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A B S T R A C T   

The fabrication of biopolymeric film containing natural therapeutics envisioned to develop edible, nontoxic and 
biodegradable composite using polymers. Our study focused on extraction of psyllium husk mucilage, a 
medicinally acknowledged natural polysaccharide and develop a proper composite with chitosan. We combined 
chitosan with both alginate and husk mucilage separately to prepare two composite films. Drug release dynamics 
from the complex polymeric networks was evaluated where polymeric films showed sustained release of thy
moquinone, a water-insoluble phytocomponent. Structural and physico-chemical properties of the films were 
confirmed by FTIR, XRD, FESEM, TGA analysis. Significant antimicrobial activities against both bacterial strains 
and strong anticancer activities against human prostate cancer cell line (PC3) and adenocarcinomic human 
alveolar basal epithelial cell line (A549) was observed. This biodegradable polymer combination suggests to
wards the possibility of potential applications for the food industry and variety of biomedical applications such as 
wound dressing, tissue scaffolding etc.   

1. Introduction 

Multifunctional biomaterials, polymer composite are extensively 
used in the field of pharmaceutical drug delivery because of their wide 
range of versatility, biocompatibility and stability to serve as a matrix or 
vehicle for drugs compared to synthetic or inorganic materials [1,2]. 
Polymer composites with proper ratio and modifications can be a better 
excipient constituent as sustained drug carrier with improved physical, 
mechanical, functional properties [3,4]. The stability of polymer com
posite could be affected by molecular weight, crystallinity, mixing ratio, 
presence of functional groups, pH of reaction medium, distribution of 
ionic groups, drying process, etc [5]. 

Chitosan has been used as a positively charged polymeric drug car
rier due to its biocompatibility, biodegradability and relatively low 
production cost [6]. Alginate is a water soluble, unbranched, biode
gradable polysaccharide consisting of alternating blocks of 1–4 linked -l- 

guluronic (G-block) and -d-mannuronic acid (M− block) residues [7]. 
Carboxylic acid groups of alginate is responsible for negative charges 
which attribute characteristic electrostatic interaction with the posi
tively charged molecules [6]. Alginates are extracted from brown sea
weeds and marine algae such as Laminaria hyperborea, Ascophyllum 
nodosum and Macrocystis pyrifera [4,8,9]. Since chitosan is positively 
charged at low pH values (below its pKa value), it spontaneously asso
ciates with negatively charged polyions like alginate in solution to form 
a special type of macromolecules, the polyelectrolyte complexes [4]. 
Psyllium mucilage obtained from the seed coat of Plantago ovata and 
Plantago indica belongs to the family Plantaginaceae which can be ob
tained by mechanical grinding of the outer layer of the seeds[10]. 
Psyllium mucilage is fibrous mucilaginous hydrocolloid used in treat
ment of intestinal inflammation, constipation, etc. [11]. Arabinoxylan, a 
complex heteroxylan of two pentose sugars i.e. arabinose and xylose is a 
highly branched hemicellulose [12–14]. Sodium alginate (Al) and 
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Abstract

We build and analyse the network of 100 top-cited nodes (research papers and books from

Google Scholar; the strength or citation of the nodes range from about 44 000 up to 100) starting
in early 1980 until last year. These searched publications (papers and books) are based on

Quantum Annealing Computation and Information categorized into four different sets: (A)
Quantum/Transverse Field Spin Glass Model, (B) Quantum Annealing, (C) Quantum Adiabatic
Computation and (D) Quantum Computation Information in the title or abstract of the searched

publications. We fitted the growth in the annual number of publication ( ) in each of these four
categories, A–D, to the form  where  denotes the time in years. We found the

scaling time  to be of the order of about 10 years for categories A and C, whereas  is of
the order of about 5 years for categories B and D.

This article is part of the theme issue ‘Quantum annealing and computation: challenges and

perspectives’.

Footnotes

One contribution of 12 to a theme issue ‘Quantum annealing and computation: challenges and
perspectives’.
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Introduction 
Biodiversity provides important information about the 

overall health of an ecosystem (Díaz et al., 2007; Dudgeon 
et al., 2006). Species richness and diversity in an 
ecosystem are greatly influenced by the availability and 
distribution of resources in a particular habitat (Baer et al., 
2004; Silvertown, 2004).  Lakes are one of the most 
important freshwater resources on Earth and supports huge 
biodiversity (Gibbs, 1993). Wetlands/lakes are highly 
complex as well as productive ecosystems which helps to 
maintain the ecological balance by providing various 
ecological services like aquaculture, ground water 
recharge, flood control, wastewater treatment, drinking 
water source, agricultural water use, soil erosion control, 
nutrient cycling, habitat for a wide range of plant and 
animals etc. (Joy et al., 2005; Bhatta et al., 2016). The 
structure of an aquatic body also determines the species 
composition, density and diversity of a particular 
ecosystem (Watson et al., 2004). It is considered to be the 
most important habitat for various types of migratory and 

