell 1993;5:171-179.

Harborne JB. Classes and functions of secondary
products from plants. In: Walton NJ, Brown DE (eds)
Chemicals from Plants, Perspectives on Secondary
Plant Products. Imperial College Press, London 1999,
1-25.

Payne GF, Bringi V, Prince C, Shuler ML. The quest
for commercial production of chemicals from plant cell
culture in: G.F. Payne, V. Bringi, C. Prince, M.L.
Shuler (Eds.), Plant cell and Tissue Culture in Liquid
Systems| Hanser 1991, 1-10.

Radman R, Saez T, Bucke C, Keshavarz T. Elicitation
of plants and microbial cell systems. Biotechnol. Appl
Biochem 2003;37:91-102.

Anderson JM. Memhrane-derived fatty acids a.s
precursors to second messengers. In: Liss AR, ed.
Second messengers tn playit growth and deelopmeiit.
Nev.- Vork: Alan R. Liss Inc 1989;181-212.

Hahn MG, Cheong JJ, Alba R, Enkerli J, Coté F. In:
Fritig B, Legrand M, eds. Mechanisms of Plant Defense
Responses. Dordrecht: Kluwer Academic Publishers
1993, 99.

Threlfall DR, Whitehead IM. The use of biotic and
abiotic elicitors to induce the formation of secondary
plant products in cell suspension cultures of
solanaceous plants. Biochem Soc Trans 1988b;16:71-
75.

Alami I, Mari S, Clerivet A. A glycoprotein from
Ceratocystis fimbriata f. sp. platani triggers phytoalexin
synthesis in Platanus x acerifolia cell-suspension
cultures. Phytochemistry 1998;48:771-776.

Albersheim P, Valent BS. Host-Pathogen Interactions
In Plants. The Journal Of Cell Biology 1978;9:78.
Sharp JK, Valent B, Albersheim P. Purification and
partial characterization of a beta-glucan fragment that
elicits phytoalexin accumulation in soybean. J Biol
Chem 1984;259:11312-11320.

Reymond P, Grunberger S, Paul K, Muller M, Farmer
EE. Oligogalacturonide defense signals in plants: large
fragments interact with the plasma membrane in vitro.

Proc Natl Acad Sci U.S.A 1995;92:4145-4149.
10.1073/pnas.92.10.4145.
Enyedi AJ, Yalpani N, Silverman P, Raskin I.

Localisation, conjugation and function of salicylic acid
in tobacco during the hypersensitive reaction to tobacco
mosaic virus. Proc Natl Acad Sci USA 1992;89:2480-
2484,

Smith HB. Signal transduction in systemic acquired
resistance. Plant Cell 2000;12(2):179-181.
d0i:10.1105/tpc.12.2.179.

Broadway RM. Are insects resistant to plant proteinase
inhibitors? J Insect Physiol 1995;41(2):107-116.

Farmer EE, Ryan CA. Octadecanoid Precursors of
Jasmonic Acid Activate the Synthesis of Wound-
Inducible  Proteinase Inhibitors. Plant  Cell
1992;4(2):129-134. doi: 10.1105/tpc.4.2.129.
Pitta-Alvarez Sl, Spollansky TC, Giulietti AM. The
influence of different biotic and abiotic elicitors on the
production and profile of tropane alkaloids in hairy root
cultures of Brugmansia candida. Enzyme Microb

.,.54.,.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

www.pharmajournal.net

Technol 2000;26(2-4):252-258. doi: 10.1016/s0141-
0229(99)00137-4.

Eichholz I, Huyskens S, Keil A, Ulrich K, Kroh LW,
Rohn S. UV-B-induced changes of volatile metabolites
and phenolic compounds in blue berries (Vaccinum
corymbosum L.). Food Chem 2011;126:60-64.
Krikorian AD, Berquam DL. Plant cell and tissue
cultures: the role of Haberlandt. Bot Rev 1969;35:59-
88.

Zenk MH. Chasing the enzymes of secondary
metabolism: Plant cell cultures as a pot of gold.
Phytochemistry 1991;30(12):3861-3863.

DouGALL DK. Media factors affecting growth.
Environ Exptl Bot 1981;21:277-280.

Bolwell GP, Cramer CL, Lamb CJ, Schuch W, Dixon
RA. L-Phenylalanine ammonia-lyase fromPhaseolus
vulgaris: Modulation of the levels of active enzyme
bytrans-cinnamic  acid. Planta 1986;169:97-107.
https://doi.org/10.1007/BF01369780.

Hall RD, Yeoman MM. Intercellular and Intercultural
Heterogeneity in Secondary Metabolite Accumulation
in Cultures of Catharanthus roseus following Cell Line
Selection. J Exp Bot 1987;38(8);1391-1398.
https://doi.org/10.1093/jxb/38.8.1391.

Gontier E, Sangwan-Norreel BS, Barbotin JN. Effects
of calcium, alginate, and  calcium-alginate
immobilization on growth and tropane alkaloid levels
of a stable suspension cell line of Datura innoxia Mill.
Plant Cell Rep 1994;13:533-536.

Brodelius P. Immobilization of cultured plant cells and
protoplasts. In: Vasil IK (ed) Cell culture and somatic
cell genetics of plants, vol 1. Academic Press, Orlando,
Fla 1984, 535-546.

Karwasara VS, Jain R, Tomar P, Dixit VK. Elicitation
as yield enhancement strategy for glycyrrhizin
production by cell cultures of Abrus precatorius Linn.
In-vitro cellular and development Biology of Plant
2010;1:1-9.

Blechert S, Brodschelm W, Hélder S, Kammerer L,
Kutchan T, Mueller M et al. The Octadecanoic
Pathway: Signal Molecules for the Regulation of
Secondary Pathways. Proceedings of the National
Academy of Sciences of the United States of America
1995;92(10):4099-4105.

Staskawicz BJ, Ausubel FM, Baker BJ, Elis JG, Jones
JG. Molecular genetics of plant disease resistance.
Science 1995;268:661-667.

Chaudhary SK, Ceska O, Warrington PJ, Ashwood-
Smith MJ. Increased furanocoumarin content of celery
during storage. J Agr Food Chem 1985;33:1153-1157.
Surico G, Varvaro L, Solfrizzo M. Linear furocoumarin
accumulation in celery plants infected with Erwinia
carotovora. Journal of Agriculture and Food Chemistry
1987;35:406-409.

Beier R, Oertli EH. Psoralen and other
furocoumarinsas phytoalexins in
Phytochemistry 1983;22:2595-2597.

Brader G, Tas E, Palva C. Jasmonate Dependent
induction of indole glucosinolates in Arabidopsis by
culture by filtrates of the nonspecific pathogen Erwinia
carotovora. Plant Physiol 2001;126:849-860.

Geyter N, Gholami A, Goormachtig S, Goossens A.
Transcriptional machineries in jasmonate-elicited plant

linear
celery.



National Journal of Pharmaceutical Sciences

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49.

secondary metabolism. Trends in Plant Science
2012;20:1-11.

Dombrecht B, Xue G, Sprague S, Kirkegaard J, Ross J,
Reid JB et al. MYC2 differentially modulates diverse
jasmonate-dependent functions in Arabidopsis. Plant
Cell 2007;19:2225-2245.

Qi T. The jasmonate-ZIM-domain proteins interact with
the WD-repeat/bHLH/MYB complexes to regulate
jasmonate-mediated anthocyanin accumulation and
trichome initiation in Arabidopsis thaliana. Plant Cell
2011;23:1795-1814.

Hirai MY. Omics-based identification of Arabidopsis
Myb  transcription factors regulating aliphatic
glucosinolate biosynthesis. Proc Natl Acad Sci U.S.A
2007;104:6478-6483.

Mao G. Phosphorylation of a WRKY transcription
factor by two pathogen-responsive MAPKSs drives
phytoalexin biosynthesis in Arabidopsis. Plant Cell
2011;23:1639-1653.

Yu ZX. The jasmonate-responsive AP2/ERF
transcription factors AaERF1 and AaERF2 positively
regulate artemisinin biosynthesis in Artemisia annua L.
Mol Plant 2011;87:1-13.

Devi BP, Vimala A, Sai I, Chandra S. Effect of
cyanobacterial elicitor on neem cell suspension
cultures. Indian J Sci Technol 2008;1:1-5.

Satdive RK, Fulzele DP, Eapen S. Enhanced production
of azadirachtin by hairy root cultures of Azadirachta
indica A. Juss by elicitation and media optimization. J
Biotechnol 2007;128:281-289.

Poornasri Devi B, Vimala A, Sai I, Chandra S. Effect of
cyanobacterial elicitor on neem cell suspension
cultures. Indian Journal of Science and Technology
2008;1(7):543-551.

Ghorpade PR, Chopra A, Nikam TD. Influence of
biotic and abiotic elicitors on four major isomers of
boswellic acid in callus culture of Boswellia serrata
Roxb. Plant omics J 2011;4(4):169-176.

Alves MN, Sartorato A, Trigo JR. Scopolamine in
Brugmansiasu  aveolens  (Solanaceae):  Defense,
allocation, costs and induced response. J Chem Ecol
2007;33:297-309.

Wiktorowska E, Dlugosz M, Janiszowska W.
Significant enhancement of oleanolic acid accumulation
by biotic elicitors in cell suspension cultures of
Calendula officinalis L. Enzyme Microb Technol
2010;46:14-20.

Yan P, Keji J, Juan L, Ying C, Qian W, Ji Y, Xiaofen S,
et al. Effects of over-expression of allene oxide cyclase
on camptothecin production by cell cultures of
Camptotheca acuminate. African J Biotechnol
2012;11(24):6535-6541.

Chavan SP, Lokhande VM, Nitnaware KM, Nikam TD.
Influence of growth regulators and elicitors on cell
growth and tocopherol and pigment production in cell
cultures of Carthamus tinctorius L. Appl Microb
Biotech 2010;89:1701-1707.

Aoyagi HC, Tomiyama A, Tanaka H. Preparation of
mixed alginate elicitors with high activity for the
efficient production of 5’- phosphodiesteraseby
Catharanthus  roseus  cells.  Biotechnol  Lett
2006;28:1567-1571.

Noe W, Berlin J. Tryptophan decarboxylase from
Catharanthus  roseus cell  suspension  cultures:

.,.55.,.

50.

Sl

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

www.pharmajournal.net

purification, molecular and Kkinetic data of the
homogenous protein. Plant Mol Biol 1984;3:281-288.
Gallao MI, Cortelazzao AL, Fevereioro MPS, De Brito
ES. Response to chitin in suspension cultured Citrus
aurantium cells. Braz J Plant Physiol 2007;19(1):69-76.
Rahmani NNNA, Zakaria Z, Kadir MOA. Influence of
elicitor availability on limonene and linalool
accumulation from Citrus grandis cell cultures.
Malaysian J Pharmaceu Sci 2003;1:39-49.

Szabo E, Thelen A, Petersen M. Fungal elicitor
preparations and methyl jasmonate enhance rosmarinic
acid accumulation in suspension cultures of Coleus
blumei. Plant cell Rep 1999;18:485-489.

Babu CP. Elicitation of tissue cultures for production of
Biomedicines. Ph.D. Kakatia University, Warangal,
A.P. India 2000.

Zhao J, Davis LC, Verpoorte R. Elicitor Signal
transduction leading to production of plant secondary
metabolites. Biotechnol Adv 2005;23:283-333.

Petersen M, Simmonds MSJ. Rosmarinic acid.
Phytochemistry 2003;62:121-125.
https://doi.org/10.1016/s0031-9422(02)00513-7.
Kurosaki F, Yamashita A, Arisava M. Involvement of
GTP-binding protein in the induction of phytoalexin
biosynthesis in cultured carrot cells. Plant Sci
2001;161:273-278.

Ceska O, Chaudhary SK, Warrington PJ, Ashwood-
Smith MT. Furocoumarins in the cultivated carrot,
Daucus carota; Phytochemistry 1986;25:81-83.

Bota C, Deliu C. The effect of copper sulphate on the
production of flavonoids in Digitalis lanata cell
cultures. Farmacia 2011;59:1.

Li P, Mao Z, Lou J, Li Y, Mou Y, Lu S, Peng VY, et al.
Enhancement of diosgenin production in Dioscorea
zingiberensis cell cultures by oligosaccharides from its
endophytic fungus Fusarium oxysporum Dzf17.
Molecules 2011;16(12):10631-44. doi:
10.3390/molecules161210631.

Putalun W, Udomsin O, Yusakul G, Juengwatanatrakul
T, Sakamoto S, Tanaka H. Enhansed plumbagin
production from in vitro cultures of Drosera burmanii
using elicitation. Biotechnol Let 2010;32:721-724.
Thoma I, Loeffler C, Sinha AK, Gupta M, Krischkeand
M, Steffan B. Cyclopentenone isoprostanes induced by
reactive oxygen reactive species trigger defense gene
activation and phytoalexin accumulation in plants. Plant
J 2003;34:63-75.

Gundlach H, Miuller MJ, Kutchan TM, Zenk MH.
Jasmonic acid is a signal transducer in elicitor-induced
plant cell cultures. Proc Natl Acad Sci U S A
1992;89(6):2389-2393. doi:10.1073/pnas.89.6.2389.
Young Woon Ju, Sang Yu Byun. Precursor feeding
experiments with elicitation in suspension cultures of
Eschscholzia californica”. Plant Tiss Cul Let
1994;11:112-115.

Gao Fu-kang, Yong Ying-hui and Dai Chuan-chao.
Effects of endophytic fungal elicitor on two kinds of
terpenoids production and physiological indexes in
Euphorbia pekinensis suspension cells. J Med Plants
Res 2011;5(18):4418-4425.

Chan Lai Keng, Ang Sze Wei, Bhatt A. Elicitation
effect on cell biomass and production of alkaloids in
cell suspension culture of the tropical tree Eurycoma
longifolia. 2010;2(2):239-244.



National Journal of Pharmaceutical Sciences

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Zhu LW, Zhong JJ, Tung YJ. Significance of fungal
elicitors on the production of ganoderic acid and
Ganoderma polysaccharides by the submerged culture
of medicinal mushroom, Ganoderma lucidum. Process
Biochem 2008;43:1359-1370.

Jung HY, Kang SM, Kang YM, Kang MJ, Yun DJ.
Enhanced production of scopolamine by bacterial
elicitors in adventitious hairy root cultures of Scopolia
parviflora. Enzyme Microbial technol 2003;33:987-
990.

Kitamura Y, Ikenaga T, Ooe Y, Hiraoka N, Mizukami
H. Induction of furanocoumarin biosynthesis in
glehnialittoris cell suspension cultures by elicitor
treatment. Phytochemistry 1998;48(1):113-117.

Masuda T, Takasugi M, Anetai M. Psoralen and other
linear uranocoumarins as phytoalexins in Glehnia
littoralis. Phytochemistry 1998;47:13-46.

Modolo LV, Cunba FQ, Braga MR, Salgado I. Nitric
oxide synthase-mediated phytoalexin accumulation in
soybean cotyledons in response to the Diaporthe
phaseolorum f. sp. Meridionalis elicitor. Plant Physiol
2002;130:1288-1297.

Farmer EE. Effects of fungal elicitor on lignin
biosynthesis in cell suspension cultures of soybean.
Plant Physiol 1985;78:338-342.

Hayashi HPH, Inoue K. Up-regulation of Soyasaponin
biosynthesis by methyl jasmonate in cultured cells of
Glycyrrhiza glabra. Plant Cell Physiol 2003;44:404-
411.

Xu YH. Characterization of GaWRKY1, a cotton
transcription factor that regulates the sesquiterpene
synthase gene-d-cadinene synthase-A. Plant Physiol
2004;135:507-515.

Subathra Devi C and Mohanasrinivasan V. In vitro
studies on stimulation of Gymnemic Acid production
using fungal elicitor in suspension and bioreactor based
cell cultures of Gymnema sylvestre R. Br., Recent
Research in Science and Technology 2011;3(4):101-
104,

Nakamura T, Ogata Y, Hamada S, Ohta K. Ethanol
production from jerusalem artichoke yubers by
Aspergillus niger and Saccharomyces cerevisiae.
Journal of  fermentation and  Bioengneering
1996;81(6):564-566.

Kanga SM, Junga HY, Kanga YM, Yunb DJ, Bahkb
JD, Yanga JK, et al. Effects of methyl jasmonate and
salicylic acid on the production of tropane alkaloids and
the expression of PMT and H6H in adventitious root
cultures of  Scopolia parviflora.  Plant  Sci
2004;166:745-751.

Shams-Ardakani M, Hemmati S, Mohagheghzadeh A.
Effect of elicitors on the enhancement of
podophyllotoxin biosynthesis in suspension cultures of
Linum album. Daru 2005;13(2):56-60.

Mizukami H, Tabira Y, Ellis BE. Methyl Jasmonate-
induced rosmarinic acid biosynthesis in Lithospermum
erythrorthizon cell suspension cultures. Plant cell
Reports 199;12:706-709.

Yazaki K, Kunihisa M, Fujisaki T, Sato F. Geranyl
diphosphate4-hydroxyl benzoate geranyl transferase
from Lithospermum erythrorhizon: Cloning and
characterization of a key enzyme in shikonin
biosynthesis. J Biol Chem 2002;277:6240-6246.

.,.56.,.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

www.pharmajournal.net

Broeckling CD, Huhman DV, Farag MA, Smith JT,
May ET. Metabolic profiling of Medicago truncatula
cell cultures reveal the effects of biotic and abiotic
elicitors on metabolism. J Exp Bot 2005;56:323-336.
Dornenburg H, Knorr D. Effectiveness of plant-derived
and microbial polysaccharides as elicitors for
anthraquinone synthesis in Morinda citrifolia cultures. J
Agrlc Food Chem 1994;42:1048-1052.

Skibbe M. Induced plant defenses in the natural
environment:  Nicotiana attenuate WRKY3 and
WRKY®6 coordinate responses to herbivory. Plant Cell
2010;20:1984-2000.

Todd AT, Liu E, Polvi SL, Pammet RT, Page JE. A
functional genomics screen identifies diverse
transcription factors that regulate alkaloid biosynthesis
in Nicotiana benthamiana. Plant J 2010;62:589-600.
Lecourieux D, Mazars C, Pauly N, Ranjeva R, Pujin A.
Analysis and effects of cytosolic free calcium increases
in response to elicitors in Nicotiana plumbaginifolia
cells. Plant cell 2002;14:2627-2641.

Taguchi G, Yazava T, Hayashida N, Okazaki M.
Molecular cloning and heterologous expression of
novel glucosyl transferases from tobacco cultured cells
that have broad substrate specificity and are induced by
salicylic acid and auxin. Eur J Biochem 2001;268:4086-
4094,

Mercier L, Lafitte C, Borderies G, Briand X. The algal
polysaccharide carrageenans can act as an elicitor of
plant defence. New Phytologist 2000;149:43-51.

Shoji T, Hashimoto T. Tobacco MYC2 regulates
jasmonate-inducible  nicotine  biosynthesis  genes
directly and by way of the NIC2- locus ERF genes.
Plant Cell Physiol 2011;52:1117-1130.

Galis I. A novel R2R3 MYB transcription factor
NtMYBJS1 is a methyl jasmonate-dependent regulator
of phenylpropanoid-conjugate biosynthesis in tobacco.
Plant J 2006;46:573-592.

Cheppel J, Nable R, Fleming P, Andersen RA, Burton
HR. Accumulation of capsidol in tobacco cell cultures
treted with fungal elicitor. Phyrochem
1987;26(8):2259-2260.

Suharsono U, Fujisawa Y, Kawasaki T, lwasaki Y,
Satoh H, Shimamoto K. The heterotrimeric G protein a-
subunit acts upstream of the small GTPase-Rac in
disease resistance of rice. Proc Natl Acad Sci
2002;99:13307-13312.

Umemura K, Ogava N, Koga J, Iwata M, Usami H.
Elicitor activity of cerebroside, a sphingolipid elicitor,
in cell suspension cultures of rice. Plant cell Physiol
2002;43:778-784.

Wu J, Lin L. Elicitor-like effects of low energy
ultrasound on plant (Panax ginseng) cells: induction of
plant defense responses and secondary metabolite
production. Appl Microbiol Biotechnol 2002;59:51-57.
Hu X, Neill SJ, Cai W, Tang Z. Nitric oxide mediates
elicitor-induced saponin synthesis in cell cultures of
Panax ginseng. Funct Plant Biol 2003;118:414-421.

Hu X, Neill SJ, Cai W, Tang Z. Nitric oxide mediates
elicitor induced saponin synthesis in cell cultures of
Panax ginseng. Functional Plant Biology 2003;30:901-
907.

Han JY, Kim HJ, Kwon YS, Choi YE. The cyt P450
Enzyme CYP716A47 catalyzes the formation of
protopanaxadiol  from  dammarenediol-Il  during



National Journal of Pharmaceutical Sciences

ginsenoside biosynthesis in Panax ginseng. Plant Cell
Physiol 2011;52(12):2062-2073.

96. Holkova I, Bilka F, Balazova A, Vanko M, Blanarikova
V. Involvement of lipoxygenase in elicitor-stimulated
sanguinarine accumulation in Papaver somniferum
suspension  cultures.  Plant  Physiol ~ Biochem
2010;48:887-892.

97. Johnson C, Brannon DR, Kuc J. Xanthotoxin: a
phytoalexin of Pastinaca sativa root. Phytochemistry
1973;12:2961-2962.

98. Cerkaukas RF, Chiba M. Association of phoma cancer
with photocarcinogenic furocoumarins in parsnip
cultivars. Canadian Journal of Plant Pathology
1990;12:349-357.

99. Dixon RA, Lamb CJ. Stimulation of de novo synthesis
of G-phenylalanin ammonia—-lyase during induction of
phytoalexin biosynthesis in cell suspension cultures of
Phaseolus vulgaris. FEBS Letters 1978;94(2):277-280.

100.Liu YH, Liang ZS, Chen B, Yang DF, Liu JL.
Elicitation of alkaloids in in-vitro PLB (protocorm-like
body) cultures of Pinellia ternata. Enzyme Microb
Technol 2009;46:28-31.

101.Bedon F, Claude B, Sébastien C, Caroline L, Brian B,
Shawn DM, et al. Subgroup 4 R2R3-MYBs in conifer
trees: gene family expansion and contribution to the
isoprenoid- and flavonoid-oriented responses. J Exp
Bot 2010;61:3847-3864.

102.Bourgaud F, Brunel MC, Guckert A, Forlot P. Effect of
nitrogen and environmental conditions on the
production of pharmaceutically useful metabolites by
Psoralea cinerea. European Journal of Agronomy
1992;1:37-43.

103.Xu JF, Liu CB, Han AM, Feng PS, Su ZG. Strategies
for the improvement of salidroside production in cell
suspension cultures of Rhodiola sachalinensis. Plant
Cell Report 1998;17(4):288-293.

104.0rban N, Boldizsa I, Szucs Z, Danos B. Influence on
the synthesis of anthraquinone derivatives in
Rubiatinctorium L. cell suspension cultures. Dyes
Pigments 2008;77:249-257.

105.Zobel AM, Brown SA. Influence of low-intensity
ultraviolet radiation on extrusion of furanocoumarins to
the leaf surface. Journal of Chemical Ecolog
1993;19:939-952.

106.Zobel AM, Brown SA, Nighswander JA. Influence of
acidand salt sprays on furanocoumarin concentrations
on the Ruta graveolens leaf surface. Annals of Botany
1991;67:213-218.

107.Yan Y, Stolz S, Chetelat A, Reymond P, Pagni M,
Dubugnon L, et al. A downstream mediator in the
growth repression limb of the jasmonate pathway. Plant
cell 2007;19:2470-2483.

108.Sanchez-Sampedro MA, Tarrago JF, Corchete P. Yeast
extract and methyl Jasmonate-induced Silymarin
production in cell cultures of Silypbum marianum L.
Gaertn J Biotechnol 2005;22:60-69.

109.Schmidt A, Scheel D, Strack D. Elicitor-stimulated
biosynthesis of hydroxyl cinnamoyl tyraminesin cell
suspension cultures of Solanum tuberosum. Planta
1998;205:51-55.

110.Malik S, Cusidob RM, Mirjalili MH, Moyanod E,
Palazonb J, Bonfillb M. Production of the anticancer
drug taxol in Taxus baccata suspension cultures.
Process Biochemistry 2011;46:23-34.

.,.57.,.

www.pharmajournal.net

111.Qian ZG, Zhao ZJ, Xu Y, Qian X, Zhong JJ. Novel
chemically synthesized salicylate derivative as an
effective elicitor for inducing the biosynthesis of plant
secondary metabolites. Biotechnol Prog 2006;22:331-
333.

112.wWang C, Wu J, Mei X. Enhancement of taxol
production and excretion in Taxus chinensis cell culture
by fungal elicitation and medium renewal. Applied
Microbiol Biotechnol 2001;55:404-410.

113.Wang JW, Wu JY. Nitric oxide is involved in methyl
jasmonate-induced defense responses and secondary
metabolism activities of Taxus cells. Plant cell Physiol
2005;46:923-930.

114.Wang YD, Yuan YJ, Wu JC. Induction studies of
methyl jasmonate and salicylic acid on taxane
production in suspension cultures of Taxus chinensis
var. mairei. Biochem Eng J 2004;19:259-265.

115.Guo YT, Wang JW. Stimulation of taxane production in
suspension cultures of Taxus yunnanensis by
oligogalacturonides. African J Biotechnol
2008;7(12):1924-1926.

116.Sreedhar RV, Roohie K, Maya P, Venkatachalam L,
Bhagyalakshmi N. Biotic elicitors enhance flavour
compounds during accelerated curing of Vanilla beans.
Food chem 2009;112:461-468.

117.Aziz AB, Poinssot X, Daire M, Adrial AB, Lambert B.
Laminarin elicits defence responses in grapevine and
induses protection against Botrytis cinerea and
Plasmopara viticola. Mol Plant Microb Intract
16:1118-1128.

118.Mihai R, Mitoi M, Brezeanu A, Cogalniceanu G. Two—
stage system, a possible strategy for the enhancement of
anthocyanin biosynthesis in a long-term grape callus
cultures. Romanian Biotechnological Letters
2010;15(1):5025-5033.

119.Balazov A, Urdovd J, Forman V, Mu'caji P.
Enhancement of Macarpine Production in Eschscholzia
Californica Suspension Cultures under Salicylic Acid
Elicitation and Precursor Supplementation. Molecules
2020;25:1261. doi:10.3390/molecules25061261.

120.0Ogataa A, Tsuruga A, Matsunob T, Mizukami H.
Elicitor-induced rosmarinic acid biosynthesis in
Lithospermum erythrorhizon cell suspension cultures:
Activities of rosmarinicacid synthase and the final two
cytochrome P450-catalyzed hydroxylations.  Plant
Biotechnology 2004;21(5):393-396.

121.Zhang CH, Pedro S, Guangyuan H, Chen Z. Enhanced
paclitaxel productivity and release capacity of Taxus
chinensis cell suspension cultures adapted to chitosan.
Plant Science 2007;172:158-163.



