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ABSTRACT: Traditional games and sports cultivate local and regional customs and
strengthen the sense of national belongings. Locally or regionally rooted traditional games
encourage exchange between districts and regions and preserve a sense of cultural identity
by providing marks of roots and reference. In this paper, the researcher overview the
obsolete traditional sports and games spread in the North Bengal rural and urban places.
The researcher brings out the procedure of play (rules and regulation) with scoring methods,
type of games, and purpose of play of traditional games. Most of the data were collected
from the rural and urban people of eight districts in North Bengal, India. The researcher has
selected the entire North Bengal and the data collected from the people who were played
and come across in their lifestyle of traditional games. The methods used for collecting data
are interviews, photos, and live play demo, etc. All together seventeen famous traditional
games are played in the villages of North Bengal. These games were designed to develop
skills such as logical thinking, building strategy, concentration, basic mathematics, aiming,
and so on. While playing the games, the students learned and understood the spirit of
sportsmanship. Obsolete traditional sports are evaluated from the North Bengal states of
West Bengal. And found that, these traditional games and sports were played in the different
regions in the previous era. This study concluded that traditional games which was the
primary pastime activity of West Bengal, and carries moral value, cultural heritage and
develops integrity among the people.
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INTRODUCTION

Traditional games have a great role in the growth
and development of the health and psyche of children.
But unfortunately, children of today no longer play
outdoor traditional games; rather they are busy enjoying
indoor computer games. The affinity of school-going
children towards indoor computer games is highly
affecting the growth and development of mental and
physical health of the child and ultimately they become
prone to various diseases at a young age (Proceding,

2014). Thus, there is a great need to make them realize
the significance of games and sports.   Traditional sports
refer to special cultural forms that come from the history
of human beings, created or to be created (Ernest and
Ryszard,  2013). They can reflect the common psychology
of a nation and are seen in the everyday life. On this
basis, it is suggested that nowadays when the global
integration course is accelerating, to reform and to carry
forward the traditional games as well as to enrich and
develop the modern sports treasury of the world are the
inexorable trend of the development of the traditional
sports (Rehman,, 2013).
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OBSOLETE TRADITIONAL GAMES

Obsolete traditional games are the disappeared
sports that were played in the previous era in rural and
urban areas for leisure hours or recreational activities
(Thomson, 2014). Such as so many indigenous sports
in North Bengal like Danguli, Ayabga-ayanga,
Bhagbandi, Bouchi, Chikka, Chadar khela, Dariyabanda,
Gaigodani, Golaptagar, Moghalpathan, Khadi khela,
Kanamachi, Opentibioscope, Rajar kothal, Chunga
khela, Moroglorai, Nunta, Chamri, Dhopkhela, Hatepate
khela, etc for the rural, these terms may sound as though
they are from some ancient civilization. These are the
famous traditional games played in the villages of North
Bengal. These games were designed to develop skills
such as logical thinking, building strategy,
concentration, basic mathematics, aiming, and so on.
While playing the games, the students learned and
understood the spirit of sportsmanship (Sanyal, ‘65).

OBJECTIVES OF THE PRESENT STUDY

The objective of the study is to analyses the
contents and features of the obsolete traditional
sports in North Bengal and terms of historical origin,
present situation, and developing prospect.
Moreover, the researcher points out the interactive
development of traditional sports and also finds out
the relationship or interpretation of traditional sports.
The main aim of this research is to bring out the
obsolete traditional sports played in this region. This
study may help to know about the cultural heritage of
these traditional sports and games and it’s important
in this society (Lee and Schoenstedt, 2011)

METHODOLOGY

The data and information on traditional games
and sports were collected through direct interviews
with the people in and around the rural area of various
parts of North Bengal; especially the first covered
almost all parts of the regions in North Bengal. North
Bengal regions are divided based on geographical
map structure in Sub-Himalayan North Bengal and
plains in North Bengal.

THE PROCEDURE OF COLLECTION OF DATA

The first author went to all 8 districts and covered
at least seventeen rural and urban places in a district
for collecting the data. The main procedure of the

data collection is the interview method, photos, and
videos. The complete playing procedures from start
to finish of the game, rules, and regulations with the
scoring method of traditional games are collected.
Thus, all information was recorded.

FINDINGS OF THE STUDY

Ayabga-ayanga (the tiger and the goats) is a
group game played by both boys and girls. A large
circle is drawn on the ground. One player plays the
role of the tiger and remains outside the circle, while
the other players play goats and stay inside it. The
player outside recites set rhymes and goes around
the circle, trying to catch the players inside off guard.
One such rhyme used in the game in the Jessore region
is as follows: ‘Tiger: Weep, weep’! Goats (in the
chorus): What are you crying for? Tiger: Lost a cow.
Goats: What sort of cow? Tiger: A redone. Goats:
Does it have horns? Tiger: Yes. Goats; Sing a song.
The tiger then starts dancing and singing: Who took
my cow? Who took my cow? Come here, you who
took my cow. Suddenly he stops short and jumps
forward to drag one of the players outside the circle.
The other players hold him back so that the tiger
cannot take the goat away. The goats taken out of the
circle by the tiger belong to the tiger’s side. The last
player in the circle becomes the tiger in the next round
(Das,  ‘91).

