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EDITORIAL

G LG AT B G TR A S

. ' ' ’
It is really memorable 1o write editorial for first midyear volume of the journal ‘Heritage’.

| Laughter is a part of human culture, even in animal world. Prof Krishna Roy in her paper ‘Human Laughter : A

panromic view’ have reviewed the current understanding of laughter as well as physiological benefits and

potential therapeutic effects to combat different ailments.

Smita Ray in her paper ‘Significance of medicinal plants: the lesser utilized ones’ has described how medicinal
plants became a natural reserve of diverse, complex and unlimited sources of therapeutics. In this review she has
explored pleothra of medicinal properties of lesser investigated plants types namely cacti, orchids, carnivorus

and aquatic plants.

Priyanka Sengupta, Krishna Roy and Bulbul Thakur in their paper ‘Significance of Food Security and Nutrition
Security as major contributors in sustaining Health for all’ have focused on the tripple burden of malnutrition.
The current paper has emphasized upon food and nutrition security which act as major donator in improving
overall health of human. Both of these parameters are important inputs of economic developments of many
countries.

Saptarshi Mondal and Samprita Ghosh in their paper ‘Indian Premier statistics : an analysis of Performers and
Disappointers’ have tried to study how performances of players in Indianan Premier League (IPL) in each team
vary over age and whether united performance in a team gives a better run rate. They find out team score and
NRR do not have exact linear relationship but on an average, they follow strong linear relationship.

Hiroj Saha in his paper ‘A review of Urban Biodiversity Protection in relation with high species diversity and
variety of valuable ecosystem services’ has tried to emphasize on the role of crematories in biodiversity
conservation has grown significantly over the last decade. Cremeteries are important green spaces in urban
environments, offering nature’s benefit to city residents and are valuable for urban biodiversity conservation.

Dipali Bera in her paper entitled ‘Air pollution in some selected studies of India’ make an attempt to analyze the
level of air Pollution during 2007 to 2020 in sixteen major polluting states of India. The pollution level of the
sample states are found to be Iess compared to all states’ average except UP and MP.

In the paper “Celebrating Spectral: Exploring the essence of Carnival in Anik Dutta’s ‘Bhooter
Bhabishyat’(2012) and ‘Bhabishyoter Bhoot ‘(2019)”, Anup Kumar Bag has tried to emphasize how Bhaktin’s
idea of carnival was used in the both flims. Dutta tried to fuse the essence of Bhaktinian Carnivalesque into the
genere of comic horror to attribute novelty to existing flim-literary practices. The satire and comedy used in
both flims attributed a sence of carnival to them and the same time decrowning of authority has been shown
through the help of metaphoric devices. : :

Supriti Paul and Debasis Ray in their paper had established the binding of two- formyl phenolate units as unique
chelating cum bridging ligands, not observed in routine synthesis from the use salicylaldehyde as stand alone
ligand in the presence of the linear hexadentata N4O; ligand.

Dipanwita Sur and Seemanti Ghosh in their article ‘The Art and Science of Adultration’ tried toexplain the
ways and causes of different kinds of adultration of the authentic plant based products of economic significance.
Few classical and recent methods to check the adultration have been discussed also.

Pritha Dey and Suchandra Choudhury in their paper ‘Induction of Autoimmune Graves' disease as post COVID-
19 complication- a short review’” had highlighted how Graves’ Disease had emerged as post COVID-19
complication.

We are thank{ul to the Department of Higher Education, Govt. of West Bengal for financial support. We convey
thanks to our Printers for necessary support.

Amrita Bagchi
Samiran Ghosh



Human Laughter : A Panoramic View

Prof. Krishna Roy
Professor of Physiology and Principal, Bethune College, Kolkata — 700 006

Abstract ;

Laughter is a part of human culture. Human baby starts laughing as early as three months of life.
This is true for all kids either normal, or quite deviated from normalcy such as deaf or blind. The
ubiquitous nature of laughter raises its purposeful role in human life. Laughter is also found in animal
world. Vocalizations resembling human laughter is found in several non-human species. A significant
proportion of these species are primates and other mammals, which suggests that the neurological
functions occurred early in the process of mammalian evolution. (1) Laughter as a mode of
communication is found in over 60 species.(2) In the animal world, it serves to indicate that, an action
which is being carried out, is not at all serious, for example in “fighting” or biting between foxes. It is
considered as their playful nature. Laughter is considered as a normal and natural physiologic
response to certain stimuli with widely acknowledged psychological benefits. This article reviews the
current understanding of laughter as a physiological phenomenon with different kinds of health
benefits and its potential therapeutic effects to combat different ailments.

Keywords : stress relief, immunity, gelotology, pain management.

Physiology of Laughter

Laughter can be considered as a complex emotional response to one’s environment, situation,
and stimuli. Scientifically, laughter may be defined as a physiological response to humor and
consists of two elements: the movements of different parts of face and the sound that is
emitted. These two elements occur after an order issued by the: brain as an impulse and are .
sometimes also accompanied by movements in the extremities and trunk muscles. (3)
Acbording to Philosopher John Morreall (4) thousands of years ago, laughter could occur asa .
satisfactory response of relief after getting rid of a problem or situations that implied danger.

Gradually, laughter would become a kind of signal as a social habit. Many resea.rcherf raised

argument that laughter is related to making and strengthening human relationships. Its

contagious nature is due to the innate desire of people not to Pe {eft ?ut of the group. Morreall

(5) also points out that laughter is something like a game which indicates the dominant power
of one who controls or the one who produces laughter in the group. For example, employees
laugh anyway, even if the boss makes jokes with litt.le sense. Many resear.chers analyze

laughter in different ways, however, none could determine an ab.solut.ely certain rt?ason‘ why
each individual laughs, until came Provine, a behavioral neurobiologist at the .Umversuy of
Maryland in Baltimore who had spent a decade s.tudying the reason behind . laughter.
According to his own word, “Laughter is a mechanism everyone has; laughter is part of
universal human vocabulary. There are thousands of languages, hundreds of thousands of
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dialects, but everyone speaks laughter in pretty much the same way.” He also wrote,
“Everyone has the capacity to laugh. Children born deaf and.blind are able to laugh. Babies
laugh long before they acquire speech. He had disclosed in his book, Laughter : A Scientific
Investigation (6). Provine also also stated that human and other primates that roam our planet,
are capable of laughing. Whenever we walk through woods listening to the odd cries and
calls of the creatures that live there, those creatures may hear our laughing sounds that are
just as odd and just as characteristic of our own species. In humans, it clearly serves a social
function, as we see its role to provide signal to some other person with whom we wish to
connect socially. In terms of evolutionary explanation, this signal of connection to stranger or
familiar person, is believed to play an important role in survival. It is so basic to humans, we
barely notice it unless it interferes with our pleasure or put us in annoyance. Thus it controls
group behavior, as we find its contagious nature without having genuine reasons behind.
This may occur due to presence of mirror neurons in humans (7) Even apes have a form of
“pant-pant-pant” laughter. Laughter is primitive, an unconscious vocalization, Provine also
says. “In laughter we emit sounds and express emotions that come from deep within our
biologic being” Through a story, he explained how the capacity to laugh is genetically
determined. The story goes like this, “One set of “giggle twins,” separated at birth, was not
reunited until 40 years later. Until they met each other, neither of these exceptionally happy
ladies had known anyone who laughed as much as she did,” Provine also reports. “Yet, both
were reared by adoptive parents they described as undemonstrative and dour. These gleeful
twins probably inherited some aspects of their laugh sound and pattern, readiness to laugh,
and perhaps even taste in humor. “Laughter demands contexts, such as it must have social
and psychological parameters (age, language, social origin, expectation of the joke and even
day-month schedule, etc. The humor of the Americans usually seems acid and ironic, in
relation to the English, who laugh more with self-criticism, Latinos tend to laugh at absurd
associations and the use of the double meaning of words. (8) Apart from its social role, it was
not generally perceived that laughter may have any particular healing effect until 1979, when
Norman Cousins published a book entitled Anatomy of an lllness. In this book, Cousins
described laughter is having analgesic effect for pain caused by his ankylosing spondylitis
(9). Since that time, interest in laughter as a potential therapeutic option has grown, both in
popular culture as well as in scientific research.

What happens in the body when we laugh?

The physiological study of laughter is called gelotology. It has been found that during
laughing, fifteen facial muscles contract and the zygomaticus major muscle is constantly
stimulated. The respiratory system is also active and its functioning changes because the
epiglottis closes the pharynx in certain proportions, producing irregularities in the entry of
air. When someone laughs for a long time and in intense situations, the tear ducts open and
drop a few tears. Laughing with a cry is indeed sensational. All these changes make the face
moisten and take on a reddish hue, sometimes with greater intensity and in cases even purple
(1‘0) Meanwhile, a strange sound accompanies this event. In one of his studies on the
different effects of laughter in human beings, Provine (11) analyzed the sonic structure of
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laughter in different people. He discovered that the sound consists of tiny notes that repeat
every 210 milliseconds. This sound always has the same tonality and never by being a
mixture of different tones. As an example, the laughter of some can be expressed something
like “ha-ha-ha” or “ho-ho-ho” but never as “ha-ho-ha”. He also points out that when listening
to laughter, certain neural circuits (mirror neurons) in the brain related precisely to laughter is
activated through a kind of detector and that also increases the intensity. This may explain,
why laughter is contagious.

R.escarchers have also learned that laughter involves various regions of the brain with
different effects on the body and on the psyche. Humor researcher Peter Derks traced the
brainwave activity through electroencephalograph (EEG) in subjects responding to humorous
material. (12) as they laughed. In every case, a regular electrical pattern was produced in the
brain. If the EEG wave took a negative charge, the subject laughed. If it maintained a positive
charge, there was no response, researchers said. During the experiment, researchers observed
certain specific activities: such as the words and structure of the joke were analyzed on the
left side of the cerebral cortex, the brain’s large frontal lobe became quite active. The right
hemisphere of the cortex analysed the contents of the joke. Brainwave activity then spread
out to the sensory processing area of the occipital lobe of cortex. Stimulation of the motor
sections evoked physical responses to the joke. So Laughter seems to affect many regions of
the brain. There are different regions of the brain that are responsible for certain functions in
behavior, such as the frontal lobe that is responsible for emotional responses, but in the case
of laughter, something different happens. When someone laughs, the left region of the
cerebral cortex analyzes all the events that may or may not produce laughter. The frontal
lobe, in charge of emotional responses, increases its activity. The right brain hemisphere
Laughter produces a general feeling of well-being in the body and benefits health on different
levels, both physical and psychological is responsible for understanding and understanding
the joke or funny fact itself and finally, the motor sections are responsible for the physical
and sound response of laughter. Some experts say that this means damage to any of these
regions might impair one’s sense of humor or response to humor. During laughter, the limbic
system of brain seems to be the central area. Research has shown that the amygda!.a and the
hippocampus of limbic system seem to be the main areas which involve emotions. The
amygdala connects with the hippocampus and the medial dorsal nuc.leus of thc.th.alamus.
Through these connections, the amygdala plays an important ro.le in the medlatvlor.n and
control of major human activities such as friendship, love and affectlon, and mood. Similarly,
the hypothalamus, especially its median part, is a major contrllbuto.r to loud, uncontrollable
laughter. Laughter thus produces a general feeling of well-being in the .body and b.eneﬁts
health on different levels, both physical and psychological. There are still marlly t!ungs to
discover and many aspects to analyze about laughter, for example 'when something ls.funny
and especially what determines that something can cause laughter in some people while not

in others?

Review of literature:
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an was born, laughing bhas been around and .1!: is usuall)( very
e | theories that explain laughter. The traditional theon.es of
ient times with the view that laughter is an expression of

i eriori theory was held by Plato,
i"ee.lings of Sgpf_;i?:;:::; o,\::’—,ro::—:;?th:srp:;rsgfr“‘I::lhg'lit::pnoted tI)J’y Aristotl(f and Cicero a.nd
AHStOtlec’i at:xtil Igant a.nd Schopenhauer developed it into the inco.ngru:fy theor:y, which
?lfog\l)egi:ecor::plicatcd appears widely applicable. It st?tes that laughter {s'oﬂeln la react:zn tc:::-t:;
perception of some incongruity. According to the third and. latest tradltlf:l)na theory, ee:‘-er;
theory of Herbert Spencer and Freud, laughter is the venting of superfluous nervous Zy

4, 13).

Ever since the first
contagious There are severa )
lJaughter and humor originated in anc

Sigmund Freud announced laughter as a tension releaser. Later, Ph?losopher, ‘Johx.'n Morreal
disclosed a theory stating it is a shared expression to relieve the paSSI-ng of feeling n d.ange.r-
Later, in his book, Laughter : A Scientific Investigation, Robert Provine, a neuroscientist an.d
professor of Psychlogy at the University of Maryland, Baltimore County expressed his
observation in real-world laughter. Using tape recorders. He and his collaborators could
capture more than a thousand “laugh episodes® in various places like shopping malls, cocktail
parties, class reunions and also in bars .Moreover. He along with his student volunteers noted
in a “laugh log™ the circumstances around every time they tittered, chuckled, or guffawed.
The results were much surprising. Firstly, less than 20 percent of the real-worild laughter
incidents were in response to some funny incidents. Secondly, in most of the cases, people
were found to giggle or chuckle even at simple statements such as “I’'ll see you guys later,” “I
see your point,” etc. Thirdly, in all of these cases, the person who initiated the laugh-
provoking statement was 46 percent more likely to be the one chuckling than the person
listening. Fourthly, while laughter may erupt at any point in response to something funny, but
in only eight of the 1,200 laugh episodes Provine cataloged that laughter is interrupted at
somebody’s saying. But at, 99.9 percent of the time, laughter occurred in tidy, natural breaks
in the conversation, punctuating the speech like a period or exclamation point.

Provine also discovered that we come across laughter in our everyday lives, mostly not in
response to anything resembling jokes. Instead, it occurs in conversations that, out of context,
do not seem funny at all. (42) Therefore, Provine and other researcher’s discoveries suggest
that laughter at the core level, is a form of of communication (43), inherently social and not
just a by product of finding something funny. In fact, when Provine went through the laugh
logs he collected, found his participants were 30 times more likely to laugh in the presence of
others than when they were alone. In a few isolated instances of laughter, nearly all occurred
in response to TV shows or other media. It denotes, electronic device, proxies for other
people. This odd and powerful vocal mannerism of laughter seems to have an innate need to
share funny matters with others. If we go for Evolutionary theory of this body response, we
will come across various possible explanations. Of these, the most significant theory was put
forward in a 2005 Quarrerly Review of Biology article by an undergraduate student Matthew
Gervais and his adviser, evolutionary biologist David Sloan Wilson. The theory
based on a study by 19™-century French physician named Guillaume Duchenne, who went
around zapping people’s faces with clectrodes. He worked at an old woman’s hospice, and

is again
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so had access to a lot of prone bodies. Perhaps he was charming in appearance. According to
articles on Duchenne, all the ladies wanted to be clectrocuted by the “little old man with his
mischief box.” After applying the prongs of his box to people’s faces, Duchenne evoked one
kind of smiling, voluntary in nature with the type of expression exhibited at the time when
we  grin to be polite. He discovered this mannerism, involves the face’s zygomatic major
mu.scles, raising the corners of the mouth. But Duchenne also discovered a second variety of
sn.uling and laughing, which occurs when we find something truly entertaining or funny. At
this time, expression was more complex, utilizing both the zygomatic major muscles and the
orbicularis oculi muscles that form crow’s feet around your eyes. This is the reason for the
old saying that a real smile is in the eyes. With the application of electrodes, Duchenne was
never able to reproduce this second form of exsmile pression— now known as a Duchenne
smile or Duchenne laughter. He rather considered that this kind of smile is possible only put
by the sweet emotion of the soul. Duchennes’s discovery was brought to the notice of people
by Gervias and Wilson, after more than a century, indicating evolution of laughter at two
different points of human development. The first event was triggered in response to funny
matters, sometimes between 2 million to 4 million years ago, In fact, it appeared even before
emergence of language, just to make others feel or provide a signal that no danger is lying
ahead, basic demands are satisfied and everything seems fine. For primates, after play
fighting, there is an outburst of breathy panting. Gervias made the inference that laughter
made a signal for certain non serious novelty, and associated others may join this event
cognitively, emotionally and socially. Accordingly, these professors from the University of
Binghamton consider that laughter originated seven million years ago, as a result of with the
gasping of hominids when playing with others.

Gervias and Wilson next theorized (14) that long long years after, sometime in the hundreds
of thousands of years after, the non-Duchenne sort, or other sort of laughter, independent of
contents of humour, emerged. With the advent of human development, cognitively and
behaviorally, people learned and tried to mimic the spontaneous behavior of laughter, just to
take the advantage of its effects. But they were not able to produce the exact eye-muscle
movements of real laughter and smiling. This way, mimicked laughter was practiced for
beneficial purposes. Thus Gervais and Wilson put it in their paper, “non-Duchenne laughter
came to occur in aggressive, nervous, or hierarchical contexts, functioning to signal, to
appease, to manipulate, to deride, or to subvert.”Another interesting fact is that Bipedal
locomotion in human is anticipated as one of the causes for more vocalization and laughter

(44)
Basic evolution of laughter in humans.

It is often said laughter has its origin from non human primates or other mammals. To
examine this view, scientists carried out experiments with induced laughter such as tickling.
They studied the acoustics of tickle-induced vocalizations from infant and juvenile
orangutans, gorillas, chimpanzees, and baboons, as well as tickle-induced laughter produced
by human infants. Character states of the resulting acoustic data were then coded and further
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evaluated submitted for quantitative phylogenetic analysis. Acoustic outcomes revealed both
important similarities and differences among the five species. Moreover, Furthermore,
phylogenetic trees reconstructed from the acoustic data matched the well-established trees
based on comparative genetics. These results provide strong evidence that tickling-induced
laughter is homologous in great apes and humans and support the more general postulation of
phylogenetic continuity from nonhuman displays to human emotional expressions. (45)

There exists another theory, which takes the person-to-person connection provided by
laughter a step further, is that laughter may be a supplement for the act of grooming each
other. Grooming one another is a behavior seen in primates with trust, investment of time and
development of friensship. With the increase of community, it becomes difficult to groom
one another to establish friendship bond and Jaughter may be a good substitute as it can be
done in a larger group with a more immediate impression. (15)

Every person has his/her own personal signature in laughter as we call “laugh Print”. It may
be snorting, cackling chortling or a wild, weird little giggling. Laughter in the human brain
as a social response appears after the third month of life, never to disappear. A study from the
University of Ontario reports that adults laugh an average of 18 times a day, children tend to
laugh three to five times more. The phonetics of laughter is universal, in all cultures the same
language of a laugh or a laugh is accepted. (8)

Types of laughter: .

Laughter is characterized a physical reaction involving a distinct repetitive vocal sound,
certain facial expressions, and contraction of various muscle groups. One study has indicated
five separate types of laughter such as genuine (“spontaneous™), self-induced (“simulated”),
stimulated (eg., tickling), induced (i.e., ‘via drugs), and pathological. (16) Pathological
laughter is different, due to a disorder of emotional expression mediated by damage of
pathways in the cortex and brainstem. This is called laugh attack: or Pseudobulbar affect
where the person experiences uncontrolled laughter, cry or get upset without having any
cause (17) On the contrary fake laughing releases endorphins since the brain interprets it by
the position of the muscles of the face. Endorphins make us feel happier and less stressed.

Laughter can also be classified as Etiquette Laughter which could have developed in our
ancestors before full speech, and the sound denotes a way to communicate and show
agreement. It may be Contagious laughter. According to Provine, contagious laughter raises
the possibility that humans have laugh detectors. In other words, people are made to respond
with laughter on hearing laughter itself, much like the mystery of spreading a yawn (11). It

may be a separate type called Nervous laughter which is not laughter at all but a defense
mechanism in hostile situation. (18)

Apart from types of laughter, the ways of laughing may vary from giggles to guffaws and
from chuckles to cackles. It appears that we humans laugh for many reasons, some of them
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may be odd. Laughter seen after tickling or tickling laughter demands special attention. As
Per the opinion of neurobiologists and evolutionary biologists, we laugh when we are tickled
Just because hypothalamus and anterior cingulated cortex, the part of the brain tells us to
laugh .if exposed to a light touch. It is also the same part that tells us to expect a painful
sensation. Thus Laughing when tickled in our sensitive spots (under the arms, near the throat
and under our feet) could act as a defensive mechanism. It is anticipated that we have
evolved to send this signal out to show our response to overcome or to dispel a tense situation
as a defense mechanism. Gorillas or rats both laugh like us when they are tickled. But we
cannot hear the giggle of rats at 50kHz, which is out of our audio range. (19)

There are also sexual differences in laughter as  Provine has studied male/female laughter
patterns. In one occasion, he carried out study of humans in their natural habitat of shopping
malls, city sidewalks, and the university student union, involving about 1,200 laugh episodes.
And he found that Speakers laugh more (46%) than their audiences. The effect was even
more striking when he saw females were while talking laughed 126% more often than the
people they were talking to. The socio biological aspect of laughing was striking, he
admitted. People were found to laugh about 30 times more when they were around others
than when they were in solitary situation.

The benefits of laughter :

It is commonly accepted that laughter exerts some psychological benefits, such as reduction
of depression, anxiety, and stress (20, 21, 22) But studies show, it has some small but
quantifiable positive physiological benefits. Moreover, literature on laughter depicts different
effects based on the type of laughter studied either spontaneous or self-induced. (3)

Probably Laughter works as a reappraisal technique, reducing the limbic response associated
with “fight-or-flight” reactions. In other words, when feeling stressed the physiological act of
laughter make us tension free. It is often said, laughter is the best medicine. This saying
“Jaughter is the best medicine” is believed to have originated — albeit now in a snappier form
—from Proverbs 17.22 of the King James Bible. But. how it exerts its strong medicinal
value? According to the Mayo Clinic, (23) there are multitude health benefits of laughter. It
may increase our oxygeri_ intake, which eventually cd_n stimulate our heart, lungs, and
muscles. It further releases the endogenous feel good hormone endorphins, to make us feel
happy and even relieve pain or stress. The associated act of changing our heart rate an.d blood
pressure through laughter is also ultimately calming and tension-relieving. E\{en our 1mml.me
system response may enhance through the release of stress-and 1|lness-'reducmg
neuropeptides. Laughter also signals cooperation, a key aspect of human survu.fal, and
promotes a healthier body. By seeking out more opportunities for laughter, we can lmpfo.ve
our emotional health, strengthen our relationships, find greater happiness, keep appositive
optimistic outlook in difficult situations —and even add years to our life. It may even helP us
to live longer. A study in Norway found that people with a strong sense of humor outlived
those who do not laugh as much. The difference was particularly notable for those battling

cancer. (47) But how does it exert its action ?
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a. Laughter may reducing stress, anxiety, and depression : It has been show1.1 to e>.:ert
stress-reducing effects by suppressing the bioactivities of some neurohormones epinephrine,
cortisol, and 3,4-dihydrophenylacetic acid (a major dopamine catabolite) (24,25) Reduced
activities, of norepinephrine, serotonin, and dopamine are linked to depression, and laughter
is shown to enhance dopamine and serotonin activities (Yim et al 12016). Serotonin is the
same brain chemical affected by the most common types of antidepressants, SSRIs. But
effective duration as antidepressant is not known. Laughter therapy may be effectively used
for reducing short-term and long-term stresses and thus to improve significantly the quality of
life (26) Moreover, Laughing eliminates stress hormone cortisol from our blood stream and
stimulates release of chemicals in the brain: dopamine, oxytocin and endorphins. Oxytocin,
the empathy hormone and the bonding chemical creates a sense of relatedness. Endorphins on
the other hand, triggers the feelings of pleasure, helps to endure pain sensation. (27)

b. Laughter and Pain Management : Laughter may decrease our pain sensation by
facilitating the synthesis of natural painkillers. Moreover, it has been found to enhance the
tolerance of pain. (27, 28)

& Laughter is central to relationships : A study by American scientists indicated
frequency of laughing in women is more than men (126%) , but men seem to instigate
laughter much more than women. Couples who laugh together report having higher quality of
relationship. (29) In the northeastern corner of Tanzania, on Jan. 30, 1962, three school girls
started giggling in a religious boarding school classroom. They could not stop laughing and
soon it became a very strange epidemic, spreading to their classmates. The laughing attacks
lasted from a few minutes up to a few hours. Interestingly, one poor girl reportedly
experienced symptoms for 16 straight days. The victims were so much affected that they
could not focus on their schoolwork, and if being refrained by others, they tried to attack
them. Gradually when 95 students out of 159 pupils of the school had come down with this
laughing disease, the school authority was compelled to shut down the school. The students
returned to their villages, taking the disease (omuneepo ) with them. Gradually, it was found
the disease to spread from person to person, school to school, village to village. The villagers
were much afraid as the education of the children was interfered. It was reported by noted
local medical oﬂ'lcers in a 1963 report in the Central African Journal of Medicine. (46) The
reason behind it was not clear. Around a thousand people were affected and after two months
the epidemic died down. Later, researchers went to the particular village in Tanzania, half a
century after to trace spread of omuneepos across the region, took interview with the
students, teachers, and local medical experts having first hand experiences. They came to
know that there was nothing funny at all about the situation at the time. The religious
boarding school where the laughter began was marked by strict rules, windowless dorms, and
devilishly uncomfortably chairs designed to promote correct posture. Investigators found
similar conditions at other locations where the omuneepo later erupted Serious
overcrowding, poor food quality. “It’s a form of complaint,” Kroeber Rugliyama, a longtime

local psychiatrist said of the muysterious laughter. “They had no alternative form of
expression.” (48)
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d. Laughter stimulates the immune System : It stimulates body immunity by decreasing

:S:zfess hormones and increasing the immune cells along with the level of antibodies. (30, 31,
)

e. Laughter evokes Euphoria : By promoting release of Body’s natural feel good hormones
end.orphins laughter creates overall sense of well being. Rescarchers from Finland and the
Unfted Kingdom found that social laughter triggers the release of endorphins, from brain
re:‘:’,.IOns responsible for arousal and emotion. Endorphins interact with opioid receptors in the
br.am to help relieve pain and trigger feelings of pleasure. Their study revealed that people
with more opioid receptors, are gifted with brain regions associated with the processing of
emotions, the more they engage in social laughter. Highly addictive opioid drugs, e.g. heroin,
also binds with these receptors, suggests how laughter evokes euphoria. “The relationship
between opioid receptor density and laughter rate also suggests that [the] opioid system may
underlie individual differences in sociability.” “Our results highlight that endorphin release
induced by social laughter may be an important pathway that supports formation,
reinforcement, and maintenance of social bonds between humans,” says study co-author Prof.
Lauri Nummenmaa, of the Turku PET Centre at the University of Turku in Finland. The
researchers recently reported their results. (33) For the study, Prof. Nummenmaa and
colleagues enrolled 12 healthy men to their study. Participants were injected with a
radioactive compound that adheres to opioid receptors in the brain. Using positron emission
tomography (PET) imaging, the researchers were then able to monitor the release of
endorphins and other peptides that bind to opioid rectors. Participants underwent PET scans
twice. The first scan was conducted after each participant spent 30 minutes alone in a room,
and once after they spent 30 minutes watching laughter-inducing video clips of their close
friends. The researchers found that the social laughter condition led to a significant increase
in endorphin release in the thalamus, caudate nucleus, and anterior insula regions of the brain.
These are brain regions that play a role in arousal and emotional awareness. Additionally, the
team found that participants with a greater number of opioid receptors in the cingulate and
orbitofrontal cortices of the brain were more likely to laugh in response to their friends’ video
clips, The cingulate cortex is involved in the processing and formation of emotions, while the
orbit o frontal cortex is involved in a number of emotion-related processes. Endorphins also
pron'iote the feelings of togethemes:& Prof. Robin Dunbar, of the University of Oxford in the
U.K., and the of co-author of the study adds that the results highlight the importance of vocal
communication in social bonding. “Other primates maintain social contacts by mutual
grooming, which also induces endorphin release. This is however very time-consuming.
Because social laughter leads to similar chemical response in the brain, this allows significant
expansion of human social networks: laughter is highly contagious, and the endorphin

response may thus easily spread through large groups that laugh together.”

f. Laughter and social connection : Just like small conversation, laughter play a crucial
role in social bonding, nurtures friendship. In fact, most laughter is centered around playful
situations. Our daily experiences may have noticed that we laugh much in a group than when
being alone. Studies on this issue have shown young children between the ages of 2.5 and 4
were found to be eight times more likely to laugh at a cartoon when they watched it with
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another child even though they were just as likely to report tt‘at the cart‘oo.n was‘ funny
whether alone or not. For adults, in a study involving 24 different societies with 966

participants, scientists played short sound bites of pairs of people Iaughir?g. t0geth.er. In some
cases, the pair were close friends, in others, the pair were strangers. Partlf:lpants ‘m the study
were asked to listen to the simultaneous laughter and to determine their level of
friendship shared by the laughers. Using only the sound of the laughter as cues, they could
confidently express the duration of friendship of the participants. These results suggest not
only the link between true laughter and durable friendship b.ut also .thfe tra'msparcncy of
laughter, while genuine or pretentious laugh at a joke. (Detecting affiliation in co-laughter
across 24 societies. (34) Effective use of laughter to reduce long term or short term stresses
can significantly improve the quality of life (35)

Laughter can be used as a non invasive, cost effective and easily implementable therapeutic

measure to reduce the intensity of many mental illnesses (36)

g. It protects the heart by improving the function of blood vessels and increasing blood

flow, which may protect us against a heart attack and other cardiovascular problems. Studies
have shown that laughter has an anti-inflammatory effect that protects blood vessels and heart
muscles from the damaging effects of cardiovascular disease. (37, 38) How this happens is
not entirely understood, but it seems related to lessening the body’s stress response, which is
directly linked to increased inflammation. Regular, hearty laughter should probably be part of

every heart disease prevention program

h. It burns calories : Selective study has found that laughing for 10 to 15 minutes a day can
burn approximately 40 calories— which could be enough to lose three or four pounds over

the course of a year. (39)

i. Laughter fosters brain connectivity : Not all laughter is the same, One study has found
differences in how we perceive, for example, joyous laughter versus taunting laughter versus
tickling laughter, each of which activates connections between different brain regions
laughter fosters rigorous brain-region connectivity that kicks in when we hear a laugh, as our
brains work to decipher what sort of communication is coming through. (40)

Is Laughter really the best medicine ?