Mankar GD eral (2021)
lf{.i‘ Notulae Scientia Biologicae
— Volume 13, Issue 2, Article number 10936
AcademicPres

DOI:10.15835/nsb13210936 Notulae Scientia Biologicae

[Reses A rticle]

Morphological, physiological, and biochemical responses to NaCl-

induced salt stress in mungbean ( Vigna radiata L.) varieties

Ganesh D. MANKAR! Uttam R. WAYASE', Deepak B. SHELKE?,
Tukaram D. NIKAM?®, Rajkumar B. BARMUKH"

!Modern C'offeng of Arts, Science and Commerce (Auronomous), Post Graduare Research Centre, Deparrmenr of Boran 1y,
SﬁiV;_i;'fﬂ.:tg:rr, Pune-5, Savirribai Phule Pune University, Pune-7, MS, India; ga’mbor.m{v@)gm;u?{ com; boranica 505 G@?gmm}’, com;
barmukhbotany@moderncollegepune.edu.in (“corresponding author)

-'Dep;rrmren{ of Boran 1y, Amruteshwar Ares, Commerce and Science C of'fge, Vinzar, Velha, Pune- 412213, MS, India
dpk.shelkel@gmail.com
3 Savitribai Phule Pune Uni versity, Deparrmenr ofBor.m’}', Pune 411 007, MS, India; n:'hi&:im@??amﬂoane,;i c.in

Abstract

Seventeen mungbean varicties [ Vigna radiata (L.) R. Wilczek] were subjected to 100-400 mM salinity
stress at the germination stage, and the indices of seed germination and early scedling growth were analysed.
With the increasing salinity, sced germination and seedling growth attributes were affected in all varieties.
Principal component analysis and hicrarchical cluster analysis of varietal responses on the germination and
seeding growth attributes at 400 mM NaCl separated seventeen varieties into four distinct clusters. Principal
component analysis at lower salt stress levels indicated that the attributes of germination and early seedling
growth are reliable to identify salt-tolerant mungbean varieties. In contrast, only germination attributes are
reliable at higher salinity levels. Two salt-susceptible and salt-tolerant varieties were further assessed for NaCl-
induced physiological and biochemical changes. Levels of proteins, secondary metabolites, osmolyte, and
antioxidants were increased at lower salt concentrations but reduced at higher salt concentrations.
Photosynthetic pigments decreased and membrane damage increased under salinity. Varicties that showed
tolerance to salt stress can be used in salinity-affected agriculture fields after validating their salt tolerance in
field experiments.

Keywords: antioxidants; germination; NaCl; osmolytes; photosynthetic pigments; secondary
metabolites

Abbreviations: DW: dry weight; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; FGP: final germination
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analysis; MCA: multiple correlation analysis; MDA: malondialdehyde content; PCA: principal component
analysis; PC: proteins content; RL: root length; STTI: salt tolerance index; SL: shoot length; SR: secondary
roots; SV: secdling vigor; TGI: Timson germination index; % TWC: percent tissue water content; TPC: toral
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Introduction

Mungbean is an economically important pulse crop grown in many parts of the world. Itis an important
protein source rich in fibbers, amino acids, fatty acids, vitamins, and minerals. Salt stress is one of the major
abiortic stress in mungbean production, which results in a decrease in growth and productivity (Nair ez af,
2019). Cations such as Na*, Ca®, and Mg”* and anions such as CI, SO4” and HCO™ are the most common
ions present in saline soil. Since the soils deteriorate due to Na* in particular and Na* and CI both are toxic to
plants, NaClis considered the most critical salt (Yadav eral, 2011). Excess NaCl in the surroundings and inside
the cell impairs germination, morpho-physiological, photosynthetic, and biochemical processes and culminates
in a threat to the plant’s growth and survival (Sehrawat ez af, 2019).

Seed germination is an important agronomic and ecological process that determines the growth and
productivity of higher plants. Screening of mungbean varieties at seed germination and early seedlings stage for
stress tolerance is practical because plants are more susceptible to environmental stresses at the initial stages
(Vibhuti eral, 2015). Salinity adversely affects cellular and metabolic processes like photosynthesis, synthesis
of proteins, nucleic acids, lipids, and carbohydrates, mechanisms detoxifying reactive oxygen species (ROS),
and the levels of secondary metabolites (Parida and Das, 2005). Sustained sced germination, improved root and
shoot growth, levels of photosynthetic pigments, and biochemical parameters confer salt tolerance during the
initial phase of stand establishment. The crop varieties that are likely to have the mechanisms to avoid or
tolerate salinity are precious and required for such harsh environments. Since mungbean varieties have
performed differently under salinity stress (Nawaz er al, 2020), a plant-based solution demands a thorough
screening of tolerant crop varieties for better yield under a saline environment.

In light of this, the present investigation was undertaken with two objectives- i) identify mungbean
varieties tolerant to salt stress during seed germination, and ii) analyse effects of NaCl salt stress on key
physiological and biochemical parameters during seed germination and carly seedling growth of salt-tolerant
and salt-susceprible varieties.

Materials and Methods

Seed collection, growth, and treatment conditions

Healthy sceds of the following seventeen certified varicties of mungbean were procured: ‘VBN(Gg)2’
and "VBN(Gg)3’ (National Pulses Research Centre, Tamil Nadu Agricultural University, Vamban), TPM 401-
3’,'IPM 302-2’, TPM-2K-14-9", IPM 2-3’, ‘IPM 2-14’, and ‘ITPM 99-125’ (Indian Institute Of Pulse Research,
Kanpur), ‘PKU-AKM-4, ‘PKU-AKM 12-28’, ‘PKU-AKM 8802’, and PKV Greengold’ (Pulses Rescarch
Unit, Akola), ‘DGGV-2" (ICAR-Indian Institute for Pulses Rescarch Regional Rescarch Center, UAS
Campus, Dharwad, Karnataka). The sceds of ‘Utkarsha’, ‘Samrat’, 'SML 668’, and ‘Swati 4’ were collected from
the local markert.

Seeds were surface sterilized with 0.1% HgClL for three min and subsequently washed five times with
distilled water. Ten Seeds were set to germinate on a double-layered germination paper placed in sterile Petri
plates (90 mm). The germination paper was moistened with 10 ml of 100 to 400 mM of NaCl solutions. The
control was sct by moistening the germination paper with 10 ml of distilled water. Petri plates were incubated
in the dark at 2542 “C for ten days. The experiment was performed in triplicate, and each replicate had ten
seeds, and germination counts were taken on each day.

Germination atcribures

After the germination run of ten days, seed germination was analysed by computing: final germination
percentage (FGP), germination rate index (GRI), and germination index (GI) by following Kader (2005) and
Timson germination index (TGI) as per Timson (1965).
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Growth accribures

Five scedlings were randomly selected on the 11% day. Their growth was measured in terms of shoot
length (SL), root length (RL), number of secondary roots (SR), fresh weight (FW), dry weight (DW), percent
tissue water content (% TWC) as described by (Shelke ez af, 2017), and seedling vigour (SV) as per Abdul-Baki
and Anderson (1973).

The multivariate analysis tools such as PCA and HCA are used to differentiate samples having different
biological statuses, quality, and origin (Chunthaburee er a/, 2015). Therefore, PCA and HCA were used to
identify stress-tolerant mungbean varieties. This analysis grouped seventeen varieties into clusters based on
their responses under NaCl salt stress. STIs of attributes were subjected to PCA and HCA to evaluate the salt
tolerance level in seventeen mungbean varieties. The salt tolerance indices (ST1s) were calculated by dividing
the value observed on an attribute under a given salinity level by the weight on the same attribute in control

(Chunthaburee eral, 2015).

Selection of varicties for photosynthetic and biochemical analysis

The most tolerant and susceptible varieties were selected for photosynthetic and biochemical analyses
based on germination and growth attributes in all varieties. IC50 is the inhibitory concentration of saltat which
the seed germination is inhibited by 50%. The ICS0 treatment of salt stress in the most susceptible variety was
used for further experiments along with one concentration below and above the IC50 concentration. Seeds
were surface sterilized with 0.1% HgCL for three min and subsequently washed five times with distilled water.
Ten Seeds were set to germinate on a double-layered germination paper placed in sterile Petri plates (90 mm).
The germination paper was moistened with 10 ml of 75, 100, and 125 mM NaCl solutions. The control was
set by moistening the germination paper with 10 ml of distilled water. Seedlings were allowed to grow under
controlled conditions (25+0.5 “C and 16:8 h Light: dark photoperiod) for up to ten days. After ten days, five
seedlings were selected, and the shoots and roots of seedlings were harvested separately for further analysis. The
experiment was performed in triplicate, and each replicate had ten seeds.

Photosynthetic pigments and biochemical analysis

The photosynthetic and biochemical parameters were estimated spectrophotometrically on a
microprocessor-based UV-Vis spectrophotometer (Bioera, India).

Chlorophyll content was estimated by Arnon's (1949) method. The carotenoid content was estimated
by Maclachlan and Zalik's (1963) method. The anthocyanins were estimated by Mancinelli's (1984) method.
Protein content was estimated by the Lowry er a/ (1951) method with bovine serum albumin (BSA) as a
standard protein. Malondialdehyde (MDA) (nmol/g dry weight) was estimated by Heath and Packer's
(1968)method. Tortal phenolics were estimated by Swain and Hillis's (1959)method, and gallic acid was used
as a standard phenol. Toral flavonoids were estimated by the Balbaa eral (1974)method, and rutin was used as
a standard flavonoid. The proline content was estimated by the Bates er a/ (1973)method. Total amino acid
content was estimated by Lee and Takahashi's (1966)method, and L-Serine was used as a standard amino acid.
Tortal sugar content was estimated by Scott and Melvin's (1953) method, and D-glucose was used as a standard
sugar. The radical scavenging activity (%RSA) was estimated using the Blois (1958) DPPH method.

Statistical analysis

All the experiments were performed with three replicates in a completely randomized block design
(CRD). Each replicate had ten seeds. The data were analysed by one-way analysis of variance (ANOVA) using
SPSS software version 20. Mean values of treatments were compared using Duncan’s multiple range test
(DMRT) at P < 0.05. The data were presented as a mean + standard deviation. The PCA of salt tolerance
indices (STTs) was performed using the PAST statistical package (Hammer er al, 2001). Parameters that
showed a higher contribution to PCA were subjected to HCA. Ward’s complete linkage clustering method
and squared Euclidean distance were used for HCA performed in SPSS software version 20.

3
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Results and Discussion

Effect of salt stress on seed germination

The increasing salt concentration affected all the seed germination attributes (FGP, GI, GRI, and TGI)
in all varieties. At 100 mM NaCl, FGP, GI, GRI, and TGI were reduced drastically in ‘VBN(Gg)’ up to 54%,
56%, 61%, and 56%, respectively. Relatively lesser reductions were observed in all germination parameters in
‘IPM 401-3’, IPM 302-2°, ‘TPM 99-125’, PKU-AKM 12-28’, ‘PKV Grcengol ", ' DGGV-2’, PKU-AKM 4,
‘PKU-AKM 8802, and ‘Samrat’. These varicties showed the highest FGP (100%). ‘PKV Greengold’ had the
highest GRI, GI, and TGI (100%) among those varicties that germinated at 100 mM NaCl. At 200 mM NaCl,
‘VBN (Gg)3’ showed a significant reduction of 84.61%, 90.47%, 94.49%, 90.47% in FGP, GI, GRI, TGI,
respectively. However, PKV Greengold’, PKU-AKM 4, ‘PKU-AKM 8802, TPM 302-2’, and ‘Swati-4’
showed less reduction without any significant difference. At 300 mM, more than 50% reduction in
germination was observed in ‘IPM 2-3’, ' DGGV-2’, PKU-AKM 4, ‘Swati 4’, TPM 99-125’, and ‘VBN(Gg)2".
The highest germination (FGP) was observed in PKU-AKM 8802 (96.66%), followed by ‘PKU-AKM 12-28’
(76.66%). These two varietics showed the highest GI, GRL, and TGL At 400 mM NaCl, only seed germination
indices were calculated. “VBN(Gg)2" and 'VBN(Gg)3’ did not germinate at this highest salt-stress level. Less
reduction in FGP was observed in ‘PKU-AKM 8802’ (46.6%), followed by PKU-AKM 12-28" (50%). GI and
TGI were reduced by 70.66% in ‘PKU-AKM 12-28’ and 64.66% in ‘PKU-AKM 12-28’. A higher reduction in
GI and TGI was observed in all other varierties.

FGP, GI, GRI, and TGI are helpful to analyse the effects of stress on seed germination (Kader, 2005).
Reduced seed germination resulted in weak growth and development in “VBN(Gg)3’ and ‘VBN(Gg)2’ and
reflected a crucial determinant for salinity tolerance. Salinity affects water and nutrient uptake during seed
germination by creating osmotic and ionic imbalances that reduce germination potential (Pandey and Penna,
2017). Podder eral (2020) have reported a similarly reduced mungbean germination under salinity. Decreased
seed germination with increased salt concentration was also reported in wheat (Bagwasi er a/, 2020) and rice
(Oner eral, 2020). Therefore, germination attributes are the most critical and valuable actributes that reflect
time, rapidity, uniformity, and synchronization in sced germination under salt stress.

Effect of salt stress on seedling development

Salt stress causes a detrimental effect on root growth as roots are directly in contact with salt. Root
growth directly correlates with other scedling growth attributes such as shoot length, secondary root, and
biomass production. Early seedling growth parameters such as SL, RL, SR, SV, FW, DW, and %TWC are
helpful attributes for screening salt-tolerant varieties since these attributes are also affected by salinity (Shelke
cral,2017). Various carly scedling growth parameters such as SL, RL, SR, SV, FW, DW, TWC% were affected
by salt stress. At 100 mM NaCl, SL was reduced by more than 50% in all varieties screened, burt a severe
reduction was observed in ‘TPM 401-3’, TPM-2K-14-9’, and ‘Swati-4". The RL was more reduced in ‘PKU-
AKM 4’ than ‘PKV Greengold’. Seedling vigor was dramatically reduced by more than 70% in “VBN (Gg)3’
and ‘TPM-2K-14-9’, and up to 34% reduction was observed in ‘PKV Greengold” and TPM995’. SR was reduced
by nearly 70% in 'PM 2-14" and ‘Swati-4". More than 50% reduction in FW was observed in almost all varieties.
Moreover, a more significant reduction in FW and DW was noted in ‘DGGV-2". TWC was reduced by 2-7%.

At 200 mM NaCl, 84 to 94% reduction in SL was observed in all varieties. ' VBN (Gg)3’, TPM 2-3’, and
‘IPM 2-14’ showed more than 83% reduction in root length than other varieties. More than 80% reduction in
SV was observed in all varieties; however, ‘VBN (Gg)3’ showed the highest reduction (98%). Secondary roots
were not developed in “VBN(Gg)2', "VBN(Gg)3’, TPM 401-3’, IPM 2-3’, TPM 2-14’, PKV Greengold’, PKU-
AKM 4, and “Samrat’. FW was reduced up to 84-96%. Among these varieties, ' DGGV2’ had the least, and
‘Swati-4” had a maximum reduction in FW. DW was reduced by 68-91%, with a greater reduction in “Swati-4’
amongall varieties screened. TWC% was less reduced in DGGV2’ than other varieties. A greater reduction in
TWCY% was observed in ‘Swati-4". At 300 mM NaCl, all the varieties screened showed SL and RL reduced by
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up to 90%. There was not a significant difference in SL and RL in all the varicties. However, SV was less reduced
in ‘PKU-AKM 8802" and ‘PKU-AKM 12-28 compared to other varieties. At 300 mM, FW was reduced to
95-97% in all varicties withour significant differences in FW. The DW was reduced by 7-11% in all varieties.
TWC% was reduced between 80-94% except in Utkarsha, which showed up to 66% reduction. At 400 mM
NaCl, SL, RL, and SV were not measurable due to poor seedling growth, and only germination indices were
the key parameters. At 400 mM NaCl, FW, DW, and TWC% could not be calculated.

These results corroborate those by (Rahneshan er al, 2018) in Pistacia vera. The number of secondary
roots (SR) differed in different varieties at low salt concentrations. SR was poorly developed in a few varieties
with the increased salt concentration. In few varieties, SR was not developed at and above 300 mM NaCl salt
stress. The number of secondary roots decreased with increased salinity in soybean varicties and was a
deterministic feature under salinity (Shelke er af, 2017). SV was reduced in all varieties at low salinity levels.
However, it was reduced by more than 70% in all varieties at 200 mM NaCl. At higher salt concentrations, the
differences in the reduction observed in all the varieties were negligible. The highest reduction was observed in
‘VBN(Gg)3'. A similar decrease in SV was observed in rice varieties subjected to salt stress (Datir er al, 2020).
Scedling fresh weight, dry weight, and tissue water content reduced with increasing salt concentration. The
reduction in these attributes affects the absorption of water and essential minerals. It also reduces root pressure,
water, and mineral flow, and their transport from root to shoot, and thus the growth and development of plants
(Liu er al, 2020). Our results are in line with Rahman er a/ (2016), who have reported a variety-dependent
reduction in SL, RL, DW, FW, and SV with increased salinity. These, therefore, appear to be deterministic
features in mungbean varicties as well. A similar result was reported in rice (Datir er al, 2020) and soybean
(Shelke eral, 2017).

In summary, a stepwise increase in salinity caused a progressive reduction in seed germination and
affected early scedling growth parameters in all mungbean varieties screened in the present investigation. These
varieties showed varied responses to salinity stress from low to high salinity levels. For example, at 100 mM
NaCl, the ‘Samrat’ variety was resistant, but it was salt-susceptible at a higher level of 400 mM NaClL At 100
mM and 200 mM NaCl, germination parameters such as FGP, GI, TGI, GRI, and carly scedling growth
parameters such as SV, RL, SL, SR, FW, DW, and %TWC are vital parameters to assess saliniry responses in
different varieties and can be used alternatively. However, at higher salinity levels of 300 mM and 400 mM,
only germination parameters such as FGP, GI, TGI, and GRI are critical to assess salt-tolerance response
because of poor SL and RL in seedlings. Further, SL, RL, FW, DW, SV were reduced by more than 80% at and
above 200 mM NaCl, and SR was absent at and above 300 mM NaCl in all varieties. "VBN(Gg)3” was highly
susceptible at all salinity levels, and it did not germinate at and above 300 mM NaCl. Likewise, ‘VBN(Gg)2’
also did not germinate at 400 mM NaCl. PKU-AKM 12-28 showed the highest tolerance at all salinity levels.

The results showed significant differences in germination indices across varicties subjected to 400 mM
NaCl stress (Table 1). PCA and HCA analyses were performed using germination indices of scedlings of
seventeen mungbean varicties exposed to 400 mM NaCl (Table 2) to discriminate them based on their
tolerance levels. FGP, GRI, GI, and TGI are essential to understand time, rapidity, uniformity, rate, and
synchronization of seed germination (Kader, 2005). The higher the FGP, the higher is the population size.
Higher GI is shown by seeds having a greater germination percentage and also a high rate of germination. Thus,
if seed germination is higher and faster, it results in a better GRI (Kader, 2005). The Timson germination index
(TGI) is an important and widely used parameter to assess the seed germination rate (Timson, 1965).
‘VBN(Gg)3’ and 'VBN(Gg)2’ did not germinate at this salt stress level, and hence their germination indices
were zero, while PKU-AKM 12-28" and ‘PKU-AKM 8802 showed the highest germination indices due to
their salt-tolerant nature.
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Table 1. Seed germination parameters in seventeen mungbean varieties under control and 400 mM NaCl

stress

Varicty NaCl (mM) FGP (%) @ GRI TGI
0 86.67 +5.77 41.67 +3.06 7.83+ 1.04 83.33 +6.11
VBN(Gg)2 400 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
] , 0 86.67 +5.77 4200+ 1.73 807 +0.12 84.00 + 3.46
VBN(Gg)3 400 0.00 +0.00 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
PM 4013 0 100.00 +0.00 43.00+0.58 7.17 +0.00 86.00 +0.00
400 3333 +5.77 13.00 + 1.73 1.56 +0.10 26.00 + 3.46
L PM 302.2° 0 100.00 +0.00 50.00 + 0.00 10.00 +0.00 100.00 + 0.00
400 33.33 £15.28 11.33 + 4.93 1.36 +0.63 22.67+9.87
] , 0 90.00 +10.00 42334416 8.36+0.55 84.67 + 8.33
S 400 3333 +5.77 8.67 +2.08 1.00 +0.22 17.33 + 4.16
M 2.5 0 100.00 +0.00 47.67 +0.58 8.83 +0.29 95.33 + 1.15
400 23.33 +11.55 467 +2.31 0.58 +0.29 933 +4.62
DM 214 0 100.00 +0.00 46.67 £2.52 9.08 +0.52 93.33 + 5.03
400 30.00 +10.00 7.33+0.58 0.95+0.14 14.67 + 1.15
. +0. . + 0. A3 10, A3+ 1
TPV99 125 w0 T mm i T rinris T aosor | awssa
] . 0 100.00 0.00 50.00 + 0.00 10.00 +0.00 100.00 + 0.00
PKU-AKM 12-28 400 50.00 £17.32 14.67 + 4.04 1.75 + 0.50 29.33 + 8.08
DKV Greengold 0 100.00 +0.00 50.00 + 0.00 10.00 +0.00 100.00 + 0.00
400 13.33+5.77 5.67 +2.89 0.94+0.77 11.33 £5.77
DGV 0 100.00 +0.00 50.00 + 0.00 10.00 +0.00 100.00 + 0.00
400 36.67 +5.77 15.33 +2.08 222+0.19 30.67 + 4.16
] , 0 100.00 +0.00 5]0.00 + 0.00 10.00 +0.00 100.00 + 0.00
PRU-AKM-4 400 10.00 + 0.00 11.33 +0.58 0.50 + 0.00 8.67 + 1.15
] . 0 100.00 +0.00 50.00 + 0.00 10.00 +0.00 100.00 + 0.00
PKU-AKM 8802 400 53.33 £11.55 17.67 +5.77 2.03+0.82 3533+ 11.55
Urkarsha 0 96.67 +5.77 39.00 + 3.00 6.14+0.76 78.00 + 6.00
400 30.00 +10.00 6.67 + 3.06 0.81 +0.34 1333+ 6.11
ML 4 0 100.00 +0.00 48.00 + 1.00 9.00 + 0.50 96.00 + 2.00
400 20.00 +10.00 467+ 153 0.56 +0.21 9.33 + 3.06
St 0 100.00 +0.00 47.33+£0.58 8.67 +0.29 94.67 + 1.15
400 26.67 +5.77 533+ 115 0.67 +0.14 10.67 +2.31
S amead 0 100.00 +0.00 49.67 +0.58 9.83 +0.29 99.33 + 1.15
400 6.67 +11.55 1.67 +2.89 0.23 + 0.40 3.33+5.77

FGP: final germination percentage, GI: germinartion index, GRI: germination rate index, TGI: Timson germination

index. (Values represent meant standard deviation)

The germination indices were converted to STIs (Table 2) subjected to PCA and HCA. The PCA
(Figure 1) showed the discrimination of varicties. PC1 and PC2 described 95.42% and 3.82% of the variance.
The cigenvalue of PC1 and PC2 constituted 3.82% and 0.15% of the variation, respectively. PC1 positively
correlated with GI (0.99), TGI (0.99), GRI (0.97), and FGP (0.95). PC2 had a positive correlation with only
FGP (0.31), and all other parameters showed a negative correlation. The PKU-AKM 8802’, PKU-AKM 12-
28", ‘DGGV-2’, IPM 99-125’, and ‘IPM 401-3’ ranked positively with PC1 due to higher germination
parameters, whereas ‘VBN(Gg)3’, ‘VBN(Gg)2’, and ‘Samrat’ ranked negatively where all the parameters were
suppressed. The STIs of GI, TGL, GRI, and FGP ranged between 0.00 to 0.35, 0.00 to 0.35, 0.00 to 0.22, and
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0.00 to 0.53, respectively. The 'VBN(Gg)2’ failed to germinate at this NaCl concentration. The highest STTs
for germination parameters were observed in ‘PKU-AKM 12-28" and ‘PKU-AKM 8802

Table 2. Stress tolerance indices (STIs) of seed germination parameters of seventeen mungbean varieties

under 400 mM NaCl salt stress

Variety FGP GI GRI TGI
‘VBN(Gg)2' 0 0 0 0
‘VBN(Gg)3 0 0 0 0
‘IPM 401-3° 0.33 0.3 0.22 0.3
‘IPM 302-2° 0.33 0.23 0.14 0.23
‘IPM-2K-14-9° 0.37 0.2 0.12 0.2
‘IPM 2-3 0.23 0.1 0.07 0.1
‘IPM 2-14 0.3 0.16 0.1 0.16
‘IPM 99-125 0.4 0.31 0.28 0.31
‘PKU-AKM 12-28 0.5 0.29 0.18 0.29
‘PKV Greengold’ 0.13 0.11 0.09 0.11
‘DGGV-2’ 0.37 0.31 0.22 0.31
‘PKU-AKM 4’ 0.1 0.09 0.05 0.09
‘PKU-AKM 8802’ 0.53 0.35 0.2 0.35
‘Utkarsha’ 0.31 0.17 0.13 0.17
‘SML 668 0.2 0.1 0.06 0.1
‘Swarti 4’ 0.27 0.11 0.08 0.11
‘Samrat’ 0.07 0.03 0.02 0.03
(FGP: final germination percentage, GI: germination index, GRI: germination rate index, TGI: Timson germination
index)
0.64] FGP
nerl *PKU-AKM_12-28
5 ‘IPM-2K-14-9 *PKU-AKM_8802
5wati_atl 3%
*IPm_2-3 rni
°SML_668 .16/
e *Utkarsha
& *IPM_302-2
b , , , .
-3.2 - -1.6 -0.8 0.8 1.6 24 3.2
N amrat ol
O -0.16
o
*VBN(Gg)2 *PKU-AKM_4
-0.321
'PKV_GreengoId
-0.48 *oGGv-2
GRI
-0.641 *IPM_401-3
IPM_99-125
080

PC1=95.42%
Figure 1. Biplot of principal components 1 and 2 of the PCA obtained from germination data on seventeen
mungbean varieties exposed to 400 mM NaCl
FGP: final germination percentage, GI: germination index, GRI: germination rate index, TGI: Timson germination

index,
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PCA results were further confirmed by cluster analysis, which was performed on parameters responsible
for most of the variation accounted for by PC1 and PC2. At 400 mM NaCl, SL, RL, and SV were not
measurable due to poor seedling growth. Only germination indices were the key parameters to separate all
varieties into four clusters at the highest salinity level (400 mM NaCl) (Fig2). The "VBN(Gg)2’, 'VBN(Gg)3’,
and ‘Samrat’ from cluster I represent a highly susceptible group of varicties with low germination indices. TPM
2-14, ‘Utkarsha’, TPM 302-2’, and ‘IPM-2K-14-9’ separated in cluster II represented moderately susceptible
varieties. In contrast, TPM 2-3’, 'SML 668, ‘Swati 4, 'PKV Greengold’, and PKU-AKM-4’ separated in cluster
I1I are moderately tolerant varicties. This separation is because of better germination indices in cluster II than
cluster III. The ‘PKU-AKM 12-28’, ‘PKU-AKM 8802’, ‘IPM 401-3’, ‘DGGV-2’, and ‘ITPM 99-125’ varieties
separated in cluster IV represent salt-tolerant varieties with higher germination compared to all other clusters.
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Figure 2. Hierarchical cluster analysis based on germination parameters on seventeen mungbean varieties

subjected to 400 mM NaCl stress

Effect of sale stress on photosynthetic and biochemical aceribuces ar carly seedling growth in mungbean
varieties

Two salt susceptible varieties (‘VBN (Gg)3’ and VBN (Gg)2’) and two salt-tolerant varieties (‘PKU-
AKM 12-28 and PKU-AKM 8802") were selected to explore the salt-responsive photosynthetic and
biochemical attributes at early seedling growth. These varieties were subjected to 75, 100, and 125 mM NaCl
stress, and various photosynthetic and biochemical parameters in shoot and root biomass were measured.