residential avian species for their wintering and breeding 
grounds (Szabo et al., 2017). In recent times freshwater 
lake ecosystem in India are threatened by various 
anthropogenic activities like habitat loss and degradation, 
habitat fragmentation, encroachment or unlawful filling of 
aquatic habitat, pollution, overexploitation of resources, 
waste dumping, heavy metal contamination, 
contamination from municipal and agricultural sources 
etc. These leads to aquatic body degradation, threatening 
the species thrives on the aquatic ecosystem (Sreekumari 
et al., 2016; Bassi  et al., 2014; Bhattacharya, 2014; Roy et 
al., 2022).  

Avian diversity is one of the most significant ecological 
factors determining the quality of aquatic ecosystems and 
acting as a bioindicator. Emerging threats of climate 
change, habitat loss, habitat fragmentation, over-
extraction of resources and pollution raise new concerns 
over the degradation of aquatic ecosystems, which in turn 
threatens the existence of avian species diversity (Rahmani 
et al., 2022; Rajashekara et al., 2018). The oxbow lake at 
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Abstract: Purbasthali oxbow lake is an important habitat for thousands of migratory and 
resident avian species. This study aimed to determine the current status of avifaunal 
diversity of Purbasthali oxbow lake and its surrounding area. During this study, diversity, 
composition and abundance, feeding guilds and the relationship between their habitat 
preferences and the numbers of individuals were determined. Direct observation, line 
transects and point count methods were applied for bird surveys for three consecutive years 
from 2019 to 2022. A total of 145 species of birds were documented, belonging to 19 orders 
and 49 families. Among the total species, 57 are migratory in nature and 47 are showing 
declining global trend. Quantitative diversity estimation were performed during the study 
are the Shannon-Weiner index, Simpson's Diversity Index, Shannon equitability index and 
relative diversity. Density and diversity of avian species was highest during post-monsoon 
and lowest in pre monsoon. This indicates the winter assemblages of many migratory birds 

choose this lake as their feeding and resting grounds. 

Keywords: 
Avian diversity, 
Migratory birds, Oxbow 
lake, Shannon-Weiner 
index, Simpson's 
diversity index 





9/21/23, 12:07 AM New findings and appraisal of structural control on polygonal impact crater rim-geometry, a study from Mare Fecunditatis, M…

https://www.sciencedirect.com/science/article/pii/S0273117722009176?via%3Dihub 1/29

Advances in Space Research
Volume 71, Issue 1, 1 January 2023, Pages 1165-1178

New findings and appraisal of structural control on
polygonal impact crater rim-geometry, a study from
Mare Fecunditatis, Moon

Joyita Thapa , Abhik Kundu , Rwiti Basu , A.S. Arya 

Show more

Outline

https://doi.org/10.1016/j.asr.2022.09.061

Get rights and content

Highlights

• Explaining control on polygonal crater rim geometry, Mare Fecunditatis, Moon.

• Map of structural features of the study area, the Mare Fecunditatis, Moon.

• Trend comparison of structural features with polygonal impact crater rim

segments.

• Geometry of polygonal impact craters was possibly controlled by pit crater

chains.

• Faults associated with wrinkle ridges and grabens had no influence on the same.

Abstract

Polygonal Impact Craters (PICs), having a distinct polygonal rim geometry, are common on terrestrial

planets, their natural satellites such as Earth’s Moon and the asteroids. The straight segments of PIC-rims

are arguably subparallel or oblique to existing fracture/fault planes in their vicinity, and such pre-existing

structural weak planes are considered responsible for the shape of the PICs. The Mare Fecunditatis, a lunar

maria, preserves mappable PICs as well as different geomorphic features like wrinkle ridges, grabens and pit

crater chains which owe their origin to either compressional or extensional faulting. To understand the

structural control, if any, on the PIC-rim geometry in Mare Fecunditatis, PICs, both simple and complex, and

the deformational features are mapped, superposition relations between them are observed and trends are

compared. The comparison between frequency of rim segment trends of the two types of PICs with wrinkle
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Abstract The hydrogen isotopic composition (δ2H) 