Baghbandi (capturing the tiger) a checkers-like
game, played on a board outlined on the ground. The
board has 16 squares. Twenty pieces, known as bakri
(goats), are placed in groups of five at four places on
the board. Two bigger pieces, known as bagh (tiger),
are placed elsewhere. Two players, one taking the
side of the tiger and the other taking that of the goats,
start moving their pieces. The goats try to block the
passage of the tiger, by not giving it two vacant
positions in a row so that it cannot advance or jump
over. If the tiger jumps over a goat to the next vacant
position, the goat dies and was removed from the
board. If the tiger kills all the goats, the player with
the tiger becomes the winner. If the goats can block
the passage of the tiger, the player with goats
becomes the winner (Ahmed, ‘74)

Bauchhi (the old lady) this game requires two
courts outlined on the ground, one rectangular and
the other circular, twenty-five to thirty feet apart from
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each other. Two teams of eight to ten players are
needed for this game. One player of the team winning
the toss plays the budi (old lady) and remains inside
the circle. The remaining members of the team stay
inside the rectangular court. The object of the game
is for the player of the opposing team to take the ‘old
lady’ to the rectangle, without being touched. If he
can take the ‘old lady’ to the rectangle, the team earns
a point, and the players he touches become out.
Variations of the game are known as budikapati, bau-
basanti budir chu, etc (Bhattacharya, ‘69)

Chikka (tug and trip) this game of physical
endurance is played by two teams consisting of five
to seven players. The two teams line up facing each
other across a line drawn on the ground. One player
challenges one of the opposing players by stretching
his hands towards him, in what is known as ‘giving
hetel (the handle)’. The other player catches hold of
his hands and they start pushing or pulling in a bid to
trip each other. The one who budges from his position
is considered out. If a team can trip all its opponents,
it earns points and starts the next round. Players also
try to trip their opponents with their legs. If a team
can trip all the players of the opposing team, it earns
points and retains the round. The process is repeated
by turns (Chakraborty, 2001)

Chhadar Khela (rhyming game) a counting
rhyme game, it is played by boys and girls. The players
sit on the ground, holding their hands open flat. The
leader also holds out one of his/her hands and,
touching each hand on the ground, utters the rhyme:
ikdi mikdi cham chikdi/ chamer beta laksindar/ seje ela
damodar. Everybody waits for the last word to be
uttered. The player who is touched with the last word
closes his/her hand. The game continues till the last
hand is closed (Chakraborty, 2001).

Chhi-chhattar (the kite and the cocks) Ten to
fifteen boys form a circle, holding each other’s hands.
One player stands in the middle of the circle. In the
Rangpur areas, the child in the middle is called a ‘kite’,
and the others ‘cocks’. The kite tries to break free
from the ring formed by the cocks. He frets and struts
and recites the rhyme: chhi chhai ghoda dabai/ ghoda
na ghudi, chabuk chhudi/ chabuk diya marlam badi/
dhula uthe kari kari (What a horse I ride! Is it a horse
or a mare? When I smack it with a whip, it only raises
row of dust). The player then runs out, breaking the

circle at a point where someone is off-guard. The
cocks then run after him, and the one who catches
him plays the kite in the next round. The cocks also
recite a rhyme: Chhi chhattar kachur bai/ chyabgda
pyangdar nana hai/ taker upar ayna/ punti machh khay
na/. taker upar gosta/ chhonya dile dosta (What is
this? I’m respected as grandpa by children. My bald
head shines like a mirror. I don’t eat tiny fish. If
someone can touch my head, I become his friend). A
variation of this game is played in the Himalayan
region where it is known as chilla-daoma (Sanyal, ‘65).

Chungakhela (the crackers game) an adult game,
played mainly in Jalpaiguri, on the eve of SAB-I-BARAT.
The opposing teams try to hit their opponents with
crackers. Sometimes the crackers cause burn injuries.
The game is spectacular, with sparks and flashes of
crackers, coupled with deafening sounds, amid cheers
from the spectators. Starting from sunset, the game
continues till midnight. This expensive and dangerous
game is now almost extinct (Ahmed, ‘74).

Danguli (tipcat) a favourite boys’ game played
by two teams of five to six players. A two-foot-long
stick, known as danda, and a five- to six-inch stick,
known as guli or phutti, is used to play the game.
There is a similar game in Europe called tipcat, where
the longer stick is used to tip the ‘cat’, the smaller one
(Sahay,  2013). The object of the game is for one side
to strike the guli with the danda. The other side has to
catch the guli before it falls. If the guli is caught, the
player who has struck it is out. If the guli isn’t caught,
he continues till he is out. If he is out, the next player
in the team comes in. One team plays after the other.
The game is also known as dangbadi, gutbadi,
tyamdang, bhyatadanda, etc (Bornikowska, 2015).

Dariyabanda (stealing the salt) This is a popular
competitive game, played by two teams composed of
five to seven players each on a square outlined on
the ground. Several small squares are drawn inside
the big one, depending on the number of players.
One of the squares is called gadighar (team’s chamber)
and the other is called labanghar (salt chamber). At
the start of the game, the members of one team stay
inside the gadighar while their opponents stand in a
way that no one can pass from one square into
another. A member of the team darts forth or dodges
past the players on guard and tries to cross all the
cells and return to the gadighar. If one of the members
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succeeds in moving across all the squares without
being touched by the opposing team, his team earns
points and wins the round. But if he is touched by the
players of the rival team, his team loses the round.
The other team then starts playing. At the end of the
game, the points earned by the opposing teams are
added up to decide the winners (Das, ‘91).