Effect of salt stress on photosynthetic pigments

Salinity alters photosynthetic, biochemical, physiological, and metabolic processes, the extent of which
varies with the level of stress and ultimately limits crop productivity (Shahid ez a/, 2020). Plant growth is
severely affected due to alteration in photosynthesis. Photosynthesis is hampered under salinity stress due to a
reduction in chlorophyll contents or synthesis (Shin eral, 2020).

In the present study, amounts of photosynthetic pigments, carotenoids, and anthocyanins were
significantly reduced under salt stress (Figure 3A-3E). Damage to the photosynthetic pigments increased with
the increasing salt concentration (Figure 3A-3E) and the 125 mM NaCl stress was the most damaging. These
results corroborate those by Datir er a/ (2020) in wheat and Regni er al (2019) in olive. Low chlorophyll
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content observed in mungbean plants under salinity may be associated with increased oxidative stress (Regni er
al,2019) and the activation of chlorophyll degradation by the chlorophyllase enzyme (Datir ez af, 2020).

Salinity also affected carotenoid contents in mungbean varieties. Carotenoid levels were relatively less
affected in ‘PKU-AKM 12-28" at 75 and 100 mM NaCl concentration (Figure 3D). At the highest salinity
stress level, the maximum reduction in carotenoids was observed in “VBN(Gg)3'. Similar results were reported
by Romanenko eral (2017) in the alga Acutodesmus dimorphus. The enhanced carotenoid content improved
salt tolerance in VBN(Gg)2. This result confirms carotenoid’s potential role as antioxidants to detoxify ROS
cffects in plants during salinity stress (Verma and Mishra, 2005).

Literature is meager on anthocyanin levels in the vegetative tissue under salt stress. Anthocyanin content
was marginally high in ‘PKU-AKM 12-28" at 125 mM NaCl, whereas the other three varieties showed a 30-
35% decrease in anthocyanin content (Figure 3E). High anthocyanin content was shown to induce an active
protective response in Oryza sativaunder salinity stress (Chutipaijit eraZ, 2009). Eryilmaz (2006) had observed
that chlorophyll content decreases, whereas anthocyanin content is elevated in different parts of seedlings
under salinity. In sorghum, Jeon er al (2020) have reported an increased anthocyanin production in salt-
tolerant genotype ‘Nampungchal’ and reduced anthocyanin levels in the salt-susceptible ‘Sodamchal” genotype.
The mechanism of anthocyanin biosynthesis under salt stress is poorly understood and needs to be explored in

detail (Eryilmaz, 2006).
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Figure 3. Effect of salt stress on plant pigments of 10-day old seedlings of Vigna radiatavarieties

A) Chlorophyll ‘a’; B) Chlorophyll ‘b’; C) Total chlorophyll; D) Carotene and E) Anthocyanin content. Each value
represents the mean of three replicates, and the verrical bar indicates the standard deviation. Small letters denote
signiﬂcam difference between treatments, and capital letters denote signiﬁcant difference between varieties at a 0.05%
significance level as per Duncan’s Multiple Range Test (DMRT)
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Effect of sale stress on protein content

The biochemical attributes were indeed influenced by increasing salt concentration in the selected four
varieties. Protein content was increased upon exposure to salt stress in all varieties. Shoot protein content
increased significantly under salt stress in PKU-AKM 12-28 (1.01-fold and 1.23-fold), followed by ‘PKU-
AKM 8802’ (0.75 and 0.91-fold) at 100 and 125 mM NaCl concentration, respectively (Figure 4A). In VBN
(Gg)2” and VBN (Gg)3’, protein content increased relatively less compared to control at the highest salt
concentration. In VBN (Gg)3’, protein content increased at 100 mM NaCl but decreased at 125 mM NaCL

Root protein was increased dramatically in PKU AKM 12-28’ (2.1-fold) and ‘PKU-AKM 8802’ (1.32-
fold) at 100 mM NaCl compared to VBN (Gg)2’ (41%) and "VBN (Gg)3’ (0.26-fold) (Figure 4B). Protein
content was high at all NaCl concentrations in ‘PKU AKM 12-28 and ‘PKU-AKM 8802”. The higher protein
content in susceptible varieties could be due to enhanced detoxification pathways (Alharby ecal, 2019). Under
salinity, plants significantly increase the levels of proteins such as photosynthetic pathway proteins, enzymes
involved in scavenging ROS and osmolyte biosynthesis, late embryogenesis abundant proteins (LEA proteins),
and membrane proteins, and carbohydrate and energy metabolism proteins (Arif ez al, 2020).
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Figure 4. Effect of salt stress on the protein content of 10-day old seedlings of Vigna radiatavarieties
A) Shoot protein content and B) Root protein content. Each value represents the mean of three replicates, and the
vertical bar indicates the standard deviation. Small letters denote signiﬁc:mt difference berween treatments, and capital
letters denote signiﬂc:mt difference berween varieties at a 0.05% signific:mce level :lccclrding to Duncan’s Mu]tiple
Range Test (DMRT)

Effect of sale stress on lipid peroxidation

MDA, an output of oxidative stress and membrane damage, was used to measure the intensity of
membrane damage in shoots and roots exposed to salinity stress (Campo er al, 2014). Untreated normal
seedlings have lower MDA content due to relatively less membrane damage caused by reactive oxygen species
(ROS) generated as a by-product of plant acrobic metabolism. Various environmental stresses result in
excessive ROS production, causing progressive oxidation of membranes (Sharma er al, 2012), and therefore,
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clevated MDA levels. Increased salt concentrations elevated the MDA content in mungbean, and it can be used
as a vital biomarker to discriminate crop varictics. Membrane damage increased with increasing salt
concentration from 75-125 mM NaCl. In the shoot, MDA content was significantly increased in ‘VBN (Gg)2’
by 1.43-fold and by 1.81-fold in “VBN (Gg)3’ as compared to PKU-AKM 12-28" (0.7-fold) and ‘PKU-AKM
8802’ (1.1-fold) at 75 mM NaCl. Further, it increased in “VBN (Gg)3’ by 2.53-fold than in ‘PKU-AKM 12-
28 at 125 mM NaCl (Figure SA). In the root, the highest MDA content was found in VBN (Gg)3’, which
was increased by 5.14-fold compared to other varicties, which showed a nearly 1.2-1.3-fold increase in MDA at
125 mM NaCl (Figure SB). Such an increase in MDA content with increasing salt concentrations was also
observed more in the sensitive wheat genotype than the tolerant ones (Datir ez al, 2020).
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Figure 5. Effect of salt stress on lipid peroxidation (in terms of MDA content) in 10-day old seedlings of
Vigna radjata varieties

A) Shoot MDA content and B) Root MDA content. Each value represents the mean of three replicates, and the verrical
bar indicates the standard deviation. Small letters denote signiﬁcant difference berween treatments, and capital letters

denote significant difference between varieties aca 0.05% significance level according to Duncan’s Multiple Range Test
(DMRT)

Effect of salt stress on phenolics, lavonoids, and antioxidants

Natural antioxidants such as phenolic and flavonoid compounds play an essential role under stress.
These metabolites have various biological functions in plants, the significant being protection from ROS
generated under various environmental stresses such as salt stress (Khare er af, 2020). The clevated levels of
phenolics and flavonoids observed in the present investigation support the observations by (Bistgani er al,
2019). These secondary metabolites act as antioxidants, mitigate oxidative stress, and scavenge the reactive
oxygen species (ROS)(Selmar and Kleinwiichter, 2013). Phenolic content in shoot and root was increased in
‘PKU AKM 12-28 and ‘PKU-AKM 8802’ compared to ‘VBN (Gg)2’ and ‘'VBN (Gg)3’ at 125 mM NaCl
(Figure 6A). It was increased in the root of PKU AKM 12-28” and ‘PKU-AKM 8802’ by 24% and decreased
in “‘VBN (Gg)2’ and ‘VBN (Gg)3’ by 38% and 63%, respectively, at 125 mM NaCl. However, VBN (Gg)3’
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showed increased phenolic content at 100 mM NaCl in the root (Figure 6B). In the shoot, flavonoid content
increased in PKU AKM 12-28’ by 14% and ‘PKU-AKM 8802’ by 33% but decreased in ‘VBN (Gg)2’ by 53%
and VBN (Gg)3’ by 35% at 75 mM NaCl. However, it was decreased in all varieties at 125 mM NaCl by 41-
52% (Figure 6C). In the root, flavonoid content increased in ‘PKU-AKM 12-28’ by 96% and decreased in
‘VBN (Gg)2’ by 57% at 100 mM NaCl At 125 mM NaCl, it was significantly reduced in “VBN (Gg)2’ and
‘VBN (Gg)3’ compared to PKU-AKM 12-28" and ‘PKU-AKM 8802’ (Figure 6D). Such an increase in these
secondary metabolites in salt-tolerant varieties was also reported by Chutipaijit ezal (2009) in salt-tolerant rice

varieties than salt-sensitive ones.
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Figure 6. Effect of salt stress on phenol and flavonoid content and antioxidants of 10-day old seedlings of
Vigna radjata varieties

A) Shoot phenolic content; B) Root phenolic content; C) Shoot flavonoids content; D) Root flavonoids content; E)
Shoot DPPH radical scavengingactivity and F) Root DPPH radical scavenging activity. Each value represents the mean
of three replicates, and the vertical bar indicates the standard deviation. Small letters denote signiﬂcant difference
berween treatments, and capita] lecters denote signiﬂc:mt difference berween varieties at a 0.05% signiﬁcance level
according to Duncan’s Multiple Range Test (DMRT)

Where phenolic and flavonoid content correlates with antioxidant nature, DPPH assay is a
nonenzymatic antioxidant activity which is a direct and sensitive method to investigate savaging of ROS by
antioxidants (Golkar er al, 2020). In the present study, DPPH radical scavenging activity significantly
increased in both shoot and roort as the salt concentration increased from 75-125 mM NaCl in ‘PKU-AKM
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12-28 and ‘PKU-AKM 8802’ (Figure 6E-6F). However, it was initially increased at 75 and 100 mM NaCland
later decreased at 125 mM NaCl in ‘VBN (Gg)2’ and “VBN (Gg)3". However, DPPH radical scavenging was
higher in ‘PKU-AKM 8802’ than VBN (Gg)2’ at all salt concentrations. In this regard, the increase in DPPH
activity under salt stress corroborates with studies in chickpea (Kaur ez af, 2014).

Effect of salt stress on osmolyte accumulation

High accumulation of different osmolytes like proline, amino acids, and total sugars was observed in the
mungbean varicties exposed to NaCl stress (Figure 8). In the shoot, proline content was significantly higher in
‘PKU-AKM 12-28’ and ‘PKU-AKM 8802’ than ‘VBN (Gg)2’and ‘VBN (Gg)3’. At 125 mM NaCl, the highest
increase in proline content in the shoot was found in ‘PKU-AKM 12-28’ (by 5.48-fold) and in ‘VBN (Gg)3’
(by 1.25-fold) (Figure 7A). At 125 mM NaCl, proline content was significantly increased by 3.26-fold in the
roots of ‘PKU-AKM 12-28’, whereas in the roots of “VBN (Gg)2’ and “VBN (Gg)3’, it increased by 0.4-fold
and 0.27-fold respectively (Figure 7B). Proline content was significantly increased in root than shoot. Proline
also acts as an antioxidant by stabilizing the membranes, scavenging free radicals, stabilizing proteins and
protein complexes, and maintaining the osmotic balance (Muchate ez al, 2016).
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Figure 7. Effect of salt stress on osmolyte accumulation of 10-day old seedlings of Vigna radiaza varieties
A) Shoort proline content; B) Root proline content; C) Shoot total sugar content; D) Root total sugar content; E)
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At 100 and 125 mM NaCl, VBN (Gg)2’ and VBN (Gg)3’ showed a remarkable decrease in sugar
content than ‘PKU-AKM 12-28" and ‘PKU-AKM 8802 (Figure 7C-7D). The levels of sugars increase under
salinity, and their role in osmotic adjustment has been validated (Marzec ez al, 2013; Ali e al, 2018). At 75,
100, and 125 mM NaCl, amino acid content was significantly increased in the shoot and root of ‘PKU-AKM
12-28" and ‘PKU-AKM 8802’ than “VBN (Gg)2’ and ‘VBN (Gg)3’ (Figure 7E-7F). Shahid er a/ (2013) and

Verma et al (2018) have also reported increased amino acid content under salinity.

Conclusions

The present study concludes that the NaCl-induced salinity stress significantly affects the germination
of seeds and carly scedling growth in mungbean. Among the seventeen mungbean varieties, PKU-AKM 12-
28" and ‘PKU-AKM 8802 were the least affected by NaCl stress, whereas ‘VBN(Gg)2’ and ‘'VBN(Gg)3’ were
the most affected. These findings suggest that seed germination and growth attributes of mungbean scedlings
can be used as traits for a rapid assortment of salt stress-tolerant varieties. Comparatively higher contents of
photosynthetic pigments, proteins, secondary metabolite, osmolytes, antioxidants, and lower MDA content in
the seedlings of PKU-AKM 12-28” and ‘PKU-AKM 8802’ suggest the salt-tolerant nature of these varieties.
However, since this assessment of salt stress tolerance in the seventeen mungbean varieties is based on seeds
germinated in Petri plates, ficld-based experiments are needed for validating the results. Further, studies on
proteomics and genomics in these mungbean varieties would also be appropriate to know and validate genes
and proteins conferring salt tolerance.
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ABSTRACT

Mungbean is one of the commercially valuable pulse crops. Time-dependent biochemical modulations
in the mungbean varieties PKV AKM 12-28 and VBN (Gg)3 exposed to 75, 100, and 125 mM NaCl
were estimated, and the results were concluded through multivariate modeling. The cluster analysis gave
two fairly distinct clusters that had similar biochemical responses. Results on the principal component
analysis suggested that protein content (PC), total phenolic content (TPC), total flavonoid content
(TFC), DPPH radical scavenging activity, ABTS radical scavenging activity, proline content (PRC),
total free amino acid (TFAA) content, and malondialdehyde (MDA) contents were dominant traits in the
shoot as compared to the root. These can be taken as the primary indicators to assess the effect of salt
stress on mungbean varieties. The discriminant analysis had identified TFC, MDA, and total sugar
content (TSC) as discriminating variables between the roots and shoots. Further, MDA and TFC were
identified as discriminating variables under different salt concentrations, and TSC was identified as a
discriminating variable at different exposure durations. Discriminant partial least squares analysis
further identified optimum biochemical modulations in the shoots of PKV AKM 12-28 and 75 mM
NaCl. The salt treatment produced a strong biochemical modulation after 30 and 45 days, which helped
plants survive under salt stress. The multivariate approaches efficiently interpreted time-dependent
biochemical modulations in shoots and roots of mungbean varieties under salt stress.
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Time-dependent determinative biochemical traits for salt tolerance mechanism in mungbean

1 Introduction

Soil salinity as abiotic stress has affected over one billion hectares
of the global arable land. Such landmasses are increasing annually
by ~10% due to natural causes and human-made causes such as
substandard agricultural practices like improper irrigation and the
extensive use of chemicals (Shrivastava & Kumar 2015;
Soltabayeva et al., 2021). According to one estimate, salinity-
affected soil is equivalent to more than 6% of the global landmass
(Ding et al., 2018). The soil salinity is usually caused by excess
sodium and chloride ions (Fall et al., 2018). Salinity reduces the
growth and development of crops due to ionic, osmotic, and
oxidative stresses (Arzani & Ashraf 2016; Abid et al., 2020).
Salinity is known to affect many essential cellular and metabolic
processes adversely.

Mungbean, Vigna radiata (L.) R. Wilczek (Fabaceae) is an
important dietary pulse crop. It is commonly cultivated worldwide
and in several Indian states like Maharashtra, Rajasthan, Andhra
Pradesh, Madhya Pradesh, and Orissa (Ram & Singh, 1993). In
India, 3.45 million hectares were under mungbean cultivation
during the twelfth plan (2012-2017), which gave 1.59 million tons
of produce (Kumar & Pandey, 2018). It is a significant source of
proteins, vitamins, antioxidants, and minerals (Nair et al., 2019). It
is also used as green manure, fodder, and in pharmaceuticals and
cosmetics industries (Tang et al., 2014). However, soil salinity
affects its physiology and biochemistry culminating in retarding its
growth, development, and production (Saha et al., 2010; Ghosh et
al., 2011; Ghosh et al., 2015; Sehrawat et al., 2019).

The effects of NaCl stress on plant metabolism are generally
studied by monitoring the variations or changes in the plant’s
biochemical responses (Ghosh et al., 2015; Sehrawat et al., 2015;
Muchate et al., 2016; Kalaria, 2017; Shelke et al., 2017,
Rahneshan et al., 2018). However, it becomes challenging to
interpret and to draw conclusions from the complicated nature of
biochemical responses and their interrelationships through the
conventional approach. Moreover, the conventional approach can
only provide quantitative data characteristics. However, it cannot
determine conceptual descriptions and underlying reasons for
dependencies among data attributes (Michalski & Kaufman,
1998). Cluster analysis (CA), principal component analysis (PCA),
discriminant analysis (DA), discriminant partial least squares
(DPLS), and Pearson’s multiple correlation analysis (MCA) are
statistical tools that are used to analyze and interpret complex
datasets accurately (Simeonov et al., 2003; Singh et al., 2004;
Sinha et al., 2009a; Sinha et al., 2009b; Shelke et al., 2017;
Mundada et al., 2020). These methods can adequately analyze,
interpret, and draw conclusions from complex interrelationships
among attributes used in different environmental, biological,
chemical, and ecotoxicological studies (Mujunen et al., 1998;
Singh et al., 2004; Sinha et al., 2009a; Sinha et al., 2009b;
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Chunthaburee et al., 2015; Sarabi et al., 2016; Shelke et al., 2017;
Mundada et al., 2020). In the present study, the effects of NaCl
stress on the biochemical responses in mungbean varieties were
investigated through multivariate techniques (CA, DA, PCA,
DPLS, and MCA) to interpret the results and the complex
relationships among many such attributes.

2 Materials and methods
2.1 Plant materials, growth, and salt treatment

Certified and healthy seeds of mungbean varieties PKU-AKM 12-
28 and VBN (Gg)3 were procured from Pulses Research Unit, Dr.
Panjabrao Deshmukh Krishi Vidyapeeth, Akola, and National
Pulses Research Centre, Tamil Nadu Agricultural University,
Tamil Nadu, respectively. Plants were grown in the Botanical
garden of the Modern College of Arts, Science and Commerce,
Shivajinagar, Pune- 5. The potting mixture was prepared from the
sandy clay loam soil collected from the village Charholi in the
district Pune (MS). Plants were grown in non-perforated plastic
pots of 35 cm x 20 cm size. Each pot contained a 15 kg mixture of
soil and farmyard manure in a 3:1 ratio.

Fifteen seeds of each variety were sown per pot. Thinning of plants
was done after fifteen days of sowing to maintain five plants per
pot. The salinity stress was given to these 15 day-old seedlings
through Hoagland nutrient medium Hoagland & Arnon (1950)
containing 0, 75, 100, and 125 mM NaCl (equivalent to 0.3, 7, 8,
and 9 dsm? EC, respectively). Three hundred ml respective
solution was added to each pot on every alternate day to maintain
the potting mixture's desired EC until the experiments were
concluded. Each treatment was replicated in three pots. Data was
collected, /analyses were performed on two plants per pot after 15,
30, and 45 days of salt stress treatments.

2.2 Biochemical analysis

All the biochemical parameters were estimated
spectrophotometrically on a microprocessor-based UV-Vis
spectrophotometer (Bioera, India).

2.2.1 Protein content (PC)

Lowery et al.’s (1951) method with the Bovine serum albumin
(BSA) as a standard protein was used to estimate proteins. The
suspension of one gram tissue homogenized in 3 ml of 100 mM
potassium phosphate buffer was centrifuged at 15000 rpm for 20
min at four °C. The supernatant was used for protein estimation,
and the intensity of blue color developed was measured at 550 nm.

2.2.2 Malondialdehyde (MDA) content

MDA content was estimated by Heath & Packer's (1968) method.
One gram plant material was homogenized and mixed with 2 ml of
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20 % trichloroacetic acid containing 0.5 % thiobarbituric acid. This
mixture in 3 ml of 0.1 % trichloroacetic acid was centrifuged at
5000 rpm. Two ml of the supernatant was incubated for 30 minutes
at 95 °C, and the absorbance was read at 532 nm. The absorbance
was also recorded at 600 nm to subtract nonspecific absorption.

MDA content (nmol/g dry weight)=

[(As32 - Asoo) x total volume(ml) x1000]

[Extinction coefficient xsample volume(ml)] x Weight of plant tissue (g)
Where, extinction coefficient = 155
2.2.3 Extraction of total phenolics, flavonoids, and antioxidants

The extract was prepared by refluxing 40 mg of dried plant
material in 5 ml of 80 % methanol for one hr. The extract was
filtered through Whatman no. 1 filter paper fitted on the Buchner
funnel, and the filtrate was evaporated to dryness. The residue was
dissolved in 10 ml 80 % methanol.

2.2.3.1 Estimation of total phenolics (TPC)

Total phenolics were estimated by Swain & Hillis” (1959) method.
Half ml of the extract was evaporated to dryness, and the residue
was dissolved in 0.5 ml distilled water, to which 0.5 ml of Folin-
Ciocalteu Phenol reagent was added. After 5 minutes, 1 ml of a
saturated sodium carbonate solution was added to this mixture and
incubated for one h at room temperature. The absorbance was read
at 760 nm. Gallic acid was used as a standard phenol.

2.2.3.2 Estimation of total flavonoids (TFC)

Total flavonoids were estimated by the Balbaa et al. (1974)
method. Half ml of extract was evaporated to dryness, and the
residue was dissolved in 1 ml 0.1 M methanolic aluminium
chloride. The yellow color developed was read at 420 nm. Rutin
was used as a standard flavonoid.

2.2.3.3 DPPH radical scavenging assay

A method by Blois (1958) was used to quantify antioxidants. A
mixture of 200 pl extract and 1 ml DPPH (0.1 mM) was incubated
in the dark for 30 min, after which its absorbance was recorded at
517 nm. The following formula was used to calculate the
percentage radical scavenging potential.

RSA (%) = (Abs control - Abs sample /Abs control) x 100
2.2.3.4 ABTS radical scavenging assay

The method of Roberta et al. (1999) was followed for this assay.
Two hundred pl extract was added to 1 ml of ABTS reagent (a
mixture of equal volumes of 7 mM ABTS and 2.45 mM potassium
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persulphate incubated in the dark for 16 h at room temperature).
After 10 min of incubation, the reaction mixture’s absorbance was
read at 734 nm. The following formula was used to calculate the
percentage of radical scavenging activity

RSA (%) = (Acontrol - Asample /Acontrol) x 100
2.2.4 Total proline content (PRC)

Proline content was estimated by Bates et al.'s (1973) method.
Fifty mg of dry tissue sample was homogenized in 4 ml of 3 %
sulfosalicylic acid, and the mixture was centrifuged at 3,000 rpm
for 20 min, and the supernatant was collected. A mixture of 1 ml
each of supernatant, ninhydrin, and glacial acetic acid was
incubated in a boiling water bath for one h. The reaction was
terminated by placing the test tubes in an ice bath. Four ml of
toluene was added to the above mixture. The intensity of red color
was read at 520 nm against toluene blank.

2.2.5 Total free amino acid content (TFAA)

Total amino acid content was estimated by Lee & Takahashi's
(1966) method. One hundred mg tissue was homogenized in 3 mi
of 80 % methanol. The homogenate refluxed for two h in a water
bath was centrifuged, and the supernatant was collected. The
residue was once again extracted with 3 ml of 80% methanol and
centrifuged. The supernatants were pooled for further use. The
mixture was evaporated in a water bath, and the residue was
dissolved in 3.0 ml of 10% isopropyl alcohol. Two hundred pl of
this sample was added to 3.8 ml of ninhydrin-citrate-glycerol
reagent (a mixture of 1 ml of 1% ninhydrin in 0.5 M citrate buffer
(pH 5.5), 2.4 ml glycerol, and 0.4 ml 0.5 M citrate buffer) and
boiled for 12 min. The absorbance of the mixture was read at 570
nm. Glycine was used as a standard amino acid.

2.2.6 Total sugars content (TSC)

Total sugar content was estimated by Scott & Melvin's (1953)
method. Twenty mg dry material was added in 1.25 ml 2.5 N HCI
and incubated in a hot water bath for one h. Pinches of Na,CO3
were added to neutralize the acid, and the volume was adjusted to
25 ml with distilled water. To 1 ml of this solution, 4 ml of
anthrone reagent was added and incubated in a hot water bath for
8-10 min. After cooling the contents to room temperature, the
intensity of the dark green color developed was measured at 630
nm. D-glucose was used as standard sugar.

2.3 Statistical analyses

All the experiments were performed in triplicates and with a
completely randomized block design (CRD). The data were
presented as mean+SD. The root and shoot biochemical datasets
for chemometric modeling consisted of nine variables subjected to
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multivariate modeling. Multivariate modeling of these variables
was performed through principal component analysis (PCA) and
hierarchical cluster analysis (HCA) by using the PAST statistical
package. The discriminant analysis (DA) was performed on the
dataset by Statistica V 10.0 software by using the standard,
forward stepwise and, backward stepwise modes. The
dissimilarity-based partial least square analysis (DPLS) was
performed in XL-Stat statistical software (Wunderlin et al., 2001;
Singh et al., 2004; Sinha et al., 2009a; Sinha et al., 2009b). The
correlations between the NaCl stressed plants' biochemical
parameters at different NaCl concentrations and exposure
durations were determined through Pearson's correlation method in
SPPS statistical software version 20 (Chunthaburee et al., 2015;
Shelke et al., 2017).

3 Results

Biochemical changes induced by NaCl concentrations and the
exposure durations in the roots and shoots of PKU-AKM 12-28
and VBN (Gg)3 are presented in Tables 1 and 2. Cluster analysis
(CA) was used to detect changes in the biochemical responses
induced by NaCl stress. CA produced a dendrogram (Figure 1),
where all the twelve combinations (four levels of NaCl
concentrations and three exposure durations) for root and shoot
tissues of PKU-AKM 12-28 and VBN (Gg)3 were grouped into
two statistically significant clusters (susceptible and resistant).
These were further divided into two subgroups (shoot and root)
since the samples within these groups had similar characteristics
concerning biochemical and physiological responses. Thus, the
differences in the responses in root and shoots tissues of PKU-
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AKM 12-28 and VBN (Gg)3 under NaCl stress were observed. It
also distinguished varieties based on the tolerance level.