of authigenic clay minerals has been used extensively 

in paleoclimate studies. The separation of clay miner-

als from sediments/soils, using various chemicals, is 

a prerequisite for isotope ratio measurements, where 

carbonate, Fe-(oxyhydr)oxides, and organic matter are 

removed successively from the sediments for a greater 

clay yield. The commonly adopted organic matter-

removal method using hydrogen peroxide  (H2O2) is 

thought to either alter directly the pristine δ2H values 

of the smectite clay minerals or to introduce organic 

hydrogen-bearing impurities through the ineffective 

removal of organic matter. The objective of the pre-

sent study was to test whether  H2O2 treatment can 

alter the δ2H values of kaolinite (Kln) by comparing 

two organic matter-removal methods, namely,  H2O2 

and disodium peroxodisulfate  (Na2S2O8) combined 

with a neutral buffer. In doing so, kaolinite-rich, old 

(~56 Ma) sediment samples and pure kaolinite internal 

laboratory reference materials were used to understand 

the effectiveness and suitability of the above-men-

tioned methods in clay-sample preparation for δ2H 

measurements. The δ2H values of the  H2O2-treated 

aliquots show smaller δ2H values than those for the 

 Na2S2O8-treated aliquots. Estimated ambient water 

δ18O values (−4‰) from the  Na2S2O8-treated aliquots 

agreed well with the bio-phosphate (fish vertebrae) 

based environmental water δ18O estimation (−3.3‰). 

The present study indicated, therefore, that δ2H values 

obtained after  Na2S2O8 treatment are likely to be more 

realistic for paleoclimate reconstruction.

Keywords δ2H · Early-Eocene equatorial 

precipitation · Kaolinite · Organic matter-removal 

method

Introduction

The geochemistry of authigenic (both neoformed and 

transformed; Pozo & Calvo, 2018) clay minerals, par-

ticularly oxygen (δ18O) and hydrogen (δ2H some time 

referred to as δD) isotopic compositions, is a potential 

tool for quantitative reconstruction of past climates 

(Andrzejewski & Tabor, 2020; Bukalo et  al., 2019; 

Gilg, 2000; Gilg et al., 2004; Girard et al., 2000; Oye-

banjo et  al., 2018; Tabor & Montañez, 2005). Com-

plete removal of organic matter from the soil/sediment 

samples without affecting the mineral phase is a pre-

requisite for studying the structure, physicochemical 
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The present study aimed to determine the magnetic sus-
ceptibility of roadside dust collected from different parts 
of Kolkata city, West Bengal, India. The average value 
of susceptibility was 4.96 × 10–6 m3/kg, the highest being 
19.6 × 10–6 m3/kg and the lowest being 1.2 × 10–6 m3/kg. 
The frequency-dependent susceptibility value (average = 
2.19) indicated the dominance of stable-single domain 
grains with a low concentration of superparamagnetic 
grains at a few locations. SEM analysis showed morpho-
logical diversity of road dust – irregular, aggregate, angu-
lar and cloudy. Energy dispersive X-ray spectroscopy 
analysis of the dust particles revealed that Ca-rich, Na-
rich and Fe-rich particles were abundant. Compositions 
were variable with the morphology. The mapping of 
magnetic susceptibility indicated that the susceptibility 
values were higher in areas with heavy vehicular traffic 
and other polluting sources. However, some areas with 
high pollution had open spaces, indicating the dispersion 
of magnetic pollutants. The study indicated the degrada-
tion of the environment due to anthropogenic activities. 

 
Keywords: Anthropogenic activities, magnetic susceptibi-
lity, morphological study, roadside dust, vehicular pollution. 
 
INDUSTRIALIZATION coupled with high population density 
in the Indian subcontinent has led to a contaminated milieu, 
especially in large cities like Kolkata in West Bengal. This 
is due to vehicular traffic and industrial emissions associated 
with fly-ash particles1–6. Most of these environmental con-
taminants of varied sources and origins are magnetic7. Also, 
magnetic grain size and composition are important to identify 
the precise source of magnetic contaminants1. The contri-
bution of anthropogenic contaminants in metropolitan cities 
due to vehicular traffic globally dominates over natural 
causes1–3,6–9. 
 Environmental magnetism can act as a dependable non-
destructive tool for assessing pollution10–13. The principle 
behind the application of magnetic techniques in the study of 

environmental pollution is to measure the magnetic prop-
erties (magnetic susceptibility in the present case) of the 
samples under consideration. It is well known that magnetite 
is a common component of roadside dust. Thereby a positive 
correlation develops between the concentration of magnetite 
and toxic elements14,15. Magnetite in road dust comes from 
several sources. The emission from automobiles caused by 
burning fossil fuels is the most prominent of them. Smelting, 
abrasion of asphalt-top roadways and vehicle brake sys-
tems contribute to magnetic contaminants. 
 Thompson and Oldfield were the pioneers in research 
on environmental magnetism16–19. Subsequently, Kapicka 
et al.8 and Hoffman et al.2 carried out magnetic susceptibility 
mapping in the Czech Republic and Tuebingen, Germany 
respectively. These studies brought out an interesting asso-
ciation between pollutants and magnetic particles. Boyko 
et al.7 carried out magnetic susceptibility measurements of 
the topsoil for validating pollution intensity studies over 
the long term. In India, Goddu et al.1 reported the magnetic 
characteristics of road dust from Visakhapatnam city in An-
dhra Pradesh and Mondal et al.20 from the Bandel–Triveni 
area in West Bengal. In the present study, we demarcate the 
degree of environmental pollution by mapping the magnetic 
susceptibility from road dust samples collected in differ-
ent parts of Kolkata. 