Many researchers claim that laughter carries health benefits, as it represents all the positive
emotions that offset hostility and eventually exert positive effects on the immune system.

But contrary to the health activists laughter researcher Provine holds different views since
most of the researches in this area is very limited. However, the therapeutic value of laughter
was popularized by Norman Cousins (in his 1976 article, published in The New England
Journal of Medicine, ) and the idea was expanded into a book where Cousins, describes his
affliction with a painful and life-threatening degenerative disease (ankylosing spondylitis)
and his successful self-treatment with vitamin C. But Provine admits, though laughter may
exert certain health benefits, but it is indeed a very violent activity. According to him,
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.Lalfghter increases your heart rate, but would similar changes be produced by yelling or
singing? There may be something unique to laughter, but that research hasn’t been done yet.”

:l)tn J?:CL contrary, Margaret Stu.ber, Ph.D., Professor of Psychiatry and biobehavioral sciences
A. (and also the co-director of the UCLA Jonsson Cancer Center’s Rx Laughter, a
nonprofit project dedicated to helping the ill via humor and to supporting more scienti}ic
;:S:;Srcilveon !aughter), has found that when children watched funny videos -- while their
N re in ice water -- they. could tolerate pain better. She also found children who
ghed more, assessed the experience as less unpleasant. And they also had lower levels of
the §trcss hormone cortisol. Stuber Suggests, parents can teach their kids to see the funny side
of life. :I‘his therapy may change the vision of life. She has initiated an experiment where
puzzle pieces are put together to the children, just to discover them the funny sides of things
and also to learn about a situation as non-threatening or not embarrassing. (Webmed report).
In one of her studies, Stuber found and disclosed to webmed that people who are able to
laugh -- rather than being embarrassed or angry in certain situations -- tend to have fewer
heart attacks and better blood pressure (41). According to her, more research work on the
effects of laughter, are coming out.

Another a psychotherapist, Stephan Wischerth who leads the New York City’s Laughter
Club, tells WebMD, “Laughing makes people laugh,”. “I find that we really have lot of
laughs just frozen inside our chest, just dying to get out. I give people permission to laugh out
loud, be silly, get rid of stress. They discover for themselves how to take life a little less
seriously. People feel like they’re constantly under barrage. Why not joke about it?”” “The
contagious quality inherent in laughter — that’s what helps bolster them”. In his clinic, among
those who attended were someone with Stage 4 Cancer, another person with a degenerative
nerve disease, i.e. people who are really stressed out.

Still another Laughter Club leader at the Getting Well Campus in Orlando, Kim Mclntyre
says even in forced laughters, people experience beneficial effects as part of a
mind/body/wellness program. Efforts must be exerted to stimulate the inner child that too
often gets lost as we age. She also told Webmed, “Ninety percent of the time, when we start
out with forced laughter, people start laughing,”. “Pretty soon, there’s an overwhelming
amount of geriuine laughter. Your ear hears it and you start laughing.”
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Conclusion:
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physiologic effects of laughter. Cur
laughing, even without humor, is
reduce stress and i

therapeut
on the neuro endocrine, and immun

the underlying molecular regulation
which includes laughter exercises, clowns,

being used to help re
also used sometimes to help peop

ct that laughter can have

ts. Only recently we aré gathering knowledge of the
more research is indicating that the physical act of
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Significance of medicinal plants: the lesser utilized ones
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Abstract

Natural reserve of medicinal

plants is a diverse, complex and unlimited source of therapeutics. They
have supported human healt

orte h since ancient times and a vast majority of the global population is
C}Jrrently inclined towards herbal preparations owing to their efficacy, cost efficiency and minimal
Sldt? effects. As with any other field of science, development of state of art research facilities have
optimized the identification of therapeutic principles, facilitated effective extraction and quantification
procedures, helped in determining the medicinal potency and contributed immensely towards herbal
drug development. During the course of time we have either lost track or neglected many plants that
have ethnobotanical significance resulting in research and exploitation of selected plant species only.
This has not only resulted in biodiversity imbalance but has restricted the utilization of the full
potential of medicinal plants. The aim of this review is to draw attention to the wide plethora of
medicinal properties of lesser investigated plant types namely mushrooms, cacti, orchids, carnivorous
and aquatic plants. It briefly touches upon the recent trends in medicinal plant research which when
applied to these lesser known plants can be of immense benefit to pharmacognosy and medical
science.

Keywords

Medicinal plants, Mushrooms, Cactui, Orchids, Carnivorous plants, Aquatic plants, secondary
metabolites

Introduction

The rising demand for pharmaceuticals and nutraceuticals is paralleled by an upsurge in
developing natural products for the prevention and treatment of human ailments and the f.'ocus
has been particularly on secondary metabolites. Increased medicinal plant research is evident
from the rise in number of publications from 4,686 in 2008 to 14,884 in 2018 (1). The
secondary metabolites are Specizilized biochemical compounds. which pla‘y no apparent rf)l.e in
plant growth, enlargement, and reproduction but help them in c'ombatmg .stre.ss c?n(.iltlons
and adaptation (2, 3). The diverse array of secondary metabollltcs effectlve. in bxofnc and
abiotic stress tolerance includes alkaloids, terpenoids, glycosndc;:s, ﬂavondes, qumone.s,
coumarins, polyketides, steroids, glycosides, volatile o.ils, resins, tannms:, cyar.logcmc:
glycosides, etc (4). Secondary metabolites do not engage .m any precns.e ‘role lr} th.e mtern[ad
organization of the producers but help in defense mechanisms and their 1'nv.est|gat10n cou |
result in the identification of new signalling molecules (5, 6, 7, 8). $ophlst1catefi analytica

approaches, innovative techniques and bioinformat.ics coupled with R&D mvestm:nts
enhance the optimal utilisation of various medicinally mlportar}t compo.unc?s. Tl.le herb.al 'rug
industry is facing challenges such as mass exploitation ‘lcadm.g t.o b.lodlversny ex_tmctlor(xi,
slow multiplication rate, low bioavailability, tissue specific dlS.trleltlon, geogl-'aph.lc.:al an

seasonal variation in metabolite content and continuous reduction in land availability. De
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of chemical analogues is expensive, laborious and largely inaccurate (9).
loitation of plant resources for therapeutic principles has

been restricted to certain genera while a plethora of plants remains unexplored. Keeping these
disadvantages in mind, the need of the hour is to widen our search for secondary metabolites

from unconventional sources. The current review aims to highlight the plants whose
medicinal properties though reported or used in traditional and ethnobotanical practices, are
not utilized in mainstream formulations. Case study of mushrooms cacti, orchids, carnivorous
and aquatic plants have been dealt with herein. While cacti and orchids are cultivated for
ornamental purposes, carnivorous and aquatic plants are left to grow in the wild. An
of ethnobotanical knowledge and precise instrumentation can help in

novo synthesis
Furthermore major focus on exp

amalgamation
sustainable use of plants to combat human diseases.

Case study 1: Mushrooms

Mushrooms are a group of organisms belonging to the families Ascomycetes and

om Fungi, the fruiting body being mostly epigeal but sometimes
f medicinal properties due to the

arides, dietary fibers, selenium
amino acids and mineral
in the

Basidiomycetes of the kingd
hypogeal in nature (10). Mushrooms possess a variety o

presence of their active constituents such as polysacch

oligosaccharides, triterpenoids, peptides, proteins, alcohol, phenols,
elements (11). In China since 100 A.D. mushrooms are used as medicine (12) but

developing countries wild edible macro-fungi have often been ignored.

Medicinal properties of bioactive compounds from mushrooms

Mushrooms are known to possess medicinal properties that provide benefits against a
Jarge number of diseases for instance antimicrobial, antioxidant, anticancer, immune system
enhancer, antiviral, anti-hyperlipidemia, radical scavenger, anti-parasitic and anti-
inflammatory (13). Researchers have focused on antimicrobial, antioxidant, prebiotic and
anti-inflammatory properties. The medicinal uses of bioactive compounds from mushrooms

are given in table 1.

Case study 2: Cacti

'

Theophrastus used the term Cactus, derived from an ancient Greek word _kaktos®, to
demarcate the spiny plants (14). It consists approximately of 1,600 species in 130 genera
subdivided in the three subfamilies Pereskioideae, Opuntioideae and Cactoideae (15). Cactus,
also referred to as ‘new world plants’ is popular as no maintenance wild/ornamental plants
belonging to the family Cactaceae and has great economic value (14). Bioactive compounds
from cacti are under investigation owing to the proven anti-cancerous, antioxidant, antiviral
anti-inflammatory, anti-diabetic, anti-hyperlipidemic and hypercholesterolemic effect.

Medicinal use of bioactive compounds

Anti-cancerous effects: Recent studies indicate remarkable anticancer activities in the
extra.ct of cactus pear. It is also found that cacti prevent the proliferation of in vitro cervical
ovarian and bladder cancer cell lines and inhibits the growth of cancerous cells in the mice

16 | Heritage 2022



0\’/arian culture model in vivo (16). The chemo preventative and anticancer activities of crude
e)\t-racts. from plants are comparable to the synthetic Retinoid N-(4-Hydroxyphrenyl)
retinamide (4-HPR) which is used in ovarian cancer (16, 17).

Ant‘ , 3 < . . .
p 8)10;}:ant e.ffec.:ts. The antioxidative property of cactus cures many beneficial health effects
- .am.e la;nt:oxnd:;mts such as polyphenolics are cardio protective, anticancerous, antiviral
1~ . . -
altergenic (19). These polyphenolics of cactus increases the intracellular calcium

lons In e“dO.Plasmic reticulum and this perturbs the expression of interleukin 2 which is
associated with human T cells (20).

fﬁntl-lnﬂammatory effects: Genus Opuntia has been used for its analgesic and anti-
inflammatory effect. The fruit extract of Opuntia dillenii (21) and the lyophilized cladode has
known anti-inflammatory effect. The phytosterols of fruit and stem extract are used in this.
The component of stem extract Betasitosterol also has anti-inflammatory effect. With the
help of the fruit and stem extracts the gastric lesions in mice were reduced remarkably (22).
Remarkable anti-inflammatory effects of indicaxanthin have recently been demonstrated in
an animal model of acute inflammation (23).

Case study 3: Orchids

The meaning of the word —orchidi (Orchis in Greek) is testicles and Theophrastus
first coined the term according to the plant anatomy. Orchids are the most beautiful group of
plants belonging to the largest family of angiosperms Orchidaceae (24, 25) and consists more
than 25,000 species distributed around the globe from tropics to high alpine (26) except the
deadly hot desserts and extremely cold Antarctic area (27).They are important aesthetically,
medicinally and also regarded as ecological indicators (28). Besides their economic
importance, orchids are also used as herbal medicine and food by different cultures and tribes
in the different parts of world (29, 30). However, orchid cultivation is rare for medicinal use
(31). Orchids synthesize biochemically active secondary metabolites of different chemical
types (32). They have been used variously in different diseases as anti-convulsive, anti-
rheumatic, anti-viral, anti-carcinogenic, anti-inflammatory, diuretic, neuroprotective,
hypoglycerhic, anti-aging, wound healing, antitumor, antimicrobial and many other activities.
From different genera of orchids a wide range of important phytochemicals are isolated such
as alkalo ids, flavonoids, stilebnoids, anthocyanins, triterpedoids, orchinol, hircinol,
cypripedin, bibenzyl derivatives, phenanthrenes, jibantine, nide.min and loroglossin .which are
present in leaves, pseudo bulbs, roots, flowers or in the entire plant. Therapeutic uses of

medicinal orchids are mentioned in table 2.

Conservation status of Orchids

The family Orchidaceae account for nearly 8% of angiosperm species diversity with
five subfamilies (Apostasioideae, Cypripedioideae, Vanilloidea, Orchldmdea‘e, and
Epidendroideae) (24, 25). Major threats include habitat destruction, illegal harvesting and
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orchids are thought to be particularly vulnerable to the
family Cypripedioideae (slipper
ct, and due to a combination
nearly 90% of species were

due to their complex life histories,
effects of global climate change (33). All species of sub :
orchids) were assessed for the Global Red List in a recent [?r oje
of habitat degradation and in some cases, ruthless harvesting,
assessed and reported to be threatened (34).

Case study 4: Carnivorous plants

There are approximately 700 identified species of carnivorous plants divided in 15
genera and 9 families (35). They are distributed in Canadian arctic, Scandinvia, Greenland,
Malaysia, Australia, Brazil, India etc. but not found in Antarctica (36). In India, a total of five
genera of carnivorous plants are reported with 44 species; viz. Ulricularia (38 species),
Drosera (3 species), Nepenthes (1 species), Pinguicula (1 species), and Aldrovanda (1

species) (37, 38, 39).
Ethnobotanical medicinal value of carnivorous plants

Insectivorous plant species show unique ethnobotanical values. Drosera burmunnii is
reported to be used for curing loss of memory and against cough (40) while the whole plant
paste is used to cure blood dysentery (41) and against stomach problems (42). Nepenthes
species have been used in traditional medicines against many diseases. It has been reported
that Northeast Indian herbalist prescribed the fluid from an unopened pitcher of Nepenthes
khasiana is used to treat of diabetes mellitus, night blindness, conjunctivitis, ear troubles and
gynecological problems (37, 43). It is reported that this plant is also used for the treatment of
urinary problems, itching of the eye, night blindness, wound (37, 45). The powder of N.
khasiana pitcher is used to treat cholera and fine paste used to treat leprosy (44). Nepenthes
ampullaria and N. gracilis are the two most common species used in folk medicine, where
the liquid of an unopened pitcher are administered to regulate the menstrual cycle, ease child
birth, relieve asthma, treat eye inflammation, and act as a stamina booster (46). The root of
Nepenthes is used in the treatment of bed-wetting dysentery and stomachache (47). In
Vietnam, Nepenthes mirabilis is used in the treatment of gastric ulcer, jaundice, high blood

pressure, uterine stones, and hepatitis by traditional medical practitioner (48). In Malaysia the
" blended leaves of some Nepénthes spp. have been used as an astringent and the decoction of
stem of N. ampullaria has been consumed to treat malaria (50, 51). Utricularia reticulatais

administered against urinary problems by tribal people (52).

Pharmacological uses of Carnivorous plants

The ethnomedicinal values of insectivorous / carnivorous plants indicate that plant
parts possess antibacterial and antifungal potentials. Trap fluid of Nepenthes species inhibit
the growth of bacteria (53). Bhau et al. (54) reported the leaf extracts of Nepenthes khasiana
shows antimicrobial activity of against Escherichia coli, Candida albicans and Aspergillus
niger. Antibacterial activity of Nepenthes species against Escherichia coli, Salmonella
enterica and Staphylococcus aureus has been reported (55).
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Antloxi.dan-t effects: The methanolic leaf extract of N, khasiana displayed strong antioxidant
:: :5::': in 2,.2.-d iphenyl-I-picrylhydrazyl (DPPH), superoxide anion, and hydroxyl radical
which gis %e:":"‘le (4:)- Thtfnh et al (45.3).reported that Nephenthes contain a flavonoid
activity (46) znltl.Sl "Z or antn-o.xldant activity. Nepenthes plant extracts have antioxidant
of N. mivasils ‘:)M ant p~ropemes o.f the pure con?pounds isolated from branches and leaves
Coipeundo ere studied for their peroxyl radical scavenging and reducing capabilities.
foencetin 3-0_5-;5_ "lepenthO.ZCS F, dros.cr.one, nepenthone C, cisisoshinanolone, quercetin,
erieate glucuroni e,. .quercnrm, kaempferol-3-O-a-L-rhamnoside, and (-)-

were found to exhibited strong peroxyl radical scavenging activities in a

d
osedependent manner at 1.0 and 10.0 pM concentrations (48). Choosawad et al. (56)
reported the antioxidant activity of Utricularia aurea.

Antidi?betic effects: A study was conducted on the hypolipidemic and hypoglycemic
potential of N. khasiana extract in insulin resistance and dexamethasone-induced
hyperlipidemia in laboratory rats. At a dosage level 0f 250 and 500 mg/kg, methanolic extract
of N. khasiana pitcher actively prevented the increase in the level of cholesterol, glucose,
tf'iglyceride, low density lipoprotein with progressive decreased in both high-density
lipoprotein, and body weight triggered by dexamethasone on tested rats (43). Hypoglycemic
property of methanolic leaf extract of N. bicalcarata was reported in the alloxan diabetic
induced rats. A dose of 300 mg/kg body weight showed a significant decrease in blood
glucose level in a time-dependent manner (46).

Anti-inflammatory effects: Some compounds isolated from branches and leaves methanolic
extract of N. mirabilis showed anti-inflammatory activities. 2-methoxy -7-methyljuglone
inhibited the production of interleukin (IL-12) p40, IL-6, and tumor necrosis factor (TNF-a).
The active compound, nepenthoside B exhibited strong inhibition of IL-12 p40, and IL-6
production. Likewise, the inhibition of IL- 12 p40 by naphthalene derivatives (nepenthoside
A, nepenthoside B, nepenthone C, nepenthone F, nepenthone G, cis-isoshinanolone,
droserone, 2-methoxy-7-methyljuglone, and plumbagin), phenolic compounds [(-)-heimiol
A, 4-hydroxy-2,6-dimethoxyphenyl 6°- O- vanilloyl-B-D-glucopyranoside, koaburaside, -
leonuriside A, and syringaresinol], lupeone, and flavonoids (quercetin, (-)-epicatechin,
quercetin 3-O-B-D- and glucuronide) was more effective than positive control. However,
these bioactive compounds showed no or little inhibitory properties on TNF-a production in
lipopolysaccharides stimulated bone marrow-derived dendritic cells (57). Some insectivorous
plants of India and their uses and their co-relation with bioactive compounds for future drug
development to fight against antimicrobial resistance have been enlisted by Kumar (58).

Case study 5: Aquatic plants

Aquatic plants have many unique biological features and are potential for their
agricultural, nutraceutical and med icinal importance. Many plant species under aquatic origin
were reported to have valuable folklore utilization in traditional medicine (59). Aquatic and
wetland angiosperms are very remarkable forms of plant life and they provide livelihoods for
the millions of people who live within and around them. Economically a large number of
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medicinal as well as food value to the human being. Man

aquatic plants are useful for their .
etc. in various ways and also for the

utilized the plant parts like rhizome, roots, fruits, leaves,
treatment of various ailments (60, 61, 62).

Ethnobotacinal uses of aquatic plants:

Many plant species under aquatic origin were reported to have valuable folklore
utilization in traditional medicine (59). Pistia stratiotes and Eichhornia crassipes are
medicinal plants known from the ancient system of Indian medicine and used in Ayurveda.
Nymphaea caerulea is used in traditional medicine to treat diabetics, cardiotonic for

palpitation of heart, and liver disorders (63, 64).

Pharmacological uses of aquatic plants:

Aquatic plants produce a variety of compounds such as flavones, flavonoids,

flavonols, phenolic polyphenols, quinones, tannins, coumarins, terpenoids, essential oils,
alkaloids, lectins, and polypeptides (65). These substances are used for developing new
antimicrobial, antiviral anti-angiogenesis, and anticancerous drugs (66, 67, 68).

Anti-convulsing activity: Herbal drugs have been used in various traditional medicines for the

treatment and management of epilepsy, due to the avoidance of associated side effects and
dependency development which was caused by prolonged use of other prescribed synthetic
drugs (69). N. indica and N. macrospermum showed anticonvulsant activities and possess the
same mechanism as benzodiazepines, phenobarbitone, felbamate, etc., by inducing the
delayed onset and discontinuation of seizures and the rapid recovery without any toxicity
report after consumption. N. indica is known to be effective against petitmal and grandmal
type of epilepsy, which is confirmed by investigating the anticonvulsant effect using aqueous
and alcohol extract of their roots and rhizomes by maximum electroshock convulsion and
pentylenetetrazole induced convulsion methods in Swiss albino mice (70). N. macrospermum
was also reported to be effective against the petitmal type of epilepsy and it was found that
the alcohol extract of N. macrospermum at doses of 500 mg/kg and 750 mg/kg bodyweight,
extremely diminished the severity and increased the latency ‘of convulsions in the

pentylenetetrazole induced seizure model (71).

Sedative activity: Antiepileptics are generally consumed with other anxiolytic drugs. As
majority of antiepileptic drugs have to be consumed constantly, concomitant administration
of other drugs induces the risk of drug interaction. By considering these factors, researchers
are now interested in compounds from plant origin for developing anxiolytic drugs with
minor side effects. N. macrospermum is considered as the potential source of such traditional
drugs formulation, e.g. Tagara. It has antiepileptic properties and was found to provide
sefiative effect investigated by a significant reduction in locomotor activity in Swiss albino
mice which was studied by using an actophotometer. The alcohol extract of N.
macros{;ermum up to a dose of 750 mg/kg body weight caused central nervous system
dep‘re:ssmn which was indicated by a reduction in locomotor activity without inducing any
toxicity, therefore it is reported that it has no acquired side effect (71, 72).
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Antioxidant activity: Medicinal plants have always been recognized as a potential source of
natural antioxidants from an ancient period of times. Among Nymphoides species, N.
hydrophylla and N. indica are reported to have antioxidant property. N. indica is claimed to
possess moderate antioxidant activity. Recent study indicated that the ethyl acetate extract of
A{. indica leaf fractions presented better antioxidant potential determined by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) scavenging activity. It can be suggested that the ethanolic extract of
N hya'm{;hylla has significant antioxidant activity compared to other extracts (73). The
comparative study of the ethanolic and aqueous extract of A hydrophylla were performed in
anqtl}c'r study, where it was found that the ethanolic extract exhibited higher antioxidant
activities than the aqueous extract in the anti-lipid peroxidation, reducing power, metal
chelation, and 2, 2-azino-bis (3-ethylbenthiazoline-6-sulfonic acid) or ABTS radical
scavenging assays, whereas the aqueous extract possessed more potent activity in the
superoxide and DPPH radical scavenging assays (74). The crude methanolic extract of N.
hydrophylla was also examined in another study for possible antioxidant activity, where the
total phenolic content in leaves of N. hydrophylla extract was found to be 12.5 mg of gallic
acid equivalent (GAE)/g of extract indicating the moderate antioxidant activity (73). Chung
et al. (75) isolated and tested the anti-Inflammatory and antioxidant components from the
plant which showed significant activity from Hygroryza aristate. Leaves of Glinus
oppositifoilus show antipyretic property (76).