The normalized dataset (combined roots and shoots) was subjected
to the PCA analysis to evaluate (i) interactions between plant and
NaCl stress, (ii) differential responses in root and shoot tissues
subjected to different levels of NaCl stress, (iii) relationships
among variables, and d. factors affecting these variables. The first
three significant principal components (PCs) of PCA indicated
92.37% of the total variance. Figure 2 illustrates the loadings and
scores of the first two PCs (PCLl vs. PC2). The first Two PCs
represent 84.56% of the total variance and reflected the main
groupings in the data set. The PC1 is determined mainly by PC,
TPC, TFC, DPPH, ABTS, PRC, and TFAA with strong positive
loadings, whereas in PC2, MDA alone showed high positive
loading.

Differences between the responses in root and shoot tissues are
presented in the plot’s scores and were grouped into two distinct
clusters. It may be noted that the shoot tissues differentiated
prominently in terms of PC, TPC, TFC, DPPH, ABTS, PRC, and
TFAA and MDA. It shows variations and differences in responses
of root and shoot tissues of mungbean varieties on the dominance
of the biochemical and physiological variables at all NaCl
concentrations and exposure durations. The root and shoot tissues
of the same variety or the same tissues of different varieties
showed different response patterns. The shoot and root tissues of
PKU-AKM 12-28 variety had high scores with PC1 compared to
VBN (Gg)3, which indicates its high tolerance level to salinity
stress.
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Figure 1 Dendrogram showing clustering of root and shoot tissue biochemical samples of the NaCl stressed plants of mungbean
varieties
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Table 1 Effects of NaCl stress on biochemical parameters in shoot tissue of Vigna radiata varieties PKU AKM 12-28 and VBN (Gg)3
Total

. . Proline .
variety ! ation Cading Proten content. MDA cotent TOtiLﬁPelenrlo"c f'f::{;ﬁ'f DPPrRSA dabibition et cTo(:%Ins"[u(gni; Toef?i'dfrcefn?emm
(days) (mggm™DW) (mggm %) DW) gm~DW) (umol gm™ FW)

DW)

EPIALIC 15  PSCOEL 474+040 170.32+186 4598+155 572+059 41.26+2.13 42.44+ 1741621 +108 9163235 12.50+0.73

30  PSCOE2 559+034 180.65+459 5103+099 8.47+064 5854+127 63.18+1212420+191 116.14+2.65 13.80+0.89

45  PSCOE3 6624036 189.76+315 5560+0.96 10.14+107 72.09+1.16 79.65+1.1634.49+221 15721 +2.96 16.03+0.07

75 15  PSCIEL 557+026 18546+557 59.84+249 6.93+043 5368+2.02 57.56+0.58 10.01 + 141 117.49+ 204 12.45+0.89

30  PSCIE2 608+0.14 22004+293 6667+159 10.65+0.33 64.85+1.88 76,16+ 1.74 29.00+ 1.99 14148+ 2.91 14.99+0.70

45  PSCIE3 8314090 250.32+505 7398+156 13.40+0.78 83.66+0.78 90.31+2.0451.30 = 1.28 20295+ 5.36 2156 + 1.60

100 15  PSC2EL 6.98+042 21333+6.87 5125+113 6.53+031 4640+ 237 47.67+2.1022.06+1.74 129.18+2.95 1526 +0.96

30  PSC2E2 7.04+013 24482+938 5719+119 8.88+046 5097 +0.92 5504+ 1342456+ 144 164.62+1.94 17.21+0.49

45  PSC2E3 7534026 27320775 6527+142 10.62+103 6153 +3.89 67.83+1.4621.17 + 158 23606+ 2.61 18.54+0.98

125 15  PSC3EL 4474023 23622+1217 3882+156 6.55+040 38.07+122 42.25+16824.14+177 13989+ 1.37 1042 +0.66

30  PSC3E2 7.86+028 25044+674 4592+145 8.02+031 43.16+2.49 49.61+14612.86+135 201.84+2.96 19.60 + 0.60

45  PSC3E3 5514063 28267+992 37.27+153 6.11+043 31.88+3.23 4632262 9.16+1.37 25522+3.68 1248+1.07

VBN (Gg)3 0 15  VSCOEL 454+023 172224912 4417+206 567+0.60 38.96+1.95 30.34+29310.83+143 97.25+2.78 11.30+0.76

30  VSCOE2 492+025 17256+527 4835+104 7.77+039 5647+ 170 5349+2.3327.34+095 123.03+3.74 1330+0.85

45  VSCOE3 588+027 181.68+7.74 5819+096 9.37+101 7504 +0.61 82.75+3.2030.83+159 166.32+3.06 14.45+0.70

75 15  VSCIEL 345+031 2159141498 4408+010 6.45+059 38.15+158 41.47+262 341098 109.20+250 8.31+0.41

30  VSCLE2 500013 24602+451 5388+150 0.75+033 49.19+0.92 64.73+0.8921.28 145 13063+ 1.95 1248+0.77

45  VSCIE3 5654020 270.62+605 49.29+105 8.31+044 57.61+433 70.93+2.66 9.56+2.25 17897 +341 14.34+0.70

100 15  VSC2El 3714034 24619+361 3602+160 505+021 3548+226 37.79+1.74 324 +1.00 87.74+249 756+ 141

30 VSC2E2 456+021 27785+645 4597+085 6.51+031 4260+ 104 56.98+1.16 423+101 121.67+176 11.22+047

45  VSC2E3 4564019 30039+1073 4232+196 6.69+106 36.69+4.44 42.05+320 502+0.34 141.75+261 1110+ 056

125 15  VSC3El 2034017 26254+315 1093+139 3.63+049 17.31+243 27.71+1.78 3.63+0.22 6265+172 7.8 +0.46

30 VSC3E2 353+038 30262+637 2931+096 551+042 3641+468 3682+412 146+059 8933+207 1055+ 0.30

45  VSC3E3 3074028 336.00+9.85 2329+124 451+028 2330+0.97 27.33+407 1.25+0.14 12620+458 7.53 +0.58

Values represent mean+SD
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Table 2 Effects of NaCl stress on physiological and biochemical parameters in root tissue of Vigna radiata varieties PKU AKM 12-28 and VBN (Gg)3
Total

Total Total free

ay MO lmior  coang P (SO Coment  flvonoid | DPPHRSA ABTSRSA iy (it conent g ATITOSE
(days) DW) (m[g); V%/T (mggm’™ DW) gm~DW) gm~ DW) g FW)

i 0 15 PRCOEL 1954016 7811+520 17.92+045 111+0.128 16.63+188 21.71+2.62 4.62+0.67 11821+2.06 4.25+0.13
30 PRCOE2  3.01+0.13 80.86+4.17 32.39+205 121+0.138 30.87+225 43.80+2.62 2263+ 1.75 13549+ 2.52 528+ 0.09

45 PRCOE3  3.84+034 7673+7.30 46.01+136 158+0.060 76.70+2.32 88.18+1.46 3549+ 150 14554+ 1.39 575+ 034

75 15 PRCIEL 2504027 77.76+8.66 24.16+2.07 1.49+0.058 2354+ 1.16 2084+146 8.69+098 13158200 4.70*0.14

30 PRCIE2 3204017 8258+179 54.02+1.24 1750078 56.39 +3.22 6143+320 25.07 +2.48 151.32+3.04 539+ 0.21

45 PRCIE3  3.63+0.17 8637+511 57.47+203 2.08+0.147 64.97+162 72.87+0.89 4855+2.11 213.01+2.98 6.44+0.21

100 15 PRC2E1 3014020 86.71+2.73 32.65+176 1.84+0.080 3204+291 43.02+174 448+113 136.02+2.62 531+ 023

30 PRC2E2 3114010 98.75+260 52.65+1.10 1.84+0.091 55.02+1.15 57.17+089 24.62+1.03 18458+ 229 6.05+0.18

45 PRC2E3  2.17+0.18 115.96+2.19 46.01 +1.56 1.51+0.012 52.39+1.29 57.75+ 146 66.59 +3.57 234.05+3.26 4.49+0.18

125 15 PRC3EL  118+0.11 9841+260 2044+141 095+0.111 21.60+203 2403+2.75 3.01+048 13215+ 1.95 2.50+ 0.2

30 PRC3E2 2774020 11252+575 36.88+179 132+0.102 4150+ 117 47.209+3.78 3472+ 1.95 228.16+3.62 4.92 + 0.09

45 PRC3E3  2.06+0.13 132‘;;322 * 3048+154 113+0.209 36.41+479 40.70+2.66 16.71+0.90 25423+ 4.08 3.84+0.16

VBN (Gg)3 0 15 VRCOEL 195+021 76.04+315 1573+152 100+0.116 1396+431 28.88+293 4.74+149 10829+ 0.87 3.81 +0.50
30 VRCOE2  255+032 87.74+6.77 3546+127 143+0079 33.17+115 47.87+146 2561+231 124324324 517+0.18

45 VRCOE3  344+031 81.20+146 4337+132 174+0105 7164+194 8430+ 174 3456+088 15390 +2.62 559 +0.26

75 15 VRCIEL 179+011 9497+103 1972+131 042+0030 20.63+225 20.74+293 240+0.47 130.16+222 3.81+0.26

30 VRCIE2  268+021 10529+628 3547 +1.03 0.82+0101 42.39+158 4554+121 2017142 120.42+2.75 4.70+0.26

45 VRCIE3 2.97+0.16 13385+4.38 3871138 134+0071 51.78+189 57.75+4.36 2420+ 134 161.28+1.70 4.93 +0.19

100 15 VRC2EL  160+0.16 10219+2.73 2659+ 092 0.77+0050 2755+ 413 32.36+204 0.99+0.10 92.87+386 3.14+0.20

30 VRC2E2  2.02+0.16 137.63+363 2868+ 041 0.84+0025 32.89+2.44 39.73+034 1748+ 081 10513 +3.63 4.14+0.14

45 VRC2E3  135+0.12 154.84+803 3131 +127 0.86+0.120 39.04+129 4419+1.16 7.38+0.67 13433+3.11 3.87+0.12

125 15 VRC3EL  090+0.11 127.31+465 16.61+0.81 053+0.056 19.90+175 2229+2.62 056+011 7164+262 1.780.09

30 VRC3E2 167 +0.09 15209+530 23.15+103 0.81+0.075 25.77+152 31.50+3.78 1156+ 123 9747 +2.60 3.32+ 022

45 VRC3E3  1.08+0.11 18546+ 146 19020+ 126 0.66+0.053 21.84+504 2655+2.42 7.20+111 11295+ 2.66 2.26+ 024

Values represent mean+SD
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Figure 2 PCA scores and loadings of the first two PCs obtained from the shoot and root biochemical dataset of mungbean varieties
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Table 3 a) Classification functions and b) Classification matrix for discriminant analysis of variation between the root—shoot biochemical samples of the mungbean

a)
b
Linear Discriminant Functions for Groups !
Coefficients®

Monitoring groups  Correct assignations %  Groups assigned by DA

Shoot Root

. . S . S | Standard DA mode
Standard DA mode Shoot 100.0000 24 0
PC 3.9285 0.7262 Root 100.0000 0 24
MDA 0.2779 0.1041 Total 100.0000 24 24
TPC 0.5569 0.4586 Forward DA mode
TFC 1.0462 -2.6927 Shoot 100.0000 24 0
DPPH 0.0017 -0.0002 Root 100.0000 0 24
ABTS -0.1135 0.1292 Total 100.0000 24 24
PRC -0.1019 -0.1783 Backward DA mode
TSC -0.0931 0.0238 Shoot 100.0000 24 0
TFAA 0.2407 0.1149 Root 100.0000 0 24
Constant -52.9722 -16.1920 Total 100.0000 24 24
Forward DA mode
TFC 1.6812 -2.1738
MDA 0.2663 0.1021
TSC -0.0839 0.0220
PC 4.9181 1.6464
ABTS 0.0524 0.2196
TFAA 0.2320 0.1003
DPPH 0.0028 0.0007
Constant -49.4559 -13.4974
Backward DA mode
MDA 0.1942 0.05870
TFC 4.1359 -0.09097
TSC -0.0276 0.06046
Constant -37.3836 -8.15575

Discriminant function coefficient for shoot and root
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Table 4 a) Classification functions and b) classification matrix for discriminant analysis of variation between NaCl concentrations and biochemical samples of the mungbean
varieties under salinity

a) b)
Linear Discriminant Functions for Groups

Monitoring groups Correct assignations % Groups assigned by DA

Co Cl C2 C3

Coefficients®

Standard DA mode
C0 Co 91.6667 11 0 o0
Standard DA mode C1 50.0000 2 6 3 1
PC -2.6069 -2.4868 -2.7521 -2.7702 C2 75.0000 0 2 9 1
MDA 0.0853 0.1172 0.1500 0.1700 C3 100.0000 0 0 0 12
TPC 0.7307 1.1376 1.1772 0.7568 Total 79.1667 13 9 12 14
TFC ~3.9099 41047 752000 ~2.8061 For""ar‘é ODA mode s ——
DPPH -0.2536 -0.2759 -0.2375 -0.0705 o1 £0.0000 > 3 1
ABTS 0.2991 0.1840 0.1018 -0.0001 o7 75.0000 0 > 9 1
PRC -0.2070 -0.3020 -0.2950 -0.2032 C3 100.0000 0 0 0 12
TSC 0.0317 0.0563 0.0675 0.0959 Total 77.0833 12 10 12 14
TFAA 1.4351 0.6108 1.0152 1.0674 Backward DA mode
Constant -16.1155 -24.3347 -28.5462 -26.5231 82 222222‘; 150 g g 8
Forward DA mode .
C2 33.33333 2 2 4 4
TPC 0.5963 0.9971 1.0462 0.6854 o =0.00000 5 R
MDA 0.0902 0.1221 0.1550 0.1737 Totl 4583333 17 71410
TFC -3.4560 -3.6579 -4.7333 -4.4051
TSC 0.0343 0.0597 0.0694 0.0931
ABTS 0.0934 -0.0364 -0.0939 -0.0776
TFAA 0.3196 -0.4594 -0.1570 -0.0825
PRC -0.2028 -0.3006 -0.2884 -0.1840
Constant -15.4720 -23.6481 -27.9147 -26.1477
Backward DA mode
MDA 0.03423 0.05008 0.07686 0.10176
TFEC -0.23513 -0.45302 -0.97984 -1.47946
Constant -3.05324 -4.29882 -6.47752 -9.48695

Discriminant function coefficient for different concentrations of NaCl
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Table 5 a) Classification functions and b) classification matrix for discriminant analysis of variation between NaCl exposure duration and biochemical samples of the
mungbean varieties under salinity

Linear Discriminant Functions for Groups

Monitoring groups Correct assignations % Groups assigned by DA

Coefficients® E1l E2 E3
Standard DA mode
El 87.50000 14 2 0
Standard DA mode E2 81.25000 1 13 2
PC -6.6606 -9.7591 -11.0212 E3 87.50000 0 > 14
MDA 0.1627 0.2068 0.2558 Total 8541666 15 17 16
TPC 0.1025 0.0418 -0.3390 Forward DA mode
TFC -4.8394 -6.1462 -6.2375 E1 81.25000 13 3 0
DPPH 0.0960 0.1013 0.4313 E2 68.75000 3 11 5
ABTS 0.7033 0.9848 1.1109 E3 87.50000 0 > 1
PRC -0.1350 -0.1026 -0.1049 Total 79.16666 16 16 16
TSC 0.1374 0.1757 0.2517 Backward DA mode
TFAA 2.6701 3.9021 3.8457 E1 62.50000 10 6 0
Constant -26.6541 -42.9207 -64.1950 E2 2500000 8 2 2
Forward DA mode E3 £6.25000 1 6 9
TSC 0.1505 0.1946 0.2714 Total 27.91667 19 16 3
ABTS 0.4540 0.6400 0.7656
TPC -0.1978 -0.3131 -0.6998
MDA 0.1090 0.1399 0.1869
PC -4.4178 -5.7326 -7.2157
DPPH 0.1748 0.2485 0.5769
Constant -18.1337 -30.3862 -51.1537
Backward DA mode
TSC 0.07841 0.09983 0.1283
Constant -5.40130 -8.07316 -12.6247

#Discriminant function coefficient for different Exposure time to NaCl
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Discriminant analysis (DA) was used to investigate further
NaCl-stress-induced variations in biochemical parameters in
the root and shoot tissues. The entire data set was divided into
two groups (shoot and root), and linear DA was performed.
Tables 3a and 3b shows the DFs and CMs generated from DA.
The standard, forward, and backward stepwise DA modes
constructed DFs, including all 9, 7, and 3 parameters,
respectively, and depicted the corresponding CMs assigning
100% cases correctly. Forward stepwise DA showed that TFC,
MDA, TSC, PC, ABTS, TFAA, and DPPH were followed by
three variables - TFC, MDA, TSC in the backward stepwise
DA with the same number of correct assignations by the DA
mode. Thus, the DA results suggest that TFC, MDA, TSC are
the most significant parameters to distinguish between two

plant tissues (roots and shoots) exposed to NaCl stress. It
further suggests that these parameters account for most of the
expected variations in the biochemical parameters. The TFC,
MDA, and TSC play a crucial role in the classification of the
two clusters. Both CA and DA identified significant
differences in root and shoot responses concerning biochemical
changes in the mungbean varieties exposed to NaCl stress. DA
identified the presence of significant differences between the
root and shoot responses expressed in terms of discriminating
variables (TFC, MDA, and TSC). As identified by DA, box and
whisker plots of selected parameters showing shoot and root
responses are given in Figure 3a-3c. TFC and MDA showed
variations in root and shoot tissues under salinity. However,
TSC did not change much in root and shoot.

Table 6 Pearson’s correlation in the physiological and biochemical parameters in the roots and shoots of the NaCl exposed plants of Vigna radiata

spC iMD gTP STFC ﬁap gABT EPR sTSC i‘l"AF RPC gim ETP RTEC ESP $§B EPR (R:’TS /FiTAF
SPC 1

SMDA -140 1

STPC 8137 423" 1

STFC 833" 104 B9 g

SDPPH 028 -240 212 -044 1

SABTS 739" 305 87 e5™ 56 1

SPRC 766" .-536** ST g1t 53 776”1

STSC 6867 .249 470" 5847  -100 512" 347 1

STFAA 8107 .035 $40 65" 004 606”493 6107 1

RPC 758”4527 B0 oo™ os0 g7z %Y 490 810

RSMDA -388 9257 ;614* -415" =217 -461" ;696* .070 -.225 ;580 1

RTPC 797" 022 8% o5 137 g™ B0 a8 9 o5

RTFC 847" 353 806 g 4z s 83 gy 638 .'515** 803

RDPPH 660" -032 90 gg™ 160 g5 B9 o7 805 8 Hng 06 6og™ 1

RABTS 677" o151 80 g13™ 153 grz™ BT gepm S0 B o BT g4 ST

RPRC 7477 014 86" 831" 119 7607 580° 724 817 615 -.149 800° 627 ;765" 765" 1

RTSC 740" 144 5030 5147 -054 459" 311 958" 07 aagt _ose 628 gt 5B ggg 698
RTFAA 808”444 B4 e oe7  ma” %2 aan ST 99 o 809 gy 25 70 626 gegr g

**_Correlation is significant at p= 0.01 (2-tailed); *. Correlation is significant at p= 0.05 (2-tailed).

Where, SPC: proteins content in shoot , SMDA: malondialdehyde content in shoot, STPC: total phenolics content in shoot, STFC: total flavonoids content in shoot,
SDPPH: 2,2-Diphenyl-1-picrylhydrazyl-Radicle scavenging activity in shoot, SABTS: (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid))- Radicle scavenging
activity in shoot: SPRC: total proline content in shoot, STSC: total sugars content in shoot, STFAA: total free amino acid content in shoot, RPC: proteins content in
root , RMDA: malondialdehyde content in root, RTPC: total phenolics content in root, RTFC: total flavonoids content in root, RDPPH: 2,2-Diphenyl-1-
picrylhydrazyl-Radicle scavenging activity in root, RABTS: (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid))- Radicle scavenging activity in root: RPRC:
total proline content in root, RTSC: total sugars content in root, RTFAA: total free amino acid content in root,
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Figure 7 DPLS a) loadings and b) scores of the first two components obtained for concentrations of NaCl (Where, C1- 0 mM NaCl;
C2- 75 mM NaCl; C3- 100 mM NaCl; C4- 125 mM NaCl)
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Figure 8 DPLS a) loadings and b) scores of the first two components obtained for NaCl exposure duration (Where, E1- 15 days; E2-
30 days; E3- 45 days of exposure period after salt treatment )

The effect of salt stress on the mungbean varieties was studied
through DA performed on measured variables. The category
variables (Y) were the four NaCl concentrations to which
mungbean varieties were exposed. Table 4a shows the DFs and
CMs obtained from modes of DA, viz., standard, forward stepwise,
and backward stepwise. These DA modes constructed DFs,
including all nine and two parameters, respectively, and rendered
the corresponding CMs (Table 4b), assigning 79.17%, 77.08%, and
45.83% cases correctly. This result on DA suggests that MDA and

TFC were significant parameters to differentiate the four sets of the
plant responses corresponding to four NaCl concentrations. As
identified by DA, box and whisker plots of selected parameters
showing different NaCl concentration responses are given in
Figure 4a-b. TFC and MDA showed variations in biochemical
changes under salinity at different NaCl concentrations.

The effect of salt stress exposure duration in the mungbean
varieties was also studied through DA performed on measured
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variables. The category variables (Y) were the three exposure
duration (E1, E2, and E3). The DA in standard and forward
stepwise modes constructed DFs that included all 9 and 7 and 1
parameters for E1, E2, and E3, respectively (Table 5a), and
produced corresponding CMs (Table 5b) assigning 85.41%, 79.16,
and 47.91% cases correctly. Thus, the DA results revealed that
TSC (Figure 5) is the most critical parameter to discriminate
between the three sets of exposure durations.

Differences in responses of the NaCl-stressed mungbean varieties'
root and shoot tissues were also studied through DPLS. The Score
and loadings plots of the first two components (Figure 6a and 6b)
illustrate the distribution pattern of response variables in the two
sample groups. The PC, MDA, TFC, TPC, and TFAA dominated
in the shoot compared to root in both verities. DPPH and ABTS
activity are more dominated in shoot than the root of PKU-AKM
12-28 and root and shoot of VBN (Gg)3. PRC and TSC are more
dominated in shoot and root of PKU-AKM 12-28. PC, TFC, TPC,
DPPH, ABTS, and TFA were dominant in root and shoot of PKU-
AKM 12-28 compared to VBN (Gg)3. However, MDA was more
dominated in root and shoot of VBN (Gg)3 compared to (PKU-
AKM 12-28).

The effect of NaCl concentrations on mungbean varieties was also
studied through DPLS performed on measured variables. The score
and loadings plot of the first two components are presented in
Figure 7a and 7b. At higher NaCl concentration (C4=125 mM),
PC, TPC, TFC, DPPH, ABTS, PRC, and TFAA showed more
decline, and the MDA was increased more as compared to that
observed at all other concentrations. At 75 mM (C2), PC, TPC,
TFC, DPPH, ABTS, TSC, TFAA dominated more as compared to
C1 (control), C3 (100 mM), and C4. Further, the effect of exposure
durations on mungbean varieties’ responses was also studied
through DPLS performed on measured variables. The score and
loadings plots of the first two components are presented in Figure
8a and 8b. These results suggest that at low exposure duration E1
(15 days), biochemical parameters are least affected. With
increased exposure duration, parameters were affected more
prominently at E2 (30 days) and E3 (45 days). The parameters
were greatly influenced at E3 compared to E2.

It was observed that MDA variations were negatively correlated
with all other parameters except PRC and TSC under salt stress.
Variations in shoot MDA was positively correlated with root MDA
(r=0.92"). High (r=0.90") positive correlation was observed in
variations among shoot TPC, TFC, DPPH, and ABTS. Moreover,
nearly 70 to 80% positive correlation was observed among root
and shoot TPC, TFC, DPPH, and ABTS. Variation in shoot PRC
was positively correlated with root TFC (r=0.81""). Variation in
shoot and root TSC was positively correlated (r=0.96"") with each
other. Furthermore, PC in the root was positively correlated with
TFAA in the root (r=0.94"). TPC in the root was positively
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correlated with DDPH in the root (r=0.90""). Finally, DPPH and
ABTS activities in the root showed (r=0.97"") a positive correlation
with each other (Table 6).

4 Discussion

Salt stress affects the growth, development, and production of
crops through osmotic and ionic stress (Liang et al., 2017; Zelm et
al., 2020). In India, Mungbean is an economically important and
significant dietary pulse crop cultivated, which is also susceptible
to salt stress (Ghosh et al., 2015; Sehrawat et al., 2019). In the last
decades, its production is reduced due to its susceptibility to
different environmental stresses at different stages of its life cycle
(Sehrawat et al., 2015). Soil salinity is one of the major stresses
that has severely reduced its growth and global yield. Salt stress
equivalent to 50 mM NaCl can cause a more than 60% reduction in
the yield (Abd-Alla et al., 1998). Salinity alters biochemical
processes such as protein synthesis (Alharby et al., 2019). lipid
formation in plasma membranes (Datir et al., 2020), levels of
secondary metabolites like phenolics and flavonoids (Isah, 2019),
and antioxidant defense mechanism to scavenge reactive oxygen
species (Taibi et al., 2016) and synthesis of osmoprotectants like
proline, amino acids, and sugars (Gupta & Huang 2014; Yang et
al., 2020). Therefore, the current study examined PC, MDA, TPC,
TFC, DPPH, ABTS, PRC, TSC, TFAA under 0, 75, 100 and 125
mM NaCl stress. Varieties of crops like soybean (Shelke et al.,
2017), rice (Chunthaburee et al., 2015), and watermelon (Sarabi et
al., 2016) showed different biochemical responses under salinity
stress. Hence, in the present investigation, we compared the effects
of salt stress in two mungbean varieties PKV AKM 12-28 and
VBN (Gg)3.

HCA is an unsupervised pattern identification method that exposes
the underlying behavior or intrinsic structure of datasets without
any a priori assumption about the dataset to classify or separate
objects of the system into different clusters or categories based on
its similarity or nearness (Singh et al., 2004; Sinha et al., 2009a;
Sinha et al., 2009b; Shelke et al., 2017; Pongprayoon et al., 2019;
Dehnavi et al., 2020). It is the most common approach in which
clusters are formed sequentially by pairing most similar objects
and forming higher clusters. The similarity between the two
samples is given by Euclidean distance, and this ‘distance’ is
calculated based on the ‘difference’ between the analytical values
of the two samples (Otto, 1998). HCA was performed to uncover
similarities or dissimilarities in the root and shoot responses based
on the biochemical and physiological changes under salinity.