Materials and methods 

Study area 

Kolkata extends in a roughly north–south direction along 
the eastern bank of the Hooghly River in eastern India21. 
As a part of the Indo-Gangetic Plains, the soil of the study 
area is of alluvial origin. According to the geologic set-
ting, Kolkata is located in the peri-cratonic Tertiary Ben-
gal Basin22. The climate is tropical wet and dry, which can be 
designated as ‘Aw’ under Koppen climatic classification23. 
Kolkata city, which is under the jurisdiction of the Kolkata 
Municipal Corporation (KMC), has an area of 185 sq. km. 
The western boundary is marked by the Hooghly River 
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Morinda citrifolia L. (Noni) dietary supplementation ameliorates fluoride toxicity 
in the freshwater fish, Cyprinus carpio L. 
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Fluoride is the organic and inorganic compound of the element fluorine, has detrimental effect to all animals including fish 
at higher concentration. Ground water with elevated concentration of fluoride is a major global problem including India. On the 
other hand, Morinda citrifolia (also called ‘Noni’ in Polynesia) is a medicinal plant, has antioxidative, anti-inflammatory and 
immunostimulatory properties. The ameliorating effect of M. citrifolia fruit extract dietary supplementation against fluoride 
induced toxicity on the growth performance, haematological parameters, and fluoride accumulation in the muscular tissue was 
investigated in the freshwater fish, Cyprinus carpio L. for 35 days in triplicate. One hundred and twenty acclimated C. carpio 
fingerlings were randomly allocated into five experimental groups (Groups I, II, III, IV and V) each with 24 fish divided into 
three replicates (eight fish/replicate). Group I (Control) and II (Toxic control or negative control) were provided with 
basal/control diet, whereas groups III, IV, and V were provided with 0.25% (2.5 g/kg), 0.50% (5.0 g/kg) and 0.75% (7.5 g/kg) 
M. citrifolia fruit extract supplemented diet respectively. All groups except for group I were exposed to 10% of the LC50 of
fluoride. Selected growth and haematological parameters were estimated. The fluoride content in the muscular tissue of fish was
also estimated following SPADNS method. Results revealed that exposure of sublethal concentration of fluoride significantly
(P <0.05) reduced the growth performance and haematological parameters in Gr. II (toxic control) compared to the Gr. I
(control). However, M. citrifolia dietary supplementation significantly (P <0.05) improved fluoride induced alteration of growth
performance and haematological parameters of fish in the groups III, IV and V compared to Gr. II. Morinda citrifolia fruit
extract dietary supplementation also significantly (P <0.05) decreased the accumulation fluoride in the muscular tissue of fish in
groups III, IV and V compared to the Gr. II (toxic control). In conclusion, M. citrifolia dietary supplementation ameliorates the
fluoride toxicity by preventing the accumulation of fluoride in the muscular tissue of the fish. The M. citrifolia dietary
supplementation at 0.25% showed the best response, hence it is considered as the optimum dose.

Keywords: Aquatic pollution, Common carp, Dietary supplement, Trace elements 

Fluorine is the most electronegative and highly 
reactive of all elements, form fluoride ion (F-) by 
ionization. It occurs in 296 species of minerals but 
abundantly present in fluorite, fluorapatite, topaz and 
cryolite which are easily soluble in water, resulting in 
higher concentration in ground water1. Although 
fluoride has beneficial effect at lower concentration 
(0.5-1.0 mg/L) in growth and development of bone 
and teeth, but it causes dental- and skeletal fluorosis 
at higher concentration (>1.5 mg/L)2. Elevated 
concentration of fluoride in ground water is an 
endemic in different countries of the world, including 
India3. Fluoride contaminated ground water is 
prevalence in 23 out of 37 states and union territories 

of India4 including West Bengal5. Having 
neurotoxicity of fluoride in the human development, 
several epidemiological studies placed it in the same 
category with toxic metals like lead, methyl mercury, 
arsenic, and polychlorinated biphenyls6. Several 
studies reported the detrimental effects of fluoride in 
animals including fish7-13. 

