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Abstract:

The Mahdabharata is one of those Smrti texts that have a lot of material on Indian sastras
along with which is morals and teachings associated with the Indian schools of philosophy.
Throughout the vast expanse of the text Vedanta and other schools of philosophy are
represented but arguably the most importance has been accorded to the Samkhya system.
Of the 25 Samkhya tattvas the prakrtitattva has featured prominently in the Mahabharata
and has gotten treatment which is unique to the grand epic. The prakytitattva has received
its proper and elaborate treatment in Isvarakysna’s Samkhyakarika and this opens the
arena for a comparative analysis of the tattva in terms of their treatment in the
Mahdabharata and the Samkhyakarika. What emerges is that the principle has been handled
almost similarly except for the introduction of the concept of Isvara in the Mahabharata
which sits atop prakyti and controls its actions, while in the Samkhyakarika it is completely
independent.
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ASCERTAINING THE MEANING OF SAMKHYA

Monimala Mondal
Assistant Professor, Department of Sanskrit, Gushkara Mahavidyalaya

Abstract

Naming of any idea or material is extremely important as it provides one with a general introduction
and basic or initial conception of the idea under discussion. Amongst the Sadadarsana, except for the
case of Samkhya, a very definite connection to a particular root-word and their nomenclature can be
established. For example, the term ‘vedanta’ refers to the end or termination point or the ultimate
philosophical maxims of the Veda as encapsulated in the phrases brahmavidyd or atmajnana.
Therefore, there is no confusion regarding the naming of the Vedanta school of philosophy.
Etymologically samkhya means samyaka jiidna or complete knowledge. But, at different times and in
different texts such as the Mahabharata and Arthasastra terms such as anviksa, parisamkhyana
provides it with differing interpretations. Therefore, the emergence and the naming of Samkhya as a
philosophy that expounds the fattvas related to the interplay of prakyti-purusa gives rise to a host of
questions. And these can only be answered by complete explanation of the term samkhya.

Key Words: Samkhya, samkhya, parisamkhyana, samyaka jnana, anviksa, Mahabharata, Arthasastra

Of the six systems of Indian philosophy Samkhya is one which is very well-known, acclaimed as
being ancient and has been well-analysed. Studies of its antiquity were very common in the 19" century
and were noted as such even by the German scholar Garbe. Larson quoting him says that, ‘there can be
no doubt. ... that Samkhya is one of the oldest philosophies of the Indian tradition.’! In the Santiparva of
the Mahabharata the importance and depth is enthusiastically proclaimed by the authors when they record
the following — nasti samkhyasamam jianam.’ Similarly, the Svetasvatara Upanisad states — ‘tatkaranam
samkhya-yogadhigamyam’ — meaning that the Universal Cause can only be accessed by Samkhya-yoga.
In many of the Smytis the term ‘samkhya’ was used various times as a synonym for jizana. For example,
in the Bhagavata Gitd jiiana-yoga is referred to as jiianayogena samkhyanam™ or as ‘yat samkhyaih
prapyate sthanam’ Samkhya is also affirmed as ‘krtanta’, — samkhye krtante proktani siddhaye
sarbakarmanam'' — its acclamation as the pathway to inference of the d@fman. The above-mentioned
laudatory examples from an eminent text such as the Bhagavata Gita show the high prestige it had
amongst the brahmanas. The adulation provided by the Gita shows the importance that was accorded to
the Samkhya system of knowledge,

It would be prudent at this moment in this paper to define the meaning of the term samkhya, a
very difficult task when put in contrast to defining the other members of the Sadadarsana such as Vedanta,
Mimamsa, Nyaya etc. These terms come with their meaning laden in them, not something that can be
said for samkhya. The definition provided by the dictionaries for the latter does not indicate any specific
system or school of philosophy and therefore the basics of the philosophy that the appellation indicates
are not found easily. And hence the need for explicating the term becomes essential. In this paper my
attempt would be to explain the definition(s) of Samkhya, specific to the contexts, to find the reasons for
the establishment of the term as a system of philosophy that originated in the works of Maharsi Kapila.

The affixation of ‘sam’ with the ‘khya’ root gives the word ‘samkhya’. ‘Samkhya’ in common
parlance translates as numbers, 1, 2, 3, etc."!. It is from this word the term Samkhya emerges. Hence the
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complete vision which can be understood as complete philosophy which results in the complete
knowledge or satya jiana. The knowledge that helps in the discernment of perpetual, predictable and
therefore inanimate and passive matter or jadapraparica from purusa who is continually changing and
animation itself is satya jiiana. This has moreover, been termed as vyaktavyakta-vijiiana, vivekakhyati,
viveka-jiiana etc. Samkhya samyagvivekenatmakathanamityarthah — this quotation by Vijianabhiksu in
Samkhyapravacana-bhagya makes it crystal clear that the word samkhya here is used in its
epistemological sense. And, moreover, he had no intention of using the word in its numerological
denotation.

samkhyadarsanametavatparisamkhyanadarsanam

samkhyam prakurute caiba prakytim ca pracaksate™"

tattvani ca caturvimsat parisamkhdaya tattvatah
samkhyah saha prakrtya tu nistattvah painicavimsakah*™

A different reading of the last referred sloka of the Mahabharata can be found in Pravacana- bhasgya by
Vijnanabhiksu where he writes —

samkhyam prakurvate caiba prakrtim ca pracaksate
tattvani ca caturvimsat tena samkhyam prakirtit@™™

The word ‘samkhya’ is used here as referring to the acquirement and analysis of self by way of complete
viveka. Hence, there can be no doubt regarding its use and understanding by Vijnanabhiksu. The mere
numerological connotation of the term is not acceptable to him as exemplified here.

Several other scholars have followed Vijiianabhiksu’s interpretation of the
term samkhya as given in the Mahabharata. They arc also of the opinion that the use of term in
Mahabharata is primarily epistemological. This is based on the idea that the Mahabharata talks of
paramapurusa’s aim of achieving moksa or kaivalya as being attained by knowledge about the
vivekajnana of prakyti and puruga. Since the Samkhya philosophy as clucidated here is based completely
on the idea of vivekajinana and its achievement it would foolish to suggest any other usage or utilisation
than epistemological. Even the synonymical samkhyan is used in the sense of theory of knowledge. For
example, the Bhagavadagita says — procyante gunasamkhyane™. Similar application can be viewed in
the = Bhagavata ~ Mahapurana  when it  states ‘namo  bhagavate = mahapurusaya
sarvagunasamkhyandayanantayavyaktaya nama iti’ > This is made manifest in Sridhara’s commentary
when he notes - sarvesam gunanam samkhyanam prakaso yasmat. ' He is explicit of the root of
‘samkhyd being ‘samkhya’, the latter meaning comprehensive knowledge or samyaka jiana, and
Samkhya Sastra is the repository wherein it resides.**V Even the Mahabharata supports this when it says
- samkhyajnanam pravaksyami parisamkhyanadarsanam ™"

However, it should be mentioned that though the epistemological interpretation of the term
samkhya as explained by the attainment of comprehensive knowledge of viveka by understanding the
nature of the relation between prakyti- purusa has been given primacy the numerological explanation of
it should not be ignored at all. Many scholars, both from, Orient and Occident have given special attention
to such an explanation.
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Darsana with the Commentaries of Sankara Misra and Jayanarayana Tarka Panchanana.

Calcutta, Asiatic Society of Bengal

® Tripathi, Dinanath (Ed.). (1990). Manameyodaya, Vol. I, Prameyaprakaranam, Kolkata:
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Holocaust Consciousness in V.S. Naipaul’s In a Free State - A Different Perspective

Tamali Neogi, Ph.D.,
Assistant Professor in English
Guskara Mahavidyalaya
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Abstract

The paper attempts to show why in the postcolonial world the term ‘Holocaust’ can never be
considered as a specific historical phenomenon; rather it must be used in its wider
implication as the world we inhabit is full of human suffering in view of the painful plights of
displaced communities worldwide. Besides bringing out V.S.Naipaul’s Holocaust
consciousness manifested in his portrayal of unhappy lives of displaced people, lives
pathetically ‘free’ from any sense of belongingness, their challenges and predicaments in the
context of In a Free State, the author tries to justify the use of ‘comic’ in Holocaust comedies
keeping in view Naipaul’s unique use of ‘comic.’. Moreover by finding parallelisms from
Holocaust film comedies Naipaul’s use of ‘comic’ is considered. The paper tries to theorize
the need of taking resort to ‘comedy’ in order to survive in a world full of threats and
challenges.
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“It’s amazing. The race that has suffered the most is obviously the Jews in the
Holocaust, and the Jewish humour is very much a part of suffering.”
Walcott and Baer 1996, 171

“I took refuge in humour — comedy, funniness, the satirical reflex, in writing as in
life, so often a covering up for confusion”.
The Enigma of Arrival 1987, 167

Introduction

Comedy for ages has remained a matter of controversy in literature. The arguments
traditionally placed against comedy are: “Addressing motifs of ridicule, comedy is itself
ridiculous and can, thus not be taken seriously. It cannot prove a source of insight as tragedy
can” (Dadlez and Luthi 2018:81). Tragedy is viewed as the highest kind of literary form
whilst comedy is held inferior to it. As says Stolnitz, comedy is “lower than tragedy not only
because of the lesser intensity, complexity and subtlety of our response...but also because it
lacks the compactness and vividness of structure which, as tragedy unfolds in time, creates a
tightly-knit, climactic and integrated experience in the spectator” (Stolintz 1955:60).
However, the similarities between tragedy and comedy have been underlined by a number of

231



Dr. Tamali Neogi/ Holocaust Consciousness in V.S. Naipaul’s Literary Voice September 2021

and Linda to get from their lives in the land of their self-chosen exile. Bobby is tortured at
the barrack room by the army and it sends an echo back to the persecution of man in the
regime of Nazi Germany. In the “Epilogue” we are once more disturbed when Naipaul
shows how the whipping of the Egyptian beggar boys can be entertaining to the travelers and
the book ends with reference to the “ragged waiters” (Naipaul, 246), “agitated peasant
crowds” and “defeated soldiers” who are to know total defeat in the desert” (Naipaul, 247).
Thus, throughout the book Naipaul’s focus is on helplessness, suffering and victimization of
poor mankind. Holocaust never needs to be mentioned. But its absence never lets one forget
the “presence” of it as the torture and persecution of mankind and the resultant pain and
suffering of poor human folk is as present as ever. Only the machinery of torture gets
changed in ages. However, not only thematically but also in his use of ‘comic’ Naipaul’s
novella has resemblances with that of a Holocaust film comedy.