The CA results suggest a diverse response to salinity stress at the
variety level, as evident from the separate clusters of PKU AKM
12-28 and VBN (Gg)3. These findings agree with previous studies
in Sorghum (Dehnavi et al., 2020) and rice (Chunthaburee et al.,
2015). Thus, at the same stress level, shoot and root tissues may
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show entirely different responses. The plants take up NaCl through
their root system and translocate it to the shoot. Therefore, roots
play a crucial role in the salt tolerance of plants since they are the
first point of contact that controls the uptake and translocation of
salts and nutrients. Despite the direct exposure of the roots to the
saline environment, their growth is less affected due to salt than
that of the shoots (Munns & Tester, 2002). The NaCl concentration
gradient along the plant axis may induce different biochemical and
physiological responses in root and shoot tissues.

In the PCA analysis of a combined dataset of root and shoot, a
close association of PC, TPC, TFC, DPPH, ABTS, PRC, and
TFAA was observed in PC1, which is indicative of enhanced
synthesis of proteins, amino acids, osmoprotectants such as
proline, antioxidant compounds and secondary metabolites to
counteract NaCl stress. The protein content is considered one of
the critical indicators under stress in plants since it increases under
salinity due to enhanced activity of detoxification pathways
(Alharby et al., 2019). Protein content in plants increased under
salinity due to an increase in the proteins involved in
photosynthetic pathways, osmolyte synthesis pathways, ROS
scavenging mechanisms, carbohydrate, and energy metabolism
(Arif et al., 2020). The phenolics are one of the main groups of
secondary metabolites. They function to protect plants against UV
light, defense against pathogens, and pigmentation to attract
pollinators and protect from ROS. Phenolics accumulate in plants
under various environmental stresses, such as salt stress (lsah,
2019; Khare et al., 2020). Chutipaijit et al. (2009) have reported
increased flavonoid content under salt stress in salt-tolerant rice
cultivar compared to the salt-sensitive one. Antioxidant defense
mechanism plays a vital role under salinity. It protects plants from
oxidative damage of biomolecules like DNA (Kaur et al., 2014).
Our observation of an increase in phenolics and flavonoids under
salinity is supported by Valifard et al. (2014) and Bistgani et al.
(2019). The proline is also increased under salinity for scavenging
ROS, maintaining membrane integrity, osmotic adjustment, and
stabilizing protein complexes (Muchate et al., 2016; Abid et al.,
2020). These results are in line with those reported by Shahid et al.
(2013) and Verma et al. (2018), who have demonstrated an
increase in the amino acid contents in various pea and ber cultivars
subjected to salt stress, respectively. The elevated levels of amino
acids reduced the damages caused by salinity stress (Ashraf &
Harris 2004). The PC2 is positively correlated with MDA, which
supports earlier work of Sairam et al. (2002), Ashraf and Ali
(2008), and Datir et al. (2020), which showed increased plasma
membrane lipid peroxidation under salinity. The score plot of the
first two principal components (PC1 and PC2) of the combined
dataset (shoot and root) reflect the pattern of variations and
differences in root and shoot tissue in terms of biochemical
parameters over the entire salinity stress used in the experiments.
In our study, the shoot's MDA content was elevated more in VBN

Mankar et al.

(Gg)3 than PKU AKM 12-28 at 30 and 45 days of exposure to
NaCl. The salinity elevates MDA levels due to the excessive
generation of free radicals, which disrupts cellular functioning,
affects lipid metabolism, cell membrane properties, and ion
transport (Nigam & Schewe 2000; Alzahib et al., 2021). Further,
Bor et al. (2003), Chaparzadeh et al. (2004), Shi et al. (2007),
Datir et al. (2020), and Alzahib et al. (2021) have also observed
salinity elevated MDA levels in beet, marigold, cucumber, wheat,
and tomato respectively. At lower salinity levels, the PKU AKM
12-28 showed higher protein content, which tended to decline with
increasing salinity. On the contrary, the protein content in VBN
(Gg)3 decreased at every salinity level. These results are
supported by the observations of Gomathi et al. (2013 ) and
Mohammad et al. (2019). These studies reported increased protein
content under salinity in rice and Tagetes minuta, respectively, due
to differential accumulation of proteins and enhanced expression of
polypeptides.

The accumulation of the phenolics and flavonoids was induced at a
lower salinity level (75 mM). However, their levels declined at
moderate and high salinity levels (100 and 125 mM). Salinity-
induced oxidative damage may occur through generating excess
reactive oxygen species (ROS) that can attack DNA, proteins,
lipids, and carbohydrates. The ROS may occur in non-radical
forms (*O, and H,0;) as well as free radical forms (OHs, Op*,
ROe, and HO»¢) (Gill & Tuteja, 2010). Plants produce antioxidant
phenolic compounds such as phenolics and flavonoids to eliminate
these ROS (Navarro et al., 2006; Petridis et al., 2012; Isah, 2019).
However, the accumulation of phenolics under salinity stress may
vary in different varieties of the same plant, as Hichem et al.
(2009) showed in maize and Ghosh et al. (2011) in rice. The
present investigation corroborates these observations since the
phenolic compounds were induced more in PKU AKM 12-28
compared to VBN (Gg)3. The mungbean showed a relative
tolerance to 75 mM NaCl stress by increasing phenolic and
flavonoid levels. With the increase in salinity level, the imbalance
between ROS generation and antioxidants synthesis reduced the
efficiency to scavenge ROS. The flavonoids can function as
antioxidants under environmental stresses, including salinity (Babu
et al., 2003; Tattini et al., 2006; Agati et al., 2012; Babaei et al.,
2020). We observed that the change in antioxidant potential was
almost similar to the changes in TPC. It indicates a close
relationship between phenolics compounds levels and the
antioxidant potential (Huang et al., 2006; Ben Taérit et al., 2012;
Khare et al., 2020). The results of the present investigation are in
line with those in buckwheat sprout (Lim et al., 2012), maize
(Hichem et al., 2009), and few Chinese medicinal plants (Wong et
al., 2006). A significant correlation was reported between the
phenolic content and antioxidant capacity in these plants as well.

The DA results indicate TFC, MDA, and TSC to be the most
significant parameters to discriminate between two different plant
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tissues (shoot and root) under the same salt stress. These account
for most of the variations in biochemical changes studied in the
present investigation. MDA and TFC are significant parameters to
differentiate four sets of plant responses corresponding to four
concentrations of NaCl. These results also reveal the TSC as the
most critical parameter to discriminate among the three levels of
stress exposure durations.

DPLS models the relationship between the independent variable
(X) and dependent variable (Y) simultaneously to identify latent
variables (LVs) in X that will predict the latent variables in Y. To
verify variables and directions in multivariate space, discriminant
partial-least square (DPLS) analysis is used. It enables the
determination of variables and directions in multivariate space,
which discriminate against the known classes in the calibration set.
The DPLS was applied to study the differences in the shoot and
root tissues' responses under salt stress in mungbean plants. The
DPLS grouped shoot and root tissues separately in different
quadrants of loading plots, indicating dominant parameters in both
groups. The PC, MDA, TFC, TPC, and TFAA were dominant in
the shoot compared to the root. Variations in the dominance of
parameters in shoot and root tissues at the variety level were also
observed. DPLS analysis-inferred differences between root and
shoot tissues' responses under salt stress were as per expected
lines. The PC, TPC, TFC, DPPH, ABTS, TSC, TFAA are
relatively more dominant at a lower salt concentration (75 mM)
than moderate (100 mM) and higher (125 mM) salt concentrations.
All the parameters are affected by salt stress given for longer
durations. Multiple correlation analysis showed that the variation
in most of the biochemical and physiological parameters in shoot
and root positively correlated with each other except MDA
content, which correlated negatively. The application of a
multivariate modeling technique to analyze the effects of salt stress
on biochemical attributes in the root and shoot tissues of two
varieties of mungbean demonstrated the grouping of variables and
their interrelationship between shoot and root tissues and identified
significant variables responsible for differential behavior.

5 Conclusion

Multivariate modeling (CA, DA, PCA, DPLS, and MCA) was
performed to investigate the effects of NaCl stress and subsequent
biochemical changes measured in the mungbean varieties PKU-
AKM 12-28 and VBN(Gg)3. This technique provided information
on the differential pattern for changes in biochemical parameters in
the root and shoot tissues of mungbean. This modeling approach
further identified significant biochemical parameters responsible
for discrimination between shoot and root sensitivity to salt stress.
This analysis revealed variation patterns in biochemical responses
and their interdependence under salinity stress. It also revealed the
degree of salt-stress tolerance and suggested VBN(Gg)3 as salt
susceptible and PKU-AKM 12-28 as salt-tolerant variety. The
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multivariate modeling approach can interpret results and
successfully elaborate the biochemical information from a
biological system and the complex relationships among many such
attributes in plants.
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ARTICLE INFO ABSTRACT

Keywords: Phellinus badius is one of the medicinal mushrooms used as folk medicine in Western Ghats of India. Traditionally,
Phellinus badius the P. badius is used in the treatment of diabetes, diarrhea, arthritis, toothaches, as well as tongue and throat
Exopolysaccharides related ailments. Therefore, we investigated the hypoglycemic and anticataract activity of P. badius crude exo-
Is{tzzsgi’s::cl;: polysaccharides (EPS) in streptozotocin (STZ) induced diabetic rats and Goat eye lens, respectively. The EPS
Anticataract obtained from the submerged mycelial culture of P. badius was used for the bioactivity studies. Among various

concentrations of EPS administered to diabetic rats, 400 mg/kg dose showed significant hypoglycemic effects,
such as the reduction in blood glucose (37.2 %) and increase in body weight (47.4 %) as compared to the control
groups. Furthermore, reduction in triglycerides (23.4 %), cholesterol (23.4 %), as well as decrease in the ac-
tivities of aspartate aminotransferase (33.8 %) and alanine aminotransferase (31.9 %) were also observed. The
crude EPS retarded the progression of lens opacification and reduced the risk of cataract formation in sugar
administered goat eye lenses. The results suggest that the crude EPS obtained from P. badius mycelia can be
considered as a potential source for hypoglycemia and cataractogenesis. The LC/MS analysis revealed the
metabolic profile of the crude EPS, which could be further evaluated based on bioassay guided fractionation to
identity and characterize the active ingredients.

1. Introduction Phellinus is one such genus of medicinal mushrooms belonging to the
family Hymenochaetaceae. Vaidya and Bhor (1991) have reviewed
‘Phellinus’ and suggested that as many as twelve species of this poroid

genus which are used in ayurvedic and traditional medicine. The fruiting

Mushrooms are a part of traditional medicine in Asian countries
since time immemorable, especially basidiomycetes, having diverse

nutritional, medicinal and pharmacological properties (Nakamura et al.,
2004). Various medicinal mushroom, their parts, cellular components
and mushroom-derived secondary metabolites are reported for bioactive
properties, such as immunomodulatory, anticancer, hepatoprotective,
antidiabetic, hypolipidemic, etc., and are therefore explored for their
pharmaceutical applicability (Liu et al., 2019; Rathore et al., 2019;
Smith, Rowan, & Sullivan, 2002; Valverde et al., 2015; Wasser, 2002).

bodies and exopolysaccharides (EPS) derived from Phellinus species have
shown to have bioactive properties and are therefore explored for their
pharmaceutical relevance (Hwang et al., 2007; Wang et al., 2015). For
instance, they are used to treat allergy, arthritis, diarrhea, diabetes,
hepatic disorders, toothaches and other throat-related issues (Kim,
Yang, Hur, Das, Yun, Choi, & Song, et al., 2001, 2003, 2010; Sonawane
et al., 2013; Zhu et al., 2008). Similarly, several studies demonstrated
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the hypoglycemic potential of EPS obtained from medicinal mushrooms
such as Lentinus edodes, Agrocybe cylindracea, Auricularia polytricha,
Cordyceps militaris, P. linteus, Cordyceps sinensis, P. baumii, and Tremella
fuciformis (Yamac et al., 2009). However, few species belonging to the
genus Phellinus still need a scientific evidence to be used for their EPS for
pharmaceutical evaluations. Among them is a medicinal mushroom
P. badius found in the western ghats of India. The fruiting body of
P. badius is widely used by the tribal and traditional practitioners for
tooth-, tongue-, throat-related ailments, excess salivation in infants and
diarrhea (Sonawane et al., 2013; Vaidya & Lamrood, 2000).

Globally, diabetes mellitus is one of the most common health crisis
arising from fluctuation in blood glucose levels. At present, about 5-10
% of the world population is suffering from diabetes, and the number is
increasing by 3 % annually (Zhang et al., 2017). Diabetes mellitus is
symptomized by progressive destruction of f-cells and subsequent
impairment in insulin secretion. Macrophages present such p-cells to
specific auto-antigens of CD4" Th cells, which is generally considered as
an onset of autoimmune diabetes (McDevitt, 2001). Various drugs are
available to treat diabetes and the complications arising from it
(Katarzyna et al., 2019). However these drugs have a range of
side-effects associated them, and hence, it is essential to search for
natural alternatives with little or no side-effects. Among many natural
sources, use of medicinal mushroom could be an effective option. Owing
to the hypoglycemic potential of exopolysaccharides (EPS) of medicinal
mushrooms, there is an exponential increase in the interest toward them
(Kim., Lim., Joo., Kim., Hwang, Choi., & Yun et al., 2005; Rosado et al.,
2003; Xiao et al., 2004). Furthermore, reports also suggest that EPS can
alleviated the side-effects of hyperglycemia such as cataractogenesis,
which is a prime secondary complication of diabetes (Javadi &
Zarei-Ghanavati, 2008). Therefore, cataract remains a leading cause of
visual disability and blindness in diabetic patients. Biochemical changes
in cataract include, loss of glutathione, protein thiol, ATP, impaired
ionic equilibrium, altered mitotic rate, modification of protein and in-
crease in unfolded polypeptides. Aging is another factor responsible for
cataractogenesis and is followed by excess alcohol consumption,
smoking, inappropriate diet, steroids, exposure to ultraviolet light, hy-
pertension, etc. (McCarty & Taylor, 1996). In hyperglycemia, there is a
marked increase in cellular and tissue glucose levels where the influx is
independent of insulin, which includes lens, retina, kidney and periph-
eral nerves.

As per the traditional claims and previous reports on medicinal
mushrooms, we aim to investigate the hypoglycemic and anticataract
potential of P. badius mycelia derived crude EPS in Streptozotocin (STZ)-
induced diabetic rats and goat eye lenses, respectively.

2. Material and methods
2.1. Culture of P. badius

The basidiocarps of P. badius were collected from the western ghats
of Maharashtra, India. The P. badius culture was established on Petri
plates containing potato dextrose agar (PDA) and was incubated at 27 +
2 °C. The P. badius culture was then authenticated from and submitted to
Microbial Type Culture Collection, Chandigarh, India with accession no.
MTCC8449. The acclimatization of P. badius for submerged culture and
scale-up was performed as per the procedure of Hwang et al. (2005) with
slight modifications.

Briefly, the P. badius submerged culture was established in potato
dextrose broth (PDB) (pH 5) and was kept at 28 + 2 °C on an incubator
shaker at 120 rpm for 14 days. Further to optimize the growth and
maintenance, the mycelia from the 14 days old submerged culture (100
ml) was homogenized and inoculated in PMP medium (PDB 24 g/L, malt
extract 10 g/L, peptone 1 g/1). The culture (pH 5) was incubated at 28 +
2 °Con an incubator shaker at 120 rpm for 5 days. After acclimatization,
the scale-up of submerged culture for EPS production was performed in
stirred tank fermenter (5 L) with glucose 4 %, polypeptone 0.3 %, yeast
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extract 0.3 %, KHyPO4 0.05 % and NapHPO4 0.05 %. The pH and tem-
perature were maintained at 5.5 and 27 + 2 °C, respectively. We further
analyzed the influence of different temperature (20, 23, 26, 29, 32, 35
°C)and pH (4, 5, 6, 7, 8) conditions to maximize the yield of mycelia and
exopolysaccharides stirred tank fermenter.

2.2. Separation of exopolysaccharides

The culture broth was filtered through Whatmann filter paper no. 2.
The filtrate was mixed with 90 % ethanol in a ratio 1:4 (v/v) and the
mixture was kept idle at 4 °C. The mixture was centrifuged at 10,000
rpm for 20 min and the pellet was mixed in distilled water followed by
dialysis (MW cutoff, 8,000-14,000 Da) against distilled water. After
dialysis, the dialyzed extract was centrifuge at 10,000 rpm for 10 min.
The pelleted precipitate was freeze-dried and used as aqueous crude EPS
for bioactivity studies.

2.3. Hypoglycemic activity

2.3.1. Animal studies

Animal studies were carried out at the National Toxicology Center
(NTC), Pune, India. All the experiments were approved by the Institu-
tional Animal ethical committee (IAEC). Wistar male rats (200 + 20 g)
were housed at NTC in controlled conditions. The temperature and
humidity were maintained at 24 + 2 °C and 60 + 5%, respectively under
12 h light/dark period. The rats were fed with pelleted diet (Amrut rats
pellet diet, India) and water throughout the experiment.

2.3.2. Induction of experimental diabetes mellitus

All the rats were subjected to overnight fasting and were made dia-
betic by injecting Streptozotocin (STZ) (Sigma, India) intraperitoneally.
STZ was prepared by dissolving in 0.01 M citrate buffer (pH 4.5) at a
dose of 50 mg/kg (Bolkent et al., 2000; Kim, Yang, Hur, et al., 2001).
Blood glucose level was determined by glucometer (Contour TS) after
48 h of injection. Rats with blood glucose level >300 mg/dl were
considered as diabetic and used for further study. Rats were randomly
divided into six treatments with eight rats in each treatment, i.e. normal
control (NC), diabetic control (DC); STZ + EPS 50 mg/kg, STZ + EPS
100 mg/kg, STZ + EPS 200 mg/kg and STZ + EPS 400 mg/kg. Rats were
administered oral zoned dose for 14 days.

2.3.3. Biochemical assay

The blood samples of the test rats were collected and treated with
EDTA (0.1 M) as an anticoagulant. The blood plasma was separated by
centrifuging at 3,000 rpm for 10 min. Plasma triglycerides and choles-
terol levels were determined by colorimetry-based enzyme assay Kkits
(Merck. India). The alanine aminotransferase and aspartate amino-
transferase levels were also determined using enzyme kits (Merck, India)
based on the Reitman-Frankel method (Reitman & Frankel, 1957). Blood
urea nitrogen (BUN) and albumin levels (ALB) were analyzed by using
diagnostic kits (Merck Bioline RX Ltd.).

2.4. Anticataract activity

2.4.1. Collection of goat lenses and cataractogenesis

The anticataract activity was performed as per the procedure of
Ganeshpurkar et al. (2011). Briefly, goat eyes were collected from a local
slaughter house with prior approval from IAEC. The eyeballs obtained
from a 6 months old male goat were transported to the laboratory in
freezing conditions. The eyeballs were dissected by anterior approach
and lenses were isolated within an hour of sacrificing animals. The
lenses were rinsed with physiological saline and incubated at 37 °C in
sterile culture media supplemented with antibiotics (100 pg/ml strep-
tomycin and penicillin), which was filtered through 0.2 p membrane
filters (Millipore, India) (Suryanarayana et al., 2004; Zigler & Hess,
1985). Two pairs of lenses were incubated separately in 5 ml sterile
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medium with either control (5.5 mM glucose) or test sample (100 mM
glucose) and incubated at 37 °C for 12 days. To maintain the viability of
lenses, the spent sterile medium was replenished with fresh medium
aseptically after a regular interval of 48 h. P. badius crude EPS (1 mg/ml)
was added to the medium when used along with the supra-physiological
concentration of glucose i.e. 100 mM. Lenses incubated with 5.5 mM
glucose (physiological concentration) served as control. The lenses were
observed for haziness, opacities, intumescences, disruption and other
morphological changes on everyday basis. After 10 days of incubation,
lenses were removed and wet weight was recorded. Further, the lenses
were homogenized in a buffer containing 25 mM Tris, 100 mM NacCl, 0.5
mM EDTA and 0.01 % NaNs at pH 8.0. The homogenate was centrifuged
at 10,000 rpm at 4 °C for 30 min. The soluble fraction of the lens ho-
mogenate was stored at - 40 °C for further analysis.

2.4.2. Total protein and soluble protein estimation

The soluble fraction of the lens homogenate was used in protein
estimation. The precipitated protein was dissolved in sodium hydroxide
and aliquots were used for the estimation of total proteins. The ho-
mogenate prepared in double-distilled water supernatant was used in
the estimation of soluble fractions of protein. The protein content was
determined by the method of Lowry et al. (1951) using bovine serum
albumin as the standard.

2.4.3. Estimation of malondialdehyde (MDA)

Lens homogenate MDA was estimated as TBA reactive substances
(Bhuyan et al., 1981). Briefly, to 0.1 ml total protein, 1 ml of 20 % TCA
was added and this homogenate was heated at 90 °C for 20 min. An
aliquot of 1 ml supernatant was mixed with 0.5 ml of 0.5 % (w/v) TBA
and boiled for 30 min, following which it was brought to room tem-
perature and absorbance of pink-colored product was measured at 532
nm. The 1, 1, 3, 3-tetraethoxypropane (20 nmol/ml) was used as
standard.

2.4.4. Protein carbonyl estimation

The measurement of protein carbonyl was carried out according to
Uchida et al. (1988) . Briefly, 0.5 ml (0.5 mg) lens protein sample was
incubated with 0.5 ml of 0.1 % of 2,4 dinitrophenylhydrazine (DNPH) in
2 N HCI for 1 h. After an hour, 0.5 ml of 20 % TCA was added and the
precipitated proteins were washed three times with 1:1 ethanol/ethyl
acetate. Finally, the precipitate was solubilized in a buffer containing
133 mM Tris, 13 mM EDTA buffer (pH 7.4) containing 8 M urea.
Absorbance was recorded at 365 nm. The concentration of carbonyl
groups was calculated using 365 nm = 21 mM ! cm™! as the extinction
coefficient for aliphatic hydrazones. Protein content was estimated as
per Lowry et al. (1951) using bovine serum albumin as a standard.

2.4.5. AGE fluorescence

Advanced glycation end product (AGE) fluorescence was measured
in soluble protein 0.15 mg/ml protein in 0.05 M sodium phosphate
buffer (pH 7.4). The fluorescence emissions were recorded from 400 -
500 nm with excitation at 370 nm as described by Monnier and Cerami
(1981), on a RF-5301 spectrofluorometer (Shimadzu, Osaka, Japan).

2.4.6. Estimation of glycated proteins

In this study, 3 mg/ml of glycated lens protein was loaded on the
phenyl boronate affinity column (7 x 1 cm) equilibrated with 5 column
volumes of equilibration buffer (0.25 M ammonium acetate buffer (pH
8.5) containing 0.05 M MgCl,. The unbound fraction of non-glycated
proteins were washed with equilibration buffer. The bound glycated
lens proteins were eluted using elution buffer (0.1 M Tris HCl, pH 7.5
containing 0.2 M sorbitol) with a flow rate of 0.3 ml/min (Fujita et al.,
1998). The protein content in each fraction was determined spectro-
photometrically by recording absorbance at 280 nm against distilled
water as blank.
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2.5. LC/MS analysis

LC/MS was performed to identify some of the dominant compounds
present in the crude aqueous EPS. Briefly, the crude EPS obtained from
mycelial culture of P. badius were mixed in 95 % methanol and the
mixture was filtered through Whatman filter paper no. 1 pre-wetted in
95% methanol. The resultant filtrate was aliquoted after passing it
through 0.2 p membrane filters (Millipore, India). The bioactive com-
pounds were then identified by performing Q-TOF LC/MS analysis of
aliquoted crude EPS on Agilent Accurate-Mass 6200 Series TOF LC/MS
systems (Agilent Santa Clara, California). The mass spectrometer was
coupled to HPLC equipped with UV-vis detector. The compounds were
separated using Zorbax SB C18 rapid resolution column (4.6 mm x 150
mm, 3.5 particle size). The solvent systems used were, formic acid
(0.1%, v/v) (Solvent A), 90 % acetonitrile + 0.1 % formic acid (Solvent
B). A gradient was used for solvent B at a 2-30 min of total run time. The
flow rate was maintained at 0.3 ml/min with an initial injection volume
of 3 pl/min. The ESI parameters both negative and positive ion mode
with mass range 125-1000 m/z, spray voltage 1 kV, gas temperature
250 °C, gas flow 13 L/min, nebulizer 35 psi and mass were analyzed
using Agilent technologies Mass-Hunter software.

2.6. Statistical analysis

The result analysis for statistical significance of eight replicates was
done by one-way analysis of variance (ANOVA) test using the SPSS
statistical program. The data was expressed as mean + Standard Devi-
ation (SD). Group means were compared by Duncan’s multiple range
tests at p < 0.05 significance level.

3. Results
3.1. Optimization and establishment of P. badius submerged culture

The pure culture of P. badius was sequentially acclimatized before
optimization for scaled-up in stirred tank fermenters. Different physio-
logical conditions, such as series of temperature and pH regimes were
tried to maximize the biomass and EPS yield. The progressive increase in
mycelial biomass and EPS content was recorded at regular intervals for a
growth period of 24 days (Fig. 1). About 2.7 g/l EPS was obtained from
8.2 g/1 mycelial biomass on 24 days. The analyzed data under various
temperature and pH conditions demonstrate that the maximum growth
of mycelial biomass and EPS was achieved at pH 5 (Fig. 2a) and 26 °C
(Fig. 2b). The fermenter runs at 26 °C temperature yield 2 g/1 EPS from
5.2 g/l mycelial biomass while fermenter runs at 5.0 pH yield 1.8 g/1 EPS
from 6.7 g/1 mycelial biomass.

3.2. Hypoglycemic activity

The effect of crude aqueous EPS on the blood glucose level and other
related parameters were observed in streptozotocin induced diabetic
rats over a period of 14 days.

3.2.1. Blood glucose level

In this test, a continuous increase in blood glucose level was observed
in STZ treated control rat group during the entire experimental duration
(Fig. 3). However, the rat groups which were administrated with various
concentrations of crude EPS showed a concentration depended reduc-
tion in blood glucose level as compared to the diabetic control group.
The groups that received high concentrations of EPS such as 200 mg/kg
and 400 mg/kg showed a significant reduction in blood glucose level by
27.5 % and 37.2 % respectively.