De Pakhal (turn him around) a game of formulaic
questions and answers, played mainly by cowherds.
One boy holds another around the waist and asks
him a question. The boy then lifts his head and
answers the question. One such rhyme popular in the
Jessore region is as follows: teke re/ ki re/ kane giili?/
Shvashur badi/ ki dekhe eli?/ sholir pona/ dharli ne
ken?/ chhabal kole, tor chhabaler nam ki?/ apang dulal,
tor nam ki?/ budo gopal, de pakhal (Hi, there!/ What’s
up?/ Where have you been?/ To my in-laws./ What
have you seen? Young fish./ Why haven’t you caught
them?/ ‘Cause I’ve my boy in my hands./ What’s his
name?/ Apam Dulal./ What’s your name?/ Budo
Gopal./ De Pakhal). As soon as the boy utters the last
line, the rest of the boys grab him by the hand and
start whirling him around (Das and Chatterjee, 2015).

Gaigodani (tending the cows) a game played by
cowherds while tending cows (Paul, 2014). The sticks
of the cowherds are the playing objects in the game,
which is best played in wet, sticky mud. The game
involves four or five boys around. One player flings
down his stick so that it sticks in the mud. The next
player tries to knock down the first player’s stick or to
fling his stick so that it is parallel to the first stick. If
he succeeds in doing any of this, he wins both sticks.
But if he fails, the first boy takes up his stick and
plays again to win the second player’s stick. The
winner then tries to win a third stick from the third
player. When he wins all the sticks, he starts throwing
the sticks away one by one and sends the owners to
look for theirs. In the meantime, he hides his stick.
When the players find the stick of the winner, they
touch it with their sticks. The one who touches the
stick last becomes the gai (cow) and, as a loser, begins
the game (Boro et al., 2015).

Golap-Tagar a team game, with an equal number
of players on both sides, and played by both boys
and girls. The chiefs of the teams are called ‘kings’.
The teams stand fifteen to twenty feet apart,
separated by a boundary. At the start of the game, the

king names his players after flowers or fruit. Then the
king blindfolds one of the players of the opposite
team and calls one of the players of his team by their
flower or fruit name, for example, ‘Come, my Rose’, or,
‘Come, my Jasmine’. Then Jasmine or Rose goes over
and flips the player on his forehead. The blindfold is
then opened and the player has to guess who touched
him on his forehead. If he succeeds, he jumps ahead,
and if he fails, the opponent’s player does so. The
game continues till one team captures the land of the
other. The opposing team members then lift the winning
king across the boundary. In another variation of the
game, the members of the losing team carry the
winning players’ piggy-back across the boundary
(Chakraborty, 2001).

Mogalpathan (draughts) also known as
solaghunti, is a checkers-like game, with sixteen
pieces on each side. The game is played with two
additional triangular courts at both ends of the
baghbandi court. The players place their pieces in the
squares and move their pieces forward one position
at a time. If a piece jumps over his opponent’s piece
to the next vacant position, the opponent’s piece dies
and is removed from the game. The one who kills the
opponent’s pieces first wins the game (Nakornkhet,
‘89).

Nunta (count till seven) In this team game, one
player becomes the owner of a large circle outlined on
the ground. At the start of the game, everybody
remains inside the circle excepting the owner, who
remains outside. The owner goes around the circle
reciting nunta, a rhymed formula. When he finishes
reciting the rhyme once, the players inside cry out
‘one’. When the owner finishes reciting the rhyme for
the seventh time, the players inside rush out of the
circle and the owner takes possession of the circle
(Das, ‘91).

Openti Bioscope is mainly played by girls. Two
players face each other and touch their arms to form
an arch. The other girls pass under the arch in a circular
path reciting a rhyme until they come to the last line:
amar nam Jadumani, yete habe anekkhani (My name
is Jadumani, I have to go a long way). When the last
line is uttered, both the girls bring down their arms on
the girl passing under the arch at that moment. All the
others then rejoice, holding the girl aloft (Kar, 2013).
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Rajar Kotal (king’s constable) a team game
played by both boys and girls. The players sit in a
circle, holding hands. One player, the king’s constable,
stays outside the circle. The game begins with him
going round the players, reciting the rhyme: kantar
pichhe ke ghure? rajar kotal/ kiser janye? ek chhadi
kalar janye/ kal ye niya gechhila? ghoday mute
diyachhe/ dhuya dhuya khao ni? chhi! hak! thu!! tabe
ek chhadi niya yao (Who’s behind me? The king’s
constable. What for? For a cluster of bananas. Did
you not take one yesterday? Horses pissed on them.
Eat them after washing. Wack! Wack! Then take a
cluster from here). The constable then pretends to
cut down a cluster of bananas and takes away one of
the players. The constable begins circling them again,
chanting the same rhyme. The game continues till the
constable takes away all the players (Chakraborty,
2001).

OBSOLETE TRADITIONAL GAMES AND
PERSONAL DEVELOPMENT

The personality is the typical pattern of thinking,
feeling, and behaviours that make a person unique.
Personal development covers activities that improve
awareness and identity, develop talents and potential,
build human capital, and facilitate employability,
enhance the quality of life and contribute to the
realization of dreams and aspirations. Not limited to
self-help, the concept involves formal and informal
activities for developing others in roles such as
teacher, guide, counsellor, manager, life coach, or
mentor (Burgues Pere, ‘90).

CONCLUSIONS

After the analysis of the data, it was found that
almost all the people agree that traditional games,
recreation, and leisure sports have a rich culture and
heritage value to preserve; they are important for
passing on ancestral knowledge to the new generation;
they sharpened observational and mathematical skills,
and they develop logical thinking. The result from the
people stated that these traditional games give more
fun and joy than other competitive games; they are
suitable for all ages, so they increase the interaction
between generations; they are most suitable for girls
to enhance their overall personality (Rehman, 2013).