Morinda citrifolia L. (also called ‘Noni’ in 
Polynesia and ‘Indian Mulberry’ in India), a small 
evergreen tree of the family Rubiaceae is a well known 
medicinal plant in Southeastern Asia14,15. It is used in 
the treatment of many diseases like diabetes, high 
blood pressure, arthritis, hypertension, heart diseases, 
headache and fever16. M. citrifolia has antioxidant17,18, 
anti-inflammatory19-21, immunostimulatory22 and 
antimicrobial23 activities.  

The common carp, Cyprinus carpio L (Cyprinidae) 
has been recognized as a suitable model organism for 
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In this paper, we explore the black hole solutions with the rainbow deformed metric in the

presence of the exponential form of the nonlinear electrodynamics with asymptotic

Reissner{Nordstr€om properties. We calculate the exact solution of metric function and explore
the geometrical properties in the background of massive gravity. From the obtained solution,

the existence of the singularity is con¯rmed in proper limits. Using the solutions, we also

investigate the thermodynamic properties of the solutions by checking the validity of the ¯rst

law of thermodynamics. Continuing the thermodynamic study, we investigate the conditions
under which the system is thermally stable from the heat capacity and the Gibbs free energy.

We also discuss the possible phase transition and the criticality of the system. It was found that

the quantum gravitational e®ects of gravity's rainbow render the thermodynamic system stable

in the vicinity of the singularity. Hence, we obtained a ¯rst-order phase transition which is
interpreted as the large/small black hole phase transition. From the equation of state, it was
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In this work, we study the Klein–Gordon oscillator with equal scalar and vector poten-
tials in a topologically charged Ellis–Bronnikov wormhole space-time background. The
behaviour of a relativistic oscillator field is studied with a position-dependent mass via
transformation M2 → (M + S(x))2 and vector potential through a minimal substitu-
tion in the wave equation. Simplifying the Klein–Gordon oscillator equation for three
different types of potential, such as linear confining, Coulomb-type, and Cornell-type
potential and we arrive at a second-order differential equation known as the biconfluent
Heun (BCH) equation and the corresponding confluent Heun function. Finally, we solve
the wave equation by the Frobenius method as a power series expansion around the
origin and obtain the energy levels and the wave function.

Keywords: Klein–Gordon oscillator; confluent Heun equation; topological defects; Ellis–
Bronnikov-type wormhole; solutions of bound states.

PACS numbers: 03.65.Vf, 11.30.Qc, 11.30.Cp

1. Introduction

It is known that phase transitions are associated with breaking of symmetry in con-
densed matter physics. Analogically it is expected to have objects in cosmological
systems which can be termed as topological defects [1]. From the physical point
of view topological defects are structures that divide a physical system into two
or more physical states [2]. However from the mathematical point of view, they
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In this note, a time-dependent spacetime is explored in the background of f(R, T ) grav-
ity via the gravitational collapse of a massive star. The star is modeled by the Vaidya
spacetime which is time-dependent in nature. The coupling of matter with curvature is
the key feature of f(R, T ) theory and here we have investigated its effects on a collapsing
scenario. Two different types of models, one involving minimal and the other involving
nonminimal coupling between matter and curvature are considered for our study. Power
law and exponential functionalities are considered as examples to check the outcome of
the gravitational collapse. A detailed analysis on the appearance of horizons in Vaidya
spacetime is performed and its astrophysical implications are explored. Our prime objec-
tive is to explore the nature of singularities (black hole or naked singularity) that form
as an end state of the collapse. Existence of outgoing radial null geodesics from the
central singularity was probed and such existence implied the formation of naked sin-
gularities thus defying the cosmic censorship hypothesis. The absence of such outgoing
null geodesics would imply the formation of an event horizon and the singularity formed
becomes a black hole. Conditions under which such possibilities occur are derived for all
the models and sub-models. Gravitational strength of the singularity is also investigated
and the conditions under which we can get a strong or a weak singularity is derived.
The results obtained are very interesting and may be attributed to the coupling between
curvature and matter. It is seen that for nonminimal coupling there is a possibility of

a globally naked singularity, whereas for a minimal coupling scenario local nakedness is
the only option. It is also found that the singularity formed can be sufficiently weak in
nature, which is cosmologically desirable.

Keywords: Gravitational collapse; modified gravity theory; black hole; naked singularity;
Vaidya spacetime.