3.2.2. Food intake and body weight gain
The effect of PBE on the food intake and body weight gain in STZ-
induced diabetic rats is presented in Fig. 4. A significant difference in
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Fig. 1. Accumulation of mycelial biomass and exopolysaccharides (EPS) (g/1) in the submerged culture of Phellinus badius with respect to the number of days.
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Fig. 2. Effect of (a) pH, and (b) temperature on the mycelial biomass and exopolysaccharides. (EPS) production in submerged culture of Phellinus badius.

food intake and body weight gain was observed between diabetic rat
groups (DC — STZ-induced diabetic rats; and STZ + EPS — EPS admin-
istered diabetic rats) and normal control group (NC). The food intake of
the DC increased by 12.34 %, whereas body weight gain was reduced by
55 % as compared to NC (Fig. 4). However, STZ + EPS group (50, 100,
200 and 400 mg/kg EPS) showed decrease in food intake, which was
27.2, 27.6, 15.9 and 21.5 % lower respectively than DC. Hence, EPS 50

and 100 mg/kg dose selected to be the most effective dose to control
food intake in diabetic rats. Furthermore, a significant difference was
observed in the body weights of STZ + EPS group as compared to DC and
NC (Fig. 4). However, no significant difference between the body
weights of STZ + EPS rats were observed. The STZ + EPS group showed
a progressive increase of 47.4 % in body weight gain compared to DC
(Fig. 4).
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Fig. 3. Blood glucose levels of rats with no diabetes (normal control - NC), streptozotocin (STZ) induced diabetic rats (diabetic control - DC) and streptozotocin
induced diabetic rats injected with various concentrations of Phellinus badius crude EPS i.e. (50, 100, 200 and 400 mg/kg EPS).
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Fig. 4. The food intake and body weight gain in the rats with no diabetes (normal control - NC), streptozotocin (STZ) induced diabetic rats (diabetic control - DC) and
streptozotocin induced diabetic rats injected with various concentrations of Phellinus badius crude EPS i.e. (50, 100, 200 and 400 mg/kg EPS). Values are means =+ S.

D., where n = 8, p < 0.05.

3.2.3. Triglyceride and cholesterol level

The triglyceride (39.4%) and cholesterol (29.8%) levels were
significantly increased in DC compared to the normal control (Fig. 5).
However, the plasma triglyceride level was markedly reduced in 50, 200
and 400 mg/kg EPS administered rats. Furthermore, the rats belonging
to STZ + EPS groups significant and concentration dependent decrease
in cholesterol levels as compared to NC and DC. In comparison to DC, the
STZ + EPS (400 mg/kg) group showed 23.4 % and 27.9 % reduction in
triglyceride and cholesterol levels respectively (Fig. 5).

3.2.4. Aspartate aminotransferase (AST) and alanine aminotransferase
(ALT)

The crude EPS on the plasma AST and ALT activities in STZ-induced
diabetic rats is shown in Fig. 6. A significant difference in both AST and
ALT activities was observed between DC and NC. For instance, the AST
and ALT activities of the DC increased by 50.1 % and 39.6 % compared
to NC. Furthermore, a concentration dependent decline AST activity was
observed in the STZ + EPS groups. However, maximum reduction in AST
and ALT activities were observed in STZ + EPS (400 mg/kg) group,
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Fig. 5. The levels of plasma triglycerides and cholesterol in the rats with no diabetes (normal control - NC), streptozotocin (STZ) induced diabetic rats (diabetic
control - DC) and streptozotocin induced diabetic rats injected with various concentrations of Phellinus badius crude EPS i.e. (50, 100, 200 and 400 mg/kg EPS).

Values are means + S.D, where n = 8, p < 0.05.
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Fig. 6. The activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the rats with no diabetes (normal control - NC), streptozotocin (STZ)
induced diabetic rats (diabetic control - DC) and streptozotocin induced diabetic rats injected with various concentrations of Phellinus badius crude EPS i.e. (50, 100,

200 and 400 mg/kg EPS). Values are means + S.D, where n = 8, p < 0.05.

which was 33.8 % and 31.9 % respectively compared to DC.

3.2.5. Blood urea nitrogen (BUN) and albumin (ALB) levels

As shown in Table 1, the BUN and ALB levels of DC increased by 55.5
% and 23.1 % respectively, compared to NC. There was a significant
difference between the BUN levels of DC and NC. Furthermore, the BUN
levels for all the STZ + EPS groups showed a declining trend as
compared to DC. Interestingly, a marked reduction of 51.4 % in the BUN
level was observed in STZ + EPS (200 mg/kg) group, which was close to

NC. Although there was a difference in the level of ALB in DC and NC,
the STZ + EPS groups did not show any significant difference as
compared to DC or among themselves.

3.2.6. Rat body organ weight

The variation in the body organ weight of all the experimental
groups are presented in Fig. 7. There were no significant differences
recorded in the weight of spleen, kidney and lung in between the studied
groups. However, the weight of heart, liver and pancreas were increased
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Table 1

The blood urea nitrogen (BUN), and albumin (ALB) levels of control (NC),
streptozotocin (DC) and streptozotocin (STZ) + P. badius crude exopoly-
saccharides (EPS) treated rats.

Animals group BUN (mg/dl) ALB (g/dl)
NC 15.87 + 1.09° 3.56 + 0.21°
DC 35.67 + 1.53° 4.63 £ 0.25%
STZ + EPS 50 mg/kg 24.00 + 1.0° 4.58 + 0.10%
STZ + EPS 100 mg/kg 21.33 + 1.53¢ 4.32 +0.10°
STZ + EPS 200 mg/kg 17.33 + 1.53¢ 419 + 0.06%°
STZ + EPS 400 mg/kg 22.33 + 3.21° 4.20 + 0.10™

Values are means + S.D, where n = 8, p < 0.05.

and/or decreased in the DC as compared to the NC. The weight of heart,
liver and pancreas of DC increased by 10.1 %, 10.8 % and 45.6 %
respectively, as compared to NC. Two STZ + EPS groups administered
with 100 and 200 mg/kg EPS showed reduction in heart weight by 32.8
% and 37.7 % respectively, as compared to DC. Furthermore, the STZ +
EPS group administered with 100 mg/kg EPS showed a decrease in the
weight of liver and pancreas by 46.8 % and 43.9 % respectively, as
compared to DC. Generally, a similar trend was followed in almost all
STZ + EPS groups, i.e. reduction in body organ weight at low concen-
tration of EPS (50 and 100 mg/kg EPS) and an increase at higher con-
centrations (200 and 400 mg/kg). Unlike other experiments, the
administration of higher concentration of EPS i.e. 400 mg/kg did not
show any significant effect on the body organ weight as compared to DC.

3.3. Effect of crude P. badius EPS against cataractogenesis

The goat eye lenses were used to examine the effect against cata-
ractogenesis and related parameters.

3.3.1. Lens morphology

The goat eye lenses incubated with physiological (5.5 mM glucose),
supra-physiological concentration (100 mM glucose) and test sample i.e.
(100 mM glucose + EPS) are presented in Fig. 8. Photographic exami-
nation suggests that the lenses kept at physiological concentration of
glucose did not show any visual change throughout the experiment
(Fig. 8a). Lenses incubated with supra-physiological concentration of
glucose showed varying degree of cataractogenic changes, such as
complete opacification after 10 days (Fig. 8b). However, the lenses
treated with crude EPS showed a decline in the progression of lens
opacification (Fig. 8c).

3.3.2. Lens total protein and total soluble protein
The homogenate of the lenses treated with 100 mM glucose showed

Weight (g)

11 ®2abbp2

Heart

Liver Spleen
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significant reduction in total protein and total soluble protein as
compared to lenses treated with 5 mM glucose (Table 2). However, the
homogenate of the lenses treated with 100 mM glucose and crude EPS
retained the total protein and total soluble protein concentration at
significantly higher levels i.e. 36.3 % and 15.8 % respectively, as
compared to the homogenate of the lenses treated with only 100 mM
glucose.

3.3.3. Lipid peroxidation and protein carbonyl

The variation in the levels of lipid peroxidation and protein carbonyl
of the control and test sample are given in Table 2. Lipid peroxidation
measured in terms of malondialdehyde (MDA) levels showed a signifi-
cant increase in MDA (40 %) of homogenate of the lenses treated with
100 mM glucose as compared to homogenate of lenses treated with 5
mM glucose. However, the homogenate of the lenses treated with 100
mM glucose and crude EPS showed a decrease of only 25 % in MDA
levels as compared to the control i.e. 5 mM glucose. Likewise, signifi-
cantly increased in protein carbonyl was observed in lenses incubated
with 100 mM glucose i.e. 81.3 % as compared to the control lenses.
Whereas the homogenate of the lenses treated with both 100 mM
glucose and crude EPS showed significant decrease in MDA i.e. 76.4 % as
compared to the 100 mM which was insignificant from the control i.e. 5
mM glucose treatment.

3.3.4. AGE fluorescence and glycated protein

The advanced glycation end product (AGE) fluorescence of control
and test lenses are shown in Fig. 9. The test sample i.e. 100 mM glucose
and crude EPS treated lenses showed a decreased in AGE fluorescence as
compared to lenses treated with only 100 mM glucose. Furthermore,
when soluble lens proteins from the lenses treated with 100 mM glucose
were subjected to phenyl boronate affinity column (strong affinity to-
wards glycated proteins), the column retained 30 % of the soluble lens
proteins. However, the glycated proteins retained by phenyl boronate
affinity column from the soluble proteins of the lenses treated with 100
mM glucose and crude EPS were negligible as compared to that of the
glycated protein retained by the column with the soluble protein of
lenses incubated with only 100 mM glucose (Fig. 10).

3.4. LC/MS profile of P. badius crude EPS

The LC/MS profiling of P. badius crude EPS showed the presence of
some well-characterized bioactive compounds (Table 3). Some of the
dominant compounds identified are arecoline, gliquidone, indole-3-
carboxylic acid, thymoquinone, hydrocodone, naloxone, maprotiline,
khivorin, artemisinin, dihydroartemisinin, anastrozole, flutamide, dil-
tiazem, capsaicin and naphthalene dihydrodiol. In addition, other

H NC

M DC

M STZ + EPS 50mg/kg
H STZ + EPS 100mg/kg
 STZ+ EPS 200mg/kg
W STZ + EPS 400mg/kg

adazaa

Kidney Pancreas Lungs

Fig. 7. The body organ weight/100 g of rats with no diabetes (normal control - NC), streptozotocin (STZ) induced diabetic rats (diabetic control - DC) and
streptozotocin induced diabetic rats injected with various concentrations of Phellinus badius crude EPS i.e. (50, 100, 200 and 400 mg/kg EPS). Values are means =+ S.

D, where n = 8, p < 0.05. Values are means + S.D, where n = 8, p < 0.05.
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Fig. 8. Goat eye lenses treated with (a) Control (5 mM glucose), (b) 100 mM glucose, and (c) 100 mM glucose + crude EPS under in vitro conditions.

Table 2

The total protein, total soluble protein, MDA and protein carbonyl content of
Goat eye lenses treated with either glucose (5 mM and 100 mM) or glucose (100
mM) and P. badius crude exopolysaccharides (EPS).

Treatment Total Total soluble MDA Protein carbonyl
protein (pg/  protein (pg/ (HM/g) (nM/mg protein)
ml) ml)
Control (5 mM 192.2+6.4* 96.3 +£5.2° 0.36 + 3.4 + 0.6°
glucose) 0.01°¢
100 mM 112.7 £8.2°  71.2 & 3.6° 0.6 + 18.2 +2.8%
glucose 0.04%
100 mM 176.8 + 84.6 £ 2.4° 045+  43x2°
glucose + 7.7° 0.01°
EPS

Values are means + S.D, where n = 8, p < 0.05.

compounds with potential bioactivities were also reported, for instance,
indospicine, tropine, sulfabenzamide, o-hydroxyaniline, etc. (Table 3).

4. Discussion

P. badius is a medicinal mushroom widely used as folk medicine in

Fluoresence Intensity (au)

o N B o
|

western ghats of Maharashtra, India. The fruiting body of P. badius is
reported to have antioxidant, antifungal and glucose lowering proper-
ties, however, very less is known about the exopolysaccharides (EPS) by
the mycelial biomass (Sonawane et al., 2013). Also, though the fruiting
body has bioactivities and is traditionally used, it is not feasible to
employ it for pharmaceutical and industrial application owing to the
complicated extraction process and nonuniformity in the extracted
chemical compounds. Therefore, it is more reasonable to use EPS ob-
tained in vitro grown P. badius mycelial biomass than the fruiting body of
mushrooms. Hence, to investigate the traditional claims of the glucose
lowering potential, we investigated the hypoglycemic and anticataract
activity of EPS obtained from in vitro culture of submerged P. badius
mycelia. Initially we analyzed the influence of physiological conditions
such as temperature and pH on the growth and yield of P. badius
mycelial biomass and exopolysaccharide (EPS) respectively for a period
of 24 days. As reported in other studies, these parameters greatly
influenced the growth in mycelial biomass and EPS yield (Kim, Lim,
etal., 2005; Park et al., 2001; Xiao et al., 2004). The temperature (26 °C)
and pH (5) that gave maximum output can be correlated to the average
annual temperature of western ghats i.e. 20 °C to 26 °C, and the pH is
close to the physiological pH of higher plants on which it grows i.e. 5.5
to 6.5.

T
400 440

T
460 480
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Fig. 9. Advanced glycation end product (AGE) fluorescence of the soluble protein of goat eye lenses treated with (a) Control (5 mM glucose), (b) 100 mM glucose,

and (c) 100 mM glucose + crude EPS (Test) under in vitro conditions.
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Fig. 10. Phenyl boronate affinity chromatogram of soluble protein from the lenses cultured with glucose applied to column. Control (5 mM glucose), 100 mM

glucose and 100 mM glucose + EPS.

After optimizing the physiological parameters, the crude EPS was
isolated from the mycelial biomass of P. badius and were used for
bioactivity studies. The EPS derived from medicinal mushrooms such as
Lentinus edodes, Tremella fuciformis, Coprinus comatus, Lenzites betulina,
Cerrena unicolor and many others have been studied for their hypogly-
cemic potential (Cho et al., 2007; Hwang et al., 2005; Yamac et al.,
2009; Yang et al., 2002). Moreover, EPS from one of the closely related
species to P. badius i.e. P. baumii is also reported to have hypoglycemic
activity (Hwang et al., 2005). Furthermore, the EPS from their fruiting
bodies or in vitro cultured mycelial biomass also alleviated the side ef-
fects associated hyperglycemia. Therefore, some of these mushrooms
and their EPS were regarded as ideal choices for their pharmaceutical
evaluation to treat hyperglycemia (Yamac et al., 2009). In our study, a
broad spectrum antibiotic Streptozotocin (N-nitroso derivative of
glucosamine) was used to inhibited insulin secretion by selective
destruction of p-cells of islets of Langerhans and artificially induce hy-
perglycemia in rats i.e. type-I diabetes mellitus. The diabetic rats
initially showed an increase in food intake of diabetic rats was a result of
insulin deficiency and decreased muscle tissue sensitivity to insulin.
Also, decrease in weight was observed which may be due to the damage
caused to the muscle and adipose tissue by the decline in insulin level
(Chen et al., 2018; Liu et al., 2019). Further, these diabetic rats were
given different doses of aqueous crude EPS (50, 100, 200, 400 mg/kg i.e.
EPS/wt. of rats).

The crude EPS injection to the diabetic rats resulted in a significant
decrease in the blood glucose level (Fig. 3), and its side-effects in a
concentration dependent manner. As discussed earlier regarding the
selective destruction of B-cells by STZ, we can assume that P. badius
mycelia derived EPS could play a crucial in repairing the damaged
B-cells and promoting insulin secretion, thereby reducing the blood
glucose level. Gray and Flatt (1998) suggested that the extract of Agar-
icus campestris fruiting body could reduce diabetes by regulating plasma
glucose levels. Other possible mechanism for EPS might be increase
blood glucose utilization by stimulating pancreas and promoting insulin
secretion. Zhang and Lin (2004), observed that polysaccharides derived
Ganoderma lucidum could promote the insulin release from the pancre-
atic islets by facilitating Ca®* inflow to the pancreatic h-cells.

The blood glucose-lowering effect of crude EPS showed a direct
correlation to the behavioral, physiological and molecular changes in
the diabetic rats. For instance, reduction in food intake and increase in
overall body weight (Fig. 4). Also, the level of plasma cholesterol and
triglycerides, and the activities of AST and ALT enzymes also showed a
decline as compared to DC (Figs. 5 and 6). Similar results were observed

with the EPS of P. baumii (Hwang et al., 2005), suggesting that com-
pounds in EPS can influence the food intake and body weight ratio.
Numerous other reports suggest that the EPS administration to diabetic
rats can influence the food utilization efficiency and body weight ratio
(Furuse et al., 1993; Hwang et al., 2005; Kiho et al., 2001; Kim, Yang,
Jeong, Hur, Das, Yun, Choi, Lee, & Song et al., 2001; Yang et al., 2002).
The reduction in plasma cholesterol and triglycerides, and rise in the
activities of AST and ALT may be the result of liver damage and related
metabolic changes caused by STZ. The EPS could also exert hep-
atoprotective effect and reduce the high-fat-emission by liver as evi-
denced from the study performed on the EPS of Termitomyces
albuminosus (Zhao et al., 2017). There was no clear distinction between
the body organ weight of EPS administered rats, however, a trend was
followed i.e. decrease at lower (50 and 100 mg/kg) and increase at
higher (200 and 400 mg/kg) EPS concentrations (Fig. 7).

The BUN level is indicative of the normal functioning of the kidneys
and liver. The BUN concentration of EPS treated diabetic rats showed a
significant decrease as compared to diabetic rats (Table 1). Reduction in
the BUN level suggests a corrective role of EPS towards kidney and liver
functioning (Yang et al., 2002). However, not much variation was
observed in the ALB levels of EPS treated and diabetic rats (Table 1).

For the first time we report in vitro anticataract activity of EPS ob-
tained from P. badius mycelia. The lenses incubated with supra-
physiological glucose concentration and EPS showed a decrease in the
level of total protein and total soluble protein as compared to control
lenses (Table 2). It is reported that during cataractogenesis large amount
of soluble proteins are converted to insoluble proteins (Aziz et al., 2015).
However, decrease in soluble protein was significantly prevented in the
lenses incubated in the medium containing EPS. Furthermore, the rise in
MDA and protein carbonyl content was significantly reduced in the EPS
treated lenses (Table 2). The level of MDA and protein carbonyl are
considered as markers for oxidative stress. Thus, the decrease in MDA
and carbonyl protein level suggest that EPS inhibits oxidative stress
(Uchida et al., 1998).

The reduction in the characteristic fluorescence of AGE suggests that
EPS interferes in the process of glycation as well as the formation of AGE
(Fig. 9), suggesting the antiglycation potential of EPS. The excess of
glucose results in protein glycation, which can be measured as AGE
fluorescence. Also, the level of total glycated proteins measured using
phenyl boronate affinity column chromatography showed that the EPS
has protected the lens proteins from excess glycation (Fig. 10). Incuba-
tion of goat lenses with supra-physiological concentrations of glucose
(100 mM) led to the loss in the transparency, however, the treatment of
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Table 3
Compounds identified by LC/MS profiling of P. badius crude exopolysaccharides.
Compound name RT Mass Formula DB diff
(ppm)
Norcotinine 0.805 162.0745 C9 H10 29.62
N2 0O
Sulfabenzamide 0.817 276.0551 C13H12 6.5
N203 S
4-Hydroxybenzyl cyanide 0.978 133.0516 C8 H7 N 8.58
o
L-2-Aminoadipic acid 1.092 161.0678  C6 H11 6.05
N 04
Tropine 1.119 141.1144  C8 H15 6.95
NO
1-Homophenylalanine 1.212 179.0935 C10 H13 6.19
N 02
Neuraminic acid 1.217 267.0954 C9 H17 0.12
N 08
Indospicine 1.269 173.1154  C7 H15 6.17
N3 02
4-(3-Pyridyl)-3-butenoic acid 1.301 163.0624 C9HI9 N 5.9
02
o-Hydroxyaniline 1.402 109.0545 C6 H7 N -16.17
o
Arecoline 1.514 155.0955 C8 H13 -5.91
N 02
9-amino-nonanoic acid 1.751 173.1403  C9 H19 7.53
N 02
2-Methylene-5-(2,5- 2.836 304.1639  C18 H24 11.7
Dioxotetrahydrofuran-3-YL)- 04
6-0x0-10,10-Dimethylbicyclo
[7: 2: 0] Undecane
13-amino-tridecanoic acid 3.205 229.2027  C13 H27 6.34
N 02
Gliquidone 3.742 527.2001 C27 H33 16.93
N3 06 S
Indole-3-carboxylic acid 3.898 161.0467 C9H7 N 5.94
02
p-Hydroxymethylphenidate 3.979 249.1373  C14 H19 -3.33
N O3
4-(3-Pyridyl)-3-butenoic acid 4.102 163.0624 C9HI9N 5.98
02
Letrozole 4.746 285.0989 C17 H11 8.85
N5
4-Hydroxyquinazoline 4.82 146.0471  C8 H6 6.46
N2 0O
Naphthalene dihydrodiol 4.916 162.0672  C10 H10 5.72
02
Meperidine N-oxide 5.211 263.1529  C15H21 -2.8
N O3
Thymoquinone 5.269 164.0829  C10 H12 5.22
02
hydrocodone 5.287 299.1505 C18 H21 5.57
N O3
Naloxone 5.421 327.1459  Cl19 H21 3.48
N O4
Maprotiline 5.422 277.1893  C20 H23 —22.68
N
Khivorin 5.855 586.2728  C32 H42 8.59
010
Artemisinin 5.857 282.1453 C15 H22 5.1
05
5,7,9,11,13- 5.859 218.1297 Cl14 H18 4.33
tetradecapentaenoic acid 02
Tegaserod 6.066 301.1872 C16 H23 10
N50
Anastrozole 6.203 293.1638  C17 H19 0.82
N5
Oxyquinoline 6.461 145.0521 C9H7 N 4.8
o
Dihydroartemisinin 6.589 284.1611  C15 H24 4.48
05
amiloxate 6.589 248.1403  C15 H20 3.74
03
3,6,8-dodecatrien-1-ol 6.589 180.153 C12 H20 -8.71
o
Nabumetone alcohol 6.589 230.1297 4.18
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Table 3 (continued)

Compound name RT Mass Formula DB diff
(ppm)
C15 H18
02
1H-1,2,4-Triazole-1-propanoic 7.234 321.1311 C15 H19 4.16
acid, 4,5-dihydro-3- (1- N3 05
hydroxyethyl)-5-0x0-4-(2-
phenoxyethyl)-
Metaxalone 7.343 221.1046 Cl12H15 2.8
N O3
Methsuximide 7.347 203.0939 C12H13  3.56
N 02
Spaglumic Acid 7.376 304.0908 C11 H16 -0.57
N2 08
Flutamide 7.379 276.0665  C11 H11 20.61
F3N203
Matricin 7.425 306.1434  C17 H22 10.82
05
Naloxol 7.482 329.1628 C19 H23 —-0.21
N 04
6beta-Naltrexol 7.596 343.1769  C20 H25 4.27
N 04
Diltiazem 7.606 414.1553 C22 H26 14.62
N204S
Capsaicin 7.719 305.2 C18 H27 -3
N 03
Helenine 9.226 232.1451 C15H20  5.32
02
gamma glutamyl ornithine 9.39 261.1357  C10 H19 —12.44
N3 05
Dihydrodeoxystreptomycin 10.127  567.2863  C21 H41 0.19
N7 011
Sulfamethazine 11.098 278.085 C12 H14 —4.52
N4 02§
Homatropine 11.385  275.1506  C16 H21 5.48
N O3
2R-aminohexadecanoic acid 15.597  271.2494  C16 H33 6.37
N 02
3-Deoxo-3beta- 19.283  512.2779  C30 H40 —1.01
Acetoxydeoxydihydroge o7
Dunin
12beta-Hydroxy-3-oxo- 20.795  390.275 C24H38 5.25
Sbetacholan-24-oic Acid 04
Anhydroeschscholtzxanthin 22,781  530.397 C40 H50 -10.82
levmetamfetamine 26.517 149.1194 Cl0H15 6.91
N
Dextroamphetamine 26.518  135.104 C9 H13 5.65
N
2,4,6-Trimethylacetophenone 26.522 161.1194 Cl11 H15 6.48
imine N

EPS (0.5 mg/ml) preserved the transparency and protected the lenses
from supra-physiological concentration of glucose. This result indicates
a positive effect of the EPS on the cataractous lenses.

In addition to the above findings, the LC/MS of crude EPS showed the
presence of arecoline, gliquidone, indole-3-carboxylic acid, thymoqui-
none, hydrocodone, maprotiline, artemisinin, dihydroartemisinin,
anastrozole, dextroamphetamine, capsaicin, and naphthalene dihy-
drodiol as predominant ones. These compounds are well-documented
and known for their blood glucose regulatory activity (Bule, Nikfar,
Amini, & Abdollahi, 2019; Choudhary et al., 2011; Guo et al., 2018;
Kevin & Alvin, 2013; Malaisse, 2006; Meng et al., 2019; Saha et al.,
2015; Suresh et al., 2012; Tigran et al., 2019; Zhang et al., 2017). The
compound naphthalene dihydrodiol is also reported to reduce cata-
ractogenesis (Xu et al., 1992). Therefore, the presence of these com-
pounds in the EPS supports hypoglycemic and anticataract activity
shown by the EPS of P. badius.

Moreover, some of the compounds are also reported to have phar-
macological potentials such as cardio-protection, anti-parasitic, anti-
inflammatory, anticancer, hepatoprotection, anti-microbial, antide-
pressant, antimalarial, antitumor, antiviral, antifungal, antiarthritic,
and hypolipidemic (Liu et al., 2016; Goyal et al., 2017; Meng et al.,
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2019; Guo et al., 2018; Suresh et al., 2012; Sharma, Vij, & Sharma,
2013). Therefore, further bioassay guided fractionation is required to
identify the active ingredients of EPS that are responsible for the hy-
poglycemic and anticataract activity. P. badius might become a multi-
potential and promising natural alternative to treat diabetes mellitus
and cataractogenesis.

This study shows that P. badius have the potential to work as a hy-
poglycemic agent. The viscosity of EPS may delay carbohydrate ab-
sorption and improving the control of hyperglycemia, hyperinsulinemia,
impaired glucose and insulin resistance in diabetic mice (Hwang et al.,
2007; Kim, Kim, Choi, & Lee et al., 2005). Exopolysaccharides can
restore the immune-modulative imbalance caused by diabetes or it may
even increase the activities of hepatic glucokinase, hexokinase, and
glucose-6-phosphate dehydrogenase (Zhang & Lin, 2004). The no vari-
ances in.

5. Conclusion

Our study suggests that P. badius EPS plays a crucial role in blood
sugar regulation and against cataractogenesis in diabetic rat and goat
eye lenses, respectively. The result encourages us to believe that the in
vitro culture of P. badius mycelia can become a potential source of hy-
poglycemic and anticataract agents in the future. However, as revealed
by LC/MS analysis we need further study to identify the active fractions
or pure compounds responsible for the bioactivities.
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Let G be a connected graph with minimum degree at least n and let h be an integer
such that 0 < h < n. The conditional h-edge (h-vertex) cut of G is defined as a set F' of
edges (vertices) of G whose removal disconnects G leaving behind components of minimum
degree at least h. The characterization of a minimum h-vertex cut of the n-dimensional
hypercube @y, is known. In this paper, we characterize a minimum h-edge cut of Q. Also,
we obtain a sharp lower bound on the number of vertices of an h-edge cut of @), and obtain
some consequences.

Keywords: Hypercube; conditional connectivity; edge cut.