A Holocaust comedy does not end happily. Similarly, here neither of the stories has
happy ending. The marriages that take place in the first two stories are not indicative of
better future. Naipaul uses humour mostly to show the wrongness of the situations. For
instance, sometimes we are tempted to view Santosh as a comic character. At times his
situations appear to us funny. But beneath that what is apparently amusing, there lies the
central sadness of his position. The very first day Santosh comes to Washington, he starts
feeling completely “enclosed” Santosh’s discomfort at the sound of air-conditioner or the
sense of enclosure of a man who has never been in an aeroplane before or has never used an
elevator is comic. But the suggestions of an incremental enclosure serve to underline the
systematic reduction of freedom attending the life of a migrant. It seems that in Holocaust
comedy when no more laughter is possible, the hero tends to achieve a tragic dignity; he
becomes almost a heroic figure. It applies to Naipaul’s second story which is almost devoid
of the comic touches. One major function of humour is that it helps one to go through the
trauma of living. But in this story the narrator is to suffer so terribly, that he fails to retain his
sense of humour. It further causes a severe nervous breakdown and though he recovers from
it, he ultimately becomes a pathetic figure. But he is still heroic in the sense that he is not a
completely defeated character. He thinks of sending a message of death to his home but he
does not commit suicide even in the face of utter hopelessness. In the final story Linda is
allowed to employ her sense of humour to go through her sense of trauma. But finally it is
the horrible situation all around her that makes her sense of humour stop working. In the
final story once again there are some sources that give rise to comic pleasure as the
characters here attempt to have comic escape. It is true that the situation is so horrible that
they are not allowed such escapes but their attempts to take resort to humour to go through
the trauma of living almost symbolizes Naipaul’s attempt to represent the horror of living
comically. However, it is to be noted that the principal feature of a Holocaust film comedy is
to present horror comically. The task is a difficult one as at the same time it should not
appear as a comic entertainment. Though Naipaul uses ‘comic’, the novella cannot be called
a comedy. The book is even not a tragedy as no great tragedy befalls any of these characters.
Zizek (Zizek 2000:26-29) discusses the failure of tragedy and comedy genres to represent the
Holocaust. Naipaul writes here from the deepest ironic vision, in the words of Friedlander
the “tragic-ironic” vision (Friedlander 1988:289), the same that permeates a Holocaust
comedy.
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ARTICLE INFO ABSTRACT

Handling Editor: Thomas Knudsen Rotenone is a broad-spectrum pesticide employed in various agricultural practices all over the world. Human
beings are exposed to this chemical through oral, nasal, and dermal routes. Inhalation of rotenone exposes bio-
molecular components of lungs to this chemical. Biophysical activity of lungs is precisely regulated by
pulmonary surfactant to facilitate gaseous exchange. Surfactant proteins (SPs) are the fundamental components
of pulmonary surfactant. SPs like SP-A and SP-D have antimicrobial activities providing a crucial first line of
Lungs defense against infections in lungs whereas SP-B and SP-C are mainly involved in respiratory cycle and reduc-
Carbohydrate recognition domain tion of surface tension at air-water interface. In this study, molecular docking analysis using AutoDock Vina
Molecular docking has been conducted to investigate binding potential of rotenone with the four SPs. Results indicate that, rote-
none can bind with carbohydrate recognition domain (CRD) of SP-A, N-, and C- terminal peptide of SP-B, SP-C,
and CRD of SP-D at multiples sites via several interaction mediators such as H bonds, C-H bonds, alkyl bonds,
pi-pi stacked, Van der Waals interaction, and other. Such interactions of rotenone with SPs can disrupt biophys-
ical and anti-microbial functions of SPs in lungs that may invite respiratory ailments and pathogenic infections.

Keywords:
Rotenone
Surfactant protein

1. Introduction cytotoxicity, and organotoxicity on human and model organisms

(Mandi et al., 2020; Khatun et al., 2018; Rajak et al., 2018; Sarkar

Pesticide pollution is a major global health concern. Indiscriminate
application of pesticides has contaminated almost every component of
the biosphere. Till date, numerous pesticides have been formulated.
According to the target organism, pesticides are classified as herbi-
cides, fungicides, insecticides, rodenticides, nematicides, and mollusci-
cides. These chemicals target specific metabolic pathways in pests to
control their population. However, they may interrupt various
biomolecules in organisms other than pests to elicit toxic responses.
Numerous studies have reported pesticide-induced oxidative stress,

et al., 2018; Nicolopoulou-Stamati et al., 2016; Podder and Roy,
2015; Rajak et al., 2015). Additionally, pesticide exposure can disrupt
protein homeostasis and augment pathogenicity of infectious as well as
fatal diseases (Rajak et al., 2021; Rajak and Roy, 2018).

Rotenone is a colorless, odorless and crystalline heteropentacyclic
broad-spectrum insecticide derived from the roots and stems of Lon-
chocarpus and Derris species. It is lipophilic in nature and therefore
can easily cross lipid bilayer of cells in several tissues. Rotenone is
an established inhibitor of complex I of the mitochondrial electron

Abbreviations: ALA, Alanine; ARG, Arginine; ASN, Asparagine; ASP, Aspartic acid; CYS, Cysteine; GLN, Glutamine; GLU, Glutamic acid; GLY, Glycine; HIS, Histidine; ILE, Isoleucine;
LEU, Leucine; LYS, Lysine; MET, Methionine; PHE, Phenylalanine; PRO, Proline; SER, Serine; THR, Threonine; TRP, Tryptophan; TYR, Tyrosine; VAL, Valine.
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3.2. Rotenone ~ SP-B interaction

Rotenone interacted with binding site 1 of N-terminal peptide of
SP-B with affinity of —6.8 kcal/mol. ARG12 formed two conventional
H-bonds of 2.099 A and 2.208 A length with rotenone. Other covalent
interactions were also evident between rotenone and several amino
acid residues.

Rotenone interacted with N-terminal peptide (binding site 2) of SP-
B with affinity of —5.6 kcal/mol. Two H-bonds between ligand and
ARG17 were noticed with bond length of 2.382 A and 2421 A
ILE15 established Van der Waals interaction with the ligand. Further,
Pi interactions were also recorded between rotenone and PHEI,
LEU14, ILE18, and MET21 of SP-B.

Rotenone binds with C-terminal peptide of SP-B with various bonds
and interactions. Amino acids such as MET3 and LEU4 formed H-
bonds with rotenone. Bond lengths were measured as 2.567 A for
MET3 and 3.01 A for LEU4. Pi interaction was established between
ligand and ARG10 & LEU13 of SP-B. Affinity for C-terminal peptide
of SP-B was recorded as —5.6 kcal/mol (Fig. 4).

3.3. Rotenone ~ SP-C interaction

Rotenone interacted with binding site 1 of SP-C with affinity of
—5.8 kcal/mol. Three H-bonds were established between rotenone
and ARG10 with bond length of 2.339 A, 2.402 A, and 2.434 A. Alkyl
and Pi-alkyl interactions were contributed by PRO9 and ARG12.
Ligand established Van der Waals interaction and C-H bonds with
SER1 and PRO3 respectively.

Interaction between binding site 2 of SP-C and rotenone was stabi-
lized by conventional H-bond (bond length: 2.155 A) shared by LYS23.
Other interactions involved Pi interaction (ILE15, PRO19, VAL20,
LEU22, LEU26) and Van der Waals interaction (PHE17). Affinity for
binding site 3 was recorded as —5.5 kcal/mol.

Rotenone interacted with binding site 3 of SP-C using conventional
H bond between ligand and ALA8 (bond length: 2.420 Aand 2.438 A).
C-H bond was shared between ligand and ALA7. Van der Waals inter-
action was stabilized by amino acid residues viz. PRO9, ARG10, and
PRO16. ILE15 and PHE17 established other non-covalent interactions
with the rotenone. Affinity for binding site 3 was recorded as
—5.3 kcal/mol (Fig. 5).

3.4. Rotenone ~ SP-D interaction

Interaction between rotenone and binding site 1 (CRD) of SP-D was
stabilized by three conventional H bonds shared by ASN288, ALA290,
and ARG343. Other interactions included Van der Waals (GLU289,
THR336, ARG349) and Pi interaction (GLU333, PHE335). Affinity
was measured as — 6.3 kcal/mol.

Rotenone can bind CRD (binding site 2) through conventional H
bond (GLN258; bond length: 2.047 A) and C-H bonds (SER294,
SER298). Van der Waals interaction was stabilized between ligand
and amino acids such as PHE254, MET295, THR296, TYR306,
PRO307, THR305, and GLY309. Rotenone interacted with binding site
2 of SP-D with affinity of —6.3 kcal/mol.

Rotenone binds at neck region (binding site 3) of SP-D with two
conversional H bonds shared between the ligand and amino acid
ARG272 (bond length: 2.745 A) and SER273 (bond length: 2.047 A).
Other interactions included Van der Waals (GLY241, GLU242,
GLU354, PHE355) and Pi-interactions (GLU276, VAL240, LYS243,
ALA275). Affinity for binding site 3 was recorded as —6.2 kcal/mol
(Fig. 6).

Binding between rotenone and CRD domain (binding site 4) of SP-
D was stabilized by one H-bond (ARG343), several Van der Waals
interactions (GLU289, THR336, ARG349, GLU321, GLU329,
ASN323, ASP325, ASN341), Pi-Pi interaction (PHE335) and other
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non-covalent interactions (GLU333, ALA-290). Affinity was measured
as —6.0 kcal/mol.