Hepatoprotective activity: Plant extract having antioxidant activities also leads to the
inhibition of oxidative damage to a targeted tissue. Considering such antioxidant potential,
the in vivo hepatoprotective effect of N. hydrophylla was measured against the carbon
tetrachloride (CCls) induced liver injury in albino rats. It was demonstrated that the ethanolic
whole plant extract of N. hydrophylla reduced the increased levels of biochemical
parameters, like serum glutamate pyruvate transaminase, serum glutamate oxaloacetate
transaminase, alkaline phosphatase and bilirubin, etc. As indicated in CCls induced
hepatotoxicity and following histopathological studies, it was reported that the ethanolic
extract of N. hydrophylla produced impressive hepatoprotective activity without any necrosis
and sinusoidal dilatations resembling to the standard _Silymarin‘ group. Simultaqeous
treatment of ethanolic extract with CCls was found to produce lower hepatic damage in
contrast to the animals treated with CCls alone which caused hepatotoxicities, like macro and
micro vesicular fatty infiltration, necrosis, sinusoidal dilatation and congestion of central vein
etc. It was suggested that the possible mechanism of such hepatoprotective .action cxhibifed
by N. hydrophylla could be the lipid peroxidation inhibition and free radicals scavenging

effects (74).

Cytotoxic activity: Cytotoxic screening of plants is the prelinfinary method that seems.to be
capable of detecting natural anti-carcinogenic agents present In .crudc' cxtracts.. Acc?rdmg to
the literature, the leaf of N. hydrophylla was found to be cytotoxic which was investigated t?y
using brine shrimp lethality bioassay, where the result showed .th:at the crude methano'hc
extract of leaves of N. hydrophylla had significant cytotoxic actlYlty. Through [?erformlng
this general bioassay, it can be considered that such valuable species of Nymphoides ge.nus
can be the potential source of anticancer compounds (77, 78). Sulphated polysaccharide
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hiloxeroides show significant in vitro anti-HIV

compounds isolated from Alternanther ap ,
terpene lactones which show anticancer

activity (79). Cyathocline purpurea contains sesqui
activity (80).

re generally encountered through plant derived
few Nymphoides species are accounted for its
the common wetland plant, exhibited significant

antitumor activity. Based on the phytochemical study, the proposed antitumor effect of M.
peltata extract is thought to be due to the presence of the four major antitumor constituents,
i.e. ephedrine, ephedradine C, 4-hydroxycoumarin and delta-1- dihydrotanshinone (81). The
aqueous extract of N. indica was also reported to have higher anti-proliferative activity on

HeLa cell line (82).

Antitumor activity: Most antitumor drugs a
compounds or their derivatives. Currently,
antitumor activity. Among them, N. peltata,

always been considered as potential
intended for new drug
pecies were reported

Antimicrobial activity: Aquatic medicinal plants have
sources for investigating antimicrobial properties which are
development (83). The antimicrobial effects of such aquatic N. indica s
to be carried out through in vitro antimicrobial assay in an integrated screening panel. In this
study, it was observed that the n-hexane fraction of N. indica leaf extract showed the highest
levels of antimicrobial and antifungal activities against Staphylococcus aureus and

d it was claimed that the isolated lipophilic constituents from that n-

Microsporum canis, an
hexane fraction showed moderate antimicrobial activities among which the isolated

compound, azelaic acid was highly active against Staphylococcus aureus. The 90%
methanolic fraction of N. indica extract was also found to be active against Staphylococcus
aureus (73). The extracts of Acorus calamus have been found to possess an antibacterial
activity. Bhuvaneswari and Balasundaram (84) reported that the BetaAsarone fraction of the
rhizome has stronger antibacterial activity. Su et al. (85) reported the potent antiproliferative

effect of C. minima on nasopharyngeal carcinoma cells.

Antiparasitic effect: There are numerous medicinal plants known to be used as potent
antiparasitic agent which are still under investigation for the development of novel
antiparasitic drqg. Nymphoides species are reported to have various antiparasitic properties,
like antiprotozoal, antimalarial and anthelmintic, etc. An experiment reported that the isolated
lipophilic constituents and the flavonoid ie. 3, 7-DiO-methyl quercetin-4'-O-B-glucoside
from N. indica leaf extract showed antiprotozoal activities against Trypanosoma brucei
Leishmania infantum and Trypanosoma cruzi. Azelaic acid, the lipophilic compound isolatec;
from N. indica leaf extract also showed weak antiplasmodial activity against Plasmodium
falciparum K1 (73). The crude methanolic leaf extracts of N. hydrophylia is reported to
exhibit significant anthelmintic property against Pheritima posthuma earthworm in a dose-
dependent manner, where the results were expressed in terms of time for paralysis and time
for death of worms (77).

Overview of techniques involved in herbal drug formulation

Screening for herbal decoction can be done by randomised method or by selecting
plants known to be effective against diseases. Standardisation of therapeutic metabolites from
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crude cellular extracts forms the preliminary step of drug preparation. The development of
chromatographic and spectroscopic techniques has given a huge boost to medicinal plant
research. However, these classical techniques are ofien challenged with problems of
rep.roducibility and quality assurance. Hence modern throughput techniques like microwave-
assisted extraction, pressurized liquid extraction, and several others and study of metabolite
ph'flrm_aco-dynamics are being targeted (86, 87). Research based on pharmacopoeial
guidelines have seen the application of sophisticated instrumentations such as HPLC,
HPTLC, GC, Supercritical Fluid Chromatography, Near-Infrared Spectroscopy, NMR,
MALDI-MS and a combination of analytical techniques with metabolomic analysis.
Understanding the immensely diversified secondary metabolites occurring in nature,
preparation of molecular models and chemical analogues and well assessed clinical trials are
hugely facilitated by multivariate analysis software — the domain of metabolomics.

Conclusion and Future prospects

History has witnessed a dependence on therapeutic plants by humans since time
immemorial. Simultaneously development has occurred in herbal drug preparation ranging
from organoleptic analysis to modern day advanced instrumental techniques. The aim is to
develop effective and adulterant free high quality herbal medicines. Plants such as
Catharanthus, Ocimum, Rauvolfia, T; Yiophora, Podophyllum, Artemisia, Withania, Nicotiana,
Bacopa, Aloe are few of the ones which have received the attention resulting in their
exploitation and near to extinct condition. Nature has gifted us with a plethora of medicinal
plants many of which are either unexplored or even though used traditionally are now largely
forgotten. Many varieties of medicinally important plants including cacti and aquatic ones
have simple growth requirements. Orchids once cultivated can serve the dual purpose of
aesthetics and therapeutics while carnivorous plants have received minimal focus. This
review has presented a comprehensive report of medicinal properties of the above mentioned
group of plants while touching upon the trends in analytical research. The future beholds
immense possibilities in this field. Nanoparticle mediated herbal drug formulation and
deliveries, detection of adulteration based on DNA barcoding, online search engine
optimization are few such instances. The best practices focus on economizing cost and time
while effectively and sustainably exploiting the treasure of medicinal plants.
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Table 1: Some biologically active compounds from mushrooms and their medical applications (as

reported in the last decade)
SL Scientific name Common names Bioactive compound Bioactivity Refer
ence
No o ..
1 Agaricus bisporus Champignon, Pyrogallol . Anti-inflammatory 88
: Button mushroom, | hydroxybenzoic acid
White mushroom derivatives
Flavonoids
Grifolin _
2 Agaricus Macro mushroom Agaricoglycerides Anti-inflammatory 89
macrosporus : =
e i j ' od ear, | Glucan Hyperglycemia,
3 Auricularia auricula :Iee]‘i‘; i:rar, wo e s,
! anti-tumor anti-
inflammatory
i-oxi 91
Gelam mushroom 2,4,6- Anti-oxidant
¢ Sasleneier trimethylacetophenone
imine
Glutamy! tryptophan
Azatadine
lithocholic acid
glycine conjugate
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Calvatia gigantea

Giant pufiball

Calvacin

Anti-tumor

Cyathus africanus

Bird*‘s nest fungi

Neosarcodonin,
cyathatriol, a

11-O-acetylcyathatriol

Anti-inflammatory

5

Ganoderma lucidum

Reishi,
mannentake

lingzhi,

Ganoderic acids
ganoderiol
ganodermanontriol

anti-
anti-HIV

Anti-tumor,
metastasis
anti-viral

Ganoderan A and B

Hypoglycemic

Ganopoly

Hepatoprotective

Triterpenes

Anti-inflammatory

92,94

Lucidenic acids
Ganoderic acids
Lanostane-type

triterpenic acids

Ling zhi-8 (protein)

Immunomodulator

Ganodermin (protein) | Antifungal

Se-containing protein | Anti-tumor

Geastrum saccatum

Rounded earthstar

Polysaccharides (b-
glucans)

Anti-inflammatory

95

Table 2: Therapeutic uses of some medicinal orchids as reported in the past decade

Sl

No.

PLANT NAME

PARTS USED

THERAPEUTIC USES

REFERENCES

Acampe carinata

Roots, Leaves

Root used in acute rheumatism, sciatica,
neuralgia, secondary syphilis and uterine
diseases. Paste applied externally to treat
scorpion and snakebites. Leaf decoction
administered orally to get relief chest pain,
stomach disorders and acidity

96

Acampe praemorsa

Roots

Paste applied externally to treat rheumatism
and pains and taken orally to cure arthritis

96, 97

Aerides crispum

-

Extracts in neem oil used for earache

97

Aerides multiflorum

Leaves, Bulbs,
Roots

Leaf paste applied to treat cuts and wounds.
Plant parts possess antibacterial properties

97

Aeries odorata

Roots,
Leaves ¥

Root paste relief in pain and cure swelling.
Lead juice can control the mild tuberculosis

98

Bletilla striata

Tuber

Treatment of sores, ulcers and chapped
skin, heal wounds, reduce swelling, and
promote regeneration of tissue. Have been
used to treat pulmonary tuberculosis and as
hemostatic agent.

97

Calanthetri plicata

Roots, flowers,
pseudo bulb

Roots are ingredient of local medicine to
treat swollen hands and diarrhoea. Flowers
as a painkiller in caries, Pseudo bulbs as a

97

masticator, gastrointestinal disorders
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8 Coelogyne ovalis Whole plant The whole plant is used in Western and | 97
Southern parts of India for cough, urinary
5 - infections and eye disorders
Oypripedium Root Antispasmodic,  diaphoretic,  hypnotic, | 97
calceoluspubescens nervine, sedative, tonic
1 0 - 3
0 fep’faia_mhera Rhizome Appetizer, tonic and wound healer. Powder | 96
ongifolia used to increase vigour, vitality and to
1 e alleviate impotency
oelogyne Pseudobulb Used in burn injuries and wound
punctulata
12 Coelogyne nitida Pseudo bulb Juice or juice used to overcome headache, | 99
fever and burns
13 L;)’e"“""’b"””wh’ysa" Leaves Antipyretic,  eyes-benefiting,  immuno- | 97
themum regulatory purposes, skin diseases
14 Dem:irobium Whole  plant, | Plant juice used to relieve fever. Boiled | 99
longicornum Roots roots used to feed livestock suffering from
cough.
15 Dendrobium Pseudobulbs Paste used to treat fractured and dislocated | 99
transparens bones.
16 Dienia Pseudo bulb Powder used as tonic 9
cylindrostachya
17 Dendrobium Leaves, Pseudo | Promotes the production of body fluid. 96, 99
densifiorum bulb Pseudo bulb cures vomiting and quenches
thirst. Lowers fever of phlegm. Rejuvenates
degenerated power of the digestive system
caused due to lack of digestive fluids and
loss of appetite. Pulps of the pseudobulbs
used in boils, pimples and other skin
eruptions. Leaf paste used in fractures
bones, sprains and inflammations
18 Oberonia falconeri Whole plant Used in bone fractures 100
19 | Otochilus porrectus | Whole plant Used as tonic and also in the treatment of | 101
sinusitis and rheumatism
20 Pholidota chinensis | Pseudo bulbs Extract used in toothache, stomach acheand | 102

inflammation
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[ FI1G 3: SOME SPECIES O MECINAL CARNIVOROUS PLANIS:
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L EJG 4: SOME SPECIES OF MECINAL AQUATIC PLANTS: ]
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Abstract :

For the last few decades, the health of human population is severely getting affected by adversities
ranging from the triple burden of malnutrition like undernutrition, micronutrient deficiencies and
overnutrition to a wide spectrum of epidemics and pandemics such as life style disorders e.g. obesity,
cardiovascular diseases, diabetes, cancer, are causing serious health issues along with ever increasing
challenges of malnutrition specifically under nutrition and various nutrient deficiencies in a vast
section of population especially in third world countries like India.

The current paper focuses upon Food and Nutrition security, which act as major donator in improving
overall health of human. Both of these parameters should be accentuated in this context as they not
only mitigate the negative impact of malnutrition and hunger but also provide important inputs in
economic development of many countries.

Keywords : Food Security, Nutrition Security, Health challenges, Sustainable Health.

Nutrition is one of the most notable factors in bringing out the maximum capability in both
physical and mental sectors in human population. Achieving good health and nutrition status
depends on adequate food production, distribution, consumption and utilization of it by
masses. Though our country is one of the tops in providing agricultural and livestock
produce, yet a huge section of our population is still suffering from the effects of
Malnutrition. (1)

Malnutrition is a complex pathological situation which encompasses situations like
undernutrition, overnutrition, imbalance and specific deficiencies. With passing of times,
various countries are facing the burden of this criticality but the situation in developing
countries are far worse. (2)

According to various studies, it is established already that a huge number of children are
affected by malnutrition specially under nutrition. It is estimated that around over 33 lakh
children in India are malnourished and among them about 17.76 lakh belong to Severely
Malnourished Children (SAM) and about 15.46 lakh fall in the category of Moderately Acute
Malnourished children as per the report given by WCD Ministry. (3)

Apart from undernutrition or cases of specific deficiencies, the scenario in terms of
overnutrition is also showing a grim reality. According to the reports by National Family
Health Survey (NFHS) 2019-21, about 24% adult women and 23% adult men are found to be

e
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obese. Also, around 3.5% children were reported to be affected by overnutrition. While going
;22?:51}; g}iib?l Nutrition Report it. can be found that India’s nutrition profile is facing
afford who!e‘;‘ ance. Wl.le.:re one sec_:non of tl.le population due to economic abundance can
B m—" lea?ime nutrition, s?metlmes lea.dmg to unnecessary over consumption of foods
major section o;‘ntﬁ SCdentar{’ l'feSt)/le,.makmg them.face overnutrition, on the other, the left
adequate food and :: P t:[:u latlon- are eating lo“f quantity of food or getting the lesser access to
specific nutrient deﬁu‘ 1 lqn W!nch mtern.makfng t?lem vulnerable towards undemutrition and
to the one of the bur C.lenc.:les like Anaemia, Vitamin A deficiencies etc. all these factors point
ning issues of our country: FOOD AND NUTRITION SECURITY. (4)

Role of food security and its determinants in improving overall nutrition :

During the last decades the agricultural production worldwide has grown more rapidly than
the population did and there is, now, more food, at least in terms of macronutrients, available
to feed the human population worldwide. Still, the number of people victimised by food
insecurity is reported to be increasing and as, the proportion of the overall population
suffering from insufficient food. This gives the opportunity for discussing the importance of
food security and its various key parameters in mitigating the problem of food insecurity. (5)

By definition, according to world Food Summit 1996, Food Security is termed as when all
people, at all time, have physical, social and economic access to sufficient safe and nutritious
food to meet their dietary needs and food preferences for an active and healthy life” (6). In
simpler terms food security mainly points out as access to food that is adequate for all

household members for obtaining sufficient and sustainable nutrition.

For obtaining food security, its 4 main determinants must be met properly. These are mainly

as follows:

Food Availability : Rendering sufficient quantities of foods are available to all individuals
within a country. By definition it can be denoted as “The amount of food that is present in a
country or area through all forms of domestic production, imports, food stocks and food aid™.

Food Access : this refers to food affordability.All members have the adequate resources to
purchaseappropriate food for a nutritious diet. It refers to physical economical and social

access to food by all at every time.
Food Utilization : It is the optimum biological utilization of food which can be fulfilled by

wholesome nutritious diet, safe water and proper environmental sanitation.

Food Stability : It has to be the only factor which positively influences the other 3 pillars of
Food Security. all around supply of food even in adverse situation. Stability of food supplies
even in severe adverse natural situations or economical social& political turbulences.
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Fig 1: 4 pillars of food security

The issue of food security is critically important specially in our country for reasons like It
provides opportunity to people for maintaining a healthy life, careful arrangement of

resources toward procuring of foods, economic well-being & measure of reducing world
hunger and poverty (7).

Differentiating features of nutrition security and food security :

Often these 2 important terms are used together generally but they have specific distinguished
features. On one hand where food security mainly means access to wholesome food by all at

any given time, on the other it is about the community’s access to essential nutrients, not just
calories. ' ' '

Nutrition Security implies physical, economic and social access to balanced diet, clean

drinking water, safe environment, and health care. Education and awareness are needed to
utilise these services (8).

Undernutrition, malnutrition and increasingly overnutrition are still pressing issue inmany
developing countries. Promoting nutrition security offers several opportunitiesto stimulate
economic and pro-poor development in cost-efficient ways. There are 3 main determinants
which help in fulfilling the goals of nutrition security in a community.
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Fig 2: different parameters of Nutrition Security
Channels for ensuring food security& nutrition security in India :

HOr ftrengtheni.n'g the .4 main pillars of food security in our country and also to reduce the
multiple adversities arising from the triple burden of malnutrition, Govt of India has proposed

:.md launch?d many strategies, schemes and programs. The following table gives an overall
idea regarding some GOI initiatives to improve the health of our population by achieving

food security [9].

GOVT PLANS SERVICES PROVIDED
Public Distribution System now BPL cards are issued, and monthly provision of 35kg of food grains
at subsidised rates like 4.15rs’/kg Wheat and 6.65Rs/kg Rice to the

known as Targeted PDS or TPDS
vulnerable section of population of the community belonging to

below poverty line.
Providing special food-based assistance 1o destitute households.

Antyodaya Annya Yojona
Sampoorna Gramin Rozgar Employment generating schemes along with provide food grains at a

Yojona subsidised rate
Wage employment program for rural people.
pulse and wheat.

National Food for Work Program
National Food Security Mission Increasing agricultural production specially of rice,
National Food Security Bill Largest food security program in the world. Providing food grains at
' subsidised rates.
Right to Food Act Every family below poverty line in rural as well as urban areas will
get 25 kg of rice or wheat per month at subsidised rates.
India for mitigating malnutrition

Table 1: list of programmes by Govt. of

ES FACED BY FOOD SECURITY SYSTEM IN OUR COUNTRY:
have been initiated and successfully getting carried

CHALLENG
f our population is far from reaching the goals that

re are several programs which
ill a majority portion 0
ystems in our country.

Though the
out in our country, st
were taken by food security S
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Major contributory factors like poverty, increased population, change in climatic conditions,
onset of epidemics & pandemics, inadequate distribution of food, lack of education and lack
of nutrition awareness, unmonitored Nutrition Program, corruption, unethical practices all
‘lead to Food Insecurity causing the burden of malnutrition and poor health in people and
causing hindrance in all over success of our Food & Nutrition Security System.

Conclusion :

In the end it can be concluded, that for the utmost wellbeing of population of a country, Food
& Nutrition Security must be highlighted properly, which is not only related with promoting
good health but also with all around Economic and Social development of a country.

Few significant measures like improving agricuitural production, planning of storage and
distribution of products throughout the population, proper implementation of Govt.
Strategies, successful monitoring of various govt. program, strong supervision on the
schemes at every level and co-Operation from all sectors will be essential in sustaining the
overall progress of our people.
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Abstract:

lr; :;;ery session of lndiarf Premier League or IPL, it often happens that some players fail to give good
p rmanc?s. Here we tried to study how the performances of players in each team vary over age and
whether united performance in a team gives a better Net Run Rate (NRR). Firstly, three age groups
(strata) were created, then nine players were taken by Simple Random Sampling Without
Replacement (SRSWORY) from each team. A score was formulated based on their roles. On the basis
of these scores top three performers for each team were identified and a team score was obtained.
Then a relationship between team score and NRR was obtained. It is established that in IPL the age
barrier is not a true surveyor of a player’s performance. It was then showed that team score and NRR
do not have exact linear relationship but on an average, they follow a strong linear relationship.
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Cricket is the world's second most popular spectator sport after association football
(soccer). It is governed by the International Cricket Council (ICC) which has over one
hundred countries and territories in membership although only twelve currently play test
cricket. The British brought cricket to India in the early 1700s, with the first cricket match
played in 1721. Since then, Indians showed a great affection towards this sport. We, the
Indians celebrate cricket as a festival. People not only admire but worship the great cricketers
as Gods. Every Indian being an eight years or eighty years old loves to play the ‘Gully
Cricket’. Nowadays, the T20 (twenty overs match) format has become very popular amongst

the cricket lovers.

Indian I;remier League or IPL launched a new era of cricket. It is conducted by the
BCCI (The Board of Control for Cricket in India). It is the most popular form'at not onl_y in
India but across the globe. In 2020 eight teams played IPL. They were C'hennal Supe-r Kings
(CSK), Delhi Capitals (DC), Kolkata Knight Riders (KKR), Mumbai Indians (MI), ng.s X1
Punjab (KXIP), Rajasthan Royals (RR), Royal Challen.gers Bange}lore'(RCB), and S}mr.lsers
Hyderabad (SRH).Cricketers from the whole world desire to play in this league. ll?L ,1’5 like a
great conjunction of different generation’s players “where tal.ent mefets opportunity”. E\fery
match witnesses a huge number of crowds. Indians and forelgncfrs just somehow blend into
this celebration. It is a huge source of entertainment. IPL has: given 'm.any fabuk_ms players
like - Hardik Pandya, Jasprit Bumrah, KL Rahul etc and is still providing emerging players
like - Rishabh Pant, Shubman Gill, Prithvi Shaw etc. We can’t forget l.mow tt}e Greatest Of All
Time (G.O.A.T.) like Virat Kohli, Rohit Sharma, David Warner, Sunil Narine and the others
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are still providing much enthusiasm and charisma in this |

eague. IPL has been playing a great
role to increase the popularity of cricket around the world

Statistics is an important tool in any kind of analysis. It helps us to see in depth of the
data, to understand what the data is trying to tell us. Most importantly, Statistics teaches yg
how to infer different aspects from it. 1 ick i

» and even we can predict t
ongoing match before the ending, with a minimal margin of error.

In every session of IPL, players are bought by teams with a huge amount of money in

for a player he fails to

In this paper our objectives are to fo

rmulate a score based on the performances and
roles (e.g., batsmen, bowlers, all-rounders),

identify the top 3 players for each team based on
their scores, calculate intra-class correlation coefficient of score from different age groups for

each team, calculate Pearson’s correlation coefficient between team score and NRR and
comment to what extent the results comply with reality.

l.j Data

2.1. Data Description :

Age : Age is recorded as on 10.11.2020 (Finale of IPL 2020). Players are divided in

3groups according to their ages viz. age group A: < 26, age group B: [27,30] and age
group C: > 31.

Matches : Total number of matches where the player was included in the playing 11.

Innings : Bafting innings - Total number of matches where the player faced at least

one fair delivery and Bowling innings - Total number of matches where the playe:
bowled at least one ball.

Stats : 5 parameters are chosen under stats for each player based on his role- batsman
bowler, and all-rounder. For a batsman, the parameters are a) runs - total number o
runs scored by a batsman, b) batting average -it shows how many runs a batsman coul
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2.2.

Score on an average before he got out. It is calculated as total number of runs scored by
the batsman divided by total number of times he got out, ¢) 50’s - number of times the
batsman scored 50 or more runs, d) 4’s - number of times the batsman scored 4 runs by
hitting a boundary and €) 6’s - number of times the batsman scored 6 runs by hitting an
over-boundary. For a bowler, the parameters are a) bowling average - It shows how
many runs a bowler has given for taking a wicket. It is calculated as total number of
runs conceded by the bowler divided by total number of wickets taken by him, b)
€conomy rate -economy rate is the average number of runs a bowler has conceded per
over bowled, c) total number of wickets taken by the bowler, d) strike rate - it is
calculated as total number of balls bowled by the bowler divided by total number of
Wickets taken by him. It shows how many balls the bowler must bowl to take a wicket
and e) dot balls - total number of fair balls bowled on which no runs were conceded.
For an all-rounder, we have considered all the ten parameters mentioned above.

NRR : NRR stands for net run rate. It is a measurement that is calculated by how each
team has performed in a match, For example - by how many wickets the team won or
how fast the run was chased in terms of over etc. If the team wins, a positive score is
awarded and if looses a negative score is given according to the rules of NRR.

Data Collection

Only the players that played at least one inning (either batting or bowling) in IPL 2020
are considered in this paper. Players are divided in three age groups according to the
rule mentioned in section 2.1. Each group must have more than three players. For each
team total number of players in each group is recorded.

Methods
Strata and stratification

In stratified sampling, the population of N units is first divided into say, L
subpopulations containing Nj, Na,...., NL units respectively. These subpopulations are
called strata. They are non-overlapping and together they comprise the whole set of
population, so that Nj+Na+....+Np = N, i.e., the. strata should define a partition of -the
population and it should be collectively exhaustive and mutually exclusive.
Stratification is the process of dividing members of the population into homogt.er}eous
sub groups before sampling. If each unit of the population has? an equal probabllnt){' of
being selected at each drawing, then the sampling is called s.lm-ple random samplmg.
After creating strata, simple random sampling is applied within each stratum. This

process is called stratified random sampling.

The objective is to improve the precision of the sample by ref:lucing sampling exror.
Here stratified random sampling is chosen because in this analysis measuremer}ts-wnhm
strata (players performance in a certain age group) have ‘lower standard. devn-atlon' (as
compared to the overall standard deviation in the populatlon.), thus. stratification gives
smaller error in estimation, and simple random sampling without replacement
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over simple random sampling with replacement (SRSWR)

(SRSWOR) s chosen
lower standard deviation than the latter.

because the previous has

3.2. Sample selection

population samples are taken separately usin

In this experiment there are total 8 teams i.e., total 8 populations. From each
g stratified random sampling. Three age groups

mentioned earlier are the strata for this experiment. After creating the strata, three players
from each stratum are selected by SRSWOR. So, for each team total nine players are selected.

3.3.

Now the following steps are followed for performing an SRSWOR. Let, from it stratum
(age group) of size N; a sample of size three is taken, where i = 1,2,3.

Step 1 : The N; players are labeled from 1 to Ni.
Step 2 : The highest 2 digit multiple of N is taken and is denoted by M, say.
Step 3: A 2-digit number say R from a random number table is taken.

Step 4 : If R=00 or M+1 <R <99, R is rejected and go to step 3. Otherwise go to step
5.

Step 5: If01 <R <M, R is accepted.
Step 6 : Divide R by N; and let p be the remainder.

Step 7: If p'= 00, the player with label N; is selected. Otherwise, the p—th player is
selected.

Step 8 : If the same player is selected twice, the later one is rejected and go to step 3.