1. Introduction

An interconnection network with high fault tolerance capacity is preferable for prac-
tical implementation. The fault tolerance capacity of the given network is closely
related to the connectivity of the underlying graph. Harary [5] introduced the con-
cept of conditional edge (vertex)-connectivity, which measures the fault tolerance
capacity of a network more accurately. Let h, n be integers such that 0 < h < n
and G be a connected graph with minimum degree at least n. An h-edge (h-vertez)
cut of graph G is a set I of edges (vertices) of G such that the graph G — F' is
disconnected and each component of it has minimum degree at least h. The con-
ditional h-edge (h-vertex) connectivity of G is denoted as \"(G) (k"(@)) and is
the minimum cardinality |F'| of an h-edge (h-vertex) cut F of G. Clearly, h = 0
gives traditional connectivities. The conditional connectivities for various networks
have been studied in the literature, see [8,9,11-13,15]. These connectivities are also
known as Rg-connectivities [14].

The Cartesian product of two graphs Gy = (V1, E1) and Gy = (Va, E») is denoted
by G100G,. It is the graph with vertex set V4 x Va and edge set {(z1, y1)(z2,y2) : 1 =
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x9 and y1y2 € Eo, or y; = y2 and xix9 € Eq}. Let n be a positive integer. The
n-dimensional hypercube, denoted by @, is the Cartesian product of n copies of
the complete graph Ks. It is an n-regular, n-connected graph having 2™ vertices and
n2"~1 edges. The hypercube network is one of the most widely used interconnection
networks due to its beautiful properties [7] such as regularity, high connectivity,
vertex-transitivity, low dimension, recursive structure etc.

For the hypercube @,,, the conditional h-vertex connectivity and conditional h-
edge connectivity are determined by Oh and Choi [9], and Xu [13], respectively and
both the connectivities are equal to (n—h)2". These connectivities are also obtained
for some hypercube variants such as augmented cubes [12], hypercube-like networks
[8,15] and multidimensional tori [11].

The problem of characterizing a minimum h-vertex cut S of the hypercube Q,
is considered in [6, 10, 14]. Usually, such characterization is given by characterizing
a smallest component (i.e. a component with a minimum number of vertices) of
the graph @, — S. It seems that a smallest component of (),, — 5 is isomorphic
to Qp,. Ramras [10] proved that this holds when h = 0 while Latifi [6] proved it for
1 < h < [n/2]. However, Yang and Meng [14] established that the case h =n — 3 is
an exception.

Theorem 1.1 ([14]) Let h,n be integers with 1 < h <n—2 and S be a minimum
h-verter cut of Qn and Y be a smallest component of Q, — S. Then

(i) Y is isomorphic to Qp if h<n—4 andn >5, orh=n—2 and n > 3;
(ii) Y is isomorphic to Qp or Qn—10K14 if h=n—3 and n > 4.

In this paper, we characterize a minimum h-edge cut F' of the hypercube @,,.
Note that an (h + 1)-edge cut of @, is also an h-edge cut. However, we see that
this does not hold for minimum h-edge cuts except for h = n — 2. We characterize
a smallest component of ),, — F' in the following theorem. Note that the hypercube
Qo of dimension zero is a graph consisting of only one vertex and no edge.

Theorem 1.2. For integers h,n with 0 < h <n —1, let F' be a minimum h-edge
cut in the hypercube Q, and Y be a smallest component of Q, — F. Then

(i) Y is isomorphic to Qp if 0 < h<n—3andn >3, orh=n—1andn > 1;
(ii) Y is isomorphic to Qp or Qpi1 if h=n—2 and n > 2.
We prove this theorem in Sec. 2. In Sec. 3, we obtain a sharp lower bound on the

number of vertices of an h-edge cut of ), and prove some interesting consequences
of this result about removable regular subgraphs.

2. Minimum h-Edge Cut

In this section, we prove Theorem 1.2.
For a subgraph Y of a graph G, let E¢(Y') be the set of edges of G between Y
and G-V (Y), that is, Eg(Y) ={zy: z € V(Y), y € V(G) -V (Y)}. For a set F of
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edges of G, let V(F') be the set of end vertices of edges belonging to F. Let e be any
edge of Q,,. We can write Q,, as @, = Q%_, UQL_; UM, where Q°_; and Q}_; are
vertex-disjoint copies of @),—1 and M is the perfect matching of @, between these
two copies with e € M.

The following result shows every the smallest h-regular subgraph of @Q,, is iso-
morphic to Q.

Lemma 2.1 ([1]) For positive integers h,n with h < n, let Y be a subgraph of @y
of minimum degree at least h. Then'Y has at least 2" vertices. Moreover, if Y has
exactly 2" wvertices, then it is isomorphic to Q.

We also need the following results.

Lemma 2.2 ([1]) For positive integers h,n with h < n, let Y be a subgraph of
Q) isomorphic to Qp. Then any verter of Q,, which is not in Y, has at most one
neighbour in Y.

Lemma 2.3 ([13]) For positive integers h,n with h < n, let Y be a connected
subgraph of Qn, = Q°_, UQL_, UM for which Eg, (Y) is an h-edge cut of Q. If
Yi = Q) NY, thenY; is a subgraph of Q},_; such that E; (Vi) is an (h —1)-cut

of Q%4 fori=0,1.

Lemma 2.4 ([13]) For positive integers h,n with h < n, \*(Q,) = (n — h)2".
Thus a minimum h-edge cut of @,, has cardinality (n — h)2". Note that A"~1(Q,,) =
21 = \"=2(Q,,). Hence a minimum (h + 1)-edge cut is also a minimum h-edge cut

of Q,, for h = n — 2. However, this does not hold if h # n — 2.
In the following lemma, we provide a minimum h-edge cut of Q.

Lemma 2.5. For integers h,n with 0 < h < n, let Y be a subgraph of Q, isomor-
phic to Qp. Then the edge set Eq, (Y) is a minimum h-edge cut of Q.

Proof. Let F' = Eqg,(Y). Then @, — F' is disconnected and Y is one of its compo-
nents. By Lemma 2.2, any vertex z € V(Q,) — V(Y) has at most one neighbour in
Y. Hence the minimum degree of @, — V(Y) is n — 1 > h. This shows that F is an
h-edge cut of Q,,. By Lemma 2.4, |F| = (n — h)2" = \*(Q,,). Thus F is a minimum
h-edge cut of Qy,. ]

The case h = 0 of Theorem 1.2(i) follows from the following result of Ramras [10].

Lemma 2.6 ([10]) Forn > 3 and h = 0, if F is a minimum h-edge cut of Q,
then Qn, — F' is a disconnected graph with an isolated vertez.

We now prove Theorem 1.2.

Proof of Theorem 1.2. Suppose that F' is a minimum h-edge cut of @, and Y is
a smallest component of Q,, — F. By Lemma 2.4, |F| = (n — h)2". Then Q,, — F has
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two components, each of minimum degree at least h. Hence, by Lemma 2.1, each
component has at least 2" vertices.

Case (i). Suppose h =n — 1.

Then each component of @, — F has exactly 2"~! vertices as @, has 2" vertices.
Therefore Y is a subgraph of @Q,, of minimum degree at least n — 1 on 2"~ ! vertices.
By Lemma 2.1, Y must be isomorphic to Q1.

Case (ii). Suppose 0 < h <n—3and n > 3.

We proceed by induction on n. If A = 0, then Y is isomorphic to K1 = Qg by
Lemma 2.6. Hence the result holds for h = 0 and so it holds for n = 3. Suppose
n>4and 1 <h <n-—3. Assume that the result is true for the (n — 1)-dimensional
hypercube. Since the minimum degree of Y is h > 1, it contains an edge, say e.
Write Q, = Q%_, UQL_; UM, where M is the perfect matching of Q,, between
Qg_l and Q}L_l containing e. Let Y; =Y N sz—l and F; = EQ;_I(Y;) in sz—l for
i=0,1.

Then both Yy and Y) are non-empty as e € M. By Lemma 2.3, F; is an (h — 1)-
edge cut of Q?_,. Therefore, by Lemma 2.4, | ;| > (n— h)2"~! for i = 0, 1. Since Fy
and Fy are disjoint subsets of F, we have (n—h)2" = |F| > |Fo|+|F1| > (n—h)2" 1+
(n — k)21 = (n — h)2". Thus we have |Fp| = |F1| = (n — k)21 = \=1(Q,,_1).
This shows that F' = Fy U F} and so, F' does not contain any edge of the matching
M. By Lemma 2.4, F; is a minimum (h — 1)-edge cut of Q,_; for i = 0,1. Hence

X2

n—1
By induction, Y; or Z; is isomorphic to Qp_1. As Y is a smallest component of
Qn — F, we have |[V(Y)| < |V(Qn)| = |V (Y)| = |V(Zo)|+ |V (Z1)]. Therefore we may
assume that |V (Yp)| < |V(Zp)|. Hence Yy, being a smaller component of Q% _; — Fy,
is isomorphic to @Q;_1. As the degree of each vertex of Y{ is at least h in Y, every
vertex of Yp has a neighbour in Y;. Therefore |V (Y1)| > |V (Yp)| = 2"~!. Assume that
|[V(Y7)| > |V (Yp)|]- Then there exists a vertex x in Y7 which has no neighbour in Yj.
However, z has a unique neighbour, say 2/, in Q%_l. Thus 2’ must be in Zy. Hence
2’ is not a vertex of Y. This shows that the edge f = xz’ of the matching M also

— F; has two components, one of which is Y;. Let Z; be its other component.

Zy Z
z Ny
/

Fy "
Yo oo ey,
e
0 1
anl n—1

Fig. 1. The h-edge cut F of Qn.
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belongs to F as shown in Fig. 1, a contradiction. Thus |V (Y1) = |V (Yo)| = 2.
Since the minimum degree of Y] is at least h — 1, Y7 is isomorphic to Q,_1 by
Lemma 2.1. It follows that Y is isomorphic to Q.

Case (iii). Suppose h =n —2 and n > 2.

Suppose n = 2. Then h = 0 and @, is just a 4-cycle. Obviously, any minimum edge
cut F' of a 4-cycle consists of two edges that either form a matching or are incident
to a vertex. Thus the smallest component of Q),, — F' is K1 = QQy or Ko = (J1. Hence
the result holds for n = 2.

Suppose n > 3. Assume that the result holds for @,_1. As in the proof of
Case (ii), split Q,, along an edge e of Y as Q, = Q%_,UQL_UM.IfY; =Y NQ¢_,,
then F; = Egi (Y;) is a minimum (n — 3)-edge cut of Q% _; with Y; as a component
of Qi | — F; for i = 0,1. Further, F = Fy U Fy. This implies that all neighbours
of Yy present in QL _; are in Y7 and vice versa. Since a component of a graph is its
vertex-induced subgraph, Y; is a vertex-induced subgraph of Q?,_;. It follows that Y}
is the subgraph of Q. | corresponding to Yy. Thus Y = Yy[OKj,. As Y is a smallest
component of (),,, Yy is also a smallest component of ¢),—1 — Fp. By induction, Yj
is isomorphic to @),_3 or (,—2. Hence Y is isomorphic to @,_300Ky = @),—2 or
Qn—20Ks = Qp1. O

Corollary 2.1. Forintegers h,n withn > 3 and0 < h < n—1, let F' be a minimum
h-edge cut in the hypercube Q. Then

(i) F=Eq,(Qn) ifh#n—2
(ii) F = EQn(Qh) or EQn (Qh+1) ifh =n—2.

3. Removable Regular Subgraphs

In this section, we obtain a sharp lower bound on the number of vertices of an h-edge
cut of the hypercube. We prove several consequences of this result about removable
regular subgraphs.

For a subgraph Y of @, let N[Y] = N(Y)UV(Y), where N(Y') is the set of all
neighbours Y in V(Q,,) — V(Y). Ye and Liang [15] proved the following result.

Lemma 3.1 ([15]) If h,n are integers with 0 < h <n—1 and Y is a subgraph of
Qn with minimum degree at least h, then |[N[Y]| > 2"(n — h +1).

In the following theorem, we prove that 2"(n — h + 1) is also a lower bound on
the number of vertices of an h-edge cut of Q.

Theorem 3.1. If h,n are integers with 0 < h < n —1 and F is an h-edge cut of
Qn, then |[V(F)| > (n — h + 1)2".

Proof. We prove the result by induction on n. The graph Q,, — F' is disconnected.
Since @), is n-connected, F' consists of at least n edges and so, |V(F)| > n + 1.
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Hence the statement holds for A = 0. Therefore it also holds for n = 1. Suppose
1<h<n-—1andn >2. Assume that the result holds for the (n — 1)-dimensional
hypercube. Let Y be a smallest component of Q,, — F. Then |V (Y)| < 2" ! as Q,
has exactly 2" verticees. Write Q,, = Q% ; UQL ;UM so that the perfect matching
M contains an edge e of Y. Let Y; = YN Q! _; and F; = EQLl(Yi) for ¢ = 0, 1.
Then both Y; and Y7 are non-empty as e € M. The minimum degree of Y; is at least
h—1. As [V(Y0)| + [V(Y1)| = [V(Y)], we have |V (Y;)] < 2" ! and so, Y; is a non-
spanning subgraph of Q¢,_,. Hence Q! _, — F} is disconnected. This shows that F} is
an (h — 1)-edge cut of Q! , for i = 0, 1. By induction, |V (F;)| > 2" Y(n—1)+1—
(h—1)) =21 (n+1—h). Hence |V (F)| > |V(F)|+|V(Fp)| > 22" Y (n+1-h) =
2"(n+1— h). |

A subgraph H of a connected graph G is removable if G — E(H) is connected.
In particular, a cycle C' in G is removable if G — E(C) is connected. The existence
of removable cycles in graphs is well studied; see [3,4]. It follows from Theorem 3.1
that every smaller regular subgraph of @, is removable.

Corollary 3.1. For integers h,n with 1 < h < n, every h-reqular subgraph of Q,,
with less than (h + 1)2"~" wertices is removable.

Corollary 3.2. Every cycle of length less than 3(2"2) in Q, is removable.

Corollary 3.3 ([1]) A non-perfect matching in @, is removable.

Remarks. (1) The lower bound given in Theorem 3.1 is sharp as, by Lemma 2.5,
Eq, (Qp) is a minimum h-edge cut of Q,, with exactly (n — h + 1)2" vertices.

(2) The upper bound given in Corollary 3.1 is sharp for h < (n + 1)/2. We con-
struct an h-regular subgraph H of @Q, with (h + 1)2"~" vertices that is not
removable. By writing @, as Q,—,UQ}, we see that Q,,_,[1K7 ), is a subgraph
of @, consisting of h + 1 copies of the graph Q,_s, say G°, G, ..., G". We
may assume that GY corresponds to degree h vertex and the remaining copies
correspond to the pendant vertices of Ky 5. Let F' be the set of all edges having
one end vertex in G° and the other in G* for some 1 < i < h. Let Hp be the
subgraph of @,, induced by the edges of F. If h < (n+1)/2, then h—1 <n—h.
Choose an (h — 1)-regular spanning subgraph H; of G for i = 1,2,...,h. Then
H = HyUH;UH3U---UH)p, is a required subgraph. Note that for h > (n+1)/2,
the condition (h + 1)27~" > 2" may not be satisfied for all n and so, there may

2"=" vertices by Lemma 2.1.

not exist an h-regular subgraph on (h + 1)
(3) We can easily construct an h-regular, spanning subgraph that is not removable
in @, for 1 < h < n. Borse and Kandekar [2] obtained an opposite result. They
established that there exists a removable h-regular spanning subgraph of @Q),, for

2<h<n-—2.
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1. INTRODUCTION

One of the feature of a good interconnection network is its high fault tolerance
capacity. Interconnection network can be modelled into a graph with the help
of which we can study many properties of the network. Connectivity of a mod-
elled graph measures the fault tolerance capacity of the interconnection network.
High fault tolerance capacity of the network plays an important role in practice.
Traditional connectivities have some limitations to measure the fault tolerance
capacity of a network accurately. In order to compute traditional edge connectiv-
ity, one allows failure of all the links incident with the same processor, practically
which is rare. One can overcome this limitation effectively by considering the
conditional connectivity of graphs introduced by Harary [6].

Let G be a connected graph with minimum degree at least k¥ > 1 and let h
be an integer such that 0 < h < k. A set F of vertices (edges) of G such that
G — F is disconnected and each component of it has minimum degree at least h
is an h-vertez (edge) cut of G. The conditional h-vertex (edge) connectivity of G,
denoted by £"(G) (M*(G)), is the minimum cardinality |F| of an h-vertex(edge)
cut F' of G. Clearly, h = 0 gives the traditional vertex (edge) connectivity.

Many researcher have worked on the problem of determining the conditional
connectivities for various classes of graphs and determined these parameters for
smaller values of h [4, 5, 7, 9]. Exact values of one or both conditional connec-
tivities are known for some classes of graphs. For the n-dimensional hypercube
Q. the conditional connectivities \* and " are same and their common value
is 2"(n — h); see [3, 7. Li and Xu [10] proved that A" of any n-dimensional
hypercube-like network G, is also 2"(n — h). Ye and Liang [16] established that
xM is also 2 (n— h) for some members of hypercube-like networks such as Crossed
cubes, Locally twisted cubes, Mobius cubes. Independently, Wei and Hsieh [14]
determined " for the Locally twisted cubes. Ning [13] obtained " for the ex-
changed crossed cubes. Both A" and x" are determined for the class of (n, k)-star
graphs by Li et al. [11].

An r-dimensional torus is the Cartesian product of r cycles. The k-ary r-cube,
denoted by fo, is the Cartesian product of r cycles each of length k. In particular,
the hypercube Qo is Q*. Hypercubes, k-ary r-cubes and multidimensional tori
are widely used interconnection networks; see [2, 8, 12, 15].

It is easy to see that an r-dimensional torus is a 2r-regular graph with tra-
ditional vertex connectivity and edge connectivity 2r; see [15]. In this paper, we
determine the conditional h-edge-connectivity as well as the conditional h-vertex-
connectivity of the given multidimensional torus.

By Ci we mean a cycle of length k. For integers h,r, kq, ko, ...,k with 0 <
h <2rand4 <k <ky<--- <k, we define a quantity aj as follows.
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Definition 1.1.

, 2h if 0<h<r,
a, = .
h = fykg -k if h=r+i, 1<i<r.

We prove that both the conditional connectivities \* and k" are equal to
ay (2r — h) for the Cartesian product of cycles Cy,, Ci,,...,Ck
The following is the main theorem of the paper.

M

Theorem 1.2. Let h,r, ki, ko, ..., k. be integers such that 0 < h < 2r — 2
and 4 < k1 < kg < --- < k. and let G be the Cartesian product of the cycles
Chys Chys - - s Ck,. Then \N'(G) = k"(G) = aj,(2r — h).

Corollary 1.3. Let h,r, k be integers such that 0 < h < 2r — 2, 4 < k and let
QF be the k-ary r-cube. Then AM(QF) = k"(QF) = a} (2r — h), where a}, = 2" if
0<h<r anda};:?*i/@i ifh=r+iandl1 <i<r.

Corollary 1.4 [3, 7]. For integers h and v with 0 < h < 2r — 2, A\ (Qo,) =
EM(Qa) = 2"(2r — h).

The proof of our main result, Theorem 1.2 is divided into three sections. In
Section 2, we characterize the h-regular subgraph of the graph G with minimum
number of vertices and explore some of its properties. Using these properties
we determine the conditional h-vertex connectivity and the conditional h-edge
connectivity of G in Sections 3 and 4, respectively.

2. SMALLEST h-REGULAR SUBGRAPH

In this section, we define a smallest h-regular subgraph of the Cartesian product
of r cycles and obtain some properties of it. We first introduce some notations.

For a graph K, let V(K denote the set of all vertices of K. If H is a subgraph
K, then 0(K) is the minimum degree of K while dx (H) is the minimum degree
of H in K. The Cartesian product of two graphs H and K is a graph HUOK with
vertex set V(H) x V(K). Two vertices (x,y) and (u,v) are adjacent in HOK if
and only if either x = uw and y is adjacent to v in K, or y = v and x is adjacent to
u in H. The hypercube @, is the Cartesian product of n copies of the complete
graph K.

We use the following notations about the structure of the multidimensional
torus.

Notation.

Consider the graph G of Theorem 1.2. We have G' = Cy,UCy,0- - - UCY, , where
Cy, is a cycle of length k; for i =1,2,... k, and 4 < ky < ky <--- < k,. We can
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write G as G = HOCY, , where H = Cy,,0Cy,0---0Cy,_,. Label by 1,2,...,k,
the vertices of the cycle Cy,. so that i is adjacent to (i+1) (mod k). Hence G can
be obtained by replacing i'" vertex of Cy, by a copy H' of H and replacing edge
joining ¢ and i 4+ 1 of C, by the perfect matching M; between the corresponding
vertices of H' and H'*!. Thus G = H'UH?U---UHM U(M; UMy U---U M, );
see Figure 1.

My,

T

M1 Mt
Hl H2 Ht Ht+1 Hkr

Figure 1. G = HOC,..

Henceforth, by G we mean the graph C, OCy,00---OCy, with 4 <k < ky <
-+ < k,, that is, the graph of Theorem 1.2.

From the following lemma, it is clear that G is a 2r-regular and 2r-connected
graph on kikg - - -k, vertices.

Lemma 2.1. If G; is an m;-reqular and m;-connected graph on n; vertices for
i =1,2, then G10G2 is an (m1 + mg)-regular and (my +ma)-connected graph on
ning vertices.

We now define an h-regular subgraph, denoted by W}, of the graph G.

Definition 2.2. For 4 < k1 <ko <--- <k, and 0 < h < 2r, let

—_— Qn if0<h<r,
") QrOCK,OCk,O---OCy, ifth=r+i and 1<i<r.

In the following figure, a 2-regular subgraph W2 and a 3-regular subgraph
W2 of the graph C500C5 are shown by bold lines.

It is known that a smallest h-regular subgraph of the hypercube @, is iso-
morphic to @y, (see [1]). We prove the analogous result for the Cartesian product
of cycles. In fact, we establish that W} is a smallest h-regular subgraph of the
above graph G.
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, -

> -

. REE

L it

(a) W3 (b) W3
Figure 2. The subgraph W3 and W2 of C5;0Cs.

The following lemma follows from Lemma 2.1, Definition 1.1 of the number
a; and the fact that the hypercube @, is an n-regular, n-connected graph on 2"
vertices for any integer n > 0.

Lemma 2.3. The graph W} is h-reqular and h-connected with aj vertices.

We need the following lemma that gives relations between different values
of aj.
Lemma 2.4. Let r > 2 and let aj be the quantity given in Definition 1.1. Then
the following statements hold.
1.oay =2a; ) if 1<h<2r—1;
2. l{:raz:lQ >ay if 2 <h <2
3. a7V >ah if 0<h<2r-—2.

Proof. Recall that a); = 2" if 0 < h < r and ap = 2k ki if h =141
with 1 <7 <r, where 4 <k; <ky <--- <k,

(1) If 1 < h < r, then a = 2" = 2(2""1) =24} 1. Forr + 1 < h < 2r — 1,
we have h = r + i for some 1 < ¢ < r — 1. Hence h — 1 = (r — 1) 4+ ¢ gives
a;;ll = 20D~k ko . . . k;. Therefore Qa;:ll =ajp.

(2) Suppose 2 < h <7+ 1. Then a;;:lQ =2=2 and a = ohif h <r+1 and
ap =2k if h=r+1.Forr+2<h<2r, wehave h—2 = (r—1)+(i—1) for
some 2 < ¢ < 7 and so, a’;;lz = 2"k ky - - - k;—1. Therefore, k:ra};:é > aj in each
case as k, > k; > k1 > 4.

(3) Note that az_l =2 for1 <h<r—1,and az_l =202k for h=r =
(r —1) + 1, and finally, aj ' = 2772k kg - - - kjkjpq for h= (r — 1) + (i + 1) for
1 <i < r. Since kjy1 > k1 > 4, we have az_l > ay, in all the three cases. [ ]

Lemma 2.5. Every subgraph of the graph G of minimum degree at least h has
at least aj vertices.
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Proof. The graph G is the product of r cycles. We prove the result by induction
on r. The result holds obviously for h = 0 and h = 1 and so it holds for r = 1.
Suppose r > 2 and h > 2. Assume that the result holds for the product of r — 1
cycles. We have G = C},,U0C,0---OCy,, where 4 < ky < ky < --- < k,. Write
G as G = HOCy,, where H = Cy,,0Cy,0---0Cy, ,. Then G = H' UH?U---U
H* U (MyUMaU---UMy,), where H' is the copy of H corresponding to vertex i
of Cy, and M; is the perfect matching between the corresponding vertices of H’
and H*H!,

Let K be a subgraph of G with 6(K) > h. We prove that |[V(K)| > aj.
Clearly, K intersects at least one H'. Let K = K N H for i = 1,2,...,k,. We
have the following three cases.

(1) Suppose only one K’ is non-empty. Due to symmetry in G, we may
assume K! is non-empty and K7 is empty for every j # 1. Therefore K is a
subgraph of H' and it has minimum degree at least h in H'. Since H' is 2(r —1)-
regular, h < 2r — 2. Suppose h = 2r — 2. Then K = H! and so, |V(K)| =
kikg - ke—1. If 1 =2, then |V(K)| = ky > 4 =a} =a}. If r > 3, then |V(K)| >
dkrky---ky—2 = a} as k,_1 > 4. If h < 2r — 2, then, by induction and Lemma
2.4(3), we have |V (K)| > a}, " > al.

(2) Suppose K" is non-empty for all . Note that in the graph G, every vertex
of H' has exactly one neighbour in H*~! and one in H**!. Hence the minimum
degree of K is at least h—2. By induction, |V (K?)| > a}_}. Therefore, by Lemma
2.4(2),

VU = V(Y 4 V()] 4+ VS| 2 kb > af,

(3) Suppose at least two K’ are non-empty and at least one K' is empty.
Hence, we may assume that K' # () but K* = (). Further, we get an integer
1 <t < k, such that K* # () but K'*! = (). Then 6(K7) > h — 1 and so, by
induction, |V(K7)| > a;~} for j = 1,t. Now, by Lemma 2.4(1),

V(K)| > |V(KY)| + [V(E')| = 2a,~} = a}.
This completes the proof. [ |

The following result is an immediate consequence of Lemmas 2.3 and 2.5.

Corollary 2.6. W} is a smallest subgraph of the graph G of minimum degree at
least h.

We obtain some more properties of the subgraph W} of G to obtain an upper
bound on the conditional connectivity of the graph G.

First, we introduce some notations. Let K be a graph and let Y be a subgraph
of K. A neighbour of Y in K is a vertex in V(K)\V(Y) that is adjacent to
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a vertex of Y. Let N(Y) denote the set of all neighbours of Y in K and let
N[Y]=N(Y)uV(Y). Also, for a subgraph H of K, let Ny (Y') be the set of all
neighbours of Y that are present in H and let Ng[Y]| = Ng(Y) UV (Y).

The following result is analogous to the result of hypercubes which states
that if K is a subgraph of the hypercube @,, isomorphic to @y, then every vertex
of @, which is not in K has at most one neighbour in K; see [1].

Lemma 2.7. If 0 < h < 2r—1 and K is a subgraph of G isomorphic to the graph
W}, then every vertex of G belonging to V(G)\ V(K) has at most one neighbour
in the subgraph K.