1. Introduction

For the last two decades we have been aware of the fact that our universe has entered
into a phase of accelerated expansion.1,2 Although this came as a total surprise to

2250095-1
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a b s t r a c t

In this work we propose the f (Q , TµνTµν ) gravity as a further extension of the f (Q ) and f (Q , T ) gravity
theories, where Q is the non-metricity and Tµν is the energy–momentum tensor. The action involves
an arbitrary function of the non-metricity Q and T2

= TµνTµν in the gravity Lagrangian. The field
equations for the theory are derived in the metric-affine formalism. The theory involves a non-minimal
coupling between the geometric and the matter sectors, and hence the covariant divergence of the
energy–momentum tensor is non-zero, thus implying the non-conservation of the same. The vacuum
solutions of the theory are investigated and it is found that the theory perfectly admits a de-Sitter-like
evolution of the universe. The cosmological equations are derived and it is found that there are two
correction terms arising as modification of the gravity. Two specific toy models of the form Q +η

(
T2)n

and f0Qm
(
T2)n are explored to gain further insights into the dynamics of the theory. It is seen that the

field equations of both the models have terms similar to those arising from the quantum gravity effects
and are thus responsible for the avoidance of the singularity. One striking feature of the model is that
the non-linear correction terms dominate in the early universe and gradually fade away at later times
giving standard FLRW universe. Solutions for the FLRW equations are found wherever possible and the
evolution of the scale factor and the matter energy density is plotted. Other cosmological parameters
like the equation of state, deceleration parameters and Hubble functions are also studied. Finally the
energy conditions are explored in the background of the theory. Using these conditions and some
observational data the parameter spaces of the models are considerably constrained. f (Q , TµνTµν ) is
a theory that can perfectly explain the cosmological dynamics of both the early and the late universe
without resorting to any dark energy.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Currently the most comprehensive theory of gravity available
to us is the theory of General Relativity (GR) [1] proposed by
Albert Einstein in 1916. After a century of extensive research GR
has been able to survive quite well with many of its predictions
coming true. Some of them being the perihelion precession of
mercury, deflection of light by sun [2], gravitational redshift [3],
detection of gravitational waves [4] from the mergers of black
holes and neutron stars, imaging a black hole shadow in the
M87 galaxy by the Event horizon telescope [5], etc. Extensive
reviews in experimental and observational tests of GR can be
found in [6,7]. Nevertheless some observations did not go in
favour of GR, quite expectedly. The most important one being
the discovery of the late cosmic acceleration [8,9] at the turn
of the last century. With this observation to light, GR became
incompatible at cosmological distances. One more important ob-
servation was that GR was not able to explain the gravitational

E-mail address: prabir.rudra@asutoshcollege.in.

interaction at the quantum level. Moreover standard cosmology
is plagued by problems like the singularity problem, cosmological
constant problem, cosmic coincidence problem, etc. So it is clear
that we are far from the theory that we need to comprehensively
explain our observations. This provided motivation for extensive
theoretical research in cosmology over the past century. With the
development of quantum mechanics throughout the last century,
scientists including Einstein took up the challenge of developing a
proper theory of quantum gravity. As a result theories like string
theory, loop quantum gravity theory, etc. were proposed, but
till date they are far from being comprehensive. To resolve the
incompatibility of GR at cosmological scales mainstream research
has travelled in two different ways. The first path is the theory
of dark energy (DE) where the matter content of the universe
is modelled by an exotic fluid with negative pressure driving
the acceleration. Extensive reviews on DE can be found in [10].
The alternative path is the theory of modified gravity, where
the gravitational framework of GR has been modified to incorpo-
rate the cosmic acceleration. See [11–13] for extensive reviews

https://doi.org/10.1016/j.dark.2022.101071
2212-6864/© 2022 Elsevier B.V. All rights reserved.
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Editorial on the Research Topic
From the hydrophobic core to the globular-disorder interface: New
challenges and insights into protein design

The biophysical foundations of protein folding (Dill and MacCallum, 2012) still remain
largely unexplained despite the many years of intensive experimental (Dobson, 2004) and
computational research (Callaway, 2020; Jumper et al., 2021). It is rightly believed that the
most objective way of probing our understanding of the basic principles of protein folding
is reflected in the ability to successfully resolve the ‘inverse protein folding” problem (Yue
and Dill, 1992); i.e., the capability to rationally design functional proteins, de novo. In
recent years, the field has undoubtedly become diverse and complex, with the design of
fold-switch proteins, proteins with targeted functional modulations etc.—one of the unmet
goals of the latter of which is to aid ‘protein therapy’ (Dimitrov, 2012; Blazeck et al., 2022;
Svilenov et al., 2022).