Step 9 : The process is followed until three distinguishable players are selected from
the i—th stratum.

This process is followed for all the eight teams’ three strata. Finally, there are total
seventy-two players, nine from each team.

Formulation

Now some formulae have been genérated based on which there will be a score for each
player. It is calculated based on his role. The parameters bear the same meanings as
mentioned in section 2.1. The Score will indicate how he performed and how much he
contributed for the team.

For a batsman, score = (batting average x wi) + (runs x wz) + (50°s x w3)+ (4’s x wy) +
(6’s x ws).

For a bowler, score = (we/ bowling average) + (w7/ economy rate) + (wickets x wg) *
(wq/ strike rate) + (dot balls x w)).

For an all-rounder, if the number of bowling innings is greater than batting innings,
score = (batsman’s score+ wy; Xbowler’s score) / (1 + wy)).

Or, if number of batting innings is greater than bowling innings,
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score = (bowler’s score+ wy;xbatsman’s score) / (1 + wy;), where the weights are:
10 100

Wy = 100 s & 100 Wa = Wa =
average of batting average * = 2 average of runs’ ' - average of S0’s’ 4 average of 4's’
100
Rs = — : ; —
37 average of &5’ W6 = median of bowling average x 100, w; = average of economy rate
x 100, wg = 100 _ . . N _ 100
4 average of wickets ’ Ws = median of strike rate x 100, wio average of dot balls’
Wit = (difference between the batting and bowling innings) + 1. (To be calculated

separately for each player.)Each weight is calculated differently for different teams.

Finally, the team score is calculated by taking the average score of the selected nine
players. So, we will have eight team scores corresponding to eight teams.
3.4. Experimentation

From the calculated score for each player, the top three performers of each team are
identified. Then it is verified to what extent the results comply with reality. If it is
required to find the correlation with respect to a particular variate between members of
the same class, Intra-class Correlation Coefficient (ICC) is taken into consideration. By
correlation it’s meant the extent to which the members of the same class resemble each
other with respect to the given variable. Suppose there are p classes of k members each
and x; denotes the value of variate x corresponding to i —th class and j —th member.

Then the Fisher’s ICC is given by:

ICC = k-si%‘- - 1}, where
k-1 V52 ?
Sm> = lEf_l(f; - J?)z, variance of the means of p classes.
7 &=
1 R ) .
s?= p—kZ’,f;l 2};1( xy — X ), total variance of x.
X =; Z}‘=1 xy , mean of the ith class, i=1(1)p

x =;1k-2f=1 Y¥_1%y , grand mean |
The Intra-class Correlation Coefficient (ICC) of score (xi) from different age group has |
been calculated for each team using Fisher’s ICC mentioned above. Here, p = number
of age groups = 3 and k = number of players in each age group =3.

3.4.1. Testing
Our problem is to test the hypothesis: Ho: p = pov/s Hi: p # po, where p = population

intra-class correlation coefficient and po is its hypothesized value. The model we
consider here is: y, = p + Bi + €jj, i=1(1)p,j=1(1) k, n=p x k, where

yij=score of the jth player in the ith age group

p = general effect
B; = additional effect due to the ith group.
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4.
4.1.

¢;; = random error, €;~ N(0,5%), o° is the variance of the normal distribution.
The Confidence Interval (CI) of p at 1000% level of significance based on p groups

each with k observations is given by:

(FL"I Fy—1 ) where
Fi+k—-1' Fy+k-1/’
P o 2
Fo Fo _MSB _ k ¥i_,(Fi0 — ¥00)* /(p—1) s
= Bl e 500 o P = = Fa nin2 = upper a
Fu E-n1n2’ ! 1;;"%1"2’ " msE Zf=1zf=l(y‘)‘_y°°)2 /(n—p)’ ~ & M0 PP
zl » ’ *

pointi.e. P [ F > Fg;nin2 ] = a and F follows an F distribution with n; and n; degrees of
freedom. We reject Hp at 100a% level of significance if calculated ICC falls outside the
CIL Here o is taken as 0.05.Here,ny = p -1 =2, n, =n — p = 6. Now, Foos26 =
7.25985568 and Fo 97526 = 0.02542494,

A correlation between variables indicates that as one variable changes in value, the
other variable tends to change in a specific direction. The Pearson correlation
coefficient or simply the correlation coefficient is a measure of linear relationship
between two sets of data. The result always has a value between —1 and 1. Pearson's
correlation coefficient, when applied to a sample, is commonly denoted by r and may be
referred to as the sample correlation coefficient. Suppose there are n bivariate

observations (X1,¥1),(X2,¥2),- - ..,(Xn,¥n), the Pearson correlation coefficient is given by:
T=1(xi— X )i~ e A —_1
r= 21-1(& x)()’l y) :.ndx =;Z?=1 xis y=;2?=1 yi'
SSRGS 057

Here the correlation between NRR(x) and team score(y) has been calculated to see the
extent to which they form a linear relationship. It was enquired if a high NRR gives a
high team score or not. In our case, n = number of teams = 8.

Again, we test the hypothesis : Ho:p* = po*v/s Hj: p* # po*, where p* = population
correlation coefficient, and the CI of p* at 100a% level of significance based on sample

points is given by: :
_ Ta !Z Ta !2

e2(z r_"_3)_1 eZ(z+ ’——n—3)—1
'—ra 2 s Ta 2

e2(z -——L_ )+1 eZ(z+_Lm)+1

vn=3

1 1 .
Here, z = In ( 1—: ), T2 = upper /2 point of a standard normal (N(0,1)) distribution.

ie. P[t >wp ] = /2, T ~ N (0,1).We reject Hy at 1000% level of significance if
calculated r falls outside the CI. Here o is taken as0.05 and 19925 = 1.96.

Results

Calculations for the teams :

CSK : Hypothesis:Ho: p = -0.3837 v/s H;: p # -0.3837 (Table 4.1.1). C.L:[-0.4312,
0.8981].
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4.2.

ggsggl”ym‘hesisﬂoz P = 0.6336 v/s H;: p # 0.6336 (Table 4.1.2). C.L:[-0.0215,

OIG9(R4]6; Hypothesis:Ho: p = -0.2909 v/s Hi: p # -0.2909 (Table 4.1.3). C.1.:[-0.3807,

MI : S S
5 9701;‘1yp0thesm.l-lo. p = -0.0828 v/s H;: p # -0.0828 (Table 4.1.4). C.1.:[-0.2794,

KXIP : PRSI
0.9663] Hypothesis:Ho: p = -0.1315 v/s Hi: p # -0.1315 (Table 4.1.5). C.1:[-0.3018,

ORgsgI]Hypothesis:Ho: p = 0.4029 v/s H;: p # 0.4029 (Table 4.1.6). C.1.:[-0.0924,

OR;:;?;] Hypothesis:Ho: p = -0.1795 v/s Hy: p # -0.1795 (Table 4.1.7). C.1.:[-0.3246,

SRH : Hypothesis:Hy: p
0.9328].
For all the above eight cases we do not have enough evidence to reject Hyp at 5% level of

significance. The Pearson’s correlation coefficient between the NRRs and team scores
is r =0.61277 (Table 4.1.9). The scatter diagram is given in Figure 4.1.1.

=0.3192 v/s H;: p # -0.3192 (Table 4.1.8). C.1.:[-0.3958,

Discussions

CSK : Top 3 performers: -

1% : Shane Watson (617.4320):He was the 3rd highest run scorer for his team and 2nd
highest number of 4's and 6's hitter. His performance was not the best for his team but
in the chosen sample he had the best figures. That is why he got the 1 position.

2™ : Deepak Chahar (608.6244):He was the 2nd highest wicket taker for his team and
bowled the greatest number of dot balls for his team. Indeed, he was one of the leading

bowlers of CSK.
3™ Sam Curran (574.9202) : He contributed both with bat and ball. He had the 3rd best

batting strike rate of CSK. He was the highest wicket taker for his team. The youngster
had 2nd best bowling average and strike rate of team. He bowled 2nd highest number of
dot balls for CSK. He contributed more with ball than with bats. This is the reason he
got 3rd place otherwise he could have got the 2nd position.

ICC : -0.3837 : The negative sign signifies that the variability within groups exceeds the
variability across groups, i.e., the SCORE in a group diverges relative to the noi§e
present in the individual. In all the age groups a huge variability is observed within
them. There is a high peak in every group which caused a low negative value of the
ICC. Clearly the players within an age group did not resemble each other in terms of

performance.

DC: Top 3 performers: -
1%: Kagiso Rabada (864.9066):He was the highest wicket taker of IPL 2020. He had the
best bowling average and strike rate of his team. He became the 2nd most valuable
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t any doubts he was the most important player of pc a
out an

n for his team. ]
He was the highest run scorer for his team and

ve hundreds. He had the greatest number of
on to question about his contributions ,

player of that session. With ar
inarguably the holder of Ist positio
2" . Shikhar Dhawan (743.5941): _
highest of the league. He hit 2 consecutl
in IPL 2020. Due to these, it leaves no reas

position. i rtant all-rounder for DC. Y4
rd . s . He was the most impo } eh
378 Niens SiomEQREE ) s rd highest run scorer and 4's hitter for his te,

the best batting strike rate for his team. 3 i ) ‘
and had 2nd h?ghest 6's of DC. He also had the 3rd highest r;)umtb[:r Of.50 s for DC.
was the 4th highest wicket taker for his team and had 2nd best bowling average. |

bowling strike rate was 5th best in the league and 2nd best in the team. His performg,

earned him this position undoubtedly.

ICC : 0.6336: Here the performances within each group carfno.t rsaid to l?e exactly a]
but the variability between the groups is quite high. The variability within age group:
quite low, which resulted in a moderately positive ICC. So, the players within anp ;
group performed more identically rather between the groups.

KKR : Top 3 performers :

1°: Eoin Morgan (680.6023): He was the 2nd highest scorer for his team and was m:
the captain halfway through the tournament. He saved many matches for his team

destructive batting in the middle order. So, his contributions earned him the 1* positic
2" : Varun Chakravarthy (629.5767) : The spinner was the only one to clench a
wicket haul in IPL 2020 which was the best bowling figure. He got the highest num
of wickets for his team. He had the best economy and bowling average figures

KKR. His talent earned him the 2™ position.

3™ Shubman Gill (579.4119): The 21 years old was the highest run scorer for his te:
He played an anchoring knock whenever wickets kept falling rapidly in the other stri
end. He hit the highest number of 4's for his team and 7th highest in the league. He :
had highest number of the 50's for KKR.

ICC : -0.2909: The negative sign signifies that the vafiability within groups exceeds
variability across groups, i.e., the score in a group diverges relative to the noise pre:
in the individual. This is the reason the ICC becomes negative. So, it can be conclu
with firmness that the performance within the groups do not resemble each other.

MI: Top 3 performers: -

[*: Jasprit Bumrah (784.3234): He was the highest wicket taker and dot balls bo
for his team and 2nd highest in the league. His bowling average was best in the W
tournament. He had the best bowling strike rate of MI. He took wickets both in po
play and death overs. So, he deserves the Ist position in his team and also was on

the top players of the league. He was the 3rd m

ost valuabl ue an
for team. e player of the leag
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highest bowling average of MI. He had the 2nd best bowling strike rate for MI. He
prove.d very critical for taking wickets in the power play. There are no arguments for his
cgélmbunons towards the team. He was the 5th most valuable player of the league and
2™ for team.

3" Ishan Kishan (544.8023):He was the highest run scorer for his team and 5th highest
run scorer of IPL 2020. He hit the greatest number of 6's in the league. His batting
average was best in the team and 4th in the league. He was a destructive opener. His
!nghest Score was 99. Despite his age he became a valuable player for his team and that
1s why he grabbed higher position than rest of the popular players.

ICC_ : -0.0828: The negative sign signifies that the variability within groups exceeds the
}farnabxlity across groups, i.e., the score in a group diverges relative to the noise present
in the individual. That caused the negative sign in ICC. So, it is safe to say that the
players within an age group did not perform alike.

KXIP : Top 3 performers: -

1% : Mohammed Shami (804.9746):He was the highest wicket taker and dot balls bowler
for his team. He had the best bowling average and strike rate of KXIP. His name is not
unaware by any cricket fan, and he lived throughout the tournament up to his mark. His
contributions for the team were huge. These made him the best performer of his team.

2™ : K1 Rahul (770.3223) : He was the top run scorer in the IPL 2020, thus orange cap
holder. His 132 not out knock was the highest score of the session and highest by any
captain throughout all the 13 sessions. He hit 3rd highest number of 4's in the league
and highest for his team. Clearly, he made a great impact on his team and inarguably

deserved this position.
3™ Ravi Bishnoi (613.8646) : He was the 2nd highest wicket taker and dot balls bowler

for his team. He has the best economy of KXIP. He was one of the youngsters who
blazed out the tournament. The spinner proved to be a very important player for his

team and that earned him the 3rd position.

ICC : -0.1315: The negative sign signifies that the variability within groups exceeds the
variability across groups, i.e., the score in a group diverges relative to the noise present
in the individual. These things caused a high negative value of ICC. Thus, most of the
players performed identically within the group rather between the groups.

RR: Top 3 performers :

1*: Jofra Archer (835.6850) : This all-rounder was the most valuable pla?yer of IPL
2020. He had the 2nd best batting strike rate of the session and best for his .team. He
clenched most wickets for his team and has the best economy and l?est bov'vlmg strike
rate of RR. He bowled highest number of dot balls in the league. His bowling average
was Sth best in the tournament and best for RR. So, he was indeed the true contender

for the 1st position in his team RR.
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hest run scorer for his team, K¢ hit -

£
his team. He scored most NUmpe,
d some crucial knocks. In thig cho

hi
2™ Sanju Samson (553.8444) : He was the g

iohest for
most number of 6's in the league and hlg:;pla)’e
50's for RR. He was a consistent player a

1 OSition- . HY 1., s
s?.;n p{l{e :eISl’][*me :j‘esgzzd;:‘z; He almost created hlsto_tl'y :): ;;:‘"805t6 S In an g
: watia . . . m

3 2 oy d his team from a certaln defeat. | e. I : SUnumber of
against KXIP and save ts. was the 2nd highest wicket taker an4

i Iso contributed with ba _
f,:ru:‘z(:fj:} fl:: haissct)e:m. He had the 2nd best bowling average and economy for

These helped him to get the 3™ position.

ICC : 0.4029: The variability within grou
low positive ICC is obtained. It can be conc
like each other despite of their age groups.

ps is less than that of between groups. Tp,
Juded that most of the players perfoy;

RCB: Top 3 performers :

1*: Ab De Villiers (757.9718): He was the 2" highest run scorer f9r his team,
scored 50’s most number of times in IPL 2020. He had the best batting average
strike rate in RCB. He hit most number of 6’s in his team. No other except him ¢
have the top position in RCB.

2™: Yuzvendra Chahal (653.9917): He was the most valuable player of his team in
2020. He was 5th highest wicket taker of the league and highest of RCB. He bowle¢
greatest number of dot balls in RCB. His brilliant technique of spinning earned him
position.

3™ : Devdutt Padikkal (640.6678): This 20 years old lad was the highest scorer fo,
team. He hit the highest number of 4's for RCB. He scored 50's most number of tim
IPL 2020. He had the 2nd best strike rate in RCB. He was named the emerging pl
of IPL 2020. That makes clear of him getting the 3rd position in team.

ICC : -0.1795: The negative sign signifies that the variability within groups exceed
variability across groups, i.e., the score in a group diverges relative to the noise pr
in the individual. A high peak is observed in all the three groups but rests of the
values do not differ much from each other within the groups. The variability withi
groups is a little higher than between the groups. These caused a high negative
Thus, it can be said that most of the players played alike.

SRH: Top 3 performers: -

If‘: David Warner (846.7217): He was the 3rd highest run scorer of IPL 2020 an
h}ghest for team. He hit the highest number of 4's and S0's for his team. The capta
his-team to many glorious victories. His performance earned him the top spot.

d. .
2'.‘ : Rashid Khan (834.0862): He had the best economy in this league. He h?
highest number of wickets and dot balls

for his team. Hi i ras th
for SRH. His bowling average wa
3. Thangarasuy Natarajan

(605.6752): He ca : . .
yorker balls. He bowled h me to the light in IPL 2020

e highest number of yorker balls in the league. He I
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4.3.

2nd highest number of wickets and dot balls for his team. He was one of the rising stars
of IPL 2020.

lC(; : -0.3192: The negative sign signifies that the variability within groups exceeds the
:"a”abi lity across groups, i.e., the score in a group diverges relative to the noise present
In the individual. These resulted in a moderately low negative value of ICC. It is
concluded that not all the players within a group performed identically.

The values_ within the parenthesis are the scores that we have computed for the
corresponc!mg players. For all the eight teams the ICCs fall inside the CI, so there is not
enough evidence to reject the null hypotheses, i.e., the computed ICCs may be taken as
true population ICCs.

An outlier is a data point that differs significantly from other observations. An outlier
may be due to the variability in the measurement, or it may indicate experimental error.
An outlier can cause serious problems in statistical analyses. Naive interpretation of
statistics derived from data sets that include outliers may be misleading. So, it is
necessary to detect and delete outlier(s) from any experimental data.

There are various methods of outlier detection. Some are graphical and some are model
based. From Figure 4.]1.1 the data point corresponding to MI (1.107, 489.9580) is
suspected to be an outlier, due to an unusual value of x which therefore might cause a
huge deviation in the calculated correlation coefficient. After deletion of the above-
mentioned point from the rest of the data, the modified correlation coefficient is given

by r* = 0.8096.
To test the hypothesis : Ho: p* = 0.8096 v/s H;: p # 0.8096, we found that the

confidence interval is given by: C.I. =[-0.4551,0.8994]
Therefore, we do not have enough evidence to reject Hy at 5% level of significance.

Interpretation

Before deleting the outlier, the data gave a moderately positive value of Pearson’s
correlation coefficient, which indicates that NRR and:team score do not follow a strong
linear relationship i.e., a high NRR does not guarantee a high team score. After
detecting and deleting the outlier, the correlation. coefficient is rcca_lcu}ated. The
modified correlation coefficient r* gives a strong positive value which l.ndl.cates they
follow a strong linear relationship on an average. The i:alculated. rj“ fal}s inside the -CI.
So, there is not enough evidence to reject null hypothesis. Now it is e*v1dent that a high
NRR promises a high team score with more firmness. The computed r* may be taken as

true population Pearson’s correlation coefficient.

Conclusions
For six teams the performance of the players within age groups varies more than

between groups. On the other hand, for teams like DC a.nd RR it is exactly opposite. It
is expected that players’ performance will depend on their ages. For example, the young
players do not have much experiences but their fitness level. is expected to be higher
than who have lot of experiences. But in IPL the age barrier did not prove to be a speed
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7.2.

breaker in a player’s performance. It shows that if a player has talent, he wjj per

well despite of age and experience.

After deletion of the outlier, it was observed that team score and, NRR-foligy, a sty
linear relationship on an average. It is expected that 'f: a'team perf(?rm? With upj¢
all play with excellence nothing can stop them from winning. NRR is given to team,

what margin (in terms of wickets or balls left, defended how many runs etc.) they ,
or lost. But some players of a team performed commendably excellent, byt the
failed to do so. As a result, the team lost the match. In that case the team Score
bigger due to player’s individual performance though the team gets a negatjye N
That happened in this analysis for teams like RCB, SRH, RR. On the other hand,
was the most consistent team of IPL 2020. They all performed together and won
number of matches in that session resulting a high NRR, though team score s not |
in comparison to NRR. That was the result of MI’s data point to be an outlier, Thus,
established that NRR and team score do not follow an exactly linear relationship,
they have a strong linear relationship on an average.
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1 Sam Curran 574.9202
A 2 Rituraj Gaikwad 457.7869
3 | Narayan Jagadeesan | 92.0077
4 Deepak Chahar 608.6244
B 5 Shardul Thakur 559.2984 | 439.6955 | -0.3837
6 Josh Hazelwood 272.6643
7 Ravindra Jadeja 413.5168
C 8 Ms Dhoni 361.0090
9 Shane Watson 617.4320

Table 4.1.2. Calculations for DC
Age Group No, - .

Team Score ICC

. Score

1 Rishabh Pant 434.5338
A 2 Shreyas lyer 621.3105
3 Kagiso Rabada 864.9066
4 Alex Carey 79.7642
B 5 Daniel Sams 123.7974 | 482.7276 | 0.6336
6 Harshal Patel 276.6095
7 Marcus Stoinis 707.7420
C 8 Shikhar Dhawan 743.5941
9 | Ravichandran Ashwin | 492.2903

Table 4.1.3. Calculations for KKR

Age Group No.- . . .:Name, Score  Team Score ICC
. Shuman Gill 579.4119
A 2 Shivam Mavi 456.0386
3 Nitish Rana 534.7381
4 | Varun Chakravarthy | 629.5767 .
B 5 Pat Cummins 4716666 | 467.9657 | -0.2909
6 Rahul Tripathi 361.4565
7 Eoin Morgan 680.6023
C 8 Dinesh Kartik 243.0873
9 Andre Russell 255.1136

Table 4.1.4. Calculations for Ml

Age Group No. Score  Team Score  1CC

Ishan Kishan 544.8023
Rahul Chahar 478.1178 489.9580

Jasprit Bumrah 784.3234

51 | Heritage 2022



323.4411

Hardik Pandya

. 0T
B 5 James Pattinson
3 sm 487.5813
7 Kicron Pollard 324.0697
C 8 Rohit Sharma 341.7117
9 Trent Boult 697.1842
Table 4.1.5. Calculations for KXIP
Age Group ; No. .. 4 . Name s = -‘.;g;,-.'e'chrg,::‘_‘ggTeunn Score, .;gﬁ-";lcg
1 - Deepak Hooda 296.4552
A 2 Ravi Bishnoi 613.8646
3 Nicholas Pooran | 465.2004
4 K| Rahul 770.3223
B 5 | Mohammed Shami | 804.9746 | 470.8685 | -0.1315
6 James Neesham | 245.8477
7 Chris Gayle 410.5842
8 Glenn Maxwell | 141.0750
c 9 Chris Jordan 489.4927

Table 4. 1 .6. Calculations for RR

con M 3 & I‘\ ’ L
: R = \\-‘dh\ Q\\*&\ .‘- D
1 Sanju Samson 553.8444
A 2 Jofra Archer | 835.6850
3 | Kartik Tyagi | 502.4259
4 Jos Buttler 494.0102
B 5 Ben Stokes 418.6776 463.0692 0.4029
6 | Rahul Tewatia 549.4147
7 Steeve Smith 440.8159
C 8 | Robin Utthappa | 269.3455
9 Varun Aaron 103.4032
Table 4.1.7. Calculations for RCB
Age Group No, Name Score  Team Score , 1CC
1 D q i
| ! evdutt Padikkal 640.6678
A 2 Mohammed Siraj 489.6706
——t ]
3 | Washington Sundar 400.4564
—————— 507. -
) 4 Navdeep Saini 349.3422 7.7792 %1733
]
5 Yuzvendra Chabhal W
6 Shivam Dube | 258.5934"
e —_— ]
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7 Virat Kohli 565.0276
C 8 Ab De Villiers 7579718
9 Chris Morris 453.8925

Table 4.1.8. Calculatlons for SRH

Rash:d Khan '834 086
A 2 Priyam Garg 211.6593
3 Abhishek Sharma 185.7213
4 Kane Williamsons 565.4925
B S | Thangarasu Natarajan | 605.6752 | 520.1537 | -0.3192
6 Jason Holder 577.1963
7 David Warner 846.7217
C 8 Shabaz Nadeem 356.1197
9 Wriddhiman Saha 498.7111
Table 4.1.9. Calculations for Pearson’s correlation coefficient
No. , Team ] NRR (X) | Team Score(Y)
1. CSK -0.455 439.6955
2. DC -0.109 482.7276
3. KKR -0.214 467.9657
4. MI 1.107 489.9580
5. | KXIp | -0.162 470.8685
6. RR -0.569 463.0692
7. | RCB -0.172 507.7792
8. SRH 0.608 520.1537
9. Figures '
Figure 4.1.1. Scatter diagram for NRR v/s team score o
NRR v/s team score
550 *
500 . SRH *
p: MI
PR
450 RR & KKR™
CSK ; : Y
400 I '
1.5
i 0.5 0 0.5 1
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Abstract .

Protection of biodiversity is internationally regarded. - :es. Cemeteries have a d )
Cemeteries offer a variety of structures enabling a W‘fle .rangc of species. eep hist
connection to the local community. They hold great sigm
important to remember their value throughout our lives. Cem
environments, offering nature’s benefits to city residents. Hence,
biodiversity conservation. Therefore, it is obvious that loss of urba
collapse of ecosystems that will threaten our existence on earth.

ficance to communities across the country, ap
cteries are important green spaces ip

cemeteries are particularly valuable for
n biodiversity will cause the degradaij,

Key words : Cemetery; Urban Biodiversity; Conservation Management

“The cemetery, by definition a place of memories, became a location for memory of the comm
(Sloane,1995). According to Rogers (1997), “Virtually all remaining open spaces, including cemeterie:
increase in value to local neighborhoods and to the region. Cemeteries, especially ones owned by M
Regional Parks and Green spaces, should be managed in a way that provides multiple values, including w
habitat, to the community around them.” Wasserman (1998) defined “Cemetery spaces as memory capes
seen as places for ritual action, fulfilling community requirements. The memorial landscape serves intell
emotional, spiritual and communal functions, including: (i) a place for memory, (ii) a place for mourning,
place for reflection and healing, (iv) a place for ceremony, and (v) a place for collective action. Each of
contributes to enriching our community places, revealing their history and significance”.

According to Curl (1999) the cemeteries “often larger in scale and predominantly owned by secular autho
have been in common use only since the 19th century”. According to Arffmann (2000), cemeteries has
functions; the hygienic function, places for sorrow, contact with eternity and marking of social status. It r
became recognized that sacred burial places are key in conserving natural vegetation in their area (Barr
Barrett, 2001).According to Moore house and Hassen (2004), “cemeteries are dynamic, reflecting changi
ethnic composition. Biodiversity functions of cemeteries have long been addressed as habitats (Gilbert.
Sukopp, 1990}, mostly illustrated for birds (Lussenhop, 1977; Kocian er al., 2003). Cemeteries and othe
of burial grounds are regarded as sacred places all over the world, closely linked to community history
2000).Numerous countries have recognized the nature conservation and cultural importance of cemeter
churchyards (Laske, 1994; Dudley et al., 2010); urban domestic gardens (Smith er al., 2006);burial 1
(Deak et al., 2016, 2018; Valko et al., 2018); sacred groves and forests (Bhagwat and Rut’te 2006; Brand
201::)) in recent decades. Biodiversity functions of urban cemeteries in Europe studied by i(owar’ik (0
Loki et al. (2019). Saha and Islam (2020) studied on species composition and diversity of insects in th

Park Street Cemetery and Banabitan Park in Kolka i
T ta. Cemeteries th “ » regel
close proximity of urban areas, ofien harbou erefore are “islands™ of natural veg

54 | Heritage 2022 e



conservation is i : . :
fhiseoes. as lm;:lorlam and necessary to sustain various kinds of ecosystem services for human well-being. In
& o 2 i
ool s paper t er_cfczrc focuses exclusively on cemeteries with special attention to their conservation values
aging a holistic approach 10 urban ecosystcm management.