Interaction of rotenone with CRD of SP-D at binding site 5 was
mediated by two conventional H bonds. Amino acids ARG-272 and
SER-273 participated in convensional H bond formation between SP-
D and rotenone. GLY241, GLU242, and GLU354 were involved in
Van der Waals interaction between protein and ligand. Binding of
ligand was further stabilized by Pi-interactions stabilized by VAL240
and ALA275. Other non-covalent interactions were established by
LYS243 and GLU276. Affinity for binding site 5 was recorded as
—5.9 keal/mol (Fig. 7). Table 1 represents hydrogen and hydrophobic
interactions between SPs and ligand.

3.5. Affinity of rotenone and other pesticides for SPs

Molecular docking analyses have shown that rotenone has higher
affinity for SPs compared to other pesticides (Table 2; Fig. 8). Rote-
none showed 2-2.19 fold higher affinity than the dichlorvos, acephate,
and ethion for SP-A. Affinity of rotenone for SP-B was 1.94-2.06 fold
higher than the other three pesticides. Rotenone had 1.70, 1.81, and
1.87 fold greater affinity for SP-C when compared to dichlorvos, ace-
phate, and ethion respectively. Rotenone showed higher affinity
(1.70-1.96 fold) than dichlorvos, acephate, and ethion for SP-D.

4. Discussion

The present in silico study has revealed potential of rotenone to
bind pulmonary surfactant proteins at multiple sites.

Rotenone was detected to interact with multiples sites of CRD of
monomeric SP-A. Interactions were stabilized by conventional H
bonds, C-H bonds, alkyl/pi-alkyl contacts and Van der Waals interac-
tion between the ligand and the several amino acid residues of SP-A.
CRD is critical to most SP-A mediated biophysical functions and is
needed for maintenance of proper respiratory cycle. In addition, glob-
ular domain of CRD interacts with carbohydrate or other ligands of
microbial pathogens in lungs and blocks further infection. For
instance, CRD of SP-A binds with surface glycoprotein of Pneumocystis
carinii, a common cause of life-threatening pneumonia and enhances
adherence to alveolar macrophages (McCormack et al., 1997). It helps
in neutralization, agglutination, and clearance of Pneumocystis carinii.
SP-A acts as an important modulator of alveolar macrophage function
that is required for enhanced capacity of phagocytosis of Mycobac-
terium tuberculosis (Gaynor et al, 1995). Respiratory syncytial virus
(RSV) is the leading cause of bronchiolitis in developing world. Tri-
meric units of SP-A effectively neutralize RSV in human bronchial
epithelial cells and reduce the level of infection (Watson et al.,
2017). Moreover, SP-A via its Sialic acid residues functions as an opso-
nin in the phagocytosis of influenza A virus (H1N1 and H3N2) by alve-
olar macrophages (Benne et al., 1997; Benne et al., 1995). Aspergillus
fumigates is an opportunistic fungal pathogen that causes allergic bron-
chopulmonary aspergillosis. Studies have clearly indicated that, SP-A
interacts with the glycosylated antigens and allergens of Aspergillus
fumigates and thereafter lowers risk of allergic reactions like high
levels of IgG, IgE, blood eosinophilia, and extensive infiltration of lym-
phocytes (Madan et al., 2001). In another study, SP-A null mice was
observed to be more susceptible to pulmonary fungal infection with
Histoplasma capsulatum than age-matched wild-type control mice
(McCormack et al., 2003). The increased susceptibility was associated
with reduced number of CD8" cells in lungs of SP-A null mice.
Carboxyl-terminal domain of SP-A containing C-type lectin CRD has
antioxidant property. It directly protects surfactant phospholipids
and macrophages from lipid peroxidation and oxidative cellular injury
(Bridges et al., 2000). Thus, binding of rotenone to CRD at multiple
sites can disrupt the interaction between SP-A and several microbial
pathogens that can further result in exacerbated infection in alveoli
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rotenone at a particular site of the protein. Column (B) represents H-bonds with bond length between the amino acid residues of protein and ligand. Column (C)
represents all the polar and non-polar interactions between various amino acid residues of protein and ligand.

L4 b

&

Rotenone
Dichlorvos
Acephate

| Ethion

n

(R TR T
SP-C

8
SP-B SP-D

AG score (keal/mol)

e ——

SP-A
Lung surfactant proteins (SP)

Fig. 8. Clustered cone diagram showing binding affinity of pesticides such as
rotenone, dichlorvos, acephate, and ethion for surfactant proteins (SP-A, SP-B,
SP-C, and SP-D). Cones indicate greater binding affinity (lower AG scores) of
rotenone for SPs where as other pesticides show comparatively lower binding
affinity (higher AG scores) for SPs.

cytokine release and subsequent lung tissue injury through different
signaling pathways such as TLR4 (Arroyo and Kingma, 2021). SP-D
inactivity in severe asthma is involved in disease persistence. SP-D
enhances binding and internalization of allergen-containing sub-
pollen particles with primary bronchial epithelial cells and facilitates
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their clearance (Schleh et al., 2010). Therefore, lack of functional
SP-D may result in allergen-mediated breathing ailments. Importantly,
phagocytosis and pulmonary clearance of RSV in airways are enhanced
by SP-D as CRD recognizes RSV glycoproteins in a Calcium-dependent
fashion (LeVine et al., 2004). Influenza virus is also targeted and opso-
nized by SP-D (White et al., 2008). Interestingly, recombinant frag-
ment of human SP-D has been shown to interact with spike protein
of SARS-CoV-2: the causative agent of ongoing pandemic disease coro-
navirus disease-19 (COVID-19) (Madan et al., 2021). In this study,
recombinant fragment of human SP-D inhibited SARS-CoV-2 replica-
tion more efficiently than antiviral drug, Remdesivir. In another study,
SP-D showed a dose-responsive binding to receptor binding domain
and acted as entry inhibitor of SARS-CoV-2 pseudo-typed viral parti-
cles (Hsieh et al., 2021). These findings have suggested that, depletion
in functional SP-D might result in increased susceptibility to COVID-
19. SP-D also inhibits bacterial LPS-triggered inflammatory cell
response (Atochina-Vasserman et al., 2010). Various ligands such as
1,3-p-D-glucan, 1,6-p-D-glucan, galactosaminogalactan galactoman-
nan, glucuronoxylomannan, and mannoprotein 1 of pathogenic fungi
are recognized by CRD that aids to fungicidal activity of SP-D
(Madan and Kishore, 2020). It agglutinates Aspergillus fumigatus conidia
and escalates uptake of opsonized conidia by alveolar macrophages
and neutrophils (Madan et al., 1997). SP-D also binds with acapsular
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which is impossible. This implies that
d(Tu,w)=0=Tu = w = Su,

and u is a coincidence point of S and 7. Therefore, in all cases, u is a coincidence point of
Sand T.

To prove that u is the unique point of coincidence of S and 7', let v(# u) be another
point of coincidence. Then, Tu = Su and Tv = Sv. We have d(u, v) = d(Tu, Tv) > 0.
Considering Definition 2.5, we have

¢ d(Tu, Tv)) < Y(p(Mr s(u, v))), (2.6)

where
M7 s(u,v) = max {d(Su, Sv),d(Su, Tu),d(Sv, Tv),

%[d(Su, Tv) +d(Tu, Sv)]}

= max{d(Su, Sv), 0, 0, % [d(Su, Sv) +d(Su, Sv)l}
=d(Su, Sv)
=d(u, ).
Now, from (2.6), we obtain
¢(d(u, v)) = ¢d(Tu, Tv))

< ¥ (@(d(u,v)))
< ¢(d(u,v)),

and we arrive at a contradiction. Hence, T and S have a coincidence point in X. O

The subsequent example affirms our obtained result.

Example 2.7 Let X = R be equipped with the metric d(z, w) = |z — w|. We define two
mappings 7 and S by

T, — 0, when z = 0;
L= z+ 1, whenz # 0,

and

S, — 0, when z = 0;
“T13z+1, whenz #£0.

Here, one can easily check that T (X) € S(X) and S(X) is complete. Also, we take ¢ () = ¢
and ¥ (t) = at, where % < a < 1. Now, we have two possible cases as follows:

Case-I: whenw =0,z > 0; then, d(Tz, Tw) =d(Tz,T0) =d(z+1,0) =z + 1,
d(z+1)=z+1.

We have

Mt 5(z,0) = max {d(Sz, S0), d(Sz, Tz), d(S0, T0), % [d(Sz, T0) +d(Tz, SO)] }

1
= max {d(3z+1,0),d(3z+ 1,z + 1),d(0, 0), E[d(sz +1,0)
+d(z+1,0)]}
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Now, we deliver the ensuing result concerning the existence and uniqueness of solution to
the boundary value problem.

Theorem 4.3 Let us consider the boundary value problem (4.1), (4.2) and assume that any
one of the following conditions hold:

(F1) there exists a real number B with 0 < 8 < 1, such that

|f (& u(@)) = f(E& v = BLFE u(@))] =B sup [u(r)]

0<t<l

for all real-valued continuous functions u(¢), v(¢) defined on [0, 1], and LK| > 1;
(F2) there exists a real number B with 0 < B < 1, such that

| (& u(@) — (& v = Blu(g) —v(©)]
for all real-valued continuous functions u(¢), v(¢) defined on [0, 1], and LKy < 1.

Then, the problem has a unique solution in C|[0, 1].

Proof Let us consider the complete metric space (C[0, 1], d), where d is the sup metric. We
define a self-map 7 on C[0, 1] by

1
(Tu)(z) = A /O G(r, ) f (¢, u(e)dg

for all u € C[0, 1] and 7 € [0, 1]. Then, the fixed point(s) of T is the solution(s) of the
boundary value problem (4.1), (4.2). First, we assume that condition (1) holds. Then, we
have

AG(T, O f G u(@) = f(& v = BAG(T. OIf(C. u(@)] — BAG(z, &) sup [u(T)].