Furthermore, since the discovery of intrinsically disordered proteins (IDPs), with their
characteristic binding promiscuity attributed to their physical flexibility, attempts to
understand and design protein disorder transitions (Bandyopadhyay and Basu, 2020;
Roy et al., 2022) and to address the “globular/ordered–disordered” evolutionary
interface (Nagibina et al., 2020) in proteins are among the most intriguing challenges
in this field. It is but natural that designs of ordered proteins and IDPs should use different
principles and the field is enriching with ideas and findings on both (Figure 1). For example,
in globular proteins, a given protein fold (or a hydrophobic core) can be modulated by the
alternative modes of side-chain packing (Basu et al., 2011; Biswas et al., 2022), whereas in
IDPs, the disorder-to-order transitions can be triggered by cumulative point mutations
(Basu and Biswas, 2018). Although there are not yet general evolutionary rules regarding
the origin of disordered and globular proteins, instances of successful design (for example)
of folded globular repeats from disordered ancestors (Zhu et al., 2016) have raised much
hope. A successful endeavor along these directions is of high biophysical and mechanistic
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Phosphorylcholine and KR12-Containing Corneal Implants in
HSV-1-Infected Rabbit Corneas
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Jaganmohan R. Jangamreddy 3,§, Egidijus Šimoliūnas 8 , Aneta Liszka 3 , Hirak K. Patra 3,9,*
and May Griffith 1,2,3,5,*

1 Department of Ophthalmology, Université de Montréal, Montreal, QC H3C 3J7, Canada
2 Maisonneuve-Rosemont Hospital Research Centre, Montreal, QC H1T 2M4, Canada
3 Department of Clinical and Experimental Medicine, Linköping University, 58183 Linköping, Sweden
4 Filatov Institute of Eye Diseases and Tissue Therapy of the NAMS of Ukraine, 65061 Odessa, Ukraine
5 Institute of Biomedical Engineering, Université de Montréal, Montreal, QC H3T 1J4, Canada
6 Department of Microbiology, Asutosh College, Affiliated with University of Calcutta, Kolkata 700026, India
7 Département de Microbiologie, Infectiologie et Immunologie, Université de Montréal,

Montreal, QC H3T 1J4, Canada
8 Department of Biological Models, Institute of Biochemistry, Life Sciences Center, Vilnius University,

01513 Vilnius, Lithuania
9 Department of Surgical Biotechnology, UCL Division of Surgery and Interventional Science,

University College London, London WC1E 6BT, UK
* Correspondence: hirak.patra@ucl.ac.uk (H.K.P.); may.griffith@umontreal.ca (M.G.)
† These authors contributed equally to this work.
‡ Current address: Department of Ophthalmology, Massachusetts Eye and Ear/Harvard Medical School,

Boston, MA 02114, USA.
§ Current address: UR Advanced Therapeutics Pvt Ltd., Suit#19, ASPIRE-BioNEST, School of Life Sciences,

University of Hyderabad, Hyderabad 500046, India.

Abstract: Severe HSV-1 infection can cause blindness due to tissue damage from severe inflammation.
Due to the high risk of graft failure in HSV-1-infected individuals, cornea transplantation to restore
vision is often contraindicated. We tested the capacity for cell-free biosynthetic implants made from
recombinant human collagen type III and 2-methacryloyloxyethyl phosphorylcholine (RHCIII-MPC)
to suppress inflammation and promote tissue regeneration in the damaged corneas. To block viral
reactivation, we incorporated silica dioxide nanoparticles releasing KR12, the small bioactive core
fragment of LL37, an innate cationic host defense peptide produced by corneal cells. KR12 is more
reactive and smaller than LL37, so more KR12 molecules can be incorporated into nanoparticles for
delivery. Unlike LL37, which was cytotoxic, KR12 was cell-friendly and showed little cytotoxicity at
doses that blocked HSV-1 activity in vitro, instead enabling rapid wound closure in cultures of human
epithelial cells. Composite implants released KR12 for up to 3 weeks in vitro. The implant was also
tested in vivo on HSV-1-infected rabbit corneas where it was grafted by anterior lamellar keratoplasty.
Adding KR12 to RHCIII-MPC did not reduce HSV-1 viral loads or the inflammation resulting in
neovascularization. Nevertheless, the composite implants reduced viral spread sufficiently to allow
stable corneal epithelium, stroma, and nerve regeneration over a 6-month observation period.

Keywords: HSV-1 infection; corneal implant; RHCIII-MPC; KR12; nanoparticles; rabbits; regeneration

1. Introduction

Herpes Simplex Virus serotype 1 (HSV-1) infection is the leading infectious cause of
unilateral corneal blindness in developed nations and the third most common indication for
patients requiring corneal transplantation worldwide [1–6]. A million new and 9,000,000 re-
current cases are reported each year globally [7]. Severe infections are accompanied by