P
ROTECTION AND MONITORING OF URBAN BIODIVERSITY

Protecti iodiversity ic : ;
8 CCte(:lna:::;s b::.:l\t’:;?t)['nlls |£(l=ernat|onally regarded as the main challenges for the future of humanity.
wildlife (Brancr o gy 2200:) N the cornerstonf:s of biodiversily conservation and the safest strongholds for
i landscapes.”r‘he )-Natural sacred sites, {Jrotf:ctcd by local traditions, are often situated within
SHAMHE locsi peoples \;,im Y can play a valuable role in biodiversity conservation because of their long history
commercial forenry o era:3gness to protect'am:*l (.:onscrvc them. In India, many sacred groves were destroyed by
owned forests (Chand rl;\ éml;:ns, a[nd local mc!:wdua.ls also began to make use of these formerly community
VAl By o et a > 2004). With rapid Ejrba.nizalion, cemeteries have thus become increasingly
biodiversity oo oyn : s:trvaufm: They act. as 'habnal islands for some native species. Their role in urban
2016). Nature ad weer is often hn!\.ed to t!‘lenr size, habitat heterogeneity and habitat continuity (Kowarik,
(Ward Thompson j ol ;8 ?‘;s contribute directly to Put.Jlic health by reducing stress and mental disorders
3515, antn ] oy 2; Ann.grstcdt.et al., 2012), increasing the effect of physical activity (Mitchell,
) creasu}g perception of life quality and self-reported general health (Maas ef al., 2006; Stigsdotter e/
al., 2010). Cd.:mctenes are a window through which a city can view the hopes, fears and designs of generations
that created it and are buried within it (Sloane, 1991). Urban cemeteries are very much important to special
places for natl‘lre and species protection (so-called “islands™) that require be duly considering and promoting
because of.thelr value (Schroder, 2007). Green cemeteries provide an ecological link to the future by preserving
and fostering nature. It is therefore important to develop management approaches that encourage the

conservation of cemeteries.

WHY PROMOTE BIODIVERSITY IN CEMETERIES?

Biological diversity is the base for upholding the ecosystems and the functional aspects of the species that
provide goods and services for human well-being. It is recognized that sacred burial places are key in
conserving natural vegetation in their area (Barrett and Barrett, 2001). Their landscape reflects society’s interest
in plants that stems from different reasons, including their aesthetic, cultural and ideological values. Cemeteries
mirror people’s relationship with nature. Friends and relatives are given an opportunity to visit the resting place
of the deceased, to commemorate the lost and to process their grief. Cemeteries and other types of burial
grounds are regarded as sacred places all over the world, closely linked to community history (Rugg, 2000).
Cemeteries are publicly accessible spaces but with private graves, thereby not necessarily thought of as open
spaces accessible to the local community (Blomley, 2005; Woodthorpe, 2011).

Cemeteries are also urban -green areas that arc central and close elements of an urban green space netwo.rk
especially in densely populated urban areas. With increasing pressure on urban land cemeteries have spstual
competition and compression pressures (Kong, 2012) and are subject to other uses, such as open fptacq (Deering,
2010). These areas are important for local recreation, as they are natlfral green space that off.er VlSEtOI'S rogm for
relaxation. Cemeteries ensure the crucial function of balancing the city’s climate and the microclimate (“green

lung”). Hence, cemeteries are particularly valuable for urban biodiversity conservation.

THE URBAN CEMETERIES MAY FUNCTION AS A BIODIVERSITY HOTSPOT

The fauna diversity in cemeteries is high and particularly worth prote.cting.. Gilbert ‘(1.991) and Lasl.ce
eas with potentially high levels of biotic diversity and within urban.n.latrfx
especially. Trees in cemeteries tended to be larger and mf)re decayed and have .more cxcavaleddcavmes.:n
cemeteries than parks; therefore cemeteries have the potential to be refuges for pnmaz:y and secon :ry ca;'n z
nesters and maintain more diverse bird population by Orstan and Kos?men (?009). Kocian et al. (200 }stu .1e

that old trees and its area as well as the structure and age of its vegetation all influence the prevalence of nesting

birds. It is thus the interactions of design, management and natural processes that likely drive important habﬁitat
: Tree cavities provide shelter and essential resources to not only diverse groups of birds
insects and other organisms (Ranius and

(1994) have reported cemeteries as ar

features of cemeteries. :
(Newton 1998; Smither al., 2000) but also many species of mammals,
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20 0; Bryantel al., 20]:2; I
s i d Lindenmay¢cr, 3 nes:
Jansson, 2000, Gibbons an eye

ve long and diverse histories in humap c“hures
2012; Fleming and Jones 2013). eeres ';l:jctshcl:: cnvironment‘(Andersor.l el tal.; 20(;5)_ [?Uring the
demonstrate ancient links between peoples ecies from 16 families belonging to 5 or .crs ie. chidoF
peripd; Inscot Individusis/belongli = . ti?a were recorded from Park Street Cemet.erly in Kolkatg (Sat
i Rl i, Orthopte.:ra e COIC(I): in the functioning of ecosystem .a nd pou;ntla(:y ,uSCfuI bioindic
o S02), InseclspERY o 1mportanil l’02001). Rare and endangered .specles an;l o'un in U!‘ban Ceme;
of land management (And.erscn. et al.],' . ctracturil diversity are an 1mporlfmt. abl.tat especially for in
O L, oreieries il % o 2004). The relationship belween'blo.dlvel:sny (her.e Mainly refe
(Richter, 1994; Schmidt, 1994; l-lollmger, § i;as  Salved) increasing scientific lnte.re.st iH recs %
species diversity) and ecosystem nctionns i functions in urban areas like providing importan; hat
o vanciaieriar, J006), Semeleiics ta}-ce - .varl_oufhe diversity and balance between system COmponens
for a variety of species. Insect populations maintain Sop compaAGil STEECVEISTBIBd NEralty, g
chiiancsiurban cemetepyimanagement. They form.a e ity protection due to high species diversity anq vy
stability. Cemeteries are particularly worthy for blo.le.Cl'Sl Y P 2
of valuable ecosystem services and thus promotes biodiversity.

THE ECOLOGICAL VALUE AND ECOSYSTEM SERVICES PROVIDED BY CEMETERIES

In cemetery potential habitats are formed by paths, graves and tombstones, lawn andlm'l:adow areas, natur.al
planted trees, shrubs, hedges, bushes, groups of trees, flower .bteds am? ormamental p e.lnts as well as_pnle
leaves or compost. A very old cemetery may maintain the original soil profile ok native plants Providin
ecological link to the past (Wexler, 2008). Nature provides us with goods and services free °f any visible ch
and as reflected in the concept of ecosystem services. These are the benefits that people obtain from €COsyst
e.g. food, freshwater, timber, climate regulation, protection from natural . hazards, erosion con
pharmaceutical ingredients and recreation. The value of ecosystem services provided by nature is Substay
(Balmfort er al. (2002). Therefore, cemeteries in many cities have been designated as “climate regulation ar
and partly as “cold air producing areas” (Laske, 2002). Cemeteries perform various tasks as part of a g
infrastructure. Cemeteries may provide important ecosystem services and function as refuges for endang
species. This is due to characteristic features of cemeteries such as: (i) Multi-layered (ii) Semi-open habitats
Old age of soils and locations; and (iii) High level of habitat diversity. Cemeteries are among the most valy
of historic resources. They are reminders of various settlement patterns, such as villages, rural communi

: like struc ¢ |
Species of old cemeteries, tures, the ofien- eXtensive care and the preferred ornamental P

Cemeteries create less enyij
iro i
2000). Cemeteries have alsonn;::r:a I pollution and enhanced understanding of natural processes (Francis ¢
I use for g variety of activities throughout history (Brendalsmo i
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3::;;80:: li‘l‘l)l;sl\utny ;cmc'tcrics. have important cultural \:alues as historical landscapc.s and through their long

that informal eans : c lz‘!nglng v'u.:ws about Iandscapc. design and management. Brechin er al. (2002) r:::t)oncd

historical and e, r;lv? lodn traditions also have a hl{;h dcgrtic of acccplancc. among local communitics as
acsthetic and sustonn ;1;; scagfcs they hold shared social mcanings for the public. Their natural resources offer
historic events. ool -~ clrjfylro,nmcntal benefits to urban ?rc'fxs. Cemeterics can reveal information about
documented \\'t')rld\\fde h’i tl]?S;)leS, ax:xd genealogy. The sugn.xﬁcanl biodiversily at sacred burial grounds
centurics, while current] ti::ilg ts the importance of customs in maintaining clements of the landscape for
Cthics is a communa) a);ter r' existence is largely thrcal.cncd .by changing demands of the modern world. As
our attitude towards suop sc’n\:if' necd to d?vcl0p our social 'skllls and mechanisms as well in order to develop
biodiversity wil] desndioniie ;VE Tases hk.c the conscrvation of natural values in cemeteries. The future of
and indigenous KeTolEdge f i .o d'c? ool'lccuvc actl?n of an educated society, including cfforts Lo promote local
diversity of life which is S0 vital 110 tversity. There is an urgent nced to protect and conserve this €normous

0 many ecosystem functions.
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Abstract o attempt to analyze the level of air pollution during 2007 to 2020 in (e 16
The present study is an

. f the states in terms of total air pollutants are trig
polluting states of India. ;tlxlts: ::::; ;Z:tc;::ezeirs f‘t’;':::::: ::f S0,, NO,, PM10 and PMi.S'.r’}f:JaticTnal Abalc.me
unde‘rstood- The'toml oera t;) World Bank Group data and CAPM da:ta are used. er(f is clear evige
Qualaty Mor'mon.ng Prog;ar;l 1‘2} 16 states shows pollution level either increased or remain unchanged
:::ee::::;ed;)sg-?;?f'li:iznp;lluc:i:m level of the sample states is found to be less compared to all stateg’ a

except UP and MP.
Key Words : Air Pollution; NO,; PM10; PM2.5; SO,

During the last two decades or so, many experts have drawn attention to the close
between environment and development. According to the ‘World Development Report |
environment problems can undermine the goals of development in two ways. First, wate
is safe and plentiful and air that is healthy is itself part of the improvement in welfare
development attempts to bring. Secondly, Environment damage can undermine f
productivity. With India’s economic growth, its production sector like steel
manufacturing industry, oil refining industries have expanded. On the one way Ir
economic growth has increased and it also lead to increase in number of jobs, on the
side this economical growth has increased pollution in India mostly in Delhi, West Be
Madhya Pradesh, etc. There are various types of pollution like air pollution, water poll
sound pollution, and also soil pollution. Among this pollution, air pollution has most ir

ch as wood, agricultural residues, animal

‘ organs of respiration of human bodies, nose, throa
According to the World Bank study, children under 5 years and female are mostly affect

indcfor air pollution. Qutdoor ajr pollution is measureq by particulate matter (PM), extr
particles smaller than 2.5 micro met

nactment fo ; : . .
Boards (PCBs) in the dates, * regulating air quality through the Pollution C
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gectton 2 presents literature survey and the scope of the study. In methodology Section and
data source are presented. Results of analysis and summary and concluding remarks are made
In next sections respectively.

J—— E;e fulr)vey Of.“te_raturt‘a reveals that there are studies on air pollution in India and

the names sgu(c):hc Cons.ndenng different aspects. In this connection mention should be made of

(2015), Li. Ly ;sSDmda, Coondoo, P_al (2000), Zivin & Neidell (2011), Khan & Tarique

Zhan ’20’ s alvo (20.15), He, Liu & Salvo (2016), Fotourehchi (2016) Fu, Viard and
2 (2017), Khan and Tarique (2019) among others.

pers ec;li’he literature review c?n air pollution reveals that all the studies are in global

P : ve or focused on a particular state in India. But study ondifferent statesover time and
analyzing the major polluting states for different years is practically lacking in the literature.
Thc.pre.sent study is in the footsteps of earlier studies on India. It is different from earlier
.StlldleS in the sense that it attempts to understand state level pollution. Thus the present study
Is an attempt to fill the gap in the existing literature.

'I:hus the l.najor objectives of the present study are twofold: First it tries to analyze the level of
air pollution overtime in the major poliuting states of India and secondly it attempts to
understand the relative performance of the Indian states in terms of pollution.

Material & Methods

The pollutants considered in the present studyare SO,, NO,, PM10 and PM2.5. Sulphur
Dioxide (SO,) is one of the dangerous environmental pollutant gases. It mainly effused from
eruption of volcanoes and combustion of fossil fuel. It has direct impact on human body and
also damages stone, concrete, paint etc. Also it causes skin irritation, reduction of visibility,
asthma, etc. Nitrogen Dioxide (NO;) is also one of the hazardous environment gases. It
increases a person’s vulnerability to, damage to the human respiratory tract and respiratory
infections and asthma. Particulate matter 10 (PM10) particles are very small that they
effectively act as a gas as SO,. When we breathe this molecule it entered into our lungs. High
concentration of PM10 can result in a number of deaths, coughing and wheezing to asthma
attacks and bronchitis to high blood pressure, heart attack, strokes and also premature death
occurs due to this concentration. Particulate matter 2.5 (PM2.5) are able to travel deeply into
the respiratory tract and reaching the lungs. It affects our eyes, lungs, nose, afid throat. For
this concentration coughing, sneezing, runny nose and shortness of breath, etc diseases occur.

To analyze the level of air pollution overtime in the major polluting states of India,
comparison of the total pollution among the selected states are done for each sample year i.e.
from 2007 to 2020 and are ranked accordingly.

nd the relative performance of the Indian states in terms of total air pollutants, the

ta
To unders h of the 16 sample states as well as

arithmetic mean of total air pollutants is calculated for eac .
for all states taken together i.e. the grand mean (GM).Then the arithmetic mean of total air

pollutants for each of the 16 sample states is compared with GM to have an idea about the
relative performance of the states. The states are classified as bad performer or good

performer on the basis of the fol lowing criterion:
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. ljutants level for any state is less thap GM
e total air po

Good performing state : Averag Jevel for any state 1s more thap GM

; llutants

Bad Performing State : Average total & P° um of SOz, NO2, PM10 and PMm2 5. Da
ir pollutants is the S collected from National 4},

The dzllta O?Stgf llzl;tgtes during 2007 t0 20](2(1;1(';[) ot mrd CABH data,Tha:i

;—‘}:'ese z(;ll:xl;izil ;Z‘: for different years, WOrldl\?;)“ Rajasthan (RJ), Uttar Pradesh (Up) |

ir 3 !

cons]:dered are Delhi (DE), Madhya Pradesh ( (AS), Maharashtra (MH) , Origg, (

Fradesh (EMSTE : TN), Punjab (PU 1
CB;Egztitl' (%Bz’(jlgn?;nat;ka (KA), Kerala (KE), Tamilnadu (TN) jab (PU) h;
attisgar 5

Pradesh (HP) and Gujarat (GU).

m;

Results and Discussion

.. isons of the total air pollution amo.ng the sejlectf:d states are dong
:11: lIan ltshidsosnei.tg:naijll;;r; based on the level of: air [';)ollutlon o;el:tlmTealbnl ;hf I%Tamples
of states for each time period are ranked which is presente md ole t e state
maximum pollution is assigned rank 1 and vice versa}. To understan e relative perfor
of the states in terms of total air pollutants, comparison of the average value of all |¢
with the GM is done which is represented in Table 2.

This analysis shows how much affected are the sample states by. the total polly
which is the sum of SO,, NO,, PM10 and PM2.5. There is clear evidence of intey
disparity based on the level of total air pollutants. By comparing the total air pollution ar
the selected states for each time period, states are ranked which is presented in Table
year 2007, UP is in the 1™ position and Assam is in the last position. In year 2008, 1
again in the 1 position and Assam in the last position. In year 2009, UP remained in i
position, WB takes the 2™ position and Rajasthan take the last position. In year 201(
again take the 1* position and HP take the last position. From 2011 to 2013, UP is in t

position and WB is in the last position. In year 2014, UP is in the 1* position and Delhi
the last position. In year 2015




1 i . s
a‘lalv tel: Is level is more than all states average. It can be concluded that excepting UP and MP,
¢ states are performing good when compared to all states taken together.

Conclusion :

The prese i
statesp oF ?tdS.mdy tries to analyze the level of air pollution overtime in the major poliuting
ndla. Also the relative performance of the Indian states in terms of total air

pollutants are trieqd to be understood.

:;;:sc;::ri:;e ;:3:3 ::lnaIYSJS it carf be concluded that there is clear evidence of interstate
Deiki, Himacha]gp,- e(jsa}r)nple period, states whose rank increased are Chhattisgarh, Gujarat,
PoilEtion. Toud adesh, Kerala, Uttar Pradesh and West Bengal which suggests that their
eve dccreasei. F(:I:( Assam, Madhya Pradesh, Orissa, Punjab, Rajasthan,
. a rank decreased which implies that these 4 i
Increased. The states whose rank remained unchanged zie Karnataka anfitzi‘:'nsdh?:lll’::g;:;ec:
for most of the states i.e. 9 out of 16 states shows pollution level either increased or remained
unchanged. All the sample states are good performer excepting UP and MP which are bad

performer. ;
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Table 1: Rank of the India

n States over the sam

ple period in terms of Total pollutio,

3073 | 2014 | 2015 | 2016 | 2017 | 201835
7010 [ zo11 | 2012 | 20 -
States | 2007 | 2008 | 2009 T3 | 4 10 10 5 I
g .3 | 2l 1 14 15 14 3
5 7 "] 7 10 '
AP | 6 | 7 13 | 10 L 16 16 | 16 [
S 16 15 11 14 1 __._._.-———-13""‘ 13 13 J
A ) > = 5| 12 15 = 16 12 12 1 11 1
C'g = ) a1z | 14 13 . 3 3 8 7 6 | %
D = B
GU | 3 5 7 |3 = - 10 6 10 | 13 4113 I
P [ 13 | 8 | 6 | 16 | 10 : S = 7 11 9 12 7
KA 11 4 9 | 11 8 = 5 9 15 13 15 |71
a [ 1t |10 [ 15 | 14 G g =T
MH |10 | 2 | 4 | 5 | 4 ; = > 1 2 2 3 303
My . = = : - 6 11 5 3 5 5 9 | 3
OR 14 11 10 9 Z - - - 5 = : I
PU 12 12 13 4 Z ¥ T3 7 2 : ‘4

RJ 5 | 13| 15| 8 | 9 1 .
TN 4 7 3 6 11 12 12 12 11 9 12 10 | 1
I 1 16 1 1 1 1
uP 1 1 1 1 1 1 =¥
WB 2 3 2 15 | 16 16 16 15 15 3 2 2 2

Table 2: Relative performance of the States in terms of Total poliution
P P
Relative performance
Good Bad
States | Andhra Pradesh, Assam, Chhattisgarh, Delhi, Gujarat, Himachal Madhya Pradesh
Pradesh, Karnataka, Kerala, Maharashtra, Orissa, Punjab,

Rajasthan, Tamilnadu and West Bengal.

Uttar Pradesh
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Bhooter Bhabish yat (2012) and Bhobishyoter Bhoot (20 19)
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Abstract :

representati s . .
i nfphasiz?:oji, It was. the .h!gh tlmf: when the directors should change the currency of Bengali films by
o (2013) c c:’-catn./c mind, a.nd in this regard Anik Dutta’s Bhooter Bhabishyat (2012) and Bhabishyoter

sianc as iconoclastic pieces. After Ray’s Aranyer Din Ratri (1970), Bakhtin's idea of *Carnival’

and th‘e comedy used i-n both films attributed a sense of ‘Carnival’ to them, and at the same time the de-
crov«.mmg of the Auth'orlty has been shown through the help of metaphoric devices. This paper aims to identify
the link as to how Anik Dutta has used Bakhtin’s idea of ‘Carnival’ into his films, and by doing so, has restored

the proper aesthetics through creative representation.

Key words : Mikhail Bakhtin, Carnival, Anik Dutta, Satire, Comic-Horror, Deconstructing Spectral.

Charles Lock, the famous Bakhtin critic, is of the opinion that: “In the history of
modern thought few can match Bakhtin's contribution, in depth, generosity, range of
application. Yet, to consider Bakhtin's thought in terms of contributions to ideas and concepts
and disciplines already formulated or established is to obscure his true importance—that of
the re-thinker.” (Lock, 1991, p.68). This is true in certain ways. Bakhtin’s works and ideas
gained popularity after his death. Much of what he wrote was initially shrouded in
controversy. This was partly because of the limited access to the Russian archives for Bakhtin
scholars. However, after the archives opened up, scholars obtained information that gave a
new dimension to his works. Bakhtin stands as one of the key figures who introduced a new
stancé to the existing literary traditions, and one such stance was ‘Camiva.lesque'. The
‘Seriocomic’ literature was not a new discourse in the history of Engl?sh hterature,. but
Bakhtin attributed novelty to it. Carnivalisation has its relation to th? ancient and medieval
literature and the genre which was influenced by and has influenced this was Fol.k-lore. .When
Bakhtin started writing about carnival, he saw it as one of the key roots [besides epic and

rhetoric] through which the novelistic genre came into existence as he remarks:

“Speaking somewhat too simplistically and schematically, one.could
say that the novelistic genre has three fundamental roots: the epic, the
rhetorical, and the carnivalistic (with, of course, many transitional
forms in between). It is in the realm of the seriocomic that one must
seek the starting points of development for the diverse varieties of the
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line of the novel, including that variety
1

third, that is the camivalist’l’c, ekt o84, p.109).
which leads to DostocvsKy - (Ba >

in’ k was heavily engaged in a.n.alyzmg DOStOCVSky*s i
htin’s boo ic elements in his Writings. But at this Momey

i to the genre of fiction?
f: ious question- can Carnivalesque only be attributed g i0n? Th
ace a serious -

s . val as to whether and how we can see j i

i -tualizing the Carniva . .

a.sheer challengez';"l‘rccﬂ‘;‘;:e,fj aims to analyze how Carnivalesque hasd bﬁsn applied by
different lenses. lSB P pali Indian film director who has very deli Crate.ly deakr.
Dutta, the famous Beng oter Bhabishyat (2012) and Bhobishyore,

i ic issues in his two films Bho . :
ser");o";; rer Bhabishyat is an Indian-Bengali ghost comedy film that was the bigge
(2019). Bhooter Bhabishy t the social problems, the film was ap

4 : i bou
in the 2012 box office. Critically discussing a s j ) o
out comedy film. Many believed that it was a comic-horror film, but some claimed it ¢,

satire on the social changes that took place under the veil of metrOpolltamz'atfo.n. On the ¢
hand, Bhobishyoter Bhoot is a Bengali-satirical comedy film that. was hlmtlal]y banne
theatres by the West Bengal police after its quick release due to its ric attac.ks on s
political issues. However, the film was again screened at theatres after the order issued by
Hon’ble Supreme Court of India where it is said that: “Free spcc::h. canno.t be gaggcd for
of the mob...It expressed concern over ‘growing intolerance’ in society against ar
freedom.” (2019, www.scroll.in). Both the films somehow grab.bed the essence of
Carnivalesque which is to be analyzed through a discussion under this paper.

It is true that Bak .
and how Dostoevsky dealt with seriocom

Before going onto any discussion related to Carnival, we should understand first
carnivalistic seriocomic devices are different from those of satires and tragic-comedies:
how the two films which are selected as primary texts fit into the very idea of Cam
Tragicomedy is a literary genre that blends aspects of both tragic and comic forms. |
often seen in dramatic literature, the term can describe either a tragic play that con
enough comic elements to lighten the overall mood or a serious play with a happy en
(Dewar-Watson, 2017, p.17). The tragic elements with serious issues can be seen in at
theatre as well, but whether they are tragic or comic, that is always inconclusive. In the
of satires, the earliest and later prominent examples' deal with the serious in a round-
way, but the comic element is not an obligatory part of the satires. So technically, both:
and tragic-comedy have serious elements in them so as Carnival, but what makes it dif]
is the idea of ‘fooling’ [presenting the king/ authority as fools] at the centre of a car

which helps the writer to fuse serious elements under the curtain of comic Carnivalis
While defining Carnival, Bakhtin remarks:

“The primary camivalistic act is the
decrowning of the carnival kin
form or another in alj festiviti
elaborately worked out forms

mock crowning and subsequent
g This ritual is encountered in one
es of the carnival type: in the most
“the saturnalia, the Buropean carnival
atter, mock priests, bishops or popes,
hurch, were chosen in place of a king);
other festivities of this type, right down
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to festival banquets with their election of short-lived kings and
quecens of the festival.” (Bakhtin, 1984, p.124).