0<t<l1

Hence

1
/0 G OIf € u(@) — F(&. v(@)]de

1

1
S/O BAG (T, OIf (L. u())]ds — A BAG(z, &) sup |u(z)|dg

0<t<l

and

1
/0 DG, ) f (6. u(e)) = AG (T, O f (¢, v(E))de
1
< /0 BAG (. )| £ (¢, u(@)]dg

1
~ BAKy sup |u(z)|dg

0<t<l
1
< /0 BAG (. O f (¢, u@)Ids — PAK ()]
1
5/0 BAG(x. O f (¢, u(@)IAE — Blu(D)]

1
=B Vo AG(T,8) f(& u(©)ds — u(T)|. (4.3)
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ARTICLE INFO ABSTRACT
Article history: COVID-19 is the ongoing health emergency affecting individuals of all ages around the globe. Initially, the
Received 8 February 2021 infection was reported to affect pulmonary structures. However, recent studies have delineated the
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impacts of COVID-19 on the reproductive system of both men and women. Hence, the present review
aims to shed light on the distribution of SARS-CoV-2 entry factors in various reproductive organs. In
addition, impacts of COVID-19 mediators like disrupted renin angiotensin system, oxidative stress,
cytokine storm, fever, and the mental stress on reproductive physiology have also been discussed. For the
present study, various keywords were used to search literature on PubMed, ScienceDirect, and Google
Reproductive health Scholar databases. Articles were screened for relevancy and were studied in detail for qualitative
Renin Angiotensin System synthesis of the review. Through our literature review, we found a multitude of effects of COVID-19
Cytokine storm mediators on reproductive systems. Studies reported expression of receptors like ACE-2, TMPRSS2, and
Oxidative stress CD147 in the testes, epididymis, prostrate, seminal vesicles, and ovarian follicles. These proteins are
known to serve as major SARS-CoV-2 entry factors. The expression of lysosomal cathepsins (CTSB/CTSL)
and/ neuropilin-1 (NRP-1) are also evident in the testes, epididymis, seminal vesicles, fallopian tube,
cervix, and endometrium. The binding of viral spike protein with ACE-2 was found to alter the renin-
angiotensin cascade, which could invite additional infertility problems. Furthermore, COVID-19
mediated cytokine storm, oxidative stress, and elevated body temperature could be detrimental to
gametogenesis, steroidogenesis, and reproductive cycles in patients. Finally, social isolation, confine-
ment, and job insecurities have fueled mental stress and frustration that might promote glucocorticoid-
mediated subnormal sperm quality in men and higher risk of miscarriage in women. Hence, the influence
of COVID-19 on the alteration of reproductive health and fertility is quite apparent.
© 2021 Society for Biology of Reproduction & the Institute of Animal Reproduction and Food Research of
Polish Academy of Sciences in Olsztyn. Published by Elsevier B.V. All rights reserved.
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Box 2. SARS-CoV-2 mediated Cytokine storm.

Infection with SARS-CoV-2 causes a cytokine storm that can lead to organ damage. The S1 subunit of the viral spike protein
interacts with TLR7/8 to recruit downstream adaptors (MyD88, IRAK 4/1, and TRAF6). TRAF6 with dimeric ubiquitin conjugating
enzyme complex (Ubc13-Uev1A) activates TAK1/TAB1/2 and IKKw/IKKB. IKKa/IKKB phosphorylates Ikp to promote the nuclear
translocation of NF-kp involved in the transcription of various proinflammatory cytokines responsible for the cytokine storm.
Endosomal dsRNAs through TLR3/4 are also implicated in the direct activation of NF-kp through the recruitment of adaptor proteins
namely TRIF, TRAF6, and RIP1. PAMPs and damage associated molecular patterns (DAMPs) also interact with NLRP3 to assemble
procaspases-1 and ASC (apoptosis-associated speck-like protein containing CARD) into a multimeric component i.e.
inflammasome. Activated caspase-1 cleaves prolL1p and prolL18 to generate the active version of proinflammatory cytokines.
In addition, caspase-1 cleaves Gasdermin-D at Asp276 to separate N- and C-terminus domains. Active N-termini create pores in
lipid bilayer to elicit pyroptosis and subsequent organ damage. Intense inflammation invites epididymal and testicular
immunopathologies in men whereas impairs ovulation and endometrial receptivity in females.

Aberrant expression of IL10 in decidual T-lymphocytes is evident in
women with recurrent miscarriage [71]. Dysregulation of inflam-
matory mediators are known to promote endometriosis-associat-
ed reproductive failure [72]. Cyclooxygenase 2 (COX2) production
is enhanced by cytokines, and inhibitors of COX2 are implicated in
treatment of dysmenorrhoea and heavy menstrual blood loss [73].
This indicates the possible contribution of COX2 to female
infertility. Moreover, COX2 has links with endometrial carcinomas
[74]. Finally, synthesis of Prostaglandin E2 (PGE2) is triggered by
proinflammatory cytokines [75]. Dysregulated PGE2 is responsible
for menorrhagic endometrium and excessive menstrual bleeding
in women [76,77].

Therefore, the above suggested that cytokine storms caused by
COVID-19 could be detrimental to the reproductive organs and
reproductive physiology of both men and women.

4.3. Oxidative stress and disturbed reproductive health

Oxidative stress (OS) is a physiological condition in which the
redox equilibrium is disrupted as a result of excessive reactive
oxygen species (ROS) production at the subcellular level. SARS-
CoV-2 mediated disruption of the RAS can lead to accumulation of
ANG-II in blood plasma, and then promote ROS production via the
NADPH oxidase (NOX)-protein kinase C (PKC) dependent pathway
(Box 3) [78]. Hypoxia is a common symptom of COVID-19 and it
acts as a stimulant for ROS generation [79]. Meta-analysis of 1210
COVID-19 cases has revealed reduced hemoglobin levels (5.9 g/L-
7.1 g/L) [80] which might be related to anemic hypoxia and cellular
ROS production in patients.

The nuclear factor erythroid 2-related factor 2 (Nrf2) is a
transcription factor that maintains redox balance in a living
system. Respiratory viruses can abrogate the Nrf pathway to
impose OS [81]. Moreover, proinflammatory cytokines can
increase ROS production [82], putting redox-equilibrium in

jeopardy. Excessive production of ROS and disturbed antioxidant
defense machinery have been found to be evident during
coronavirus infection [83]. Some researchers have argued that
coronavirus induced lung injury is triggered by OS and NF-kB
signaling in patients [84].

Excessive ROS and subsequent OS in male gonads can impair
genesis, motility, and fertilization capacity of mature sperms.
Surprisingly, a Canadian research group has discovered substantial
ROS generation in 40 % of the semen collected from infertile men
[85]. Related to this, the cell membranes of spermatozoa are rich in
polyunsaturated fatty acids (PUFAs) that are extremely vulnerable
to ROS-induced lipid peroxidation (LPO). LPO promotes the
disruption of membrane fluidity and the rapid loss of ATP from
spermatozoa, leading to axonal damage, midpiece defects, and
reduced sperm motility and viability [86]. Excessive ROS is also
positively correlated with varicocele in men [87], which is a
leading cause of male infertility.

Other effects of ROS and OS on male gonads have also been
observed. For example genetic materials of spermatozoa are highly
vulnerable to ROS-induced base modification and degradation
[88]. Single or double stranded DNA breaks in gametes can lower
the reproductive potential of fertile men. Moreover, infertile men
with greater ROS levels tend to have more apoptotic spermatozoa
than control individuals [89]. Massive ROS also impairs sperm
motility, morphology, and ability to penetrate oocytes [90], and
Sertoli cells injured by ROS lead to decreased sperm count and
motility [91]. Additionally, Steroidogenesis is sensitive to redox
dyshomeostasis and increases in the activities of COX2 and MAPK
[92], and chemicals inducing ROS production impede testosterone
synthesis in Leydig cells [93,94]. Finally, OS promotes long-term
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Optimum levels of ROS are implicated in the proper mainte-
nance of female reproductive health. However, recent studies have

Box 3. NOX and Nrf cascades linked to Oxidative Stress.

The interaction between ANG-Il and AT4R triggers PKC and Src kinase mediated signaling pathways. PKC activates NOX, which is
involved in ROS production. NOX is a multimeric protein composed of two membrane subunits (gp91-phox, p22-phox), three
cytosolic subunits (p47-phox, p67-phox, p40-phox), and one G-protein Rac. Glycoprotein (gp)91-phox is NOX-2 specific and its
homologs (DUOX1 and DUOX2) are detected in NOX-1, 3, 4, and 5. PKC phosphorylates p47-phox to facilitate its binding with the
p67-phox/p40-phox complex. A trimeric complex is thus formed that translocates to the cell membrane and interacts with p22-
phox. Src kinase activates Rac which independently move to the membrane and forms the active NOX complex. NOX then oxidizes
molecular Oxygen into ROS. Nrf2 is a transcription factor, playing crucial role in redox-homeostasis. The activity of Nrf2 is
regulated by Keap1 (Kelch-like ECH-associated protein-1) via cullin-3 dependent proteosomal degradation. Several kinases (PKC,
PI3K/Akt, GSK-3p, JNK) phosphorylate Nrf2 and block its degradation. Phosphorylated Nrf2 then translocates into the nucleus and
forms a heterodimer with Maf (masculoaponeurotic-fibrosarcoma) to bind antioxidant response elements (AREs) on nuclear DNA.
AREs are implicated in the synthesis of endogenous antioxidants that alleviate OS. Respiratory viral infections can inhibit Nrf2
signaling and therefore promote ROS production and subsequent OS in host.
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ARTICLE INFO ABSTRACT

Keywords: Estuaries provide enumerable ecosystem services to mankind in terms of provisional, regulating, supporting,

Ecopath model recreational and information services. However, the persistent human-environment interactions for these ser-

Eco-exergy vices altered the ecological integrity of estuaries. Although the small estuaries receive little attraction in scientific

Ecosystem health . . . :

Robustness studies due to their low surface area and regional importance, these ecosystems are more vulnerable to
obu . X R N X )

Terekhol anthropogenic pressures and require urgent attention from the scientific fraternity. The Terekhol Estuary (TRE) is

a small tropical estuary situated along Goa, west coast of India, gaining recognition in recent years due to the
pollution risk from tourism activities. Moreover, the estuary also behaves as an extension of the marine realm
during the dry season. The food web structure and network flow indices of the TRE was assessed to reveal its
present ecological status. The Ecopath modelling approach was employed to delineate the ecosystem structure
and trophic functioning of the estuary distributed in 22 ecological compartments from 2018 to 2019. The trophic
level of the food web ranged from detritus (TL-1) to sharks (TL- 4.53). The ecosystem structure demonstrated a
grazing chain (herbivory) based organization over the detritus-based pathway. The proportion of exports to the
total flows was 35% for the TRE. The model has a high total system throughput (12,043.6 t km~2 year™!), low
system omnivory index (0.17) and connectance index (0.21), and a moderate relative ascendency (45.1%). Finn's
cycling index (2.17%) indicated very low recycling in the system. All these indicators along with the eco-exergy
index (8567.22 g detritus equivalent m2), specific eco-exergy (38.25) and robustness index (0.11) classified the
estuary as be immature, less stable and less organized and is in the initial stages of its development. The
ecological indicators analyzed here point towards a medium to a high level of impact in the TRE due to
anthropogenic activities. We also highlight the management measures to be implemented in order to restore the
ecological quality of the TRE.