All people support that, traditional games, improve
the creativity of youngsters; they improve conflict
management, team building, and understanding group
dynamics; and they are more useful than modern
games in developing children’s skills (McMahan and
Sutton-Smith, ’99). The people agree that this
traditional game produces integrity among the people,
all the children and adults play in a street joined with
all religious and all caste people together, it may result
in that, it proves the integrity and unit among the
people. The traditional games develop the social
culture and heritage among the people. The traditional
games plying in the different categories, such as some
games plying in the seasonal, some are in the religious
function, some are in the celebrations, some are in all
years. The traditional games and sports with its
varieties of plying throughout the North Bengal
develop physical, mental, social conditions, and
spiritual faith of mankind (Akbari, 2009). Traditional
games and sports may be of different kinds but these
are for personal, peace, community, human resource,
learning, and understanding, uniting force
development. Overall these traditional games are for
fun, wellness, fitness,  and social integrity
(Bandyopadhyay, 2007).

RECOMMENDATIONS

1. The modern generation should take efforts
and pain to transfer the traditional games to
its new generation.

2. We strongly recommend that the young and
aged people should be taught and organize
the traditional games for this new generation

3. Competitions focusing on traditional games
should be organized to prevent and
popularize traditional games.

4. All most North Bengal rural and urban people
support that more efforts should be taken to
promote and preserve traditional games. ‘

5. Govt. of West Bengal and Govt. of India
should encourage a setting-up organization
or provide assistance to maintain and promote
traditional games.

6. Print media and electronic media should give
exclusive more coverage to traditional games.
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ABSTRACT In recent times, several metaheuristic algorithms have been proposed for solving real world

optimization problems. In this paper, a new metaheuristic algorithm, called the Border Collie Optimization

is introduced. The algorithm is developed by mimicking the sheep herding styles of Border Collie dogs.

The Border Collie’s unique herding style from the front as well as from the sides is adopted successfully

in this paper. In this algorithm, the entire population is divided into two parts viz., dogs and sheep. This is

done to equally focus on both exploration and exploitation of the search space. The Border Collie utilizes a

predatory move called eyeing. This technique of the dogs is utilized to prevent the algorithm from getting

stuck into local optima. A sensitivity analysis of the proposed algorithm has been carried out using the

Sobol’s sensitivity indices with the Sobol g-function for tuning of parameters. The proposed algorithm

is applied on thirty-five benchmark functions. The proposed algorithm provides very competitive results,

when compared with seven state-of-the-art algorithms like Ant Colony optimization, Differential algorithm,

Genetic algorithm, Grey-wolf optimizer, Harris Hawk optimization, Particle Swarm optimization andWhale

optimization algorithm. The performance of the proposed algorithm is analytically and visually tested by

different methods to judge its supremacy. Finally, the statistical significance of the proposed algorithm is

established by comparing it with other algorithms by employing Kruskal-Wallis test and Friedman test.

INDEX TERMS Benchmark test functions, Border Collie optimization, Friedman test, Kruskal-Wallis test,

metaheuristic, optimization, swarm intelligence.

I. INTRODUCTION

Optimization is the process of finding the most effective solu-

tion to a problem. Due to its versatile scope of application, it is

very difficult to provide an exact definition. Mathematically,

optimization can be defined as finding a maxima or minima

of a real function [1]. In terms of computing and engineering,

optimization can be defined as a system which maximizes the

objectives by utilizing fewer resources. Optimization algo-

rithms can be classified into different groups.

Based on the number of objectives, optimization problems

can be of two types viz., single objective and multi-objective

problems [2]. In real world scenario, most of the problems are

multi-objective.

The associate editor coordinating the review of this manuscript and

approving it for publication was Huaqing Li .

Based on the nature of algorithms, optimization algorithms

can be classified as deterministic, stochastic and hybrid

algorithms. Deterministic algorithms are those which always

follow the same steps and produce the same results for a

particular problem. Stochastic algorithms on the other hand

are random in nature and may produce different results every

time. Hybrid algorithms are a combination of deterministic

and stochastic algorithms.

Metaheuristic algorithm are special types of stochas-

tic algorithms. They can produce near optimal solutions

in comparatively lesser time. Simplicity and efficiency of

the algorithms have made them extremely popular among

researchers. They are mostly derived from physical phe-

nomena or from behaviors of different living beings.

The behavioral study of ants, birds, fishes, wolves are

few well known examples which has inspired algorithms

like Ant Colony Optimization (ACO) [3], Particle Swarm

VOLUME 8, 2020
This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 109177

https://orcid.org/0000-0003-0360-7919
https://orcid.org/0000-0002-8481-0136
https://orcid.org/0000-0001-6310-8965






Contents lists available at ScienceDirect

Ecotoxicology and Environmental Safety

journal homepage: www.elsevier.com/locate/ecoenv

Acute toxicity assessment of arsenic, chromium and almix 20WP in

Euphlyctis cyanophlyctis tadpoles

Palas Samantaa,1, Sandipan Palb,1, Aloke Kumar Mukherjeec, Apurba Ratan Ghoshd,∗

a Department of Environmental Science, Sukanta Mahavidyalaya, Dhupguri, West Bengal, India
bDepartment of Environmental Science, Aghorekamini Prakashchandra Mahavidyalaya, India
c P.G. Department of Conservation Biology, Durgapur Government College, India
d Ecotoxicology Lab, Department of Environmental Science, The University of Burdwan, India