Church,T?:llse fgcr 0;:"1“8 Pcer'efn-ony is a flattery so that the inefficiency of the authority [King,
- devicesy;:) thor <')l|l|c3ans] can be presented before the mass through the help of
the cssenos o.f C; .e Stlzrlous Issues are [?rcsented through comic incidents and that becomes
buildings 1 KC,lkatmlvad .lBhoozer Bhabishyat highlighted the destruction of the heritage
Bengal. The decrmj:n ow the government officials are aloof in guarding the heritage of
demolish the Choudh :I"g ;)S seen when the renowned industrialist Ganesh Bhutoria tried to
throws light into s f)’l alfitfe to (fr‘eate a shopping mall. The film is also important as it
T el tvera soclo-political issues. On the other hand, Bhabishyoter Bhoot
affiliation of the Con roversy betwe.en. Communist- Marxists and the newly established
that took place in n&; ©ss party. This is a satiric commentary on the political power shifting
‘Developmene. ¢y test Beng.al, and how after the political shift, under the name of
emhae ) cu 'H.IOHC)’ Is so.ught by the barkers of the ruling party. The film also
R fisnzes why the Leftist-communism failed to secure its place in West Bengal, and how
traditional aesthetics has been rinsed from Bengali culture. ,

While defining Carnival, Bakhtin mentioned certain typical characteristics of this
genre. Though it is still not clear whether they are particularly addressed towards Carnival or
not. Bakhtin used the term “all seriocomic genres’ which include Carnival as well. The first
characteristic of Camnival is its ‘new relation to reality’. (Bakhtin, 1984, p.108). By reality,
Bakhtin does not mean the kind of reality which we see in Victorian texts. This reality is
oriented towards a better understanding of real life existence. Both the films have one
common reality in representation where they invoke the past. The demolition of the heritage
buildings in Kolkata stands as the demolition of colonial history as they remind of the
contribution of too many people who in some way or the other instrumental in bringing
independence. The ghosts who live in Choudhury palace are united by their diverse cultural
identity, but the sense of patriotism, if called for, is vigorously present in them. Similarly,
Bhobishyoter Bhoot talks about the possibilities of ‘Time’ and what could have been
achieved if the government was instrumental in bringing the same. Secondly, the seriocomic
do not rely on legend and do not sanctify themselves through it, they consciously rely on
experience [to be sure, as yet insufficiently mature] and on the free invention- (Bakhtin, 1984,
p.108). While defining ‘Carnival’, Bakhtin is of the opinion: “Carnival is the place for
working out, in a concretely sensuous, half-real and half-play-acted form, a new m.ode of.the
interrelationship between individuals, counterposed to the al.l-pf)werful socio-hierarchical
relationships of noncarnival life.” (Bakhtin, 1984, p.123). ‘ThlS is true for. both the t?lms.
Bhooter Bhobishyat has changed the currency of Bengali cinema because it was n?t hk? a
typical horror film. Though it deals with ghosts, the film has an afltogether new st?rle in which
the plot is presented. There is a shift in time and place: and the idea of tl.w film is seen to be
emerging as a dream out of the director’s mind. There is a constant urge in char-actet:s to lfoold
their identity because their past life, in some way or the other, had suffered an identity crisis.

Many claimed Bhobishyoter Bhoot to be a sequel to the earlier film, but the director has
firmly disagreed on it. “The only similarity remains in the fact that it is another film on
modern-day ghosts where we have also commented on certain social and political issues
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t times. The comments come from the mouths of ghosts," Duu f’
A ¢qt

). Thirdly, the texts of this genre are generally multi-gqy, Saig
oo voiced as Bakhtin remarks: “Characteristic of these genres are a multi-toneq ed g
raf

the mixing of high and low, serious and comic; they make wide use of inserted genreg A
found manuscripts, retold dialogues, parodies on the high genres, parodically reime‘fetre,&

» (1984, p.108). Apparently, Prejey

confronting the presen
(business-standard.com

the language of both the films is lucid, py; th
b e ﬁ!

citations...
That is why many of the dialogues are ambiguoys , d
n
b

have overt messages to COnvey.
the way for multiple interpretatio
delve into the analysis of these ¢
carnivalistic angle.

Bappa Maji, Dr. Surajit Saha, and Dr. Ritwij Bhowmik are of the opinjop ;
article that, “Bengali films had been divided into two types like commercial and On in e,
(2019, p.2550). Both the films which I would like to talk about i.e. Bhoot, o o
(2012) and Bhobishyoter Bhoot (2019) were artistic and commercially succ - B/zab%w ‘
Bhabishyat was a superb box-office success as Anik Dutta, the director of thecs S;T,; Shont
» Said jp |

ns. We’ll discuss it in the latter part of the pape Leaves
I,

haracteristics, and see how we can look at them g
TOm '
i

Times of India: .
. o 1 have heard many people are going to theatres for the second or third ¢:..., ce
(Quoted in Maji 2551). Th : . r third time»
i ‘J )- e films shook the pillars of traditional ghost-literary jq ey as
and the use of ‘horror comedy’ attracted Bengali viewers. The film ch 1’ 1deologiy |
role of ghost played in earli m challenges the tradj; car
e t.pl yf in earlier films and amuses the audience through witty and sharp long] par
gh the title of the film refers to ghosts : arp humg,
, yet there is no sense of eeri i ac
a sense of celebration from the ver inning ti ertness. Instead, there °
y beginning till the end. The fi e e
rather there is deconstruction i : - e t1gures no longer frigh, e
er ey in representation. The ghost world ” en s comt
camivalistic, T ; : orld traditionall
Gupi Gayer Ba];:f B mSt??;gz)we find, pethaps, in Jomaloye Jibonto Manushy(f‘;?;)no: the v
ayen where the ghosts are fi o th
the first infusi : : , .g are fond of dance and merry-maki Toug
i Bliassa B:Zgi:hf C(:n};: and carnival within Ghost culture is, perhaps donerl‘)y Zak';:g . Sopua
are very prominent );at.h ooter Bhabishyat creates a world of ghosts with such .Yr b?' Duta their id
ghost world, but the ;m;a:l:vnar;dwf)r Id as \fvell. So, the problems are not directeg t(())w::ndsiﬂ explore
and as a result, many of the h(;rrit;l Pr[()) n.];;t.mg’ as a business, nowadays, has flourished msucb gf usic a
before the Raj, have : ge‘ PAIGINES in Kolkata, built during the Raj a,.gore s
project that as a resu;:tmc:lfc t:: fiemoht.u.m with the hands of promoterf Anikajl,)or’ pef"”" ¥ their ow,
started facing scvare proby is' demolition of these buildings, the ‘Gh;;s e uita triesk musical p
ro ’ et
character Mr, Ganesh Bl <:ms.. All these became an issue that is being incarn Ot;!munlty has DaxPa Naj
which has alread utoria. The film also denotes a ma; . ated through the Stylistic pa
ready taken place in huge amount for the d ajor problem like ‘deforestatior that the the,
¢ development of the locale and it Ramsay, w}

evident in Bhootnath’s di
alogue : “wp:
; : ORI 6] (T BT 7w
TR 1 G T LT (I R i oI ¥ G AT 2307, 7 M Bhaduri, wh
7o LET IR AT g 22t e, R e e 2 OFF culture. Khaj

place for ghosts. I w.
- 1 was a refugee wh 2
:;’stf‘mportant part of the Speec}f ni : WahS alive and still have become after my death). T¥ presenting his
ificance of the film. Th Where he calls hi ' rock song p
cru : rough the dij imself a ‘refugee’ enhances ¥ g ba
bm:;e;l :F:stmf:non between the ‘Home’ :zlogues and plotline, Dutta aga?n emphasizes & SS:.x:;e:hat a pa
position in Dias untry and the * . s the cont,
pora studi e ‘Host’ country- Fimd? 5 X
1es. People for the sake of a bettc:?:’c the ver):,: son Camnival: “In t
onomy 2 camnival sense of

€as. Similar]
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and in a way, this is a very contemporary issue as it also encompasses a very crucial question
that how much time does the authority need to designate us not as ‘immigrant’ but as
‘citizen’? The interview period in the film can also be seen as a metaphor for the proof of
citizenship where the very terms ‘accepted’ and ‘rejected’ may signify who is going to come
under the Citizenship Amendment Bill (CAB). So, in a way, the questions Bhootnath raises
are very contemporary and essential. When the “Home’ and ‘Host’ dichotomy gloom, what
bccomcs. more crucial is the question of ‘Identity’. And this is inextricably linked with
COITlmuruty and culture. Music, dance, and Language- these are the three major tools through
which one can present one’s identity, and that is what we sce in this film. Culture cannot be
homogenous in nature and it may lead to debates. But Unity can be homogenous. The ghosts
we ﬁnd. in the film who live at Choudhury Palace are from the different socio-religio-
economic background but they believe in communal harmony. And that is why the spirit of

carnival gives Bhooter Bhabishyat a more secular tone.

. All camivals must have a sense of ‘carnival’ in them, and this is essential. Though the
carnivals are supposed to be shrewdly represented, yet the spirit of enjoyment must be there
as Bakhtin said that: “In carnival everyone is an active participant, everyone communes in the
carnival act. Carnival is not contemplated and, strictly speaking, not even performed; its
participants live in it, they live by its laws as long as those laws are in effect; that is, they live
a carnivalistic life. Because carnivalistic life is life drawn out of its usual rut, it is to some
extent ‘life turned inside out’...” (1984, p.122). Carnival brings together, unifies, weds, and
combines the sacred with the profane, the lofty with the low, the great with the insignificant;
the wise with the stupid. This idea of celebration is represented in Bhooter Bhabishyat
through the celebration of the Bengali Halloween. The celebration of Bangla Halloween,
popularly known as ‘Bhoot Chaturdashi’ in Bangla culture, gives the members to celebrate
their identity in a more unique way. The Medley they presented through their participation
explores a more secular tone and gives them the scope to present their own identity through
Music and Dance. Kadalibala and Koyel sing a song that is a musical parody of the famous
Tagore song- “Amra Notun Jouboneri Doot” [We, the frontiers of youth], and it gives them
their own native identity. Brigadier Yudhajit Sarkar, who was an army general, sings a
musical parody on a famous Dwijendralal Roy song representing his love towards the. nat‘ion.
Darpa Narayan Choudhury, who represents the Zamindar class, sings a ‘t0pp.a" which is a
stylistic parody on Nidhubabu’s Toppa [The style of Ramnidhi Gupta].explammg tl.le fact
that the then landlords tend to visit their concubines for the pleasure of this sort of music. Mr.
Ramsay, who represents British Colonial authority, sings a song in opcr.a stylf.a. Bhoothnfath
Bhaduri, who was a Bangladeshi refugee, sings a folk song representuTg his own-natn:e
culture. Khaja Khan, who was a Muslim by community, sings.a ‘Ka.walx’ reprcs.cnu‘ng his
own cultural identity. Atram Paswan, the Behari ricksha-w drolver, sings a 'th.upun‘ song
presenting his culture. And finally, Pablo, who does not believe in any categorization, sings a
rock song based on communal harmony. Significant enough, all t.he songs represent
somewhat a parody of all the existing Indian classical forms. Anc.i that is wh?f thc. ﬁlfn also
suits the context of Carnival because Bakhtin believed that parody is an essential cx.-lteno? for
Camival: “In the narrowly formal literary parody of modern times, the connectlon.wnh a
carnival sense of the world is almost entirely broken. But in the parodies of the Renaissance
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carnival fire still burned: parody was aMbivaler,

h/renewal. Thus could be born in the bost of pirody one o

time most carnivalistic novels of world literature, (1984 Pl

g the s:{:;:ntity has a more important role to play hercf. The cultyra) diStinc

henl we see Dorpo Narayan and Bho?thnath HENEIAE OVE the >Upremjg

can also be s??::(; ‘Chingri Macher Malakari’, which in a way can be also seen a cultl
;[g]:thl:;tf\:lt: East-Bengal and Mohun bagan respectively.

(in Erasmus, Rabelais, and others) the

sensed its bond with deat

greatest and a
The representation O

When it comes to Carnival, it cannot happe.n that we milss t;e idlea 1(’)f folklore,
all. folklore was the first genre with whl?h the idea began'. A aflgda lteratu;e’ Sey
writers have tried their hands in Ghost stories. The represer?tanonf"‘aG" : one to one be,
Bangla myth and culture do not provide any homogenous 1fiea 8 ost’. Rather., we |
several concretizations of them. Bangla myth and culture believe in severa% c.:oncretlzation
the idea of ‘Ghost’, for example - Si#itw@st [Demon), #rii5 [Ghoul Spirit], wikq) N
Hag], @o= [Vampire], =*%@ or ¢#ofA [Female Ghosts]and so on. A}ll these come y,
the big tree what we call — $5 or Ghost. Satyajit Ray’s genius creation, Tarini Khur
fictional storyteller, introduces Ray’s categorization of ghosts in the film Jekhgy, Bho,
Bhoy (2012). He categorized them specifically into four categories- “SRQ9 sy |
invisible ghost], ‘=@ IS’ [the shadow], ‘FtzB ¥’ [those who are like living hy
beings], ‘4 IwrET  [skeleton]. All these variations have immense popularity and spac
children’s literature as many of them share a relation with Bangla folk culture
representation of Ghosts here has more native-like qualities. And we can see both Native
Western influences in this regard. For example- Kadali Bala represents the *Shaakchug
the female ghost who died unmarried; Bhootnath represents both the ‘Mecho Bhoot[ the
who loves to eat fish] as well as ‘Gecho Bhoot’[the one who lives in tree]; Khaja K
represents “‘Mamdo Bhoot” as he belongs to the Islamic community. Being a Brahmin, !
Dorpo Narayan and Bhootnath represent themselves as ‘Brahma-Daitya’. Mr. Ran
represents what Satyajit Ray himself terms as ‘Saheb-Bhoot’ in Gupi Gayen Bagha Ba
though the representation varies. And the face of Atmaram with a superimposition ¢
skeleton designates him as a ‘Konkaal’. On the other hand, western influences can als
seen in the particular scene where Kodoli Bala sings ‘Tumi je Elena Fire’ [You never ¢
back] on a full-moon night. In native Bangla culture, we see the new-moon day to b
invocation day for ghosts. Full-moon nights are there in western culture symbolizing
invocation of Werewolves and Vampires. Similarly, the character Bhutoria represents
[Shaman- the witch doctor], as his name Suggests someone who can diagnose spirits.

One of the fundamental aspects of Carnival
discourses through the over-representation of
deconstructs the existing ideologies of spectre and
preconceived notions of Ghost culture:

is to deconstruct the existing ideolo
different contexts. Bhooter Bhabis
challenges the traditional folk and ni

i. Deconstructing the idea of Darkness,
world of Choudhury Palace s very bright
always maintained a bright white pic

Silence, and loneliness : For somehoW

- Due to the carnivalesque elements, they

ture where there is no prevalence of ‘Darkn
70 | Heritage 2022 T




They are found always in the company of each other and there is no space for silence.

So, "T way, it divorces us from the traditional notion that Silence, Darkness, and
Loneliness are necessary for a ghost film.

ii. &I;;s:oa;ur;?: ab‘§poiler’ but a ‘Rescuer’: In traditional ideas, the ghost only caused
R n‘ eings. But here we find Ghosts who help others in their crisis. Hat-Kata

. and Lakhshmi are two characters who rescue other ghosts from their crisis.

lii. Ghosts loye to play with ‘Fire’: Ag

‘Fire’ is one of the five elements, it is believed that
Ghosts can never touch fi ,

re. But here we see ghosts bursting crackers.

Ghost bina'ry is erased : All the ghosts in this film have attributed human-
es. '_I‘hey drmk,.cat, smoke, play, sing, dance, and whatnot. They even have
social networking site named “Spookbook’ and know the use of CCTV

iv. Human —
like qualiti
their own
cameras,

V.  Representing ‘Unity’ instead of ‘Chaos’
with chaos and disturbances. Here we fi
disorder and love to ljve in peace.

: Ghosts are entities that are always associated
nd a ghost community that does not like any

Bhobishyoter Bhoot (2019) is different in nature as the whole film is a commentary on
the contemporary political activities of West Bengal. The first thing about the film is that it
does not follow a definite structure. In the case of Bhooter Bhabishyat (2012), we can still
seénse a structure where there is a narrative that emerged out of a dream that the director had.
This film is a conjunction of sufferings and victimization of different characters in different
times and places but the voice for Jjustice has made these characters come at one place. The
fascinating thing about the film is that though the commentaries are absolute, yet the whole
representation is comic and there is a constant sense of carnival. On asking what led Dutta to
make this movie, he replied:

“For most of my life, I have been apolitical. Much later, I realised
there is no such thing as ‘being apolitical’. That’s also a political
stand. Then, I started getting involved and getting affected by the
political developments in the country as well as abroad. I thought
what’s happening around us should be shown in my movie. My
earlier movies have had different layers. The pdlitical statements
were not so apparent. My first movie (Bhooter Bhabishyat, 2012)
was a satire... Afterwards, I felt the need to spel! out things as
directly as possible.” (2019, indianexpress.com).

The film represents different people who bel?ng to differ.ent.professions‘ e_md hf’w
these people are affected either individually or collectively by the n.lt.ngues f’f p;htn:;ls. tFlrSt
we get, the director, Mr. Khanik who would like to make. good political satire. By the enln
, it is meant something which can revive the aesthe.ncs. of the film that are not properhy
found in recent films of Bengal. After Satyajit Ray, Ritwik G.hatak, and Mrinal Sen, t e
Im industry witnessed a great dissociation of aesthetics. The ﬁ.lms made during
1980s to 2010 were purely melodramatic in nature and they followele stories a‘nd st;uctt::rt?s
where the novelty is suppressed. Mr, Khanik satirically represents Anik Dutta himself who is

‘good’

Bengali fi
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o . films that should ha.ve artistic excellenc,
in cinema; £ people who are willing to cater 1o the audic
da groupzl Tike to arrange walks with ghosts of B,
Ol: be giving them the sense of ‘Bangla Bh,

resents those readers who had the greatest regarg

Satirically to look upon, this groll.P reptaining itself only through the means of audiob%k
Ghost literature of Bengal \fthCh y iutshat these stories are marvellous and stand ag icon;
leisure reading. Despite being a fa?ﬂ importance has been given to them. But, Noway.
the world of horror fiction, very lltt : have the best of the gothic sensation and thy is y
people are reading them af?d tr){mg’ hosts. Next, we find, Mr. Satyajit wh, w;
has become the ‘commodification’ of the gho ) : list should. But, ideal:
- i ied to present his voice which an ideal journalist should. But, tdealjg,
Journalist and tried to p i he and that is why he was murdered by the |
J li become someone’s headac )

ournalism may ... . Khara, an interesting character, represents

oons of a political activist. Bholanath ) X )
& ) ; ied his hands at different jobs to get a prom;
ordinary daily wage worker who trie i ]

lacement. But, fate was not kinder to him, and at last, he joined Mr. Ambubachj, the
P : ? o :
political activist who killed Mr. Satyajit. Unfortunately, Bholanath \;‘/a.s z;lso killed by
goons. Samyabrata Sarkar, a nearly seventy years old man was a politica Supporter of
Left-Front [Communist Party of West Bengal] who was threatened by the political goop
Mr. Ambubachi. Later, Mr. Sarkar dies due to an unfortunate heart attack. Mrityur
Biswas, on the other hand, represents the struggle which the local 'theatre troops or J
troops [popular folk-theatre of Bengal] had to face for their living. It is true that after Ciny
was introduced to the audience of Bengal, the demand of Jatra was lessened and there js
less number of troops exist till now who perform regularly. But the economic conditios
these people is getting worse as the modern audience have a greater love for cinema halls
multiplex. However, this is the heritage of Bengal which must be kept alive by supporting
troops. Next, we meet Miss Rupali who was a bar dancer and almost lead a life ¢
prostitute. In some way or the other, there is a western influence we can find, as the wom:
Jollities which she represents remind us of Moll Flanders and her eight affairs.

searching for a new language
dramatic aesthetics. Next, »?'e ﬁnTl £
the essense of Ghost tourism. 1h };, s
[people disguised as ghosts] who

All these characters become different voices that represent either their politic
affected life or they talk about the loss

of aesthetics that the Bengali culture is facing. A
from Mr. Khanik, Mr Ambubachi, the Ghost Tourism group, and the Tnyak-khosh soft
developers, all the characters are ghosts and they meet at a dilapidated cinema hall w

-Screen theatres j

ultural heritage. But, it is
hese places.
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t°°. Many issues which can be divided broadly into two categories. One is obviously the
satirical portions where the ‘de-crowning’ of the authority takes place. And the other one is

as i i s . . . -
unzocla:ed with the cultural destruction which Bengal is witnessing for more than one decade
e » . . - - - - . .
im ].r t}e heavyweight of modernization and metropolitanization. To discuss the satirical
plications, we can bricfly mention them accordingly:

ii.

iil.

tF.lim City : . The Devel.opmen_tal Project- In the film, it is shown that the government is
lry ng to _bUlld a film city- ‘Cine %" in a rural area which will give employment to the
ﬂ?:;l :_::lf:;ats. The political ministers are trying to persuade farmers so that they hand
Jaghiy threatzver'r :10 t.he government. A.nd those who are unwilling to do so are getting
P S. e 1d.ea of the film city seems impractical at every point because the

i rs' are hard-workmg people and they generally do not have any time to spend leisure
time with the cinema. The whole idea seems eccentric as the issue of employment is not
at all properly addressed. Moreover, this is a satirical reference to the Singur issue (2008)
that took place in West Bengal between the Tata Industry and the Opposition party. The
then West Bengal government tried to persuade people to hand over their lands to the
Tata Authority so that West Bengal can witness Industrial development. There is no doubt
that it could have been a good opportunity for the people of West Bengal if the industry
settled. But unfortunately, the whole issue light up a great opposition as the lands of the
farmers were taken illegally. It is true that the Industrial development could have given
the youth of Bengal new hope. But whether there is any hope of employment in the film

city or not, can be contested.

The Scams : In the film, we witnessed that the Journalist, Satyajit was killed by political
goons because he recorded some videos where the political activists were taking bribes
from people and permitting their tender. This is a direct reference to the videos that the
citizen of Bengal witnessed regarding the contemporary political activists of Bengal who

were oriented towards the scams.

Computer and English Language : Threats in Past, Boons in Present- Around the
1980s, when the then Prime minister of India, Mr. Rajiv Gandhi promoted science and
technology associated industry, he also tried to implement computerizatiofx in Ind.ia.
(Shekhar, indiatoday.in). But the then West Bengal government authority heavily
protested against this decision as they believed it would kill the manpower. If man-made

gazettes destroy job opportunities and kill manpower, then there is no such practical logic
as to why we should support this decision. This issue has been satirically represented by

Mr. Sarkar and Mr. Harry in the film who indulged in a compl.icated conversatin:m
regarding computerization in Bengal. Furthermore, Mr. 'Harry also cla.nmed that the Left;st
Communist party opposed the decision of implementlrfg the Enghsh_La.nguage a}t the
school level which was a disaster for the Bengal cd.uc.atlon _system. Tl‘nnkmg. English to
be the language of the colonizers, the then Leflist activists failed to realize the importance

of English as a global language as well as a second language.

The Army for Battle : When the Film city controversy was at its peak, the Ghosts' tf'ied
. to form an army that will overtly help the farmer to fight against the political activists.
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d integral for our discussion on Carnival because it is f,, the,
an

:tv will be possible. To look at t.his army, we find sypy), st
de-crowning of the fpthionty. litics which underpins the importance of natio"alism
references of history and po ; lbeloﬂgi"g to seven different cultural Communitjeg ,
army consisted of seven pe(:lptenonc of them belonged to a posh economic baCkgn
is very interesting to note‘t : ns of the soil’ who have the greatest regards fo,
Rather they are named as ‘The so 5 Ssntal Movements SmililhG Wad

hor Mahato- the activist from San ; cka,
motherland. Do inds us of Pritilata Waddedar; Bengal Jehadi represents he Is
in appea-rfns:h;c::-;nmisguidcd under the extreme ideologies of Islam; Shikhanj;. W
con;mt:mt;'e satiric ego of Kishenji; the political leader of Politburo who become g,
z;‘o‘l\iacism’ in India (www.ndtv.com); Rajan Ragappa.n- who in a?pczfran?e remip
of Veerappan, the famous Indian bandit from Sou.th lndl.a; Sardar Nirbhik 'Smgh- rer
us of the contribution of the Sikh community during Raj and finally M‘OCh"O Tafung
Samurai. The inclusion of the Japanese into the army, perhaps, satirically refers |
Japanese sponsorship which helped Netaji Subhas Chandra Bose to fo.nn A.uzad Hind
In fact, the army is on a secret mission which may also serve as an implied referen
Netaji’s Army which he formed to fight against the British Empire. This whole form
can be seen as a symbol that may emphasize how the contemporary parties are fig
over communal adversity that is seen during NRC and CAAB unrest. This is also ¢
seen as a disgrace to the freedom fighters and Nationalist activists who together f;
against the Empire irrespective of their cultural identities; and yet, the political le
from independent India who have not participated in any freedom fighting and ha
idea of nationalism, causing a rift in national integration in the name of caste and relj

This army is unique

Apart from the socio-political satire, the film also talks a
which are represented through the means of parod
between the spiritual art and the art of commodifi
organized a competition for searching talents in

different reality shows which showcase the talents of different people through the mea
competition. At this competition, we witness the vocal recital of Mrs. Sangeeta Sur wix

a trained singer in Tagore Music. Her style of representation typically portrays the sty
‘Dakhini’ which is popular for nasalized clenched teeth style of singing. The deman

Tagore songs is decreasing day by day and it has lost its giory under the lid of modemniz

bout certain important i
y. One such issue is the ideological
cation. When all the ghosts got bored,
ghosts. This is also a satirical referen

ndian Classical schools, but she is

ks about the commodification of fin

thei 4 2 mization and Americanisation, people of India have s
eir focus from Eastern Spiritualism to Western materialism. The sharp contrast be

Trzd;\t,;?n and ccfmmodif?cation has been portrayed through the character of Miss San
:2 iss Rupali respectively. It is a fact that cannot be ignored that the Classical S
gan with Dhrupad and Dhamar but is the beautiful gesture of Kl

rst level, Dutta tal
and how as an aftermath of Mode

what remains today
Indian scholar of i




gave us the ‘Babu’ culture. It s my personal opinion that this is a religious, social, and
cultural destruction that caused the loss of high values in us. As a result, what we got is non-
Standard culture. (2003, p.89).