Tropical estuary

1. Introduction

Estuaries are transitional systems that provide ecosystem services in
the form of material resources (fish, sand, silt, etc.), tourism, navigation
routes, recreation and culture, water quality regulation, and carbon
sequestration (Beck et al., 2001). Estuaries function as nursery habitats,
migration channels, and reproduction sites for fish and other aquatic
organisms (Elliott et al., 2007; Nicolas et al., 2010). They also provide
foraging habitats for aquatic species at all levels of the trophic hierarchy
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and offer fisheries resources to traditional fisherfolk living on the banks
of these ecosystems (Beck et al., 2001; Cabral et al., 2007; Sreekanth
et al., 2020a). However, these ecosystems are under stress all over the
world because of various anthropogenic pressures such as overfishing,
pollution, and habitat destruction (Coates et al., 2007; Diaz and
Rosenberg, 2008; Elliott et al., 2007; Lal et al., 2021). The ecological
functioning of an estuary is supported by diverse functional groups and
their complex trophic interactions with each other, which ultimately
reflects the ecosystem integrity (Lal et al., 2021; Lobry et al., 2008;
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Table 2 (continued)

Group name Value Reference

P/B 1.4 Estimation from empirical formula,
year™! data from current study

Q/B 7.1 Estimation from empirical formula,
year™! data from current study

EE 0.71 Estimation from Ecopath

Diet composition 79 Current study and field sampling
samples

17  Large pelagics

B 0.03t Estimation from empirical formula,
km ™2 data from current study
P/B 21 Estimation from empirical formula,

year ! data from current study

Q/B 6.9 Estimation from empirical formula,
year ! data from current study
EE 0.53 Estimation from Ecopath
Diet 96 Current study and field sampling
samples
18 Small benthic
carnivores
B 0.55t Estimation from empirical formula,
km 2 data from current study
P/B 3.1 Estimation from empirical formula,
year ! data from current study
Q/B 16.73 Estimation from empirical formula,
year ! data from current study
EE 0.91 Estimation from Ecopath
Diet 386 Current study and field sampling
samples
19 Jellyfish
B 1.13t Duan et al. (2009); Sreekanth et al.
km™2 (2020a)
P/B 2.70 Duan et al. (2009); Sreekanth et al.
year ! (2020a)
Q/B 21.4 Duan et al. (2009); Sreekanth et al.
year™! (2020a)
EE 0.49 Duan et al. (2009); Sreekanth et al.
(2020a)
Diet 76 Current study and field sampling
samples
20  Sharks
B 0.04 t Estimation from empirical formula,
km 2 data from current study
P/B 0.03 Estimation from empirical formula,
year ! data from current study
Q/B 14.22 Estimation from empirical formula,
year™! data from current study
EE 0.33 Estimation from Ecopath
Diet 75 Current study and field sampling
21 Birds
B 0.001 t Mohamed et al. (2008); Sreekanth et al.
km ™2 (2020a)
P/B 0.04 Mohamed et al. (2008); Sreekanth et al.
year ! (2020a)
Q/B 19.51 Mohamed et al. (2008); Sreekanth et al.
year ! (2020a)
EE 0.00 Estimation from Ecopath
Diet Etezadifar and Barati (2011);
Sivaperuman and Javson (2011)
22 Detritus
B 200t Estimation from empirical formula,
km 2 data from current study
EE 0.07 Estimation from Ecopath

B: biomass, P/B: production/biomass, Q/B: consumption/biomass, and EE:
ecotrophic efficiency.

were averaged over the sampling sites and over the 2 years (2018 and
2019), and biomass was expressed in tonnes per square kilometre.

2.5. Birds

The major species of aquatic birds identified from the estuary were
Great Egret (C. albus), Western Reef Egret (E. gularis), and Little
Cormorant (Phalacrocorax niger). For birds, B, P/B and Q/B values were
collected and modified from those for similar ecosystems (Duan et al.,
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2009; Mohamed et al., 2008; Pitcher et al., 2002; Rybarczyk and Elkaim,
2003; Sreekanth et al., 2020a). The diet composition for these species
was collected from secondary sources. The diet and feeding habit data
for Great Egret, Little Cormorant, and Western Reef Egret were collected
from published literature from the estuarine wetlands of Kerala, India
(Sivaperuman and Javson, 2011) and Hara Biosphere Reserve, Persian
Gulf (Etezadifar and Barati, 2011). Expert ecological knowledge of or-
nithologists and enthusiasts was also used in determining the diet
composition of birds.

2.6. Zooplankton

Zooplankton density was recorded as the number of individuals per
cubic metre of water and was used for arriving at the biomass values
based on the average weight of individuals calculated using image
analysis (Alcaraz et al., 2003); P/B values were calculated from the
empirical formula used by Selleslagh et al. (2012) using the weighted
average individual body weight (W) of the subgroups:

L 06457 x w0 5)
B

Values of Q/B for zooplankton were collected from published sources
(Mohamed et al., 2008; Sreekanth et al., 2020a, 2020b) and modified as
required.

2.7. Phytoplankton and benthic producers

The sampling sites for phytoplankton were marked in the estuary
map, and we collected the samples during the dry saline phase in 2018
(December and March) and 2019 (December and March). The phyto-
plankton was sampled from surface waters of the estuary at high tide +2
h and the samples were fixed using 1% Lugol’s iodine solution. The
density was used for calculating the biomass after obtaining the
weighted average individual body weight for each subgroup (diatoms,
dinoflagellates, and blue-green algae) (Mahlmann et al., 2008; Wang
and Seibert, 2017; Wasmund et al., 2017). The biomass of benthic
producers and P/B values for phytoplankton and benthic producers were
collected from published sources (Mohamed et al., 2008; Sreekanth
et al., 2020a) and modified as required.

2.8. Jellyfish

The values of biomass, P/B, and Q/B for jellyfish were collected from
secondary sources (Duan et al., 2009; Sreekanth et al., 2020a).

2.9. Heterotrophic and sessile benthos

Heterotrophic and sessile benthos were sampled at high tide £2 h
using a Van Veen grab (sampling an area of about 250 cm? to a sediment
depth of about 10 cm), preserved in polythene bags, transported to the
laboratory, and washed and gently sieved over a 1 mm mesh. All or-
ganisms were stained with Rose Bengal and preserved in 5% formalde-
hyde buffer for subsequent identification and their biomass was
recorded. For benthic groups, the P/B values were calculated using the
formula P/B = 0.6547 W~ %7 where W is the weighted average indi-
vidual body weight of the benthos components; Q/B values for the
benthos component were collected from other similar Ecopath models
(Mohamed et al., 2008; Selleslagh et al., 2012; Sreekanth et al., 2020a)
and modified as required.

2.10. Detritus

The biomass of detritus was calculated using the empirical equation
from the primary production (PPR) data collected from the chlorophyll-
a method (APHA, 2005) from the sampling sites mentioned in the study
area and euphotic depth suggested by Christensen and Pauly (1993):
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Abstract. In this sequel, we introduce and study the concept of the weak orthogonal metric spaces
as a generalization of the orthogonal metric spaces. Besides, we define and study the generalized
quasi-contractions on such spaces and illustrate several non-trivial examples to endorse our obtained
results. Among other things, as corollaries we obtain the main results of some of the pioneering
articles existing in the literature. Finally, we answer the open question posed by Gordji et al. [On
orthogonal sets and Banach fixed point theorem, Fixed Point Theory, 18(2):569-578, 2017].
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1. INTRODUCTION AND PRELIMINARIES

Let (X,d) be any metric space and let 7" be a self-mapping on X. Then the set
Fiz(T) ={x € X : Tz = z} is the fixed point set of T. An operator 7' is said to be a
contraction on X if

d(Tx, Ty) < rd(x,y)
holds for all z,y € X and for some r € [0,1). The well-known Banach contraction
principle [3] states that if T is a contraction on a complete metric space X, then T
has only one fixed point.

Over the years, the metric fixed point theory has enthralled many a number of
mathematicians in finding new theories, solving many real-life phenomena and there-
fore, a considerable number of research articles were put in print where the generalized
versions of the metric notion are investigated by making alterations to the basic met-
ric axioms. Eventually, there are a handful of metric structures which have come into
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Proof. (A) We consider a sequence (x,,) in X such that z,, =1 — n+r1 for all n € N.
Clearly, this sequence is an O-sequence and converges to 1. For all n € N, Tz,, = 2
and T'1 = 1, which implies that T is not an O-continuous mapping. It is easy to check
that T is an orbitally O-continuous mapping.

(B) To prove this, we consider the following cases:

Case-I: Let us consider « € (0,1). Then
Or(z) = {T"z:n=0,1,2,...}

1 1
= I
{x 373 }

Similarly for = > 1,

Therefore for all z € (0,1) U (1,00). Or(x) contains two subsequences. However, the
subsequence (y,,) = {%} is the only Cauchy O-sequence which converges in X.
Case-II: For z = 1,0r(xz) = {1,1,1,...} contains a constant sequence which is a
Cauchy O-sequence.