Proof. We argue by induction on r. If » = 1, then G is just a cycle and so
the result holds obviously. Suppose r > 2. Assume that the result holds for the
product of any r — 1 cycles. We have G = HOC},. Then G = H' UH? U --- U
HF J(MyUMyU-- UMy, ), where H* is the copy of H corresponding to vertex i
of Cj, and M; is the perfect matching between the corresponding vertices of H*
and H'*!. Since the graph W7 is isomorphic to W;;:ll K5, we may assume that
W7 is a subgraph of HUIK> by considering W,::ll as a subgraph of H. Hence,
we may assume that K is a subgraph of H? U H? U My, where My is the perfect
matching between H? and H3.

Let K = KN H* for i = 2,3. Then K* is isomprphic to Wg:ll Let = be
any vertex of V(G)\ V(K). If z is in V(H?), then, by induction, z has at most
one neighbour in K2. Then x has no neighbour in K? and so, it has at most
one neighbour in K. Similarly,  has at most one neighbour in K if it belongs to
V(H3). Suppose x is in H’ for some j ¢ {2,3}. Then x has exactly one neighbour
in H9*! and one in H7~! each and no neighbour in H® for any i ¢ {j — 1,7+ 1}.
This shows that x has at most one neighbour in H? U H? and hence in K as
k. > 4. This completes the proof. [ |

Lemma 2.8. If0 < h <2r —1 and Y = W}, then any vertex of G which is not
in N[Y] has at most two neighbours in N[Y].

Proof. We proceed by induction on r. The result holds trivially for r =1 as G
is just a cycle in this case. Suppose r > 2. Assume that the result holds for the
product of any r—1 cycles. Write G' as HUCy,,., where H = Cy, OCy,00---0OCy, .
Since the graph W} is isomorphic to W;:%DKQ, we may assume that Y = W}
is a subgraph of H? U H® U My. Then Y has neighbours in H' and H*. Let
Y; = Wi N H for i =2,3. Let S1 = N1 (Ya), S2 = Ny2[Ya], S3 = Nps[Y3] and
Sy = NH4(Y3>. Then N[Y] =51 USUS3US8;.

Let z € V(G)\ N[Y]. Then z is a vertex of H’ for some j. If j > 4, then x
has at most two neighbours in the set V(H') UV (H?) UV (H3) UV (H*) and so
in its subset N[Y]. Suppose j € {1,2,3,4}. Then h < 2r — 2 as for h = 2r — 1,
we have Y = H?2 U H3U M, and so, N[Y] = V(H) UV (H?) UV (H?) UV (HY).
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The subgraph of G induced by the set S; is isomorphic to the graph W;;ll for
i=1,4.If j € {1,4}, then = has at most one neighbour in S; U Sy and at most
one in V(H?)UV (H?3) by Lemma 2.7. If j = 2, then, by induction,  has at most
two neighbours in S5 and no neighbour in 57 U S5 U S4. Similarly, if j = 3, then
x has at most two neighbours in S3 and no neighbour in S; U Sy U S4. Thus, in
any case, x has at most two neighbours in N[Y]. |

Lemma 2.9. For 0 < h < 2r — 1, the inequality (2r — h + 1)a}, < kika-- -k,
holds. Moreover, the inequality is strict if h < 2r — 1.

Proof. Recall that 4 < k; < kg--- < k;, and aj = 2h if h < r and a, =
2= f ko k; if h = 7 + 4. For convenience, let L = (2r —h+1)aj, and R =
kikg---ky. Then L = 2a; = 4k1kg---ky,—1 < Rfor h = 2r—1. Suppose h < 2r—2.
If h=0o0r h=1,then L <4" < R. Similarly, if 2 < h < r, then L < 2ra}; =
2r2h < 2r9T < 4" < R as 2r < 2. Suppose h = r + 14 with 1 <+4¢ <7 — 2. Then
L=(r—i+1)2" kiky---k; <220 Dkiky---k;, as 21 < 2" if [ > 1. This shows
thatL§47’_ik1k2---ki < kiky---k. = R. |

3. CONDITIONAL VERTEX CONNECTIVITY

Recall from Section 2 the graph G = Cy,UCy,0---0CY%, and its h-regular sub-
graph W} with aj vertices, where 4 < ky < ky < --- < k... In this section, we
prove that the conditional h-vertex connectivity x"(G) the graph G is (2r —h)al,.
Using Lemmas 2.7, 2.8 and 2.9, it easily follows that x"(G) < (2r — h)a}.

Lemma 3.1. If 0 < h < 2r — 2, then k"(G) < (2r — h)a},.

Proof. We have G = C},,1C,0- - - 0CY%, . We simply denote the subgraph W} of
G by Y. Then |V(Y')| = a}. Since G is 2r-regular and Y is h-regular, every vertex
of Y has 2r — h neighbours in the G — V(Y'). By Lemma 2.7, [N(Y)| = (2r —
MWV (Y)| = (2r — h)ay,. This gives [IN[Y]| = [V(Y)UN(Y)| = |[V(Y)|+|NY)| =
(2r — h + 1)aj,. Therefore, by Lemma 2.9, |[N[Y]| < kikg---k, = [V(G)|. Hence
V(G)\ N[Y] is a non-empty set and by Lemma 2.8, every member of this set
has at most two neighbours in N[Y]. Consequently, the minimum degree of the
subgraph of GG induced by this set is at least 2r — 2 > h. Already, the minimum
degree of the graph Y is h. Hence the graph G — N(Y) is disconnected and every
component of it has minimum degree at least h. Thus N(Y) is an h-vertex cut
of G. Therefore k"(G) < |N(Y)| = (2r — h)aj,. [ ]

To prove the reverse inequality for x"(G), we obtain the following lemma.

Lemma 3.2. If 0 < h <2r—1 andY is a subgraph of the graph G with minimum
degree at least h, then |[N[Y]| > aj (2r — h + 1).
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Proof. If N[Y] = V(G), then the result follows obviously from Lemma 2.9.
Suppose N[Y] # V(G). We prove the result by induction on r. Since G is 2r-
regular, all 2r neighbours of any vertex of Y belong to the set N[Y]. Hence
IN[Y]| > 2r + 1. Therefore the result holds for h = 0. Also, the result trivially
follows for r = 1 and h = 1 as in this case G is a cycle of length k1 > 4, Y is a
path on at least two vertices and a} = 2.

Suppose > 2 and h > 1. Assume that the result holds for a graph that is
the product of r — 1 cycles. Let G = Cy,0C,0---0CY%,. Then G = HOC,,
where H = C},0C,0---0Cy, . Then G contains k, vertex-disjoint copies
H',H?,... ,H* of H. Then every vertex of H* has one neighbour in H*~! and
H*! where the addition and subtraction in the superscript is carried out mod-
ulo k,. Let Y be a subgraph of G with §(Y) > h and N[Y] # V(G). Then Y
intersects at least one copy of H. Let Y; =Y N H' for i = 1,2,..., k,.

Case 1. 'Y; # (0 for only one value of i. Without loss of generality we may
assume that only Y7 is non-empty. Then Y = Y] is contained in the graph H!.
Since H! is (2r — 2)-regular, h < 2r — 2. Also, the minimum degree of Y in
H' is at least h. Hence, by Lemma 2.5, Y has at least a}rl vertices. We have
N[Y] = N [Y]U Ny, (Y) U N2 (V). If b = 2r — 2, then Y = H! and so,
N[Y]=V(HY)) UV (H?) UV (H*). Therefore

IN[Y]| > 3|V (H")| = 3kika - ky—1 > 12kiko - ky_o = (2r — h + 1)aj.

Suppose 0 < h < 2r—3 = 2(r — 1) — 1. Then, by induction, [Ny [Y]| > a} ' (2r —
h—1). As |[Nyk, (V)| = |[Ng2(Y)| = [V(Y)| > a} ', by Lemma 2.4(3) we have

IN[Y)| > a, *(2r —h—1)+2a, ' = (2r —h+1)a), * > (2r — h + 1)a},.

Case 2. 'Y; # 0 for all i = 1,2,...,k,. In this case, N[Y] 2 N [Vi] U
Npy2[Yo] U -+ U Ny, [V, ]. If b = 1, then dg:(Y;) > 0 and so, by induction,
|Ngi[Yi]| > al ' (2(r — 1) =0+ 1) = 2r — 1 implying

IN[Y]| > [Nt [Vi]] + [ Ng2[Ya]| + - - + | Npge [V, ]
> ke(2r—1)>8r —4>4r > af(2r) =a;(2r —h+1).

Suppose h > 2. Then 0gi(Y;) > h —2 > 0 and so, by induction, |Ng:[Y;]| >
az:é(% — h+1) for all i. Therefore, by Lemma 2.4(2),

INY]]

v

|Npr ]|+ [Ng2 [Va]| + -+ 4 | N [V, ]
kral 5(2r —h+1) > a}(2r — h+1).

\Y

Case 3. Y; # () for more than one but not all values of i. Without loss of
generality, we may assume that Y7 is non-empty but Y. is empty. Let t be
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the largest integer such that Y; is non-empty. Then 1 < t < k,; see Figure 3.
Suppose that h = 2r — 1. Then Y7 = H' and Y; = H'. Hence N[Y] 2 V(H') U
V(H>)UV(H)Y U V(HSY)Y U V(H). Since k, > 4,t #2or t+1 # k, and
|V (HY)| = |V(H?)| for all i > 1. By Lemma 2.9,

IN[Y]| > 4|V (H")| = 4|V (H)| > 4kiky - - kp_1 = (2r — h + 1)aj,.

! H? Ht J7iaR! Hkr
Figure 3. The graph G with Y; =) for t < j < k,..

Suppose that 0 < h < 2r — 2. The graph Y; has |V (Y;)| neighbours in H*™!
and H*! for i = 1,t. Therefore |N[Y]| > [Ny [Y1]|+|Ng: [YV]|+|V (Y1) |+ |V (Y7)].
If i € {1,¢}, then d:(Y;) > h— 1 and so, by induction, |Ny:[Y;]| > a} —}(2r — h).
Also, by Lemma 2.5, |[V(Y;)| > a;~}. Hence, by Lemma 2.4(1), we have

IN[Y]| > 2a; "t (2r — h) + 242 = a},(2r — h) + af, = aj(2r — h + 1).
Thus [N[Y]| > a}(2r — h + 1) in each case. This completes the proof. [ ]

Proposition 3.3. If 0 < h < 2r — 2 and S is an h-vertex cut of the graph G,
then |S| > aj (2r — h).

Proof. We argue by induction on r. Suppose h = 0. Then S is a traditional
vertex cut of G. Therefore |S| > 2r = aj(2r —0) as G is 2r-connected by Lemma
2.1. Hence the result holds for h = 0 and so for » = 1. Suppose r > 2 and
h > 1. Assume that the result is true for the Cartesian product of r — 1 cycles,
each of length at least 4. Let G = C},UCy,00---0CY%,. Then G = HUCY},, where
H = C},0Cy,0---0Cy,_,. Then G is obtained by replacing i'* vertex of Cj, by
the copy H' of H and replacing each edge Cj, by the matching between the two
copies of H' corresponding to the end vertices of that edge.
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As S is an h-vertex cut of G, the graph G — S is disconnected and each
component of it has minimum degree h. Let Y be a subgraph of G — .S consisting
of at least one but not all components of G — S and let Z be the subgraph
consisting of the remaining components. Thus G — S = Y U Z and further,
5(Y) > hand 6(Z) > h. As Sis a cut, N(Y) C S and N(Z) C S and so,
|S| > |N(Y)| and |S| > |[N(Z)|. Note that Y and Z each intersects H® for at
least one 4. Let S; = SNV (H'), Y; = YNV (H") and Z; = ZNV (H?). Depending
upon the nature of Y and Z, the proof is divided into several cases.

Case 1. Suppose Y; # ) for only one 7. Without loss of generality, we may
assume that only Y; is non-empty. Then Y = Y; is contained in H'. Therefore
S (Y) > h—1. As H' is (2r — 2)-regular, 0 < h < 2r — 2. If h = 2r — 2, then
Y = H', N(Y) = V(H*)UV(H?) and therefore,

S| 2 IN(YV)| = [V(H")| + [V (H?)] = 2baks b2
Z 8k1k2 e k,«_g = a2(2r — h)

Suppose 0 < h < 2r —3 =2(r — 1) — 1. The graph Y has |V (Y')| neighbours
in each of H* and H?. Therefore |N(Y)| = [Ny (V)| + [V(Y)| + [V(Y)| =
INgi[Y]| 4+ [V(Y)|. By Lemmas 2.4(3), 2.5 and 3.2,

S| > IN(Y)| >a} *(2r —h—1) +a}, " =a} "(2r — h) > a},(2r — h).

Case 2. Suppose Y; # () for more than one but not all values of 7. Without loss
of generality, we may assume that Y7 is non-empty but Y}, is empty. Suppose
there is an integer ¢ with 1 < ¢ < k, such that Y; is non-empty. Note that
dp1(Y1) > h—1. Further, the set Sk, contains all |V (Y7)| neighbours of Y] present
in H* and S; contains the set N1 (Y1) of neighbours of Y1 in H'. Therefore, by
Lemma 3.2,

191U Sk, | = |[Nen (V1) + V()| = [Npn[a]| > (27 — h)aj ).

Suppose Y; is empty for more than one values of i. Suppose Y, _; is empty. Then
we can choose ¢ so that Y;y; is empty. Then d5:(Y;) > h — 1. The set S contains
| N1 (Y1)| neighbours of Y; present in H? and the |V (Y;)| neighbours of Y; that
are present in H'™!. Thus, by Lemmas 2.4(1) and 3.2,

S| = [S1U S, | + [Nt (V)| + [V(YD)] = (2 = h)aj=y + [Ny [Vi]|
> 2(2r — h)a, 4 > af,(2r — h).

Similarly, if Y, _; is non-empty, then we can choose ¢ so that Y;_; is empty and

s0, in this case S contains Ny (Y;) and Nye-1(Y;) implying |S| > aj, (2r — h).
Suppose Y; is non-empty for all 1 < ¢ < k. — 1. Here we calculate |S;| by

using Lemma 3.2 or induction. To use induction, we need to consider the nature
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of the graph Z also. If Z; # () for only one value of 7, then result follows from
Case 1. Suppose Z; # () for more than one values of 7. If Z; = () for at least two
values of i, then the result follows from the above paragraph by replacing Y with
Z. It remains to consider the two subcases depending on whether Z; is empty for
exactly one value of i or no value of 3.

Subcase 1. Z; = () for exactly one value of i. We have two subcases depending
oni =k, ori<k,.

(i) Suppose Zj, is empty. Then Z; is non-empty like Y; for 1 < j < ky;
Figure 4(a). Suppose h = 1. Then d§y:(Y;) > 0 and dg:(Z;) > 0 for all i. Hence
|S1USk, | > (2r —1)ag~ = (2r — 1) and by induction, |S;| > (2(r —1) —0)af ' =
2r —2forie€{2,3,...,k — 1}. Therefore, as S = S1 U Sy U---U S}, we have

kr-—1 kr-—1
1S = (11U Sk + D IS > @r—1)+ ) (2r—2)
=2 7=2

2 —1) 4 (2r = 2)(ky —2) > 2(2r — 1) = (2r — h)al,.

Suppose h > 2. Since Yy, and Zj, are empty, dgw.-1(Yk,—1) > h—1 > h —2
and Sgkr—1(Zg,—1) > h—1 > h —2. Thus S, is an (h — 2)-cut in H* L.
For i € {2,3,...,k. — 2}, as both Y; and Z; are non-empty subgraphs of H* of
minimum degree at least h — 2, S; is an (h — 2)-cut in H’. Hence, by induction,
Si| > (2r — h)a},_} for i € {2,3,...,k, — 1}. Therefore

kr—1 kr—1
1S] = (1S1U Sk )+ D 18] > (2r — h)aj =y + > (2r — h)aj
1=2 1=2

= (2r — h)a, L + (k. — 2)(2r — h)a} "}

kr ._
> (2r — h)a, ! + 5612712(27“ =) (since k, > 4)

1
> (2r — h)a) ! + §a2(2r —R)eiii (by Lemma 2.4(2))
= (2r—h)a; Y +ay L2 — R)e, (by Lemma 2.4(1))

= 2a2:11(27" —h)
= @) (27 — )i (by Lemma 2.4(1)).

(ii) Suppose Zj, is non-empty. Then Z; is empty for some [ with 1 <[ < k,
and Z; is non-empty for every j # [; see Figure 4(b). Then the minimum degree
of Zi41 is at least h — 1 in H*1. Also, the neighbours of Z;,; present in H’ are
contained in S; for i = 1,1+ 1. Hence |S; U Sj1| > |Npis1[Zpa]| > a}J(2r — h)
by Lemma 3.2. Thus, if [ ¢ {1, k, — 1}, then

|S| > |S1USk. |+ [SiU S| > 2a’,;:11(2r —h) =ap(2r — h).
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’—‘ ’—‘ ’—‘ ’—‘@
] N - ] @ o Zkr

J78 H?2 i gt HFr H! H2 H! gL HEr
(a) Zg, = 0. (b) Z; = 0 for some | < k.

Figure 4. The graph G with Y, = 0.

Suppose [ = 1. Then by using similar arguments, we see that S; U Ss 2
Ny2(Z2) U Ny (Z2) and Sk, U Sk, —1 2 Ngkr—1(Yi,—1) U Ngwr (Y, —1). Hence

|S| > |S1 U Sa| + |SkT71 U Sk,

> 2a2:11(27’ —h) =a};(2r —h).
Similarly, for [ =k, — 1,
|S| > |S1 US| + ‘SkT,Q U Sk,ﬂfl‘ > 2(17];:11(27’ —h) =a}(2r —h).

Subcase 2. Suppose that Z; # 0 for i = 1,2,..., k.. Then |S; U Sk | >
a1 (2r —h) and |S;| > (2r — h)a}, 5 for i € {2,3,...,k_1}. As in Subcase 1(i),
we have |S| > a} (2r — h).

Case 3. Suppose Y; # 0 for i = 1,2,..., k.. If Z does not intersect H* for
some 1, then the result follows by replacing Y by Z in Case 1 and Case 2. Suppose
that Z intersects H* for all i = 1,2,...,k,. If h = 1, then the minimum degree

of Y; and Z; is at least 0 and so, by induction, |S;| > af~*(2(r — 1) — 0) = 2r — 2,
also as r > 2 implies

ki

Ky
IS =Y (2r —2) = ke (2r — 2) > 4(2r - 2)
=1 =1

=8(r—1)>22r—-1)=aj(2r—1).

Bl

Suppose h > 2. The minimum degree of Y; and Z; is at least h—2 > 0. This shows
that S; is an (h — 2)-vertex cut of the graph H' for i = 1,2,..., k,. Therefore, by
induction and by Lemma 2.4(2), we have

k. kr
S| =18l =Y ap=h(2r — h) = keaj "4 (2r — h) > aj(2r — h).
i=1 i=1

Thus [S| > a},(2r — h) in all the above cases. This completes the proof. ]
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Corollary 3.4. For the graph G of Theorem 1.2, k"(G) = aj (2r — h).

)
Proof. By Lemma 3.1, £"(G) < a}(2r — h). Since k"(G) is the cardinality of
a smallest h-vertex cut of G, by Proposition 3.3, x"(G) > a}(2r — h). Hence
KMG) = ay (2r — h). ]

4. CONDITIONAL EDGE CONNECTIVITY

In this section, we prove that the conditional edge connectivity A\*(G) of the
graph G of Theorem 1.2 is same as its conditional vertex connectivity x"(G).

Recall that G = C, 0C,0---0C}, with 4 <k <ky <--- <k, and W} is
an h-regular subgraph of G with aj vertices. We get an upper bound for (@)
from the set of edges of G' each of which has exactly one end vertex in Wy'. For
such edge sets we introduce the following notation. For a subgraph K of a graph
H, let

Ey(K)={zy: 2 € V(K) and ye V(H)\V(K)}.

Lemma 4.1. For 0 < h <2r — 1, \*(G) < (2r — h)aj.

Proof. Let K = W} Then K is h-regular and G is 2r-regular. Hence |Eq(K)| =
(2r —h)|V(K)| and G — Eg(K) is disconnected with K as one of its components.
By Lemma 2.7, the minimum degree of every component of G — Eqg(K) other
than K is at least 2r — 1 > h. Therefore Eg(K) contains an h-edge cut of G.
This shows that \"(G) < |Eg(K)| = (2r — h)a},. m

Lemma 4.2. For a subgraph Y of G of minimum degree at least h, |V(Y)| +
|Eq(Y)| > aj,(2r —h+1).

Proof. If Y spans G, then |V(Y)| = kika-- -k, > af (2r — h+ 1) by Lemma 2.9.
Suppose Y is not a spanning subgraph of G. Since for every x in N(Y') there is a
vertex y of Y adjacent to z so that the edge xy belongs to the edge set Eg(Y).
This implies that |Eg(Y)| > |N(Y)|. Hence, by Lemma 3.2, |V(Y)| 4+ |E¢(Y)| >
IN[Y]| > a}(2r —h+1). [ ]

Using this lemma we now obtain the reverse inequality for A\*(G).
Proposition 4.3. Let F' be an h-edge cut of the graph G. Then |F'| > aj}, (2r —h).

Proof. Since the graph G is 2r-regular, 0 < h < 2r. The result holds obviously
for h = 2r. Suppose h = 0. Then F is a set of edges G such that G — F is
a disconnected graph. It follows from Lemma 2.1 that G is 2r-edge connected
and so, |F| > 2r = aj(2r — 0). Thus the result holds for h = 0 also. Suppose
1 < h < 2r—1. We prove the result by induction on r. The result follows trivially
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for r = 1. Suppose r > 2. Assume that the result holds for the product of r — 1
cycles. Let F' be an h-edge cut of G. Then G — F' is disconnected and every
component of it has minimum degree at least h.

Let Y be a subgraph of G—F' consisting of at least one but not all components
of G—F and let Z be the subgraph consisting of the remaining components. Then
Y and Z are vertex disjoint subgraphs of G — F' of minimum degree at least h
and their union is G — F. Note that F' contains both edge sets Eg(Y) and Eq(Z).
Hence |F| > |Eq(Y)| and |F| > |Eq(Z)].

Write G as HOCY, , where H = C,, 0Cy, 0 - - -OCy,_,. Then G is obtained by
replacing vertex i of the cycle Cy,_ by a copy H® of H and replacing the edge joining
i and 7 + 1 (mod k,) by the perfect matching M; between the corresponding
vertices of H' and Hi+1 (med kr) Then YV intersects at least one H*. Similarly, Z
intersects at least one H*. Let ;=Y NH'and Z; = ZNH! for i =1,2,..., k,.

For a subgraph K of G, let M;(K) be the set of all edges in the matching M;
each having exactly one end vertex in K.

Case 1. Suppose Y; # ) for only one value of 7. Without loss of generality,
we may assume that Y; is non-empty for only ¢ = 1. Then Y is contained in the
graph H! and 651(Y) > h. Since H! is (2r — 2)-regular, h < 2r —2. If h = 2r — 2,
then Y = H' and so, |Eq(Y)| = |[Mi| + |My,| = 2|V(HY)| = 2kikg -+ kr_1. As
4 < k,_1, we have

ay(2r —h) = 2a72(2" "D kyky - - ko) = 2(4k1kg - - kr_2)
< 2kika -k 2ke—1 = |Eg(Y)| < |F).
Suppose h < 2r — 2. Then Eq(Y) D Eyi(Y) U M(Y) U M, (Y). As |[M(Y)| =
| My, (Y)| = |V(Y)|, by Lemmas 2.4(3), 2.5 and 4.2, we have
B = (|Em ()] + V) + V)| = a2 — h— 1) + 0!
= a; 1(2r — h) > a}(2r — h).

Case 2. Suppose Y; # () for more than one but not all values of 7. Without
loss of generality, we may assume that Y7 is non-empty but Y is empty. Let
t be the largest integer such that Y; is non-empty. Then 1 < ¢t < k.. The
minimum degree of Y; in H* is at least h — 1 for i = 1,t. The graph Y7 has
|V (Y1)| neighbours in H*" and Y; has |V (Y;)| neighbours in H**!. Hence Eg(Y) 2
Eqi(Y1)UEg:(Y) UM, (Y1) U Mt(Yt)

Suppose h = 2r — 1. Then Y; = HY for j = 1,¢ giving My, (Y1) = My, (H') =
My, and My(Y;) = My(H*) = M;. Hence

CLZ(QT‘ — h) = az =2k1ky- k1 = |V(H1)| + |V(Ht)|
= |Mp, |+ [My| < |Eq(Y)] < |F].
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Suppose h < 2r — 2. Then h — 1 < 2r — 3 and so, by Lemmas 4.2 and 2.4(1),
1P| = [Bc(Y)| = ([Ep (V)] + [VOA)]) + (|Bg (V)| + V(D))
> 2a} Y (2r — h) = (2r — h)aj.

Case 3. Suppose Y; # ) for all 1 = 1,2,..., k.. If the graph Z does not
intersect H* for some i, then the result follows easily by replacing Y by Z in Case
1 and Case 2. Suppose Z intersects H? for alli = 1,2, ..., k,. Suppose h = 1. As
r>2,0(Y;) >0 and §(Z;) > 0, by induction, we have

[Ec(Y)| = Z!Em

24( r—2):8(7“— )>2(2r—1):a§(2r—1).

Mw

(2r —2) > ky(2r — 2)

Suppose h > 2. The minimum degree of Y; and Z; is at least h —2 > 0. Therefore
the edge set Ep:i(Y;) is an (h — 2)-edge cut of H'. By induction, |Ey:(Y;)| >
ay 5(2r —h) for i = 1,2,..., k.. By Lemma 2.4(2),

kr kr
F| > [Ec(Y)| =) |Em(Ya)| = Y ap5(2r
i=1 i=1
> kea) 5(2r — h) > aj,(2r — h).
This completes the proof. [ |
Corollary 4.4. For the graph G of Theorem 1.2, \"(G) = a,(2r — h) = k"(G).

Proof. By Proposition 4.3, \*(G) > a}(2r — h) and by Lemma 4.1, \*(G) <
ay (2r — h). Hence \*(G) = a} (2r — h) = (@) by Corollary 3.4. [ ]

This completes the proof of Theorem 1.2.

It is worth mentioning that the edge connectivity part of Theorem 1.2 proves
that the following conjecture of Xu [7] holds for the classes of multidimensional
tori and k-ary r-cubes.

Conjecture 4.5. Let k,h be two non-negative integers and G be a connected
graph with minimum degree at least k and ap(G) be the minimum cardinality
of a vertex set of an h-regular subgraph of G. If \'(G) exists, then \*"(G) <
an(G)(k — h).

Concluding Remarks.

We determine the conditional h-vertex connectivity and the conditional h-edge
connectivity of a multidimensional torus G which is the Cartesian product of r
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cycles each of length at least four, for all possible values of h. We first characterize
the h-regular subgraph of G with minimum number of vertices and then establish
that both these conditional connectivities of G are equal to (2r — h) times the
number of vertices of this subgraph.
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