If we 1ake a closer took, possibly we will be able to understand that both the films
have a common aspect i.e. we sce the plot of the film is presented through a director’s mind.
In Bhooter Bhabishyat (2012), the film is born out of the mind of the director who heard
about th.e storyline from a ghost in a dream. Similarly, Bhobishyoter Bhoot (2019) is born out
of 'thc director’s mind and what we see is the external representation of his ideas. Here at this
point, we {1ave to understand what Anik Dutta is trying to do, and what he wants to achieve
through thl;S- After Ray, there has been an aesthetical gap we find in Bengali films till the end
of the 20 century. From the beginning of the 21% century, the representation in films
changed severely because of the commodification of the films where the genre ‘Horror

audience back with disappointment. Then after some time, like the change in the theoretical

paradigm from ‘matteur-en-scene’ to ‘auteur-en-scene’, the essence of horror changed. The

directors started changing their stance and emphasized ‘thinking’ as a productive process. In

some cases, the directors can also be termed as ‘auteur’ who ‘invents’ as the famous French
director Francois Truffaut remarks: “...they are auteurs who often write their dialogue and
some of them themselves invent the stories they direct.” (Truffaut, p.16). So, the elements of
social justice, social issues and comicfarce started to be penetrated into the storyline. The
Ghost films no longer remained a horror tale only; it started to take the form of heteroglossic
narratives where one can identify multiple discourses. And to implement this task, the form
of Carnival becomes instrumental. The use of Carnival in comic horror is very unusual. That
why these films were so popular. But each of them has a core concern

is the reason, perhaps,
ghly through the understanding of

for society and humanity which is to be understood thorou
aestheticism in art.
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Induction of autoimmune Graves’ Disease as a post COVID-19
complication

— a short review

Pritha Dey and Suchandra Chowdh ury

Applied 1 ,
piied Immunology Laboratory, Department of Zoology, Bethune College, Kolkata — 700006, West Bengal,
India

Abstract :

The i
ihe cii‘;:?\:’:;:?;:;:zj :i’ir:i:o:ile coro;avirus 2 (SARS-COV-.2), a single stranded, enveloped RNA virus is
2020. It is a transmissible infectiou ds.ease 019 (.COVID"W)‘, Whlf:h has beer.l declared a pandemic since early
respitatary st ! s disease associated pn-marnly with the respiratory system. Although mainly a
i ry inie l.on, it affects other organs such as thyroid, adrenal gland, kidney, heart, brain to name a few.
Tl.lyrmd .dysfunctlon including Graves’ disease has been observed as a post COVID-19 complication. Graves’
D’lseas? Is an autoimmune hyperthyroidism. The Angiotensin converting enzyme2 (ACE2) help SARS-CoV-2 to
bind with them and enter into the host cell. These proteins are abundantly expressed in the thyroid gland and
therefore promote thyroid related dysfunction like the Graves’ Disease associated with COVID-19. Some
COVID-19 vaccines also induce Graves’ disease. This review shortly describes about the induction of Graves’
disease as a post COVID-19 complication, the autoimmune factors that influence its progression and how it
increases the risk of COVID-19 related morbidity. A brief note has also been added about the role of gene HLA

in Graves' disease and its possible therapeutic aspects.

Keywords : COVID-19, SARS-CoV-2, Thyroid, Hyperthyroidism, Autoimmune disease, Graves” disease

Abbreviation :
ACE2 —  Angiotensin converting enzyme 2

autoimmune thyroid diseases

AlITDs -
anti-TSHR-Ab — anti-thyroid stimulating hormone receptor-antibody
COVID-19 —  coronavirus disease 2019

HLA —  Human Leukocyte Antigen

RAAS - renin-ang'iotensinaaldostcrone system -
SARS-CoV-2 — severe acilte respiratory syndrome coronavirus:2
TgAb - —  thyroglobulin antibodies

TPOAb —  thyroid peroxidase

TRADb —  Thyrotropin receptor antibody

TSH —  thyroid stimulating hormone

TSI —  Thyroid stimulating immunoglobulin
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atory syndrome coronavirus 2 (SARS-CoV-2), a single
ronavirus disease 2019 (COVID.

d primarily with the respiratory
has been declared 2

The severe acute respir
stranded, enveloped RNA virus is the causative agent of co
19), which is a transmissible infectious disease associate
system. The outbreak began in Wuhan, China during December 201 9 and
pandemic since then. Although it is mainly a respiratory infection, it affects other organs suct
as thyroid, adrenal gland, kidney, heart, brain to name a few (Sharma et al, 2021).

Thyroid dysfunction including Graves’ disease has been observed as a post COVID.
19 complication. Graves’ Disease is an autoimmune hyperthyroidism. Auto antibodies sucl
as Thyrotropin receptor antibody (TRAb), Thyroid stimulating immunoglobulin (TSI) ar
triggered by immune system that causes overproduction of thyroid hormones. Graves’ diseas:
shows many symptoms including goitre, arrhythmia, heat intolerance to name a few
Angiotensin converting enzyme 2 (ACE2) is the key player at the entry point of the SARS
COV-2 virus in the human cell. ACE2 is present on the epithelial cells of the outer membran
of the organs including thyroid gland and therefore promote thyroid related dysfunction lik
the Graves’ Disease (Duntas et al, 2021). This review discusses about the induction o
autoimmune Graves' disease associated with COVID-19.

COVID-19 and SARS-CoV2:

COVID-19 is a zoonotic disease originating from bats and has affected million
worldwide. SARS-COV-2 causes common cold to severe acute respiratory syndrome, the
shows high morbidity and mortality in some people. Sepsis and death also occur due t
cytokine storm. It can also affect gastrointestinal tract, neurological and cardiovasculz
system. Kawasaki like disease is noticed in children. Anosmia and ageusia (loss of smell an
taste) are also observed in many cases. Older people and people with comorbidities sho
higher rate of morbidity and mortality (Duntas et al, 2021; Chan et al, 2020, Muruganet a

2021a). . . .
. " ACE-2 mainly presented in the epithelial cell; of lungs, heart Kidney small intestin:
blood vessels, testes, adipose tissue thyroid gland, helps the initial entry of SARS-COV-2. A
ACE-2 is extensively present on the surface of thyroid cells, thyroid get affected by the viru
Variable density and different level of expression of ACE-2 receptor méy cause differel
symptoms and different effects in organ of the patients (Muruganet al, 2021 a, b).

Graves’ Disease :

Graves’ disease is principally characterized by diffuse goitre and hypersecretion
th).rroid hormones. Symptoms develop increasingly over a period of time and revolves arow
unintentional weight loss, heat intolerance, insomnia, muscle weakness, increased sweatin
tachycardia, irritability, restlessness, nervousness / anxiousness, and fa:tigue Patients sho
symptoms of‘ brittle nails, hair loss, hyperreflexia, increased appetite, and -ﬁ'equcnt bow
;r?ovemt?nts, 1f-regular mc.anstrual cycles in females, and erectile dysfunct,ion in males. Grav¢
scliiis;)l.sli;:;?::n:fsotcllatz(oj with Graves® ophthalmopathy (protrusion of eyeballs from the
el mreEic] y, the disease lea-ds to the development of thickened, reddish skin lesio

P myxedema. Congestive heart failure and osteoporosis are also occasio”
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outcome of this disease.

(Muruganer q, 2021a). In most cases females are affected, female: male ratio being 5-10:1

o b
Pitultaey gland ]
|
‘ _l Auto antibodies
. ! e bind to receptor
A TSH I i \:\
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feedback
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Figure 1:

a. In normal condition, the thyroid-stimulating hormone (TSH) binds to the TSH receptor and transduces

signal for production of thyroid hormone.
b. In Graves’ disease, binding of auto-antibodies to the TSH receptor induces unrestricted activation of the

thyroid, leading to overproduction of the thyroid hormones

Graves’® disease is an autoimmune disorder causing hyperthyroidism associated with
generation of IgG antibodies stimulating the thyrotropin receptor and thyrocyte hyperplasia
(goitre). Autoantibodies are produced against the TSH receptor or TRAb (Gallo et al, 2020)
which mimic the normal action of thyroid stimulating hormone (TSH), activating adenylate
cyclase and resulting in production of the thyroid hormones. Unlike TSH, however, the
autoantibodies are not regulated, and consequently they overstimulate the thyroid. For this

these auto-antibodies are called long-acting thyroid-stimulating (LATS) antibodies
ome of interaction between genetic and

mmune tolerance to thyroid antigens and

reason,
(Kindt 2006, Figure 1 and 2). It is an outc

environmental factors that causes the loss of i
activation of autoimmunity (Xu et al, 2015).
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Figure 2 : a. Production of auto-antibodies to the TSH receptor;b. Endocrine control in Graves® diseas

Graves’ Disease after COVID-19 infection: Case Studies :

After COVID-19 infection, along with several other thyroid dysfunctions, S/
COV-2 infection induced Graves’ disease was noticed in some individuals by scien
Identified patients were females from 21 to 61 years age group. The disease progression
noted within 1 to 2 months of COVID-19 infection (Murgan et al., 2021a and b; Inaba

2021).
Symptoms included palpitations along with nervousness, fatigue and tr

(Murugan ef al, 2021). Graves’ ophthalmopathy was seen into few cases. Low level of’
increased triiodothyronin (FT3), and thyroxine (FT4) are noted in Graves’ disease.
positivity of anti-thyroid stimulating hormone receptor-antibody (anti-TSHR-Ab), th
peroxidase (TPOADb) and thyroglobulin antibodies (TgAb) and increasing of uptake of it
were also indicative of Graves’s disease (Murugan ef al.,2021).

About 15% patients reported abnormalities in thyroid function after Covid infe
Some had low TSH level. Three of them were positive for TRAb, among them o
TPOADb positive also. In addition to this ten, two patients with high FT4, one of then
K::alc;:vaf’l;?z) 2ail)d TRAD positive, that means mild Graves’ disease present. (Lui et al,

Autoimmune factors and break down of tolerance induce Graves' Disease after C(
19

In COVID-1‘9, many latent autoimmune thyroid diseases (AITDs) get activa
Thl and Th2 mediated cellular immunity and by the dysfuncti f g e
inflammatory syndrome rises the serum IL-6 leve] and /o:, c : lo.n of Treg ;"; c;:l
might be the reason of thyroid dysfunction during Co\‘/lg1t otoxic effects © toir
response of Th2 is the cause of Graves’ disease but in SAR-S1 9(3(;:‘/ gefle;al;nzzdoc
< -2 influ
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disease, Thl cells are found to regulate. Th17 and Th22 and their cytokine have important
ml? in_autoimmune thyroid disease. Apoptotic pathways of thyroid follicular cells are
activated by Th]l mediated immune response, that destroy the thyroid cells. On the other
hand, t?1)’1’0id cell proliferation and hyper activation of the thyroid gland occurred by
prod'uctlon of TSHR-Abs that caused by activation of B lymphocyte for the activity of Th2
_med:ated immune response. Since the Thl and Th2 cells were identified in intrathyroidal
infiltrate and also reacted with TSHR peptides and TSHR antigens, it is thought that T cells
are the cause of chronic inflammation in Graves' disease. Effector T cells are inhibited by

regulatory CD4+ T cells or Tregs and autoimmunity occurs due to insufficiency of Tregs
(Murugan er al. »2021; Inaba e¢ al; 2021; Figure 3).

| Infection of SARS-CoV2 in thyroid gland
§
§ Thyroid antigens are processed and presented by APC or HLA-I

Activation of T-helper cells

e

Inactivation TH 1 TH2 TH17
of Treg cells increases activates Causes
cytokine Auto- infamma-
antibodies tion

Decrease Tolerance

Graves’ DISEASE

Figure3: Autoimmune factors related with Graves® disease

HILA gene and its association with Graves’ disease :

Human Leukocyte Antigen (HLA) is an important factor i.n the imn.mune system t?lat
also the principal gene, associated with Graves’ disease. It helps in the antlge.n pre.sentatlon
by the T Cells (Inaba et al.,2021).The HLA region is the‘ﬁrst cam.ildate genetic region :,0 be
studied for association with AITD because the HLA I:eglon con'tams many genes wh:c] arz
highly polymorphic and are associated with other autonm’mu.nc d:seases.. HL?r-BS :va;s tre e;te5
to the Graves® disease with relative risks for Graves’ disease ramgmgcl 031;1 I.iLAODR.:;.
Subsequent research, found that Graves’ discase was more strongly related wit 1-2003t

hich is now known to be in linkage disequilibrium with HLA-B8 (Jacobson et a 08;
sy 1. 1998: Farider al,1981). Many patients of COVID-19 of the country of Ct}ma
e elt1 " re o;ted increased appearance of certain HLA genotypes. A Japanese patient
;a;fhltcz‘gVIgj9 Eontains the same HLA alleles predisposing to AITD (HLA-DPS and HLA-

B51) (Inaba et al., 2021). | |
Protein : Enhances the chance of Graves’ disease after COVID-19 infection

ACE2 is an 805 amino acids protein receptor that helps to the entry o.f SARS-COV-2
into the host. The primary location of ACE2 is membrane and extracellular is the secondary
1 3
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localization of ACE2. The ACE2 is a secretory protein that noticed in plasma ar?d <'iiffere'm
biological fluids (Bianer al, 2020).The SARS-COV-2 enter into the host cell by binding with
ACE2 receptors. It is the part of the renin- angiotensin- aldosteron system (RAAS). SARS-
COV-2 enters into the cell by endocytosis after binding with ACE2 that leads to down
regulation of the Angiotensin- converting -enzyme- 2(Kumar et al, 2021). .
ACE2 protein is differentially expressed in individuals that leads to. thyroid
dysfunction. The expression of ACE2 is high within thyroid tissue. Different expression level
of ACE2 is connected positively with male and unfavorably with female in the thyroid.
Thyroid is also a favourable centre for SARS-CoV2 infection and that facilities thyroid
dysfunction after COVID-19. The thyroid gland and the entire hypothalamic-pituitary-thyroid
axis is targeted by SARS-CoV-2, that also induces thyrotoxicosis, hypothyroidism, anc
nonthyroidal illness syndrome. The thyroid gland and the viral infection, with its associatec
inflammatory-immune responses, are related in a complex interplay. Case study reported tha
people with previous history of Graves’ disease are affected with thyrotoxic crisis by SARS

CoV2 (Muruganet al.,2021; Figure 4).

o E e A o S AT A s i >

| SARS-COV2

(7 Damage of =
- follicular and para -

. Graves’ disease

L

Figure 4 : ACE2 highly expressed in Thyroid gland and helps in binding of SARS-COV2

COVID-19 vaccine involved in inducing Graves’ disease :

.It was reported that many autoimmune disorders including thyroid diseases are ca
by v:«mol'xs undesirable immune responses by few vaccines. At a recent time. SARS-C:
vaccine induced Graves’ disease cases were reported in two health care \:lorkcrs. It
noticed after 2-3 days of Pfizer-BioNTech (BNT162B2 SARSCOV-Z) vaccin?
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Autoimmune .
syndromes-induced by adjuvants (ASIA) is the cause of this

autoimmune/infla iti

glycol (PEG) act :; mator?' conditions. A small number of substances including polyethylene

of the vaccines are : “fadj uvant by inducing an immune response but most of the constituents
afe. The recently reported Graves’ disease in vaccinated cases certainly

indicates that it j :
N ———— it 1s a pathological phenomenon of autoimmune conditions induced by
uruganet al., 2021; Vera- Lastra, 2021; Garvey, 2021).

Treatment :

The medici i : o

othin azlgize(leﬁ:scnbed ma.mly include Thiamazole and propranolol. Administration of

e ; I) showed improvement in three months. Beta blocker was also used to
cat the patient of USA (Muruganer al., 2021; Figure 5).
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Figure 5: Treatment of Graves' disease

Conclusion :

Normally pcdple have the risk of gettiné thyroid disease including sub acute
thyroiditis and Graves’ disease in the postCOVID-19 scenario. On the other hand,
hyperthyroidism was shown to trigger the over expression of the ACE2 due to vital regulation
of the counter-regulatory components of RAAS. It suggests that people with thyroid disease,
particularly hyperthyroidism, are a condition that could predispose the enhanced chances of
acquiring SARS-CoV-2 infection while normal people readily get thyroid disease in the post-
COVID-19 scenario. Thyroid dysfunction is noted in about 15% of patients with mild to

moderate COVID-19.
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Ai.bo‘”'l)iperazine bridged Co'";, complex from two anionic salicylaldehyde
¢liPs and a bis-tridentate ligand: Strategy for coordination induced ligand
backbone conformation isomerism

n Supriti Paul' and Debashis Ray2
Bethune College, Kolkata — 700 006 and ’Indian Institute of Technology, Kharagpur — 721302

Abstract :

Ethylene-plperazine-cthylenc spaced tetramine (N,) molecule has been condensed to two salicylaldehyde
molecules to result H,L ligand. During reactivity exploration the anionic form (L) assembled around two
cobalt(Il) centers from the clipping supports of two anionic forms of salicylaldehyde (2-formyl phenol, Hip)
molecules. During the assembly formation these clips are forced to function as two unique p-n',n? bridging
modes. Initial mixing of 2-formyl phenol and Co(OAc),-4H,0 in 1:1 molar ratio provide some intermediate
species in which one fp™ is bound to one Co" ion and attract two such fragments (o come in close vicinity under
the wrapping coordination of the single L* in complex 1. The work established the binding of two 2-formyl
phenolate units as unique chelating-cum-bridging ligands, not observed in routine synthesis from the use
salicylaldehyde as stand alone ligands, in the presence of the linear hexadentate N(O; ligand. The X-ray
structure determination confirmed the twist boat orientation of the bridging piperazine unit as disclosed from the
torsion angles (¢;) of N—C—C—N within the ring of 29.02° and 27.52°. Similar to known dicobalt enzymes found
in biologythe experimental Co--Co distance is found to be 3.183 A.

Keywords : Piperazine; dicobalt (II/1I); Schiff base; rwist boat; bis-tridentate; N,O, donor

The synthesis of coordination compounds of 34 metal ions in many times holds an
enormous range of techniques and approaches, not routinely tried in synthetic laboratories.
The necessity and desire for new compounds bearing two adjacent metal ions often demands
increasingly sophisticated and imaginative synthesis strategies. Time and energy efficiency,
use of earth-abundant resources of metal ions and organic molecules, and many other
standard room temperature solution chemistry principles become key pi.iramt?,ters‘ il:l the
design of new synthetic processes. Synthesis through the use of the appcalmg. mmphcnty of
‘one-pot’ methods is thus a challenge to the practicing chemists to enhance their skills.

Synthesis and characterization of Co'; complexes, from.reactiv.ity scrutiny of: new
ligand anions, have received immense attention becaus.e of their varying mode of ligand
anion support, compact structures and functional propertlt'as a.s well as for maglnetostructural
correlations.'™ The nature and number of metal .ion coordination by any acyclic hexadentate
ligand can be reversed through the incorporatnfm of a space.r group Sltch as 2-phenolate
imidazolidine, forcing the parent hexadentate hgan.d to functlo.n as a bzs-tefradent‘ate one.
Chelating arm bearing substituted I,4-piperaznn<.: can bind n.letal ions in both
the boat and chair conformations of which the lalter. is thennod.yflam‘lcal.ly more favorable
in metal ion free condition. Designed synthesis of dlt]uclear cn.tltle.s is Stll.l a big challenge
and needs the presence of ancillary ligands in a specific coordination pos'mons around the
metal ions. The boar form gives mononuclear complexes, whereas the chafr fqrm can result
bimetallic complexes with no exogenous bridging for tran.s'-{V,N'-coordmatlon from .the
piperazine ring. In this regard the substituted piperazine based ligands have drawn attention
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due to its various conformations which also controls the geomet.'r)' of the resu}tl.ng metfﬂ on
complex.® N,N’'—disubstituted piperazines provide tertiary mtrogf.:rf contalnmg.; bu‘ld’.“g
blocks for self-assembly.®® The sclf-assembly of first-row transition .met?l ions using
bridging ligand such as N,N'-alkyl disubstituted piperazine as aliphatic nltroge.n dono.r
building block has proved to be a potential synthetic approach for new dimetallic
coordination complexes. The piperazine based ligands at the same time have drawn renf:wed
interest due to its binding of metal ions in different backbone conformations. The substm-ned
1,4-piperazine moiety without metal ions coordination can have four distinct conformations
such as chair, boat, twist boat and half-boat®*® (Schemel).

Out of these, crystal structures of several metal ion complexes established the
existence of first three forms. In boat, twist boat and chair forms, ;hlz piperazine unit
coordinatation or bridge two metal ions to give mono'%'? and dinuclear complexes.

In chair conformation the unit provides trans-N,N"-coordination.'”"'® Only recently
the equatorial-axial (e-a) coordination mode is established with a cis-tetranuclear Cu,4
complex,' in the chair form, the available bridging modes are axial-axial (a-a)'” equatorial-
equatorial(e-¢)'®* and equatorial-axial (e-a),'” analogous to the syn-syn and syn-anti
coordination modes of bridging acetate groups.?’ In chair form the important bridging
mode is equatorial-equatorial (e-¢) responsible for binuclear complex formation. In
particular the chair form of piperazine allows structurally and functionally directing
polymeric structures.21'26Currently synthesis and characterization of tetra nuclear copper(1l)
complexes are interesting to rationalize the involvement of Cu, cluster in the catalytic cycle
for reduction of N,O to N,.27 In this chapter we have discussed the reactivity of the
hexadentate, sterically constrained schiff base ligand H,L {(2-hydroxobenzylidene)-[2-(4
{2-[(2-hydroxobenzylidene)amino]ethyl} -piperazin-1-yl)ethyl]amine} !**® toward Co" ion
to establish different molecular architectures with different conformations of semi-rigie

piperazine backbone. Herein we report the room temperature one-pot synthesis, crysta
structure and detail description of the complex 1.

2, Experimentzﬂ section

2.1. Materials and methods :

All the chemicals were reagent grade and used as received without further purificatic
The chemicals used were obtained from the followin

g sources: salicylaldehyde (S. D. F
Chem.), cobalt (II) acetate tetrahydrate used were obtained from Loba. FT-IR spectra w
recorded on a Perkin-Elmer 883 spectrometer. Eleme

' ntal analyses (C, H, N) were perforn
with a Perkin-Elmer model 240C elemental analyzer ‘ y

1 13
: - Hand “C NMR spectra of the lig
were obtained on a Bruker AC 200 NMR spectrometer using TMS as the internal standar:

2.2. Room Temperature One-potSynthesis
Synthesis of Ligand :

2. i ;
Hydroxo benzylidene-[2-(4- {2- [(2-hydroxo-benzylidene)-amino] -ethyl}-piper:
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1yl)- ~ami

(l)i gle;}:ﬁ]]izu:sngz{:[‘)' To the methan?lic solution of HoL (lg, 5.8 mmol), salicylaldehyde
solid which wag o ) was added un.der Ice-cold condition and stirred for 3 h to give a yellow
hexane and water }I:'fira:ed by f“!ltratlon through G4 sintered bed and washed thoroughly with
crystals suitable ﬁ; ;?a ly, the 1s?lated compound was dried in vacuo over P4O,o. The single
be same as report rd -ra)./ anz%lys‘ls were obtained from hot MeOH during 4 days and found to
(380.49): C 68 44? Hearher, Yield 1.92 g (87%), m.p. 152°C. Anal. Calc. for Cy,HasN4O;
bands (cm‘; K'B > g 7;42;N, 14.72%. Found: C, 69.32; H, 7.32; N, 14.68%. Selected FT-IR
1017(s), 863(s) 724'1 v 7H2939(b)s 2823(b),1641(vs), 1499(s), 1441(s), 1281(vs), 1159(s),
7.35-6.83 (m $E): ;S;é NMR (CDCls,ppm): § (phenolic OH) 13.43 (s, 2H); 8.35 (s, 2H);
165.52: (C129) 1o, (fs 4H); 2.70(t,4H); 2.57 (s, 8H). >C NMR (CDCI3, ppm): 5(C7,16)
e og, oo 22 16116 (C6,17)132.13; (C3,5,18,20) 131.14; (C4,19) 118.44; (C221)

6.98; (C9,14) 58.59; (C8,15) 56.98; (C10,11,12,13) 53.33

Synthesis of Complex :

[Cox(4-fp)2(1-L)]-3H,0 -EtOH (1). To a MeOH solution of Co(OAc),-4H;0 (0.65 g,
2..62 mmol), salicylaldehyde (Hfp, 2-formyl phenol)(0.28 mL, 2.62 mmol) was added drop
wise under stirring condition and then refluxed for 15 minutes. Then methanolic solution of
H,L* (0.50 8, 1.32 mmol) was added and refluxed for 1 h to give a clear reddish-brown
solution. Then the solution was cooled to room temperature and kept undisturbed for 7 days
to give green crystalline compound. The solid was isolated, washed with cold methanol, and
dried under vacuum over P;Oj. Yield: 0903 g (82%). Anal. Cale. for
C33H4sN4010C02(838.68): C, 54.42; H, 5.76; N, 6.68; Co, 14.05%. Found: C, 54.37; H, 5.58;
N, 6.58; Co, 13.98%. Selected FT-IR bands (cm™', KBr): v = 2862(b), 1640(vs), 1597(s),
1534(m), 1444(vs), 1344(m), 1321(m), 1288(m), 1185(m), 1180(m), 756(m), 738(m).Am:
(MeCN solution) 8 & 'cm?mol™.

2.3. X-ray crystallographic analysis :

Suitable crystals of 1 were grown from the MeOH-H,O solution following the solver.lt
evaporation, at room temperature over a period of 7 days. for X-ray structure analysis
suitable single crystal was selected under microscope. Diffraction data for 1 were collected
on Bruker AXS SMART APEX-2 CCD.diffractometer. Data were_ collected at 295 K and all
these measurements use graphite-monochromated Mo-Ka radiation (A = 0.71073 A). The

hree reference reflections of each complex were monitored every 1h though out

. P4 ft ;
e e structure was solved using the

i sign of crystal deterioration. Th
the o Wllecf;g‘;] s?(())l‘;c/)sw:(:i bi succ::);sive Fourier synthesis zfnd least-squ.are refinement
using SHELXS97 program® The refinement was performed using fu‘ll—matnx lcast-square;
with all non-hydrogen atoms anisotropically and hydrogen atomswere included fm calculate
riding on their carrier atoms. Hydrogen atoms on \.Nater molecules in complexes
rystal data for complex 1 was shown in Table 1. The selected bond

program SIR9

positions,
could not be located. C
lengths are summarized in Table 2.
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3. Results and discussion

3.1. Synthesis and characterization : ' using 2-[4-(2-amin
e Rme el B e e :hyrr;t:;;l?:hiff base condensatiy
. : ine? d salicylalde .
)-piperazine-1-yl]-ethylamine™ an cterized by the FT
::Zti)ofl“();chcme 3)?"2‘he solid ligand thus isolated after workup was chara Y
IR, 'H and '*C NMR spectral analyses.

i -D'"® and has earl;
The ligand H,L can exist in four different conformatlc?ns, ;\ ]Z . :I;n o :
been shown to transform from A to B in a Cu, complex fom.1at10n: ea mtgo e S
equatorial (e-€) trans-binding. In a similar Fe, complex tlg plperam?;l:ogor cis-binding, h
i i inding.3! formation C, respons - , he
be axial-axial (a-a) trans-binding.”’ The con . : e Eo
identi i 1 he conformation D, again responsi ‘
been identified in a Cu; complex.'”” Now t e

binding, has been identified in the Co, complex initially tel.nplate-by .two formyl p.henol?
ligands. Thus, the ligand shows unique conformational isomerization at the piperazi

backbone available for metal ion coordination (Scheme 4).

Addition of 2-formyl phenolate (fp?) in the chosen reaction media, as templgtc
inhibiting the binding of L*7in trans conformation, lead to the synthesis of complex 1 whe

the piperazine backbone locked in twist-boarconformation in [Co2(x-LY(u-fp)2]-3HO-EtC
1).