From the above two cases we deduce that (X, L,d) is a T-orbitally O-complete
metric space. Now we consider a sequence (x,) in X such that z,, = % for all n € N.
Clearly, this sequence is a Cauchy O-sequence, but not convergent in X. Therefore,
(X, 1,d) is not an O-complete metric space.

In the sequel, we extend the above notions in weak orthogonal metric spaces.
Definition 2.16. Let (X, L,d) be an O,-metric space and let T' be a self-mapping
on X. Then T is said to be orbitally O,-continuous at z € X if for every O,,-sequence
(yn) in Or(z) for any z € X,

Yn = 2 =Ty, = Tz.

Definition 2.17. Let (X, 1,d) be an O,-metric space and let T be a self-mapping
on X. Then X is said to be T-orbitally O,-complete if every Cauchy O,,-sequence
(yn) in Or(x) for any x € X, converges in X.

3. MAIN RESULTS

This section comes up with the definition of generalized quasi-orthogonal contrac-
tions in a weak orthogonal metric space and it presents a fixed point result concerning
such kind of maps. We also illustrate an example to validate our findings.
Definition 3.1. Let (X, L,d) be an O,-metric space and let T be a self-map on X.
Then T is a generalized quasi L-contraction if

d(Tx,Ty) < kM (z,y)
holds for all orthogonally related elements z,y € X, where, 0 < k < 1 and
M(z,y) = max{d(z,y),d(z Tx),d(y,Ty),d(z,Ty),d(Tz,y),
d(T?x, ), d(T?x, Tx), d(T?z, y), d(T?z, Ty)}.

Now we discuss one fixed point result related to such kind of contractions.
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Editor speaks.........

It is high time the focus of the critics
and research scholars shifted from urban/
metropolitan to rural/tribal or Adivasi
literature.The forces of the urbanisation,print
culture and commecialisation have resulted not
only in keeping the Adivasi communities
marginaliscd but also have adverscly affected
their laguages and literary cultures .Tribes in
India are still thousand miles away from the
mainstream of the society: the urban and
metropolitan.However,it should not be pushed
to oblivion that the roots of Indian literary
tradition lies in the rich oral literature of the
tribes/Adivasi/Banavasi.Their verses , in the
form of songs or chantings are expressions of
their existence and close connection with their
soil and the world of nature.The folktales,songs
and literature have been orally transmitted from
one generation to another and survived for ages
in the face of several threats like modernisation
and advancement in various fields. Yes, we have
achieved materialistic prosperity but on the other
hand become aesthetically bankrupt to
appreciate the undying beauty of the unwritten
literature by making proper study.It is a pity that
a large number of folktales of the tribes, in other
words their rich literature are already lost due
to the very fact that those are in oral forms.

Hence, attempts must be made with
concerted efforts at an accelerated pace for
collection and conservation of tribal languages
and their rich literature that are under serious
threats.We may lose an invaluable part of our
history and rich literary heritage in case we fail
to document the tribal history, literature that are
in oral forms.

So, there is an urgent need to create a
space for the study of tribal literature within the
canonised written texts .Identifying and reading
literature in which orality is not dissmissed as
casual utterances in different dialects need to
be ensured .

‘Rock Pebbles’ has been constantly
trying to publish research works on marginal
literature,Adivasi/Banabasi and other socially
vulnerable people of the country.

Our heart-felt gratitude to the scholars,
literature enthusiasts and well wishers for their
unconditional support to make the journal a
‘Rock of Gibraltar’.

- Chief Editor
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Indian Democracy: A Case Study
in Political Violence and Peace Building

Saroj Kumar Sarkar

India is the largest liberal democratic country in the world. For more than seventy
four years we have been witnessing the conduct of successful elections, peaceful changes
of government at the Centre and in the States, people exercising freedom of expression,
movement and religion. India has also been developing and transforming economically and
socially. At the same time we, quite often, listen complains about prevalent inequalities,
injustice or non-fulfillment of expectations of certain sections of the society. Indian
democracy has been suffering so many problems as like as political violence, intolerance,
poverty, illiteracy, casteism, communalism and religious fundamentalism, unemployment,
corruption, criminalisation of politics. At present time , Indian democracy is passing through
various crises and difficulties. Political violence and political murders are rapidly increasing
at present times in India. It is dangerous threat to Indian democracy.

Keywords: Democracy, casteism, criminalization,Political murder, competitive politics.

India is the largest democratic country in the world. It is a democratic country
which is mentioned in our Constitution . What is Democracy ? Meaning of Democracy long
back, former President of the United States of America, Abraham Lincoln said, “Democracy
is a government of the people, for the people, and by the people.” | Today , democracy is
defined as a form of government in which the supreme power is vested in the people and
exercised by them directly or indirectly through a system of representation usually involving
periodic free elections. Democracy has been defined in many ways. Bryce believes that
“Democracy really means nothing more or less than the rule of the whole people, expressing
their Sovereign will by their votes”., In the present age, democracy is just not limited to
political democracy. It means more than a mere form of government. In its comprehensive
form, democracy means, or ought to mean, (i) a form of government, (ii) a type of state, (iii)
a pattern of social system, (iv) a design of economic order, and (v) a way of life and culture.

Political Violence: Political violence is the deliberate use of power and force to
achieve political goals.(WHO,2002). Political violence is characterized by both physical
and psychological acts aimed at injuring or intimidating populations ., Violence has been
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political violence in our country. BJP is the political branch of the RSS. The RSS declared
cultural Nationalism which mean ‘one nation, one state and one culture. BJP and the like
minded organisations like Vishaw Hindu Parishad (VHP) , Brajrang Dal and Shiv Sena
want to spread Hindu nationalism resulting in politicization of Hinduism, and national
secularisation. The resultant, political violence is increasing at present times throughout
India which creates problem in democratic atmosphere and damages national integrity and
peace among the people.

India is a multi-party state. There are many national parties, state level parties,
regional parties in India. These are created on the basis of caste, language, region and
religion. Different regional parties are involved in competitive vote bank politics. They
want to capture political power. In this way they are involved in conflict and create
violence.

Political violence is correlated with Political criminalization. In recent years,
criminalization of politics in India has become a debatable issue. There have been allegations
that there are some elements in politics that do not have faith on democratic values and
practices. They indulge in violence and take refuge in other unhealthy, undemocratic methods
to win elections. Undoubtedly, this is not a healthy trend in politics and there is an urgent
need to apply serious check on such tendencies. Criminalization of politics is the very
negation of democratic values and has no place in a democratic set up. Democracy can be
strengthened by adopting and promoting democratic values and shunning criminal activities.
Recently, the judiciary, while taking a serious note of criminal tendencies in politics, has
showed signs of adopting remedial measures to apply a serious check on such elements.
The Central government and many State governments have been taking steps to address
this issue effectively. This is a matter of great satisfaction and a healthy sign for the successful
functioning of democracy in our country. We, as awakened citizens and as voters of the
largest democracy in the world, can also contribute by discouraging such persons who have
a criminal background, from contesting elections. We find some unfair means like booth
capturing, vote ragging, threatening the voter by the party muscleman or goonda in election
period. The general voters are failed to vote as per their own choice. It is a very bad culture
in our country which is increasing day by day.

Unemployment is also related with political violence. Educated unemployed men
join with different political parties with a hope to earn. They take it as a source of income,
so we find group conflict in a party which creates violence among them. Party members and
cadres want to grip the power which moved the competition and conflict.

Casualties: The victims in these clashes are mostly innocent people like students,
teachers, labourers, farmers, agricultural workers and small shopkeepers. Most affected
people in West Bengal pre and post poll violence are from Dalit community .

Political violence is implicated in a range of mental health outcomes, including
depression and anxiety. It is a great threat to the democratic values and peaceful situation in
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Abstract: Corruption in India is an issue which affects the economy of central, state and local government
agencies in many ways. Corruption is a great problem in India. It is not only Indian problem but also world
wide problem. We have found it every countries less or more. India is largest democratic country.in the world.
It has long history of financial, Political, Administrative corruption. After independence, we have noticed
many corruption and Financial scam which were done by political leader or Ministers, and bureaucat in our
conntry. It has spread top to bottom in nation. It is a great challenge to remove from our administration. People
are losing their faith on administration, judiciary system, and political leaders. Social morals and values are
spoiling day by day. It has so many causes as like as Political patronge, nepotism, greediness, lack of
transparency, increasing of unemployment, low wage of government officials, etc. It badly affected our

society. Our country has taken so many measure to prevent it but fail to cure this disease at all.
Keywords: Corruption, Political patronge, Greediness, Nepotism, Democratic.

Introduction:

Corruption in public life has been a major concern in India. In 2019, India was ranked 80th of 180 countries defined
as corrupt in Transparency International’s Corruption Perceptions Index (CPI). India fell to 85 rank in Corruption
Perceptions Index in 20211 In fact, corruption is rampant in all walks of life, be it land and property, health, education,
commerce and industry, agriculture, transport, police, armed forces, even religious institutions or socalled places of
spiritual pursuits. Corruption continues to exist in covert and overt ways at all three levels - political, bureaucratic and
corporate sector. One can see the nexus between the politicians, the bureaucrats and the industrialists which has resulted
into corruption and corrupt practices. The tentacles of corruption have affected all organs of government, including the

judiciary. India is corrupted democracy; corruption is found from top to bottom. Decentralisation of power is a main
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are given prominent positions like members of parliament or even higher posts. Instead of being disrespected,

they are respected.

8. Lack of Public Unity: The public openly criticizes corruption, but interestingly there is no unity among
the public to stop corruption. If a person wants to get his done his work, he gets it done by corruption means
if possible and then later criticizes the corrupt official. If the public stands united against corruption so that
no one is ready to offer bribes to get their work done, then the corrupt officials will have no other option but
to work in a corruption-free manner. During the election, politicians try to lure the people by offering money
and other things. If these politicians win and get power, they try to regain 10 to 100 times the amount spent

in the process.4

9. Lack of transparency in affairs and deals: Many seat selection processes like in education, contracts for

the job, employee income reports (wealth possession), etc., lack transparency.