A R T I C L E I N F O

Keywords:

Arsenic

Chromium

Almix herbicide

Euphlyctis cyanophlyctis

Alkaline phosphatase

Glutathione S-transferase

LC50

A B S T R A C T

Heavy metals and herbicide are gaining serious environmental concern in aquatic toxicology due to its adverse

effects on aquatic organisms especially amphibians. Accordingly, present study first time evaluated the acute

toxicity of two heavy metals [arsenic (As3+) and chromium (Cr6+)] and a herbicide (Almix) to Indian skittering

frog tadpole, Euphlyctis cyanophlyctis. The LC50 values of As, Cr and Almix for 24, 48, 72 and 96 h were 73.58,

56.31, 43.58 and 32.58 mg L−1; 326.68, 224.31, 171.92 and 141.99 mg L−1; and 1297.85, 1148.22, 1033.62

and 955.17 mg L−1, respectively. It also revealed the concentration- and time-dependent increased mortality

rate under these toxicants. The safety concentrations (SC) of As, Cr and Almix to tadpoles were 3.26, 14.20 and

95.52 mg L−1, respectively. The findings disclosed that As is highly toxic to E. cyanophlyctis than Cr and Almix.

Alkaline phosphatase (ALP) activity showed varied responses to exposed chemicals. In particularly, ALP activity

reduced significantly for Cr treatment. Glutathione S-transferase (GST) activity in E. cyanophlyctis was sig-

nificantly inhibited by As treatment (p < 0.05); however, GST activity was remain unchanged for Cr and Almix

(p > 0.05). The As toxicity correlates positively with GST inhibition (r = 0.779, p < 0.01); contrarily, Cr and

Almix revealed negative correlation with GST induction (r =−0.461 and−0.19, respectively; p > 0.05). This

result indicated that GST play a crucial role for regulating the tadpole mortality and intoxication by As, Cr and

Almix. Overall, our findings demonstrate the different levels of toxic sensitivity (adverse effects) under different

toxicants on E. cyanophlyctis tadpoles. Finally, the present findings could be used as baseline information of

toxicosis for metalloid, heavy metal and herbicide exposures in wild frog populations.

1. Introduction

According to the International Union for Conservation of Nature

(IUCN) 32.5% amphibian species were vulnerable, endangered, or cri-

tically endangered; 7.4% species were critically endangered and 43%

species were experiencing the population decline (IUCN, 2004; Gabor

et al., 2019). Such diminution of amphibian population is mainly due to

destruction and loss of habitats, like ponds, lakes, wetlands and rivers

(Greulich and Pflugmacher, 2004; Li et al., 2010). Additionally, che-

mical contamination mainly by heavy metals and pesticides from in-

dustrial and agricultural practices also threaten the amphibian life (Sai

et al., 2015). Exposure to this contaminated water, the amphibians

especially can absorb these contaminants directly from water via dif-

fusion across the skin, gonads, and various tissues or through ingested

food and ultimately posed serious threat to amphibian population. In

addition, the major pollutants are absorbed through the digestive

system, transported to the liver for detoxification and bio-transforma-

tion (Fasulo et al., 2015; Samantha et al., 2015; Guerriero et al., 2017,

2018; Piscopo et al., 2018). Moreover, bioaccumulation and persistence

of these compounds in trophic endpoints aggravate the biological threat

more adversely, as witnessed by acute and chronic poisoning of am-

phibians and other aquatic organisms (Pandey et al., 2005;

Lajmanovich et al., 2011). Chronic sublethal effects are also clearly

developed when concentrations are below the acute thresholds (Ruiz de

Arcaute et al., 2018).

Amphibians have adaptive plastic ability to alter their biological

traits to these environmental cues for survival under new altered en-

vironment (Attademo et al., 2014; Johnson et al., 2015). In vivo in-

hibition or biomarkers induction, in this regard, could be considered as

prominent tool to evaluate the adverse effects of these chemicals on
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a b s t r a c t

Temperature is an important abiotic variable that greatly influences the performance of aquatic ecto-

therms, especially under current anthropogenic global warming and thermal discharges. The aim of the

present study was to evaluate thermal stress (20 �C vs 28 �C) in Daphnia magna over 21 d, focusing on the

linkage among molecular and biochemical biomarker responses. Thermal stress significantly increased

the levels of reactive oxygen species (ROS) and lipid peroxidation, especially in the 3-d short-term

exposure treatment. This change in the ROS level was also correlated with mitochondrial membrane

damage. These findings suggest that oxidative stress is the major pathway for thermally-induced toxicity

of D. magna. Additionally, the expression levels of genes related to hypoxia (Hb), development (Vtg1),

and sex determination (Dsx1-a, Dsx1-b, and Dsx2) were greatly increased by elevated temperature in a

time-dependent manner. The cellular energy allocation was markedly decreased at the elevated tem-

perature in the 3-d exposure treatment, mainly due to carbohydrates consumption for survival (oxidative

stress defense). The present study showed that linking multiples biomarker responses are crucial for

understanding the underlying mechanism of thermal stress on D. magna.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Anthropogenic global warming has become a major environ-

mental driving force for markedly changing aquatic ecosystems

(McGill et al., 2015). Thermal discharges from power plants and

industrial facilities speed up this phenomenon (Yorks et al., 2014).