Pharmaceutics 2023, 15, 1658. https://doi.org/10.3390/pharmaceutics15061658 https://www.mdpi.com/journal/pharmaceutics
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EnCPdock: a web‑interface for direct conjoint comparative analyses 
of complementarity and binding energetics in inter‑protein 
associations
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Abstract
Context Protein–protein interaction (PPI) is a key component linked to virtually all cellular processes. Be it an enzyme 
catalysis (‘classic type functions’ of proteins) or a signal transduction (‘non-classic’), proteins generally function involving 
stable or quasi-stable multi-protein associations. The physical basis for such associations is inherent in the combined effect 
of shape and electrostatic complementarities (Sc, EC) of the interacting protein partners at their interface, which provides 
indirect probabilistic estimates of the stability and affinity of the interaction. While Sc is a necessary criterion for inter-protein 
associations, EC can be favorable as well as disfavored (e.g., in transient interactions). Estimating equilibrium thermodynamic 
parameters (∆Gbinding, Kd) by experimental means is costly and time consuming, thereby opening windows for computational 
structural interventions. Attempts to empirically probe ∆Gbinding from coarse-grain structural descriptors (primarily, surface 
area based terms) have lately been overtaken by physics-based, knowledge-based and their hybrid approaches (MM/PBSA, 
FoldX, etc.) that directly compute ∆Gbinding without involving intermediate structural descriptors.
Methods Here, we present EnCPdock (https:// www. scine tmol. in/ EnCPd ock/), a user-friendly web-interface for the direct 
conjoint comparative analyses of complementarity and binding energetics in proteins. EnCPdock returns an AI-predicted 
∆Gbinding computed by combining complementarity (Sc, EC) and other high-level structural descriptors (input feature vec-
tors), and renders a prediction accuracy comparable to the state-of-the-art. EnCPdock further locates a PPI complex in 
terms of its {Sc, EC} values (taken as an ordered pair) in the two-dimensional complementarity plot (CP). In addition, it 
also generates mobile molecular graphics of the interfacial atomic contact network for further analyses. EnCPdock also 
furnishes individual feature trends along with the relative probability estimates  (Prfmax) of the obtained feature-scores with 
respect to the events of their highest observed frequencies. Together, these functionalities are of real practical use for struc-
tural tinkering and intervention as might be relevant in the design of targeted protein-interfaces. Combining all its features 
and applications, EnCPdock presents a unique online tool that should be beneficial to structural biologists and researchers 
across related fraternities.

Keywords Protein–protein interactions (PPI) · Complementarity · Complementarity plot (CP) · Binding free energy 
(∆Gbinding) · Support vector regression machines · Feature trends · EnCPdock
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Relevance of the reality of human life in Upanishad thought 

Man is one of the most advanced and thoughtful of all living beings in this world. Man can manage 
his life and society smoothly by his thinking power. Therefore., if you manage yourself through any 
environment or any thoughts in human life, life becomes beautiful, these are very relevant. If life can 
be managed through proper thinking. then life can be realized as a beautiful, fluent and joyful life. 
And if the truth of this thought cannot be judged, then maybe life is just a living being. But this is not 
the purpose of life. The real purpose of life is to search for the truth and match life with reality in 
terms of truth. This matching is called life and moving forward on the path of life is called life force. 
If one can move towards the main purpose of life by combining this true thinking and the power of 
life, then the meaning of life can be realized. Upanishads are our real helper in solving all these 
questions and all the problems of the living being. The Upanishads mention the truth wh of buman life. 
Through which we can direct our thoughts in the path of many great ideals. Above all, by taking 
refuge in this Upanishad. we can understand the true nature of human life and through this truth, we 
will become cager to achieve the main goal of life by knowing the real truth. 
Keywords Action orientation, Pursuit of greater happiness, Value development. Epistemokogy 
From birth to death. human lifc has to perceive various favorable and unfavorable experiences. But if 
from the beginning we know our truth to know the secret of life in our life and also by resorting to the 
knowledge of Upunishads if we try to understand the truth of human life then maybe our 
consciousness will rise. Without true consciousness, people are an illusion to society. Because 
consciousness brings consciousness, and consciousness gives people the opportunity to do new things 
and hiak oe shines Therefore in onder to match the life in a beautiful way to the society and to 
make the society harmonious, people must be awakened to consciousness, What kind of 
consciousness or what kind of consciousness will awaken people and society will change that is, a 
harmonious society will be formed. Above all this sense is more nceded. So what is the real 
consciousness and how it can be applicd in human life, all these signs are found in the pages of 
Upanishad literature. That is, if a person falls upon the Upanishads with a pure mind, ie., if he 
meditates on the Upanishads, then his full sense of consciousness will surely be awakened. If man 
cannot purify his mind then he will not find the means to survive in his life. so to know the true joy 
and mystery of life one must take refuge in the Upanishads. If you try to know this philosophical 
thought of Upanishad, a new consciousness gradually emerges in people and with that consciousness, 
people move towards the real secret of their life and learn to enjoy life properly. So to awaken the 
true consciousness ne has resort to the Upanishads, without the Upanishads this 
remains incomplete 

Objective 

new 

1. To develop life in the spirit of greater joy. 
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2 Savoring life to the fullest by immersing it in spirituality. 
3. Finding the true source of religion, 
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