MeOH-DCM (Synthesis)

H,L* + 2Co(OAC),4H,0 + 2Hfp + NEts DME (Crystalisation)

[Co2(x+-L)(+-fp)2] 3H20-EtOH (1) + 2 HNEt;0Ac + AcOH

Complex 1 featuring twist-boat-piperazine (a-a),'>'¢
phenolato, and terminal carbonyl coordination toward e
geometry.

imine, terminal and bridg
ach Co" center in octahec

FT-IR Spectra. The IR spectra of H,

L' shows C=N stretching frequencies at ~1
cm™. The sharp strong band at ~1380 ¢m! a

nd broad band at 343( cm™! indicates the 1

Vas(coo), While Vs(coo) appeared at 1344 cm’! with Av = Vas(COO) -
value is in accord with the presence of 4, ,
cm ). PAs expected, for 1, the

Vs(coo) = 253cm™’. This
~carboxylato bridge (41,3 bridge leads to Av ca.

Vcoo bands is missing and the Vo is observed at 3400 cm’

3.2. X-ray crystal structure :
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core (Figure 2) of 1 : )
O-donors Oftv?/::zlfls formed Instantaneously from a unique bridging action of two phenolato
~lormyl phenolate (fp") templates in anti-orientation.

Generation - :
of such intermediate species is possible from the binding of two 2-formyl

"ique chelating-cum-bridging ligands, not observed in routine synthesis
aldehyde as standalone ligands. The symmetric bridging mode is achieved
—Co angles to be similar at 99.58 (03), 100.13°
3.183 A. The hex - (CO_I) and 78.11° (Co2). The Co--Co distance is
ndbinds Co" centers with tridentate NNO halves in

bridge in anti-configurati d fulfils the di d
N X g on and fulfils the distorte
204 octahedral environment. The N-Co-N and N-Co-O bite angles are 80.33, 89.31° (Col)

] .

?2‘;279(-;’2; .ii-ii 2((522)2-).0?13 clrs6 ‘Eczoz (78.11 - 108.78°%); Col (78.79 - 104.73)] and the trans
values. The pIanes. (Cc;l / 03/C§5 .d3 - 174.06)] .angles vary considerably from the ideal
of 151.81° as a reculs iy :cln .C02103/05) fnterse.ctlng at O3--O5 edge form an angle

¢ folding imposed by piperazine ring N2:-N3 = 2,747 A. The Co-
Npz=2.344 (Col), 2.332 (Co2) A are longer than Co~Nim = 2.056 (Col), 2.061 (Co2) A. The
.sums of the angles around the bridging Opn atoms are 359.34 (O3) and 359.29° (05)
indicating planar geometries around them. The average Co—Oyy, bridging distance (2.079 A) is
longer than terminal phenolate (1.99 A) and shorter than terminal carbonyl (Co~Ocarbonyi=
2.144 A) distance. Co0,0; core reveals two pairs long (2.106 and 2.129 A) and short (2.044,
2.038 A) Co-O, distances on bridging and chelating sides respectively. The twist boat
conformation of piperazine backbone identified from the torsion angles (¢1) of N~-C—C-N in
the ring of 29.02 and 27.52°. Stereochemistry of the ethylene spacer within the piperazine
ring is gauche as indicated from the Newman projection (Figure 3a). Intramolecular
hydrogen bonding was observed between terminal phenolic oxygen and lattice water
molecule (Figure 3b).

The X-ray structure of HzL earlier established that in its free form it is present in
conformation A (chair a-a lone pair) (Scheme 1) with a N--N distance of 2.89 A and
undergoes conformational isomerization to D. The centrosymmetric 2-formyl ;?henol'ate
bridged intermediate allows only symmetrical coordination of the twist-boaf (a-a) piperazine
ring and allows centrosymmetric binding of the two tridentate halves of the ligand dianion.

Conclusion :

The conformation isomerism upon two cobalt ion coordination in bivalent state was
scrutinized for semirigid piperazine backbone within the .rep.orted f:omplex: We ha;.:e been
able to show a novel cis-coordination mode <')f ?hatr-plperazm.e .l'flotlf reve: 1;1g ba;n
equatorial-axial (e-a) conformation for basal coord.matlon around the mlt.lally fo.rm;: hou ;
2-formyl phenolate bridged stable Co; entity: This firstly formed'motlf obtan:e tt.rougf
template action of two 2-formyl phenolate bridges thus fo.rce a twist-boat c?n Orm;.IOItl‘ o
piperazine backbone for coordination of two heterocycle' nitrogen donors. This coor |fna 10::
did not able to register any ligand displacemerllt react:ox} ﬂ:OII.l the use of two 2-'om.1y
phenolate clips. Carbonyl coordination to two Co™ centers Is similar to the observed binding

of urea to Ni'l center in metalloenzyme urease.
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Figure 3. (a) Ethylene spacer within the piperazine ring is in gauche-conforr.n'ation. (b) Hy(?rogen bonding interaction wi
suitably poised lattice water molecule in supramolecular structure further stabilizes the dimeric structure.

Table 1. Crystallographic data for 1

Molecular formula
Molecular weight
Crystal system
Space group

a(A)

b (A)

c(A)

a(®)

B

Y(®)

D, (g cm™)

Z

F(000)

Crystal size / mm
M (mm™)

6 Range (°)

R;, WR; [1> 206(1)]
hkl ranges
Goodness-of-fit on
max, min (e A%)

C76H76C04N30m
1657.17
Monoclinic
P2/

10.380(2)
19.536(4)
19.949(4)

101.581(6)
U(AY
3962.9(1)

1.389

2

1712

0.37 x0.22 x 0.10
0.897

2.08 - 26.56
0.0749, 0.2071
-12,13;-24,24:-24,24
1.044

+2.666, -0.512

Ry = Z(||Fo|—{Fll ¥E{Fq|. WRz=[ EwW(|Fo|-|F)/Ew(F,)%]"2.

w = 0.75/(c*(F,) + 0.0010F ).

Table 2. Selected bond lengths (A) for 1

Co(1)-0(1)
Co(1)-0(3)
Co(1)-N(1)
Co(1)-0(5)
Co(1)-0(4)
Co(1)-N(2)
Co(2)-0(2)
Co(2)-0(5)
Co(2)-N(4)
Co(2)-0(3)
Co(2)-0(6)
Co(2)-N(3)

2.001(4)
2.038(4)
2.056(5)
2.106(3)
2.124(4)
2.344(5)
1.979(4)
2.044(4)
2.061(5)
2.129(4

2.165(4)
2.332(5)

Table 3. Selected bond angles (°) for 1
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O(1)-Co(1)-0(3)
O(1)-Co(1)-N(1)
0(3)-Co(1)-N(1)
O(1)-Co(1)-0(5)
0(@3)-Co(1)-0(5)
N(1)-Co(1)-0(5)
O(1)-Co(1)-0(4)
0@3)-Co(1)-0(4)
N(1)-Co(1)-0(4)
0O(5)-Co(1)-0(4)
O(1)-Co(1)-N(2)
O(3)-Co(1)-N(2)
N(1)-Co(1)-N(2)
O(5)-Co(1)-N(2)
O(4)-Co(1)-N(2)
0(2)-Co(2)-0(5)
0O(2)-Co(2)-N(4)
0O(5)-Co(2)-N(4)
0(2)-Co(2)-0(3)
N(4)-Co(2)-0(3)
0(2)-Co(2)-0(6)
O(5)-Co(2)-0(6)
N(4)-Co(2)-O(6)
0O(3)-Co(2)-0(6)
0(2)-Co(2)-N(3)
0(5)-Co(2)-N(3)
N(4)-Co(2)-N(3)
0(3)-Co(2)-N(3)
0(6)-Co(2)-N(3)

95.12(16)
89.3(2)
174.06(19)
95.98(16)
78.79(14)
104.74(17)
91.18(17)
86.61(15)
89.34(18)
164.23(16)
169.53(18)
95.12(18)
80.3(2)
88.18(16)
87.22(17)
93.79(17)
88.4(2)
172.56(17)
95.44(17)
108.78(17)
92.95(19)
84.81(16)
87.99(18)
161.40(17)
168.15(18)
98.00(17)
79.7(2)
88.21(16)
86.93(18)
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The Art and Science of Adulteration

Dwipanwita Sur and Seemanti Ghosh
Department of Botany, Bethune College, Kolkata

Abstract :

Adulteration is an art by itself practiced since ages by human
an attempt has been taken to address the ways and causes O
plant-based products of economic significance. Also, few classical an
that are employed to check the adulteration to maintain quality of plant-based drugs.

race following onec or several rules. In this reviey
{ different kinds of adulteration of the authenti
d modern methods have been discusse

Keywords : Adulteration, intentional, non-intentional, powdered drugs, herbal products, substituent

contaminants

Medicinal plants form a basis of drug source for traditional as well as homeopathy medicine
In fact, approximately 70% synthetic drugs are also derived from plants. In India about 80
rural population depends on herbal medicine and/or indigenous sources of medicine. Almo
80% of the herbal products used in traditional medicine system as well as consumed :
common spices have medicinal plants as their sole sources of production. Hence, herb
adulteration is one of the common malpractices in herbal raw-medicine as well as spice tra
across the globe. According to a global survey by Ichim (2019), 27% of the herbal produc
commercialized in marketplace has been found to be adulterated when tested against t
labelled/claimed sources: comparatively highest rate of adulteration being observed
Australia (79%), South America (67%), lower in Europe (47%), North America (33%
Africa (27%) and the lowest in Asia (23%).

. What is adulteration? ; :

Adulteration is a practice of substituting the original crude .drug partially or fully with otl
spurious, inferior, spoiled or low graded drugs or entirely different drug similar in appearar
or morphology to the original drug, substituted mostly with an intention of making prof
Often these adulterated products do not match with the authenticated official sample (Sag
2014). Adulteration may be intentional or non-intentional. If the herbal products cont
undeclared contaminant, substitute, and filler species, or none of the labeled species
mentioned, which all may be accidental or intentional, economically motivated

fraudulent, then those herbal products are said to be adulterated (Ichim, 2019).
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cheap identical drugs, like, Kumkuma or Kesar, Kumkum, Zafran, (Styles and Stigmas of
aerial parts of flowers of Crocus sativus Linn.) are substituted and adulterated by Kusumbha
or Kusum, (styles and stigmas of arial parts of flowers of Carthamus tinctorius), Rakta
Chandana, Sandal Surkh, (hard wood powder of Pterocarpus santalinus Linn.) is substituted
and adulterated by Red Capsicum, Lal Shimla mirch, (fruit powder of Capsicum annuum
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! i h Sveta Chandanp;
Linn., Capsicum baccatum Linn. and Capsicum frutescens Linn.); 85 SEC n‘

Sandal Safed, (Hardwood powder of Pterocarpus santalinus Linn.) is substituted an

adulterated by White Capsicum, Safed Shimla mirch, (Fruit powder of Capsicum annuu,

Linn.)) largely used in Ayurvedic and Unani compound formulation being costly herb and (g
Non-availability of the required drugs : Sometimes the original and authentic drugs a

hard to find or may become extinct due to several reasons, hence substitution may be done j

those cases by other identical drugs, such as, substitution and adulteration for Ashtvarga pa
(a group of 8 crude drugs - Riddhi or Vriddhi, Kakoli, Kshirakakoli, Jibhaka, Rsabhak.
Meda and Meha meda) which are endangered and rare drugs found in high altitude ran
2000 to above 4500-meter height Himachal and Himalaya Northern region of high altituc

dense valleys.
Intentional and Unintentional Adulteration

According to Sagar (2014), a drug shall be considered adulterated if it consists any kind

filthy, putrid or decomposed substances in whole or in parts.

Intentional adulteration

Generally, the drugs are adulterated by substitution with substandard commercial varietie
inferior drugs or artificially manufactured commodities. The different types of adulteran

found in market are given here (Sagar, 2014).
® Adulteration by using artificially manufactured substances

In this type of adulteration, the original drugs are adulterated by material that a
manufactured artificially, generally prepared in a way such that their general form a

appearance resemble with original drugs This is done usually for costlier drugs.

Few examples in this category are:

a) Cargo of ergot from Portugal was adulterated with small masses of flour dou,
molded to the correct size and shape and colored, first using red ink, and then ir
writing ink.

b) Honey is often substituted by artificial invert sugar,

¢) Often paraffin wax is colored yellow and is being substituted for beeswax.

Compressed chicory is often used in place of coffee berries,

€) Bass-wood cut exactly the required shape of nutmeg is used to adulterate nutmeg.
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* Adulterqy;
ion o A
by using inferior commercial varieties

In this type, the original dpy

8S are most| . e B s .
resemble th stly substituted by using inferior quality drugs that may

© original drug

' morphological characters, chemical constituents or therapeutic
W Common exam

values. Fe -
ples in this category may be;:
a) Hog gum or hog tragacanth ma

X Yy be used to adulterate tragacanth gum,
) Mangosteen fruits are used to s

ubstitute Bael fruits,

Here,

artificially to enhance their effects by manipulation, usually for longer uses. This is usually
done for the commodities that would retain its shape and appearance even after extraction, or
the appearance and taste could be made to the required state by adding coloring or flavoring
agents. This technique is frequently adopted for the drugs containing volatile oil, such as
clove, Fennel, etc. As these are devoid of color and taste after extraction, the natural color

and taste are usually manipulated with additives. Few well known examples may be:

a) Artificial dyes are used to recolor Saffron and red rose petals, after extraction.

b) Addition of aloes restores the bitterness of exhausted gentian.
e Adulteration by superficially similar inferior natural substance

In this method, the substituents used may be morphologically similar but not having any

relation to the genuine drugs in their constituents or therapeutic activity. Few documented

examples are: . '

a) Ailanthus leaves are.often substituted for Belladonna, Senna leaves,

b) Saffron is generally admixed with saff flower,

c) Peach kernels and apricot kernel are often used as fillers in almond packets.

o Adulteration by using the vegetative part of the same plant

The presence of vegetative parts of the same plant along with the drug in excessive amount is

also an adulteration. These often include parts of miniature plants growing along with the

medicinally important plants, due to their color, odor and constituents. In a documentation,

few examples are:
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a)

b)

In this type of adulteration, the materials u

hazardous to human health as most of the

drugs.
a)
b)
c)
d)

Powdered drugs are found to be adulterated very frequently. Adulterants us

Epiphytes, such as mosses, liverworts and lichens that grow over the barks of plantg

also may occur in unusual amounts with the drugs,

ved along with drugs like Lobelia, Stramonium,

Excessive number of stems are obser
Hamamelis leaves, etc.
Adulteration by Addition of toxic materials

sed for adulteration are toxic in nature and

m are picked from market wastes and mixed with

A big mass of stone was found in the Centre of a bale of liquorice root.

lime stone pieces were found as fillers with Asafoetida,

lead shot found along with Opium,

amber colored glass pieces mixed in Colophony.

Adulteration of powdered drugs
ed in this case ar

generally powdered waste products of a suitable color and density.

a)
b)

c)
d)

e)

Powdered olive stones are substituted for powdered Gentian, liquorice or pepper

Dextrin is added in Ipecacuanha,
exhausted ginger is mixed in fresh ginger powder,
red and white sandalwood powders are added as fillers along with red and whi

capsicum powders
powdered barks are adulterated with brick powders.

Adulteration by Addition of synthetic principles

Synthetically manufactured pharmaceutical chemicals are mostly used to incréase market a

therapeutic values of drugs. Most common examples are:

a)
b)

<)

Citral is added as adulterant to lemon oil,
diabetes angel containing glyburide and phenformin,

sleeping buddha containing estazolam.

Unintentional adulteration

Unintentional adulteration may be due to the following reasons (Sagar 2014):
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" .
Confusion In vernacular names

. between indigenous systems of medicine and local
dialects

In Ayurveda, P »
arpauta’ refer to Fumaria parviflora. In Siddha, ‘Parpadagam’ refer to

Mollugo pentapi : ..
these two h bp »lla. Owing to the similarity in the names in traditional system of medicine,
€ two er S a .
re often Interchanged or adulterated or substituted. Because of the popularity

of siddha St .
medicine in some parts of south India, traders in these regions supply M.

entaphyll,
peniapaylia as Parpatza/Parpadagam and the north Indian suppliers supply F. parviflora.

These tw. T .
© tWo can be easily identified by the presence of pale yellow to mild brown colored, thin

WwIry stems and small simple leaves of M. pentaphylla and black to dark bro

i wn -colored,
digitate leaves with narrow segments of F. parviflora.

e Lackof knowledge about the authentic plant source

Nagakesar is one of the important drugs in Ayurveda, whose authentic source is Mesua
Jerrea. However, market sample are adulterated with flowers of Calophyllum inophyllum,
though the authentic plant is available in plenty throughout the western ghats and parts of the
Himalayas, about which the suppliers are unaware of, Also, some restrictions in forest
collection, may force them to adultery the products. Due to these reasons, C. inophyllum is
sold as Nagakesar. Authentic flowers can be easily identified by the presence of two- celled

ovary, whereas in case of spurious flowers they are single celled.

e Non availability of the authentic plant

In European markets, authentic Hypericum perforatum is cultivated and sold. However, in
India, availability of this species in very limited. Hence, the abundant Indo-Nepal species H.
patulum is sold in the name of H. perforatum. Market sample is a whole plant with flowers,

and it is easy to identify them taxonomically. Anatomically, stem transverse section of H.

perforatum has compressed thin phloem, hollow pith and absence of calcium oxalate crystals.

On the other hand, H. patulum has broader phloem, partially hollow pith and presence of
calcium oxalate crystals.

o Similarity in morphology and/or aroma

M .ens is the best example for unknown authentic plant and similarity in
ucuna pruri

morphology. It is adulterated with si

variety) and M. deeringiana (sold as bigger varie . .
Canavalia variso and C. ensiformis are also sold in Indian markets.

milar papilionaceae seeds, M. utilis (sold as white

ty) being the popular adulterants. Apart from

this, M. cochinchinensis,
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Authentic seeds are up to 1cm in length with shining mosaic pattern of black and brown colo

. J H A d { s :
on their surface. M. deeringiana and M. utilis are bigger (I .5-2cm) in size. M. deeringiana

dull black, whereas M. utilis is white or buff colored.

e Careless collection by suppliers

Some of the herbal adulterations are due to the carelessness of herbal collectors and suppliers
A well-known example as documented by Sagar (2014) is: Parmelia perlata is use
extensively in Ayurveda, Unani, Siddha, as well as in grocery. Market samples showed it t
be admixed with other species (P. perforata and P. cirrhata). Sometimes, Usnea sp. is als

mixed with them. Authentic plants can be identified by their thallus nature.

e Similarity in color

It is well known that in course of time, drug materials get changed to or substituted with othe
plant species. In the past, roots of Ventilago madraspatana were collected from westgr
Ghats, as the only source of Ratanjot which is however, not the practice now. Arneb;
euchroma var euchroma is the present source. Due to similarity in yielding a red dye, -
euchroma substitutes V. madraspatana. The description to identify these two is unnecessar
because of the absence of V. madraspatana in local market. Whatever is available in th

market, in the name of Ratanjot, is presently originated from 4. euchroma.
e Several unknown reasons

Vidari is another example of unknown authentic plant which being an important ayurvedi
plant has been used extensively. Its authentic source is Pueraria tuberosa, and its substitute |
Ipomoea digitata. However, market samples are not derived from these two. It is interestingl|
known that an endangéred gymnosperm Cycas circinalis is sold in plenty as Vidari. Th
adulterated materials afe usually originated from Kerélla, India. Although both the authenti
plant and its substitute are available in plenty throughout India, the reason behind (¢
circinalis becoming a major source for this drug is unknown. P. fuberosa can be easil
identified by the presence of papery flake-like tubers, 1. digitata by the presence of i

concentric rings of vascular bundles and their adulterant C. circinalis by its leaf scars an
absence of vessel elements.
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Commonly adulterated herbaj plants

List of €Xperimen
t i B d ;
al €vidence-based existing substitutes/adulterants for few of the highly

S | Plantspecies
No. Nt species .
1)0 oo Substituent / adulterant References
wellia serrqiq : :
M p ZB;oswellra carteri/ Garunga pinnata | Alam (2008)
3) | Saussurea loppa A’?”hroxylum monogynum Chembath et al. (2012)
. G ristolochia debilis Chen et al. (2008)
sulphuratym Cinnamomum species Dhanya and Sasikumar
. (2010)
5) | Hlicium verum Hlicium anisatum Dhanya and Sasikumar
L (2010)
6) | Piper nigrum Lantana camara, Embeliq ribes Dhanya and Sasikumar
| (2010)
7) | Papavar somniferum Amaranthus paniculatas ?hanya and Sasikumar
2010)
8) | Myristica fra erans Myristica argenteaq, Myristica Dhanya and Sasikumar
malabarica
(2010)
9) | Pimenta dioica Myrtus tobacco, Lindera benzoin ?zi(;a;ra};a and Sasikumar
Wrightia ¢ ighti
10) | Holarrhena pubescens tin;‘;eor;: omentosa / Wrightia Gabhlaut et al. (2013)
11) | Saraca asoca Polyanthia longifolia Gabhlaut et al. (2013)
12) | Centella asiatica Bacopa monnieri Jamil et al. (2007)
. 5 Andrographis paniculata /Rubia P
13) | Swertia chirayta cordifolia/Swertia species Joshi and Dhawan (2005)
Chlorophytum
14) C};Ior ophytum arundinaceum/Chlorophytum Katoch et al. (2010)
tuberosum borivilianum
] Glycyrrhiza uralensis /Abrus
15) Glycyﬁfzzza glabra precatorhs Khan et al. (2009)
16) | Cuscutareflexa Cuscuta chinensis Khan et al. (2010)
: Echinacea angustifolia, Parthenium t al. (2002
17) | Echinacea purpurea ihtegrifoltian Laasonen et al. (2002)
18) | Decalepis hamiltonni | Hemidesmus indicus Padmalatha et al. (2012)
19 | Aconitum Cyperus rotundus Prakash et al. (2013)
) heterophyllum
20) Baliospermum Plumbago zeylanica Prakash et al. (2013)
montanum Garcinia gummi-gutta Prakash et al. (2013)
Tt ar =
21) | Garcinia indica i el Prakash et al. (2013)
22) | Mesua ferrea e Prakash et al. (2013)
: T c
23) | Ocimum bastllc.uﬂf. Saussrea lappa Prakash et al. (2013)
24) | Valeriana wallichii ol Seethapathy et. al. (2014)
25) | Senna alexandrina Senna auriculata
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Seethapathy et. al. (2014) |
Siddiqui (2011)

Singh et al. (2013)
Srivastava and Srivastava |

26) | Senna tora Sesbania sp.
27) | Commiphora wightii Boswellia serata

28) | Asparagus racemosus | Asparagus gonoclados
Solanum melogena / Lycospermum

29) | Catharanthus roseus exenlenim (1988)

V. A. Parvathy et al.
30) | Curcuma longa Curcuma zedoaria (2015)
31) | Sida rhombifolia Sida acuta/Sida cordifolia Vassou et al. (2015)
32) | Alpinia calcarata Alpinia galanga/officinarum Zhao et al. (2001)

Various methods to check authentication of market available herbal products

The broadly available commercial technologies used for authentication of plant-basec

commodities include: physical methods, chemical/biochemical methods, immunoassays anc
the most recent DNA-based molecular tools.

Previously, the classical approaches of plant identification were mostly used involving th
organoleptic method, micro- and macroscopic characters and chemical profiling. But
advancement in molecular techniques has enabled researchers to use simple and cost
effective rapid DNA analysis as a universally acceptable platform (Priyanka Mishra et.al
2015). These methods are comparatively the modern approaches till date.

Classical methods: Thin Layer Chromatography (TLC), powder microscopy, determinatio
and comparison of functional and physicochemical properties are the classical approache
that ﬁave been used since ages when molecular approaches were not evolved. These classica
approaches are quite easier and cheaper compared to modern molecular methods. Thes
methods are quite efficient for detecting the chemical or synthetic adulterants bu
complications may arise while detecting biological adulterants. Hence, though not s
satisfactory in every case, still they are widely used to detect adulteration in primary field
where molecular methods cannot be utilized.

Thin Layer Chromatography:This is the most versatile, simplest and economical way t
obtain chemical fingerprints of multiple herbal products and is commonly and shortly know
as TLC. The Retention factor (Ry) value determined by this method is used to identif
original constituents present in authentic samples and hence, serves as an efficient tool |
detecting adulteration.In TLC, the identity and purity of the sample is determined by tf
comparison made with standard spot obtained by the standard crude drug under specif
solvent system (Anubhuti et. al.,, 2011).Authentication of various commercially availab
crude drugs like Foeniculum vulgarae, Curcuma longa, Plantago ovata, Zingiber officind

Aloe barbadensis, Glycyrrhiza glabrawere tested by the TLC method against their respectiw

B
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standards: Anethole; curcumin, demeth
curcumin (BDMC); Xylose and

and Glycerrihitic acig (Fatima e

oxycurcumin (DMC) and bisdemethoxycurcumin
galactose; Resorcinol, Gingerol-1 and Gingerol-2; Barbaloin
t. al. (2020).

] Now-a-days, there are a wide range of methods available to
authenticate spices and other herba

Powder Microscopy .

I drugs. These methods may range from simple

morphologica Soes .
rp gical examination to physical and chemical analysis, and even DNA molecular

techniques.
q But, due to cost, most of these methods cannot be utilized. Hence, powder

microsc. ) '
"OPY serves as one of the most efficient, effective and practical method for primary

authentication. This is a unique, valuable, rapid, cost-effective and simple assessment tool
which plays an important role in the authentication of a wide range of spices and herbal
products. This technique is quite impactful in case of detecting adulteration for those samples
in which other methods are not feasible. According to Dattatreya et. al. (2010), adulterants in
flour of legumes like, Lathyrus sativus (lathyrus), Pisum sativum (pea) or Cicer arietinum
(Bengal gram) could only be checked by powder microscopy method because at present,
there are no chemical methods by which adulteration in these flours can be detected.
Adulterants in spices like turmeric, fennel, black pepper, cumin, paprika etc. and other herbal
products can also be detected by this method (Osman et. al., 2019).

Functional Properties : These are yet another set of tests performed to detect adulteration in
several commodities especially in spices. These tests may vary to some extent among various
sample. But the most common ones applicable for almost all spices are : dispersibility, bulk
density, moisture content, solubility and swelling power. All spices carry unique functional

properties and any deviations in them in terms of the above-mentioned qualities can be

reported to be adulterqted. . .
Physico-chemical Properties : Chemical tests play an important role in detecting adulteration

of spices and herbal drugs. Again, most of the tests in this case too vary among: different

i ike: t, starch value etc.
samples with few common ones like: ash conten

(2017), adulterants in few common spices, such as

i arch by Sen et. al,
According to rese ¥ s. In chilli powders,

turmeric and coriander powders were detected 