The effects of thermal stress on aquatic organisms are well docu-

mented (Hochachka and Somero, 2002; Madeira et al., 2012;

Nakano et al., 2014). For instance, elevated water temperature in-

creases the metabolism of aquatic organisms in one way but de-

creases the level of dissolved oxygen in another way (Klumpen

et al., 2017). This mismatch between oxygen supply and demand

can result in hypoxic conditions (P€ortner and Farrell, 2008), which

may induce cascading effects on molecular and cellular responses

in aquatic organisms (Im et al., 2019; Klumpen et al., 2017). Addi-

tionally, thermal stress-induced alterations in antioxidant capacity,

growth, and reproduction of aquatic organisms have been widely

investigated (Becker et al., 2011; Im et al., 2019; Klumpen et al.,

2017).

Generally, thermal stress enhances the production of reactive

oxygen species (ROS) (Becker et al., 2018; Coggins et al., 2017;

Cuenca Cambronero et al., 2018), often resulting in lipid peroxi-

dation (LPO) and affecting cellular integrity (Coggins et al., 2017;

Coppola et al., 2018; Suzuki et al., 2018; Zeis et al., 2019). ROS plays

an important role as a regulator of gene expression as well as in

transcriptomic and proteomic adjustments in ectotherms exposed

to elevated temperature (Cuenca Cambronero et al., 2018).

Klumpen et al. (2017) and Becker et al. (2018) reported ROS-

mediated activation of heat shock factor 1 and/or hypoxia-

inducible factor 1 in daphnid under thermal stress. Additionally,

thermal stress increases metabolism related to survival via ROS-

mediated induction of mitochondrial respiration (Christen et al.,

2018; Iftikar et al., 2015; Lemieux et al., 2010). Moreover, thermal

stress is known to disrupt the energy homeostasis of an organism,

resulting in a trade-off between energy demand for stress protec-

tion and repairing damage and other fitness-related functions such

as growth and reproduction (Falfushynska et al., 2019). However,

the mechanistic linkage among biomarker responses at different

organization levels has limited information (Dionisio et al., 2019;

Goodchild et al., 2019). Our previous study demonstrated that

elevated temperature induced greater oxidative stress, faster
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COVID-19 Pandemic - A Global Emergency

Sukhendu Dey,* Palas Samanta** and Apurba Ratan Ghosh***

Abstract

The rapid outbreak of COVID-19 caused by Novel Coronavirus started sometimes in the 

third week of December 2019 became a serious pandemic disease due to lack of common 

awareness, sufficient infrastructures and lack of management strategies. As a symptom, 

it attributes life-threatening respiratory failure and quick outspread as per Public Health 

Emergency of International Concern (PHEIC). World Health Organization (WHO) provides 

huge guidelines as mitigation measures to control the community transmission of the 

disease. Different research institutes across the globe in collaboration with international 

research organisations are continuously warnings and instructions to prevent community 

transmission and simultaneously involved to invent the most suitable vaccine for the 

purpose of COVID-19 prevention. Accordingly, the government of India released additional 

funding for establishing the modern equipment and infrastructure to fight against this 

pandemic COVID-19 collapse. Different countries across the globe adopted different 

mitigation measures to treat COVID-19 infected patients in hospitals, public nursing 

homes, quarantine centres as well as home quarantine to stop the COVID-19 transmission.

Keywords: COVID-19, Transmission, Prevention, Diagnosis, Treatment

Introduction

The Novel Coronavirus disease 2019 (COVID-19), a viral infectious disease was first 

identified in the wet local fish market in Wuhan city, Hubei province in China [1]. Wuhan 

is one of the most congested cities in central China with 11 million populations. Initially, 

the most notable clinical symptoms were fever, dry cough, body pain, headache, 
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ABSTRACT: Hill coefficients, which provide a measure of cooperativity in ligand
binding, can be determined for equilibrium (or steady-state) data by measuring
fractional saturation (or initial reaction velocities) as a function of ligand
concentration. Hill coefficients can also be determined for transient kinetic data
from plots of the observed rate constant of the ligand-promoted conformational
change as a function of ligand concentration. Here, it is shown that the ratio of the
values of these two Hill coefficients can provide insight into the allosteric
mechanism. Cases when the value of the kinetic Hill coefficient is equal to or greater
than the value of the equilibrium coefficient indicate concerted transitions whereas
ratios smaller than one indicate a sequential transition. The derivations in this work
are for symmetric dimers but are expected to have general applicability for homo-
oligomers.

■ INTRODUCTION

Insights into reaction mechanisms are often obtained through
identifying and characterizing reaction intermediates. Con-
sequently, various criteria have been proposed, for example, for
determining the validity of the two-state approximation of
protein folding reactions. Examples include a calorimetric
criterion for two-state folding according to which the measured
calorimetric enthalpy change upon unfolding should be equal
to the van’t Hoff enthalpy change calculated assuming a two-
state transition.1−3 Another criterion is that the m-value (i.e.,
the slope of the plot of the change in free energy vs denaturant
concentration) for equilibrium denaturation should be equal to
the sum of m-values for folding and unfolding obtained from
transient kinetic data.4 In contrast, there has been surprisingly
little consideration of such criteria for the legitimacy of the
two-state approximation of allosteric transitions as assumed,
for example, in the classic Monod−Wyman−Changeux
(MWC) model.5 Here, we show that the ratio between the
values of the Hill coefficients obtained for equilibrium binding
data and transient kinetic data can provide such a criterion.
Cooperativity in the function of multisubunit proteins is

often reflected in sigmoidal plots of fractional saturation of
ligand binding sites as a function of ligand concentration. Such
plots can be fitted to the Hill equation:

̅ =
[ ]

+ [ ]
Y

K

K

S

1 S

n

n

e

e (1)

where Y̅ and K designate the fractional saturation and apparent
binding constant, respectively, [S] is the ligand concentration,
and ne is the Hill coefficient, which provides a measure for the
extent of cooperativity under equilibrium or steady-state (when
Y̅ is replaced by initial enzyme velocity divided by the maximal
initial velocity, V/Vmax) conditions. Cooperativity in ligand
binding by multimeric proteins is often due to ligand-
promoted conformational changes, which can be concerted,
sequential, or probabilistic.6 Regardless of the allosteric
mechanism, plots of the rate of the conformational change,
k, as a function of the ligand concentration are often also
sigmoidal. Such plots can be fitted to a kinetic version of the
Hill equation:7

=
+ [ ]

+ [ ]
k

k k K

K

S

1 S

n

n

0 max
k

k (2)

where k0 and kmax are the respective rate constants of
conformational change in the absence of ligand and at
saturating ligand concentration, nk is the Hill coefficient for
transient kinetic data, and K and [S] are defined as before. In
previous work,8 it was shown that nk/ne ≠ 1 can indicate that
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Abstract

About 20% of all familial amyotrophic lateral sclero-

sis (ALS) cases are associated with mutations in

superoxide dismutase (SOD1), a homodimeric pro-
tein. The disease has an autosomal-dominant

inheritance pattern. It is, therefore, important to

determine whether wild-type and mutant SOD1

subunits self-associate randomly or preferentially.

A measure for the extent of bias in subunit associ-

ation is the coupling constant determined in a

double-mutant cycle type analysis. Here, cell

lysates containing co-expressed wild-type and
mutant SOD1 subunits were analyzed by native

mass spectrometry to determine these coupling

constants. Strikingly, we find a linear positive corre-

lation between the coupling constant and the

reported average duration of the disease. Our

results indicate that inter-subunit communication

and a preference for heterodimerization greatly

increase the disease severity.
� 2020 Elsevier Ltd. All rights reserved.

Homodimeric proteins are widespread in Nature
including in humans where they constitute about
25% of all proteins with a known crystal
structure.1 Mutations in homodimers are often

associated with disease.2 Examples include the
involvement of Park7 (DJ1) in Parkinson’s disease,3

NAD(P)H quinone oxidoreductase 1 (NQO1) in
cancer and certain neurological disorders (such

Jelena Cveticanin, Tridib Mondal, Elizabeth M. Meiering, Michal Sharon,

and Amnon Horovitz

Legend: The ice bucket challenge was initiated to raise awareness and

encourage support of research on the motor neuron disease, amyotrophic lat-

eral sclerosis (ALS). Mutations in the superoxide dismutase 1 (SOD1) dimer are

one of the causes for this disease. The JMB article by Cveticanin et al. “Insight

into the autosomal-dominant inheritance pattern of SOD1-associated ALS from

native mass spectrometry” shows how native mass spectrometry can be

employed to determine the extent of preferential association of mutant and wild-

type SOD1 subunits. A strong correlation is found between the survival times

associated with different mutations and the tendency for heterodimer formation.

0022-2836/� 2020 Elsevier Ltd. All rights reserved. Journal of Molecular Biology (2020) 432, 5995–6002
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ABSTRACT: The GroE molecular chaperone system is a critical
protein machine that assists the folding of substrate proteins in its
cavity. Water in the cavity is suspected to play a role in substrate
protein folding, but the mechanism is currently unknown. Herein, we
report measurements of water dynamics in the equatorial and apical
domains of the GroEL cavity in the apo and football states, using site-
specific tryptophanyl mutagenesis as an intrinsic optical probe with
femtosecond resolution combined with molecular dynamics simu-
lations. We observed clearly different water dynamics in the two
domains with a slowdown of the cavity water from the apical to
equatorial region in the football state. The results suggest that the
GroEL cavity provides a unique water environment that may facilitate
substrate protein folding.

M olecular chaperones, which are found across biology,
prevent aggregation and facilitate protein folding.1 The

GroE system from Escherichia coli is an ATP-dependent protein
folding facilitator both in vitro and in vivo where it assists in the
folding of∼250 proteins and is required for the proper folding of
∼60 proteins.2−5TheGroE system is composed of two proteins:
GroEL and its helper-protein GroES (Figure 1). GroEL consists
of 14 identical 56 kDa subunits that form two 7-member rings
that are placed back-to-back, with cavities at each end.6 The
helper-protein GroES is a homoheptamer consisting of 10 kDa
subunits that form a single ring. ATP-dependent binding of
GroES to the apical domains of GroEL leads to encapsulation of
the substrate protein in the cavity.7 There are currently many
models that describe the ATP- and substrate-dependent
reaction cycle of GroEL8−10 which is governed by cooperativity
between GroEL monomers.3 There is positive intraring
cooperativity and negative inter-ring cooperativity in ATP
binding producing two GroEL-GroES complexes that are both
functional: the asymmetric GroEL14:GroES7 (bullet) and the
symmetric GroEL14:GroES14 (football) complexes10 (see Figure
1). The mechanism by which GroEL facilitates substrate folding
is hotly debated with many models requiring experimental
validation. There are two main categories of models describing
the GroEL substrate folding mechanism, named the passive cage
and the active model.11−17 The passive cage model states that
GroEL does not alter the folding pathway of the substrate and
merely provides an environment for the normal pathway to
occur.11,12 The active model assumes there are some
interactions between GroEL and the substrate that affect and
sometimes enhance the folding process.13−17 There are many

factors that can affect substrate folding, such as cavity-wall
chemical identity, steric confinement, and cavity water proper-
ties. Theoretical examinations have provided analysis that
suggests the confinement of solvent could result in improved
folding rate.15,18 Alternatively, increased rigidity of water
motions would promote protein unfolding and assist in an
annealing mechanism.17,19