10. Lack of Independent detective agency: Lack of an independent detective agency to investigate with full
power and freedom to expose the corrupt individuals. The existing agencies are under the control of either the
government or the armies and are not free to work. Hence anyone who commits offense will not be afraid of

the investigation as they can escape from it by taking the help of those controlling them.

11. Lack of state funding for elections: State funding for polls is the best way to beat corruption. Political

parties receive party donations and will not disclose them to the fullest. In doing so, they encourage corruption.

They collect massive amounts from industrialists with a promise to help when in power. The presence of state

funding can abolish party donations and minimize corruption.

12. The option of many political parties: In a democracy, anyone can establish a political party. So there

are chances for the corruption of many political parties in the country.

If a political party wins, then the party members will desire to expand the party all over the country. To do so,
they need enough financial reserves. Once they come into power, they opt for corrupt means to make the

wealth needed to expand the party.

13. Lack of enough powers to the judicial system: and other independent organizations. Like the election
commission cannot ban a politician from contesting in case they make a mistake or do not comply with the
rules during the poll campaign (like distributing money to people etc.). Similarly, the judicial system has

low options to punish someone who is found to be
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Metal-organic frameworks (MOFs) are porous crystalline materials consisting of one-, two-, or three-
dimensional networks created by metal ions/clusters and multidentate organic linkers through coordi-
nation bonding. MOFs are one of the most favorable candidates for biological applications such as wound
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MOFs, and Zr-based MOFs and evaluated for their use in different biomedical fields, especially drug deliv-
ery. After Fe, zinc is the second most available element in the body, and hence Zn-based MOFs can be
considered enduring platforms for various biomedical uses, especially drug delivery applications. MIL
series composites and Zr-based biomaterials are also suggested for several biomedical applications due
to their good mechanical properties, biocompatibility, and bioactivity. This review highlights the different
types of Zn-based and MIL series MOFs that have been used as suitable pH-responsive drug delivery
systems and summarizes the Zr-based MOFs that have been used as suitable pH-responsive or reverse
pH-responsive drug delivery systems and also discuss their drug-releasing phenomenon at different pH
ranges.
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Introduction

Metal-organic frameworks, abbreviated as MOFs, represent a
new class of periodic, crystalline, and highly porous (up to
94% space) materials. Generally, MOFs are formed by the
linkage of inorganic metal (e.g., transition metal and lantha-
nide metal) ions/clusters as the node with organic ligands
(e.g., carboxylates, phosphonates, imidazolates, and phenol-
ates), which are called linkers, exhibiting high porosity and
thermal stability (Fig. 1).* Various common ligands are used in
the synthesis of MOFs, as presented in Fig. 2. In the past two
decades, metal-organic frameworks (MOFs) have been shown
to possess conventional properties such as different pore
shapes, desirable pore size, large surface areas, and the ability
to encapsulate compounds and drugs.” In 1965, the journey of
the metal-organic framework started with the synthesis of
thermally stable Zn coordination polymers.® Thereafter, in
1990, the research group of Hoskins and Robson proposed
scaffold-like 3D frameworks.* In 1995, Yaghi and co-workers
designed the selective binding and removal of guest molecules
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in a microporous MOF composed of 1,3,5-benzenetricarboxy-
late (BTC) and cobalt cation,® while the same group reported
the design and synthesis of MOF-5 in 1999.° MOF-5 contains
1,4-benzenedicarboxylate (BDC) and Zn,O clusters and shows
an exceptionally high Langmuir surface area of 2900 m* g™*. A
brief history of metal-organic frameworks is schematically rep-
resented in Scheme 1. Presently, researchers are focused on
exploring different types of luminescent MOFs for the develop-
ment of advanced practical applications.” Metal-organic-
framework (MOF) materials are increasingly gaining interest in
various applications such as gas storage and separation,®
chemical separation,’ catalysis,"® sensing,'* semiconductors,**
magnetism,"® and bioimaging’* (Scheme 1). During the past

Fig. 1 Basic structure of a metal—organic framework (MOF).

This journal is © The Royal Society of Chemistry 2022
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methods, the total specific surface area and pore volume of
the Ins-GOX/ZIF-8 hybrid composites were shown to be
1219 m? ¢g" and 0.501 cm® g™, which were lower than that of
pure ZIF-8 (1449 m? ¢~ and 0.646 cm® g™'), respectively. The
protein-embedded ZIF-8 appeared to be able to respond to a
decrease in surface area and average pore size. The insulin
release profile of Ins-GOx/ZIF-8 at different glucose concen-
trations was studied to analyze the glucose response features
of Ins-GOX/ZIF-8. At the hyperglycemic level, a rapid insulin
release rate (roughly 420 g mL™") was found after 4 h. At 24 h,
about 84 and 145 g mL™" of loaded insulin were released at
the control and normoglycemic levels, respectively. When a
high quantity of glucose was detected, a large amount of
glucose entered the pore of the composites and contacted
GOx, causing glucose to be oxidized to gluconic acid and
H,0,. The decrease in pH facilitated the release of insulin
stored in ZIF-8 to achieve the goal of lowering the blood
glucose level (Fig. 8). The MTT assay on HeLa cells confirmed
that the biocomposite had very low cytotoxicity, having good
biocompatibility. Consequently, it could be utilised for sub-
cutaneous insulin injections, minimizing the need for fre-
quent glucose monitoring and multiple injections.
Interestingly, Qu and co-workers reported an aAuNCs-MOF
as a viable option in cancer therapy due to its unique pro-
perties of increased luminescence, negligible cytotoxicity, dra-
matic pH-dependent luminescence, and the ability to encapsu-
late hydrophobic drugs.®® Zn(NO;),-6H,0, aAuNCs, and
2-methyl imidazole methanol solution were used to prepare
aAuNCs-MOF. Given that the aAuNCs aggregate in methanol
with enhanced luminescence and ZIF-8 could be produced in
methanol, ZIF-8 was a good choice for encapsulating aAuNCs
among the various MOFs. According to this study, aAuNCs-
MOF exhibited a rhombic dodecahedron shape, which was
consistent with that of pure ZIF-8. Type I isotherms were
observed for aAuNCs-MOF with a surface area of around
1674 m”> g~' and an average micropore diameter of 0.99 nm.
The decrease in the gravimetric Brunauer-Emmett-Teller
(BET) surface area of AuNCs-MOF compared to pure ZIF-8
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Fig. 8 Representation of glucose-triggered insulin release from the
MOF-based nanosystem.
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(1745 m” ¢™', 1.20 nm) indicated the encapsulation of nonpor-
ous AuNCs in MOF. The hydrophobic drug camptothecin
(CPT) was chosen as the guest molecule in the controlled
release study. The loading efficiency of CPT in aAuNCs-MOF
was 9.4%. Given that ZIF-8 was stable in neutral and alkaline
aqueous solution but quickly degraded in acid solution, the
drug release rate from aAuNCs-MOF was substantially faster at
pH 5.0 and pH 6.0 than at pH 7.4. The green fluorescence
from fluorescein in CPT became stronger as the incubation
time increased from 4 to 24 h, whereas the luminescence of
AuNCs became weaker, indicating that the fluorescein mole-
cules and AuNCs were released from aAuNCs-MOF due to the
degradation of the MOF in the endo/lysosomes (pH 5-6).
Consequently, aAuNCs-MOF could track the release of hydro-
phobic drugs in real time (Fig. 9). CPT@aAuNCs-MOF had
better cytotoxic efficacy than free CPT, indicating that aAuNCs-
MOF is a potential platform for delivering medicines to cancer
cells. This phenomenon has led to the development of new
luminescent drug delivery systems to increase opportunities
for biological and medical applications.

Nowadays, motile metal-organic frameworks are used as
small-scale robotic platforms for applications such as environ-
mental remediation, targeted medication delivery, and nano-
surgery. In 2019, Luis and co-workers showed novel motile
RhB@ZIF-8@ABFs that could transport therapeutic payloads
to a designated location within a cell culture to demonstrate
their targeted drug delivery capabilities in a biologically rele-
vant medium. The group successfully manufactured magnetic
helical microstructures coated with a zinc-based MOF, zeolitic
imidazole framework-8 (ZIF-8) and assessed their biocompat-
ibility and pH-responsive properties.”® They made helical
swimmers, commonly known as artificial bacterial flagella
(ABF), with 2PP and coated them with nickel, and sub-
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Fig. 9 (a) Representation of encapsulation of aggregated AuNCs in
metal—organic framework to enhance their luminescent efficiency. (b)
Encapsulation of in aAuNCs-MOF. (c) aAuNCs-MOF served as a tracking
agent for the real-time imaging of hydrophobic drug release.
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efficiently. In a series of PBS of pH 7.4, 6.5, and 5.5 over 168 h,
the cumulative release profiles of Van from MOF-53(Fe)@Van
(0.8 mg mL™") and Fe*" from MOF-53@Van NPs (100 g L")
were studied. The degradation degree of MOF-53(Fe) in PBS at
pH 7.4 was 0.75% and 0.17% at pH 5.5, demonstrating the
high stability of the system (Fig. 13). The release amount of
Fe*" increased according to the increase in pH value, which
indicated that the MOF-53(Fe) NPs were more stable under
acidic settings than under neutral conditions. This result was
in agreement with the amount of Van released at the various
pH levels. With the partial breakdown of MOF-53(Fe), the rate
of Van release was enhanced. Specifically, because the MOF-53
(Fe) NPs decomposed partially in neutral conditions, the
amount of Van released may have a larger burst effect. IN con-
trast, the MOF-53(Fe) NPs degraded slower under acidic con-
ditions (pH 5.5) and Van was released more slowly. This
finding can aid in the treatment of bacterial infections in
acidic environments. The antibacterial activities of Van-
loading MOF-53(Fe) were investigated using the spread plate
method, and the results revealed that Van-loading MOF-53(Fe)
has a long-lasting antibacterial impact and high antibacterial
effectiveness without cytotoxicity.