Water is a critical solvent for cytosolic proteins to fold into
their native state and to function.20−24 Water in the hydration
layers near a protein surface has been observed to have
significantly slower dynamics than that of bulk water.25 Many
previous studies have been performed to understand the
hydration dynamics of water near the protein surface, including
NMR,26 neutron scattering,27 2D-IR,28 THz absorption spec-
troscopy,22,29 and molecular dynamics (MD) simulations.30

These studies have determined that these hydration layers have
dynamics that are significantly slowed compared to bulk-water
dynamics. Additionally, just as the surface of proteins is highly
heterogeneous with various charged, polar, and hydrophobic
residues, the water dynamics across the surface is also highly
heterogeneous. A previous study measured the dynamics of
water near the apical domains of the GroEL cavity and found the
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The ‘Inspired’ Shoe-Maker Missionary to India

Saptarshi Mallick

“A nation whom you love’d as if your own”1

“My heart is wedded to India; and though I am of little use, I feel
a pleasure in doing the little I can, and a very high interest in the
spiritual good of this vast country, by whose instrumentality soever
it is promoted”, wrote2 William Carey (1761-1834), the first Protestant
missionary from the Baptist Church of England who was largely
responsible for turning the tide of Protestant thought in favour of
foreign missions through the propagation of the Gospel into the lands
where Christianity had not spread. His acculturated heart underwent
an intellectual change and as an orientalised individual he took an
active regard in every attempt to make India familiarly known, both
to its rulers and its people (Wilson p. 604) interrogating the convention
‘to rule and to learn [in order] to subdue the infinite variety of the
Orient’ (Said p. 78). Carey’s journey to Bengal [India] during his
forty-one years of stay through ‘his work in the languages, philology
and science, and above all for his indomitable faith and energy as a
pioneer’ (India Office Records, “The Inspired Cobbler”) along with
his several humane endeavours, has permanently associated him with
the British Orientalists in Calcutta and with the Bengalis, a passage
to India that has not only placed him in golden letters in the annals
of the Bengal Renaissance (Awakening p. 67) but has also immortalized
him with the glittering honour of the diploma of the Doctor of Divinity
from the Brown University, U.S.A. in 1807 (Heaton p. 14). Carey
remains the solitary individual who stirred the imagination of the
modern world through his interdisciplinary endeavours which
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a b s t r a c t

This paper is intended to identify the optimal number of clusters automatically from an image dataset

using some quantum behaved nature inspired meta-heuristic algorithms. Due to the lack of sufficient

information, it is difficult to identify the appropriate number of clusters from a dataset, which has

enthused the researchers to solve the problem of automatic clustering and to open up a new era

of cluster analysis with the help of several natures inspired meta-heuristic algorithms. In this paper,

three quantum inspired meta-heuristic techniques, viz., Quantum Inspired Particle Swarm Optimization

(QIPSO), Quantum Inspired Spider Monkey Optimization (QISMO) and Quantum Inspired Ageist Spider

Monkey Optimization (QIASMO), have been proposed. A comparison has been outlined between the

quantum inspired algorithms with their corresponding classical counterparts. The efficiency of the

quantum inspired algorithms has been established over their corresponding classical counterparts

with regards to fitness, mean, standard deviation, standard errors of fitness, convergence curves (for

benchmarked mathematical functions) and computational time. Finally, the results of two statistical

superiority tests, viz., t- test and Friedman test have been provided to prove the superiority of the

proposed methods. The superiority of the proposed methods has been established on five publicly

available real life image datasets, five Berkeley image datasets of different dimensions and four

benchmark mathematical functions both visually and quantitatively.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Clustering or cluster analysis [1,2] refers to the task which
basically groups together similar data points into several groups
or clusters from a dataset in such a way that there exists a strong
correlation between the data points in the same group whereas
they are very much different from the data points of other groups.
Clustering is basically an unsupervised learning method which
can be used in several fields as a statistical data analysis tech-
nique. There are several clustering algorithms available in the
literature, viz., Model-based clustering [3], Hierarchical cluster-
ing [4], Density-based clustering [5], Partitioning methods [6],
Fuzzy clustering [7], K-means [8] etc. Among them, K-means [8]
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can be considered as the simplest and fastest algorithm for solv-

ing clustering problems. During the execution of the algorithm,

it is required to provide the exact number of clusters in advance,

which may not be always possible to know due to insufficient

prior domain knowledge. So, in cluster analysis, it is a basic

problem to find out the optimal number of clusters automat-

ically, hence referred to as the automatic clustering problem.

In this paper, three different automatic clustering approaches

using quantum inspired meta-heuristic techniques have been

proposed to overcome this situation. The proposed quantum in-

spired techniques will play an important role for segmentation

and classification of various kinds of images like medical images,

surveillance images, landscape images, hand writing images etc.

Nature inspired meta-heuristic techniques are very much use-

ful to solve difficult optimization problems. Swarm Intelligence

can be considered as a nature inspired meta-heuristic approach,

which basically works on the basis of the collective behavior

of social creatures like birds, ants, fish, honey bees etc. Social

https://doi.org/10.1016/j.asoc.2019.106040
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