Sadr and co-workers prepared a novel magnetic and pH-
responsive porous nanocomposite via the surface grafting of
B-cyclodextrin on Fe;0,@Silica@MIL-100 (Fe) in 2018.%°° The
fabrication of the Fe;0,@Silica@MIL-100 (Fe)/-CD nano-
composite as a magnetic and pH-responsive drug delivery
vehicle was described in this research study. Using cephalexin
as a drug model, the smart behaviour of the nanocomposite in
drug loading and release was thoroughly explored. The TEM
images of the Fe;O,@Silica NPs revealed that they possessed a
diameter of less than 50 nm, making them appropriate for
drug delivery applications. The ability of
Fe;0,@Silica@MIL-100 (Fe)/-CD as a pH-responsive drug deliv-
ery system was investigated using cephalexin as a drug model.
The cephalexin release behaviour was studied using buffer
solutions with pH values of 1.2, 5, and 7.4. The adsorbent
decomposed at a severe pH of 1.2, resulting in a robust
release. At lower pH, the weak n—r interaction between the
drug and adsorbent led to a greater burst effect. The stability
of the drug/-CD system was higher at physiological pH 7.4

Saureus

Fig. 13 Representation of MOF-53(Fe) structure and the process of
MOF packing drug molecules for killing bacteria.
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than at pH 5. They discovered that the release was
greater and faster at pH 5 than at pH 7. The adsorbent demon-
strated considerable release and approximately 96%, 88%,
and 99% of the drug was released in 50 h at pH 5, 7.4, and
1.2, respectively. Astonishingly, at pH 5, 7.4, and1.2
around 69%, 99%, and 55% of the medication was released,
respectively in 8 h. It was also determined that the percentage
of drug release increased with an increase in temperature.
Finally, this research presented an efficient method for produ-
cing magnetic and smart sorbents that were inexpensive and
performed well in drug delivery systems for a wide range of
drugs.

Yang and co-workers developed a new type of porphyrin-
iron metal-organic framework (Fe-MOF) nanocrystals in 2022
as an acid-degradable drug carrier and hydrogen donor by
coordinating porphyrin and zero-valence Fe atoms.®® The
FeCl;-MOF nanocrystals were prepared by combining FeCl,
with 5,10,15,20-tetrakis(4-pyridyl)-21H,23H-porphine (TPyP),
and then reducing them with sodium borohydride. The chlor-
ine atoms were removed during the reduction, generating
homogeneously dispersed zero-valence Fe atoms. Small-angle
X-ray scattering (SAXS) suggested their outstanding structural
stability, which favored steady drug delivery. Doxorubicin
(DOX) was encapsulated in Fe-MOF in this investigation. After
loading DOX, the specific surface area and pore volume of Fe-
MOF nanocrystals were reduced from 117 m* g~* and 0.35 cm®
¢! to 103.8 m*> ¢! and 0.25 cm® g7', respectively. The
decrease in the pore volume and specific surface area of the
Fe-MOF nanocrystals (DOX@Fe-MOF) suggested that DOX was
successfully loaded in their pore channels. Because of the
microporous nature of Fe-MOF and the hydrogen interactions
between the pyridyl groups of Fe-MOF and amino/hydroxyl
groups of DOX, the DOX loading capacity of Fe-MOF was
measured to be as high as 940 mg g~'. In the acidic PBS
environment, the Fe-MOF nanocrystals disassembled rapidly
into free ions. Consequently, both hydrogen gas and the
loaded medication DOX were produced in an acid-responsive
manner. In pH 7.4 PBS, the Fe-MOF nanocrystals appeared to
degrade slowly due to the high activity of the single-atom Fe
(0). However, it was worth mentioning that Fe-MOF nanocrys-
tals could remain stable for the first hour without observable
degradation, hydrogen generation, or drug leakage. Notably,
rapid drug release in the acidic environment of the tumor (pH
= 6.5) favored tumor cell death, while slow drug release in
normal tissues (pH = 7.4) avoided acute drug toxicity to
normal cells/tissues and hydrogen gas not only enhanced the
anticancer effects of the chemotherapeutic drugs but also
reduced their toxic side effects and drug leakage (Fig. 14). The
released hydrogen gas from the nanomedicine effectively sen-
sitized the chemotherapy of MCF-7/ADR cells by down-regulat-
ing the expression of P-gp and decreasing the ATP levels,
resulting in increased ROS-mediated DNA damage, which
aided DOX in effectively inhibiting metastasis by immuno-acti-
vating M1 macrophages and suppressing MMP-2 expression.
The good flexible Fe-MOF platform favored both high anti-
MDR and anti-metastasis outcomes and high bio-safety of the

This journal is © The Royal Society of Chemistry 2022
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the impacts of exposure to numerous substances in their
environment, such as moisture, solvents, acids, bases, and
aqueous solutions containing coordinating anions. The
capacity of MOFs to maintain their structural integrity when
exposed to heat, vacuum, or pressure is frequently correlated
with their thermal and mechanical stability. Over the last two
decades, significant effort has been devoted the de novo syn-
thesis of novel MOFs with high stability using various strat-
egies, such as preparing high-valent metal-carboxylate or low-
valent metal-azolate MOFs using azole-containing carboxylate
linkers, mixed metal ions, and hydrophobic ligands, insertion
of building blocks, and framework interpenetration. To
improve the stability of existing MOFs, post-synthetic struc-
tural processing and composite material engineering have also
been applied. Although much progress has been made in this
field, there are still many obstacles to be overcome. It is
difficult to find a universal technique that can be applied to
diverse MOF systems due to the specific requirements of each
strategy. In addition, many pre- or post-synthetic alteration
procedures vary the pore characteristics of MOFs, which com-
plicates their further applications. Some specific techniques,
such as hydrophobic surface treatment may be worth further
exploration to solve these concerns. Experiments can also be
rationally integrated with computational design to produce
new framework materials with great stability and specific fea-
tures. These investigations can be used to explore the bio-
medical (e.g., drug delivery and bio-imaging) use of nontoxic
MOFs. Nontoxic MOFs can be investigated for application as
strong supports for regular bioactive atoms to expand their
timeframe of realistic usability and adequacy. Furthermore,
MOFs should be assessed for their antibacterial and antifungal
activity to examine their clinical and natural applications.
Despite numerous outstanding studies, the research on MOF
toxicity and biodegradation is still in its infancy. Before using
these nanocomposites in the clinical setting, numerous
hurdles must be overcome. Firstly, greater effort should be
devoted to fabricating adaptable nontoxic or low-toxicity
MOFs, which should also be biocompatible to accomplish pro-
longed blood circulation and ensure that the decomposition
products can be digested by the body’s metabolic system. To
minimize adverse effects, future research should focus on con-
structing non-toxic MOF carriers using endogenous building
blocks or functionalizing MOFs with bioactive molecules.
Furthermore, thorough in vitro studies of the stability and
degradation mechanisms of MOF-based nanocarriers are
required and also systematic in vivo investigations are essential
to optimize the performance of MOFs before their clinical
applications. To highlight a key point, studying the therapeutic
effects of nanocarriers and their effects on normal organs is
insufficient. Additional efforts must be made to understand
the metabolic mechanisms and pathways of nanocarriers in
in vivo systems, and long-term monitoring of the organism is
also necessary. Finally, future work should be concentrated on
the development of multimodal MOF-based theranostic plat-
forms with various mechanisms to achieve high anticancer
efficacy and treatment of other disorders. Scientists have made

This journal is © The Royal Society of Chemistry 2022
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great advancements in developing theranostic MOFs for clini-
cal applications, even though theranostic MOFs are still a
long-standing  challenge in
Nevertheless, it is believed that promising advances in MOFs
for clinical use will be made in the near future. The fabrication
of very stable MOFs is likely to remain a dream, but it would
pave the way for their use in a variety of applications. For
instance, stable and well-designed multivariate MOFs or MOF-
based materials with the characteristics of each portion can
provide exceptional performances for certain applications.
Moreover, by using stepwise synthetic approaches to control
the precise position of customizable functional groups within
stable MOFs, their considerable potential or optimal perform-
ance for a variety of applications will be understood. The ana-
lysis of the mechanism for device engineering and appli-
cations is a probable fascinating aim to achieve stable MOFs
in the future.

nanomedical research.

Author contributions

D. D. searched all the articles, interpreted data and prepared
the manuscript. P. S. conceptualized the review, wrote and
edited the manuscript.

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

DD is sincerely thankful to Visva-Bharati, India for giving him
the research facilities. DD also acknowledges Jiko Raut for
helping him throughout the review work.

References

1 (@) C. M. Doherty, D. Buso, A. J. Hill, S. Furukawa,
S. Kitagawa and P. Falcaro, Acc. Chem. Res., 2014, 47, 396-
405; (b) Z. Han, W. Shi and P. Cheng, Chin. Chem. Lett.,
2018, 29, 819-822; (¢) X.-L. Liu, Q. Yin, G. Huang and
T.-F. Liu, Inorg. Chem. Commun., 2018, 94, 21-26.

2 H. Zheng, Y. Zhang and L. Liu, J. Am. Chem. Soc., 2016, 138,
962-968.

3 E. A. Tomic, J. Appl. Polym. Sci., 1965, 9, 3745-3752.

4 B. F. Hoskins and R. Robson, J. Am. Chem. Soc., 1990, 112,
1546-1554.

5 O. M. Yaghi, G. Li and H. Li, Nature, 1995, 378, 703-706.

6 H. Li, M. Eddaoudi, M. O’Keeffe and O. M. Yaghi, Nature,
1999, 402, 276-279.

7 (a) A. Singh, A. K. Singh, J.-Q. Liu and A. Kumar, Catal. Sci.
Technol., 2021, 11, 3946-3989; () A. Dutta, Y. Pan, J.-Q. Liu
and A. Kumar, Coord. Chem. Rev., 2021, 445, 214074-
214109; (c¢) J.-H. Qin, H. Zhang, P. Sun, Y.-D. Huang,

Dalton Trans., 2022, 51, 9950-9965 | 9963



